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CHAPTER I — GENERAL


Section I. PURPOSE AND SCOPE


101. PURPOSE.

This manual deals with electrical communi cations from the systems engineering stand point. It is a general reference manual pri marily intended for use by staff signal officers engaged in planning the electrical communi cation systems, telephone, manual telegraph, teletypewriter, and facsimile; wire and radio, —required for theater of operations.



102. SCOPE.


	a. The manual is divided into chapters as follows:

	General




	Telephone systems




	Telegraph systems




	Facsimile systems




	Voice-frequency and carrier telephony over wires




	Radio systems




	Power




	Foreign civil central offices




	Outside plant




	10. Electrical protection




	11. Technical administration




	12. Transmission yardsticks






Chapters 1 to 11 deal with engineering con siderations and include sufficient detail for general engineering. Chapter 12 has been in cluded to insure thorough understanding of the transmission yardsticks which are essen tial in transmission engineering, both for telephony and telegraphy.

b. Detailed information concerning electrical communication equipment together with com parisons of systems, and problems which illus trate methods for determining the equipment required for complete systems, are given in TM 11–487, Electrical Communication Sys tems Equipment.

c. It is recognized that communication re quirements near the front differ from those in rear areas. Near the front, speed of instal lation is essential and to meet this, service requirements sometimes have to be relaxed. Experience has shown, however, that good workmanship is feasible, even near the front lines, and results in superior performance of communication systems. In rear areas, it is necessary to approach service standards com parable to those of commercial telephone and telegraph systems. This manual deals with both front and rear area communications.


	d. Tactical communication equipment is de signed for maximum ruggedness, ease of trans portation, speed of installation, and good per formance; hence, these equipments are used extensively in forward and rear areas. As the volume of traffic and the number and length of circuits required in the Communications Zone increase, it is necessary to augment the initial network with types of equipment having greater capabilities. For this purpose, a line of packaged equipment has been developed for fixed plant use; features to greatly facili tate its installation are included, and in other respects it equals or approaches standard com mercial systems in its capability and perform ance. For fixed plant requirements which can not be met by available equipment, Army Communications Service of the Office of the Chief Signal Officer should be consulted.

	e. It is assumed that plans will be made to utilize to the utmost any foreign civil com munication equipment and wire that are found intact or that can be rehabilitated with reason able effort. Chapters 5, 8, and 9 discuss some general aspects of this problem. It is important that all available detailed information on the systems employed in the area under consider ation be obtained by the planner as early as possible.

	f. In operating an extensive communications network it is vital to have responsibilities de fined. It is also important for efficient oper ation with minimum personnel and material



to have definitely prescribed administrative routines, switchboard operating practices, and plant maintenance methods. Some general guides on this subject of technical administra tion are given in chapter 11.

g. Reference is made in this manual to cer tain British military systems and equipment which may be used in conjunction with United States military systems and equipment.

h. This manual does not discuss signal in telligence, radar, or the important problem of planning for messenger service. Aircraft radio and ground radio equipment for communicat ing with aircraft are discussed to the extent that they are useful in ground communication systems.

i. Throughout this manual references are made to technical manuals which give detailed information on specific systems or equipments, In addition to these references the following manuals are of value in systems engineering.

FM 11–5, Mission, Functions, and Signal Communication in General

FM 11–21, Signal Operations in the Theater of Operations (when published)

FM 11–22, Signal Operations in the Corps and Army

FM 24–5, Signal Communication

FM 24–18, Radio Communication

FM 24–20, Field Wire Systems

TM 11–455, Radio Fundamentals

TM 11–456, Wire Telegraphy TM 11–462, Signal Corps Reference Data TM 11–475, Principles of Long Distance Telephone and Telegraph Transmission

TM 11-487, Electrical Communication Sys tems Equipment

TM 11–498, Fundamentals of Telephony and Manual Telegraphy

TM 11–499, Radio Propagation Handbook TM 11–2001, Complete 100-Mile Spiral Four Carrier System

TM 11–2022, Application of Packaged Equipment to Open Wire Lines

TM 11–2037, Installation, Operation, and Maintenance of Open Wire Offices, Pack aged Equipment i. Technical manuals and other War Depart ment publications may be requisitioned from the various headquarters which are listed as distributing agencies. This information is cov ered in FM 21–6, List of Publications for Training. References herein followed by the words when published, indicate manuals in preparation which should not be requisitioned until listed in FM 21–6,




Section II. WIRE VERSUS RADIO


103. MAIN FIELDS OF USE.

a. Radio communication facilities are, in general, better adapted to rapid installation than are corresponding wire facilities; there fore radio is extensively used as a primary means of communication during initial combat operations. Reliable radio communication is essential to tactical control of highly mobile elements such as aircraft, armored units, and amphibious vehicles, particularly during fast moving situations. It is also essential for com munication over large bodies of water, over territory controlled by hostile forces, and over terrain where the construction of wire lines is impractical. Radio is extensively used for overseas communication to all parts of the world for handling telephone, telegraph, tele typewriter, and facsimile message traffic be tween the United States and Military and Naval forces in the various Theaters of Oper ation. In some situations it may be used as a means for broadcasting urgent information to friendly or hostile forces, and as an emergency facility or standby circuit to supplement wire communication circuits.

b. Wire facilities are more suitable for han dling the bulk of ground communication, par ticularly between permanent, semipermanent, or temporarily-established points in a theater or combat zone. They are also extensively used by forward observers and in fire control net works, especially where security is important.



104. MAIN CHARACTERISTICS.

a. In general, radio facilities are smaller and lighter than corresponding wire facilities and consequently require less shipping space and transportation facilities. Radio sets, however, usually require more electrical power than cor responding wire facilities.


	b. The total number of radio communication channels which can be utilized is generally limited by frequency assignment and inter ference considerations. On the other hand the total number of wire circuits which can be utilized is generally limited only by the amount of material and personnel available for instal lation and maintenance of the lines.

	c. Radio communication ranges are less pre dictable than communication ranges of wire lines. At medium and high frequencies radio transmission is subject to variations due to changes in sky (ionosphere) conditions. Very high-frequency (v-h-f) radio transmission is relatively free of these variations; however, hills or other obstructions to line-of-sight transmission will considerably affect the com munication range. The communication range yf some types of wire lines is adversely affected by changing weather conditions, and depends to some extent upon the amount of mainte mance and supervision exercised over the lines.

	d. Radio communications can be readily in tercepted or interfered with (jammed) by hostile stations. This disadvantage can be min imized by exercising strict discipline in han dling traffic and by employing radio counter measures. Wire communication is subject to interruption (and interception to a small de gree) at any point along the wire route be




	cause of physical damage from bombing, shell fire, sabotage, etc., whereas in radio only the antennas and terminal equipment are vulner able. The vulnerability of wire circuits to such damage can be minimized by installing addi tional lines over alternate routes.

	e. In general, radio stations are subject to position-finding by hostile forces, with the re sult that the enemy may be able to obtain valuable information. This disadvantage can be minimized by exercising strict discipline and by using radio countermeasures.

	f. Radio gives the enemy a greater oppor tunity to observe the volume and geographical distribution of our message traffic.

	g. Since most tactical radio sets are operated on a push-to-talk basis they are not well adapted for interconnection with standard wire communication circuits, particularly with circuits terminated in telephone switchboards. Some of the newer types of radio equipment, however, notably Radio Sets AN/TRC-1, AN/TRC–3, and AN/TRC–4, having the car rier on continuously, are suitable for such in terconnection and, from a switching stand point, may be handled in the same manner as wire circuits. Personnel using such integrated facilities, however, are required to observe security rules applicable to radio transmission.






Section Ill. TELEPHONY VERSUS TELEGRAPHY


105. GENERAL.

a. The greatest advantage of the telephone is that it affords immediate personal contact between individuals. It is superior when ideas must be developed or special circumstances ex plained speedily. The main disadvantages of telephony are lack of a record of the conver sation (unless a voice recorder is used), the tendency to consume too much time in talk, and the possibility of noncompliance with security regulations. Telegraphy is basically best suited to one-way messages or orders which require little explanation. Handling most of the normal business by telegraph leaves the telephone circuits free for their principal pur pose, which is the exchange and explanation of ideas. One-half to two-thirds of the circuits, in the theater of operations are telegraph.

b. Telegraph circuits are, in many cases, superimposed on telephone circuits; this is particularly true of d-c telegraph. When tele graph circuits are obtained in this way, addi tional terminal equipment is required but there is no increase in the amount of outside plant.



106. TRAFFIC CAPACITY.

a. A telephone channel can transmit infor mation in the clear faster than a single tele graph channel of the usual type. A fast talker without much training can read 150 to 250 words per minute of ordinary material so that it can be understood over a good telephone circuit. Most military telegraph operators can not consistently handle more than 15 words per minute, although highly-skilled manual telegraph" operators will reach about 40 words per minute for short periods. Operators work ing direct-keyboard teletypewriters usually send at a nominal speed of about 25 to 30 words per minute, but with sending from pre viously prepared tape the nominal speed is about 60 words per minute. As pointed out in chapters 3 and 11, the net speeds, including time for typing headings and acknowledg ments, are somewhat less than these operating speeds. On specially arranged telegraph chan nels, employing wide frequency bands, speeds up to about 400 words per minute may be ob tained by transmitting International Morse code with automatic senders and recording devices (for example Boehme equipment).

b. The traffic capacity of a facility suitable for one reasonably high grade telephone chan nel can be increased by equipping it with a suitable multichannel voice-frequency carrier telegraph system. By applying six channels of carrier telegraph to a 2-wire telephone channel and using teletypewriters with previously pre pared tapes, a total of about 360 words per minute can be transmitted in each direction. Twelve channels of carrier telegraph may be applied to a 4-wire telephone channel, in which case a total of about 720 words per minute can be transmitted in each direction.

c. When messages are enciphered, there is little or no decrease in telegraph transmission speed; this disregards any time required for enciphering and deciphering. Over a telephone circuit, an enciphered message can be read by using the Army phonetic alphabet; the speed is 15 to 20 words per minute, which about equals manual telegraph speed.



107. TRAINING REQUIRED.

Very little training is required to use a tele phone circuit but considerable training is re quired to operate a manual telegraph circuit satisfactorily. Anyone can send messages slowly by teletypewriter, and an operator, after a short training period, should be able to send from 15 to 30 words per minute. Con siderable training is required, however, to maintain teletypewriters satisfactorily.



108. APPARATUS.

In size and weight of equipment, field tele phones and manual telegraph sets are similar. Teletypewriter equipment is bulky and heavy and requires power for small motors.



109. EFFECT OF IMPERFECTIONS IN TRANSMISSION MEDIUM.


	q. It is easier to transmit manual telegraph signals than speech, over either wire or radio. This is because of the simpler nature of the signals, the narrower frequency band width required, and the more effective use of trans mitter power.

	b. On wet field wire (Wire W-110–B) in good repair, the talking range, without ampli fiers, is about 11 miles, whereas the range for d-c telegraphy is greater by several fold.

	c. Under noisy radio conditions, about 25 times as much power is required to transmit speech as would be required for transmitting slow-speed manual telegraph signals by the c-w method. This assumes that the radio trans mitter is fully modulated by speech, which under practical conditions often is not true; hence, even more carrier power is required with speech, the amount of increase depending on the particular conditions. With single channel, ground-wave radio transmission, the required power for teletypewriter is ordinarily roughly the same as for fully-modulated speech operation.

	d. Because of limitations inherent in ma chine operation, such factors as rapid varia tions in loss and rapidly-changing noise (for example, static) affect the intelligibility of speech less than that of ordinary teletype writer signals. However, by using the im proved transmitting and receiving arrange ments for long-haul radio circuits, described in chapter 3, satisfactory teletypewriter Oper ation may be obtained where speech would be impossible.

	e. Poor transmission gives more trouble with teletypewriter than with manual tele graph, because the teletypewriter, unlike a listener, does not exercise judgment in inter preting signals.



* Manual telegraphy as used here means sending International Morse code by means of a key.



201. INTRODUCTION.

a. This chapter contains information rela tive to the initial steps in the engineering of telephone communication systems. The plan ning of the telephone system and the grade of transmission which should be the objec tive in order to obtain satisfactory telephone service are discussed in section II. In estab lishing a telephone system, telephone station equipment, telephone centrals, voice-fre quency and carrier-frequency telephone transmission equipment, outside plant, and radio are utilized. Sections III and IV of this chapter describe the types of telephone sta tion equipments and telephone central equip ments which are available, and the manner in which these equipments fit into the tele phone system. The related subjects of infor mation centers for aircraft warning systems and the railway train dispatching system are covered in sections V and VI respectively.

b. The engineering of wire telephone lines, except where distances are short, is a broad subject. It involves the selection and integra tion of types of wire facilities, repeaters, and terminal equipments for both voice-frequency and carrier circuits. It also embraces con siderations of noise and crosstalk in equip ment and on wire lines. There are differences in the engineering factors as between tactical plant and fixed plant. Long distance wire tele phone engineering is therefore treated sepa rately in chapter 5. Wire line construction is covered in chapter 9 and radio in chapter 6. Additional information concerning engineer ing, installation, operation, and maintenance of telephone systems is given in chapter 11.




Section II. LAYOUT


202. GENERAL.


	a. A complete telephone system includes speech transmission channels, telephones, switching, and signaling. Throughout this manual the term telephone transmission cham nel is used to denote the path which carries a single conversation between two telephones. For satisfactory transmission, the received speech must be loud enough, and in addition, certain unwanted effects including noise, crosstalk, and the tendency of repeaters to sing must be controlled. These effects are the basis of many of the limitations stated in chapters 5 and 6.

	b. Experience has shown that about 30-db circuit loss between the usual local battery telephones is the maximum that permits sat isfactory conversation for most people listen ing in reasonably noisy locations, and with normal line noise. With very low room and



line noise, or when each talker speaks loudly and is willing to repeat parts not at first un derstood, greater losses up to perhaps 50 db might be tolerated. However, these greater losses should not be used as the basis for engineering layouts, since it is practically im possible to be assured that talking and listen ing can be confined to quict locations, and since under trouble conditions the line loss and the line noise may increase considerably beyond the normal.

c. Telephones are of two types: battery oowered and sound-powered. The latter are operated by the voice without any battery supply. Sound-powered telephones have much lower transmitting efficieny and can there fore be used only when the transmission loss between the telephones is small. Battery-pow ered telephones may use batteries located at the telephone (local battery), or may obtain battery supply over the loop from a telephone central (common battery). Where a telephone is used for a large part of the time it is de sirable to use battery supplied from a tele phone central, on account of the short life of dry batteries. This may result in shortening allowable loop lengths (par. 208).

d. Signaling on wire circuits is by means of direct current, 20-cycle ac, or voice fre quency. Direct current is used for signaling on loops from telephones to common battery switchboards and on automatic signaling trunks. Twenty-cycle ac is used to ring bells at telephones and to signal operators over magneto loops and ringdown trunks. Carrier telephone channels and certain repeaters will not transmit 20-cycle signaling; on these, voice-frequency signaling must be used. A voice-frequency ringer converts the 20-cycle signal received locally to a frequency (1,000 or sometimes 500 cycles) which will pass freely over the telephone channel. This fre quency is ordinarily interrupted at about 20 cycles, to provide a signal which can be dis tinguished from voice currents in the distant receiving equipment. Interrupted 500 cycles is used when tying in with British equipment. At the other end of the circuit, the voice frequency ringer reconverts the received sig nal to 20-cycle ringing. The voice-frequency ringing range is 30 db. In general, any Army signaling means will function satisfactorily over the ranges which give satisfactory speech transmission. Specific range data for switchboards are given in TM 11–487.

e. The 1,000- or 500-cycle signaling means which are suitable for use on long distance wire lines can also be used when multichan nel radio relay systems are employed. With push-to-talk radio circuits these signaling means are not used, and communication is established either on a time-schedule basis or by monitoring continuously at the receiver so that attention is obtained by calling on the circuit.



203. TELEPHONE SWITCHING PLAN.

In order to be able to extend a connection promptly from any telephone to any other telephone in a system, there must be a switch ing plan. In the simplest system, all tele phones can be interconnected through one switchboard or central. In the more complex systems, telephones served by different cen trals are interconnected over intervening trunks. A connection may be over a direct trunk from the originating to the terminating central or it may be built up by switching together trunks at one or more intermediate centrals. For every central it should be de termined how connections to other centrals in the system will be established including alternate routes, where possible, for use when service over the regular routes is interrupted. The determination of both regular and alter nate routes is closely interrelated with the telephone transmission plan discussed in paragraph 204. The factors involved in the selection and engineering of trunking ar rangements, including alternate routing, are discussed in section IV of this chapter and in chapter 11; further data are in TM 11–487.



204. TELEPHONE TRANSMISSION PLAN.

a. In laying out the telephone transmission plan for an area, two kinds of circuits must be considered: point-to-point circuits (fig. 2-1-A), which are permanently connected to individual telephones at each end; and switched circuits (fig. 2-1-B), which termi nate at one or both ends in a switchboard, so that connections may be established to various telephones.

b. In order to obtain satisfactory telephone communication on all connections which may be set up on switched circuits, it is necessary to form a general transmission plan which is adhered to in laying out individual parts of the plant. If this were not done, many con nections might be unsatisfactory. For exam ple, a connection from A to B may be good and a connection from B to C may be good, but a connection from A via B to C may be entirely unusable.

c. Switched circuits are divided into loops and trunks. A loop terminates in a telephone at one end and a switchboard at the other." A trunk terminates in a switchboard at both ends. From a transmission standpoint there are two kinds of trunks, terminal and via. Terminal trunks are suitable only for connec tion to loops. Via trunks are suitable for con nection to loops or to other via trunks. A via

* The term local circuit or local is used in other liter ature to denote both a circuit between a telephone and a switchboard and a circuit between two telephones. Loops are also known as lines, station lines, or sub scriber lines.
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Figure 2-1. Point-to-point and switched circuits, schematic.
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Tº. 53212-s Figure 2-2. Simple telephone transmission plans.

trunk is sometimes called a link. Figure 2–1–B illustrates these kinds of circuits.


	d. The trunk plant comprises all switched circuits except loops, including the trunks from long distance centrals to local centrals (par. 214).

	e. Adequate provision of trunks of via grade is essential to insure satisfactory trans mission on switched connections. Such trunks, when used on terminal business, will have better transmission than needed. While the details of actual plans are complex, the princi ple is simple. The sum of the losses of two loops alone, or two loops plus the mazimum trunk losses, should not eacceed about 30 db. In laying out trunk losses it is generally wise to allow 6 db for the loss of each loop, though in particular cases the loop loss may be less. This leaves 18 db for the sum of the trunk losses. This 18 db would be used up by three 6 db via trunks in tandem.

	f. Figure 2-2 shows a few simple applica tions. In figure 2-2-A, the 30-db requirement is met for all connections shown except the one from theater headquarters to division headquarters. When there is sufficient traffic over such a channel, an improved circuit should be provided, for example, as shown in figure 2-2-B, where one or more via trunks are provided directly between theater and Army headquarters. It may be possible to



provide the improved circuit by adding re peaters.


	g. The number and type of trunks provided depends, among other things, on traffic re quirements. For example, in addition to the via trunks, one or more terminal trunks might be provided between division and corps, as indicated in figure 2-2-C.

	h. Variations of the plans illustrated above can be used, if they comply with the general principle. For example, in a situation where not over two via trunks must be connected in tandem, the permissible loss of each via trunk

	is 9 db. Likewise, loops which are never switched to trunks may have a loss of 15 db.

	i. Figure 2-3 gives illustrative values of the maximum length of various types of wire and radio circuits which should provide satisfac tory voice transmission for various kinds of switched circuits and point-to-point circuits. Chapters 5 and 6 give additional information.

	i. The grade of transmission which it is practicable to provide will be greatly affected by the tactical situation. Near an active front, speed of installation is essential, and circuits are more liable to damage; hence transmis
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* Maximum loop lengths are for local battery telephones. With usual common battery telephones, distance for Wire W-130-A or Wire W-110-B would be less. Sound-powered instruments not suitable except in special situations.

peaters on cable or open wire or by loading on cables where not already applied (ch. 5).

Figure 2-3. Maximum lengths of various types of circuit. (continued on opposite page)
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b These lengths can be increased by using telephone re

* Can be increased by discarding the top one of the four channels. Distance is nominal and depends on terrain, repeater spacing, and other factors.
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* These lengths can be increased by using telephone re peaters on cable or open wire or by loading on cables where not already applied (ch. 5).

Figure 2-3. Maximum lengths of various types of circuit (continued).

sion may have to suffer. On this account it is all the more important to provide good trans mission on trunks farther to the rear, so that the transmission loss between telephones on built-up connections will be reasonably sat isfactory. On long circuits well to the rear, where opportunity permits, the grade of con struction and transmission approaches or equals that of good commercial telephone practice.




Section III. TELEPHONE STATION ECUIPMENT


205. GENERAL.

a. A telephone system consists of a network of interconnecting wires, wire transmission equipment, and radio equipment which provide means for the transmission of electrical energy between any two terminals of the system. In order to use this network for speech communi cation a telephone handset, head and chest set, or some other arrangement of microphone and telephone receiver must be connected to each of its terminals. The characteristics of micro phones and telephone receivers must conform to the communication system with which they are used. For example, the transmitting effi ciency of sound-powered telephones makes them unsuitable for use in extensive switched telephone systems (par. 209); also only cer tain types of microphones are suitable for use where ambient (acoustic) noise is high (par. 2.12b). As another example, a telephone re ceiver may have a peaked response-frequency characteristic which makes it ideal for the re ception of Morse telegraph yet inferior for use in a speech communication system. The prin cipal features of the telephones most com monly used in communication systems are discussed in paragraphs 206 to 210, inclusive, and the characteristics of microphones and

* Allowable transmission loss of wire is 30 db with local battery telephones; 15 db with sound-powered telephones.

telephone receivers are discussed in paragraph 212.


	b. Telephones and head and chest sets in clude a microphone (telephone transmitter) which converts sound waves to electrical waves and a telephone receiver which converts electrical waves to sound waves. The effective ness of microphones and receivers as con verters of energy greatly affects the perform ance of a telephone system. Other factors which affect transmission of speech and are of particular importance in the design of microphones, telephone receivers, and tele phones include:

	(1) High ambient noise (engine, gunfire, etc.) at the talker or listener stations.

	(2) Operation at extreme temperatures and humidities.

	(3) Operation with oxygen masks or gas masks.

	(4) Operation at high altitudes.




	c. A telephone usually includes signaling apparatus consisting of a switchhook or hand generator to signal the telephone central or other telephones; also a bell or buzzer and, in some cases, a lamp, by which the operator may be signaled. Some telephones are also equip ped with a push-to-talk switch whereby the microphone is connected to the circuit only when this switch is closed.

	d. A battery-powered telephone has a car bon microphone which requires an external source of d-c power for converting sound waves into electrical waves. It acts not only as a converter of energy but also as an amplifier. An antisidetone type of coil is utilized through which the microphone and receiver are con nected to the line. This type of coil is used to reduce masking of received speech by noise picked up by the microphone, thereby improv ing transmission. It also reduces the volume of the user's own voice in his receiver thereby tending to cause him to talk louder, thus fur ther improving transmission.

	e. The sound-powered microphone is simi lar in construction to the telephone receiver, and since no amplification is provided, such as that inherent in the carbon microphone, its efficiency is comparatively low. The carbon microphone, such as that used in Handset TS-9, is about 25 db more sensitive than the most efficient sound-powered type, such as that used in Handset TS-10. Because of this low efficiency an antisidetone coil normally is



not used in sound-powered telephones. Specific information regarding microphones, telephone receivers, telephones, head sets, chest sets, and head and chest sets may be obtained from TM 11-487.



206. LOCAL BATTERY TELEPHONES.


	a. Local battery antisidetone telephones such as the EE–8–( ) are used on point-to point circuits and on loops to magneto switch boards. They are also used on long loops to common battery switchboards where, because of the high resistance of the line, an adequate amount of direct current does not reach the microphone. They also may be used on short loops to common battery switchboards if com mon battery telephones are not available.

	b. With good batteries, the direct current through the microphone in Telephone EE–8–( ) will be from 0.06 to 0.07 ampere.
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Figure 2-4. Telephone EE-8–B.

A satisfactory grade of transmission will be obtained between two such telephones con nected by lines having transmission losses up to 30 db. Average talking into a local battery telephone will deliver to the loop a volume in the neighborhood of –5 vu, and for the loud talkers the output from the telephone may be +3 vu (ch. 12).

c. Handset TS-9–( ) which is furnished as part of Telephone EE–8–( ) contains a compensated magnetic-type receiver in which the diaphragm is damped and free to move at the edge. This type of receiver reproduces about equally well all the frequencies in the speech transmission band which are import ant from the standpoint of intelligibility (200 to 3,000 cycles).


	d. The speech transmission loss caused by bridging a Telephone EE–8–( ) across a 600-ohm line is about 3 db. However, because of resonance between the capacitance and in ductance elements in the telephone, the impe dance of Telephone EE–8–( ) is very low at 500 cycles and the bridging loss at this fre quency may under some conditions be as much as 15 db. It is therefore important to avoid bridging of Telephones EE–8–( ) on circuits using 500-cycle ringing.

	e. Figure 2-4 is a photograph of a typical Telephone EE–8–( ) and figures 2-15 and 2-20 show the response-frequency characteris tics of the microphone and receiver of Handset TS-9–( ).





207. TELEPHONE TP-9.


	a. This telephone combines the functions of Telephone EE–8–( ) and transmitting and receiving amplifiers located at the same point. It is equipped with a transmitting amplifier which gives a fixed gain of 17 db compared to Telephone EE–8–( ) and is capable of pro viding a maximum power output of 15 db above one milliwatt. Because of this limitation on power output, the maximum gain of 17 db will be available only with talkers whose speech volume is not above average. The re ceiving amplifier provides a variable gain up to a maximum of about 55 db. The direction of transmission is controlled by the push-to talk switch in the handset handle. During talking the receiver circuit is open and the talker neither hears sidetone nor can he hear , the distant party if he attempts to interrupt. This telephone cannot be used on common battery loops since no coil is provided to com plete the d-c signaling path.

	b. This telephone is intended for use where line losses are so great that transmission with Telephone EE–8–( ) is unsatisfactory. Since it has a power output which is approximately 15 db greater than that of the EE–8–( ), the probability of introducing crosstalk into other telephone circuits and overloading tele phone repeaters is materially increased.

	c. The large gains in receiving efficiency which are available will be effective in improv ing transmission on loops which have high attenuation losses and are not subject to inter



ference from power circuits or other extrane ous sources, and in locations where ambient (acoustic) noise is high.


	d. The high receiving gain of this telephone points to the possibility of using it for listen ing in on enemy circuits either through a direct high impedance bridge or through cross talk into a coupled path.

	e. Figure 2-5 is a photograph of a typical Telephone TP–9. Additional information is given in TM 11–2059.
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Figure 2-5. Telephone TP-9 (model).



208. COMMON BATTERY TELEPHONES.


	a. Common battery antisidetone telephones such as Telephone TP–6 are used on loops to common battery switchboards, and the direct current for the microphone is obtained over the loop. The transmitting efficiency of these telephones is therefore poorer when connected to a long loop than when connected to a short loop. On very short loops the transmitting efficiency is about the same as that of a local battery telephone.

	b. The microphone and receiver used in the handset which is a part of the TP-6 are simi lar in their performance to the microphone and receiver in Handset TS-9–( ).

	c. The transmitting loss of the common bat tery antisidetone telephone for different loops,



compared to that of the local battery tele phone, is given by the empirical formula, L = +–4 db, where L is the amount, in db, by which the transmitting loss of the com mon battery set exceeds the transmitting loss of the local battery set, R is the total circuit resistance, and E is the voltage of the common battery supply.

d. The various elements of a typical loop circuit which contribute to the total circuit resistance and consequently to the amount of direct current which flows through the micro phone are shown in figure 2-6.
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Figure 2-6. Typical common battery loop connection.

e. Figure 2-7 shows approximate transmit ting losses of common battery Telephone TP–6 compared to local battery Telephone EE–8–( ) for different loop resistances.
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• For these short loops the common battery telephone is slightly better than the local battery telephone.

Figure 2-7. Approximate transmitting losses of common battery Telephone TP-6 compared to local battery Tele phone EE-8–( ).


	f. The receiving efficiencies of antisidetone telephones such as common battery Telephone TP–6 and local battery Telephone EE–8–( ) are about the same.

	g. Figure 2-8 is a photograph of a typical Telephone TP–6.
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Figure 2-8. Telephone TP-6.



209. SOUND-POWERED TELEPHONES.

a. Sound-powered telephones are used for point-to-point connections where the line loss is relatively low. They can also be used on switchboard connections where the per formance of dry batteries in local battery telephones is unsatisfactory. However, sub standard transmission will be obtained on switchboard connections unless the loop and trunk losses are very low (subpar. d below).

b. Compared to the local battery Telephone EE–8–( ), the sound-powered Telephone TP–3 which employs Handset TS-10, is about 25 db poorer in transmitting efficiency.


	c. Handset TS-10 contains a resonant mag netic receiver in which the diaphragm is un damped and clamped at the edge and the armature drives the diaphragm through a mechanical coupling. In this type of receiver greater efficiency is obtained over the con ventional type of magnetic receiver, where there is no mechanical coupling between the diaphragm and the pole pieces, without intro ducing an excessive amount of frequency dis tortion. The receiving efficiency of Telephone TP–3 is about 10 db better than that of Tele phone EE–8–( ). This 10-db improvement in receiving efficiency is ineffective where the line noise is high. The response-frequency characteristics of the microphone and the re ceiver of Handset TS-10 are shown in figures 2-15 and 2-20.

	d. The sound-powered telephone is suitable for use on point-to-point lines which have a maximum loss of about 15 db. If the line noise is excessive, this limit may drop to 5 db. If it is used in the transmission plan referred to in paragraph 204, transmission will be
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e. Because of the relatively high impedance of the sound-powered handset, the maximum efficiency is obtained when no induction coil is employed and it is connected directly to the telephone line. On some short point-to-point circuits where signaling is not required the sound-powered Handset TS-10 may be used without other parts of the telephone. Such an arrangement is provided in Reel Equipment CE–11 (TM 11–2250), as shown in figure 2-9.



210. SUMMARY OF TELEPHONE STATION FEATURES.

The essential features of the above tele phones are summarized in figure 2-10.



211. STATION WIRING PLANS.

a. A station wiring plan consists of one or more telephone stations with associated keys to permit switching to different loops with out the assistance of a switchboard operator. Wiring plans may also include arrangements for intercommunication between nearby tele phones without going through the switchboard. Buzzers, controlled from push buttons, are sometimes provided for signaling in connection with wiring plans.
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* LB =local battery; CB =common battery; SP =sound powered; AST=antisidetone; Mag-magneto.

Figure 2-10. Summary of telephone station features.

b. The simplest wiring plan is a 2-position key such as Switchbox BE–54-A which enables a telephone to be connected to either one of two loops. A group of six mechanically interlocked push buttons such as the Western Electric Com pany key No. 6021K can be provided to pick up any one of six loops. A key can be provided at one telephone to cut off another telephone from a loop. Arrangements for holding super vision on loops are sometimes provided so that a call on a loop can be held while the telephone is connected to another loop or local intercom municating line. Various wiring plans are de scribed further in TM 11–474.



212. MICROPHONES AND TELEPHONE RECEIVERS.

q. General. In addition to the microphones and receivers used in telephones, a variety of

* Telephone EE-8-( ) uses dry batteries for transmitter supply when connected to CB switchboard.

• Telephone TP-9-( ) includes amplifiers in microphone and receiver circuits.

* Part of telephone, no separate nomenclature.

other microphones and receivers are available for use in head and chest sets, chest sets, head sets, and hand-held microphones. The physical and electrical characteristics of these instru ments and photographs of many of them are given in TM 11–487. They are used in the oper ation of a telephone system for telephone switchboards, AWS operations centers (sec. V), radio sets, and other services where con tinuous operation or other special features re quire their use. The characteristics of these telephone instruments are such that maximum intelligibility of speech will be obtained when they are used as a part of the particular sys tem for which they were designed.



b. Microphones.

(1) The hand-held microphone such as Microphone T–17–( ) (fig. 2-11) is suitable for use in high ambient noise fields without acoustic shielding. It is designed to discriminate against ambient noise which is predominantly high or low in frequency. It does not discrimin ate against ambient noise which is of the same frequency as the more important speech sounds.

[image: Figure, page 40]

Figure 2-11. Microophone T-17.

(2) Microphones such as Microphone T 45–( ) are of the differential type, having both sides of the diaphragm open to the sound field. This type is worn suspended over the lip and when used in an ambient sound field origin ating from a source at some distance, the am bient noise is partially cancelled out, thereby giving an improvement in speech-signal to am bient noise ratio over that obtained with the conventional type of microphone. For intense ambient noise this improvement in signal-to noise ratio is about 15 db. The satisfactory per formance of this transmitter in high ambient noise fields is therefore dependent on wearing it in the proper position. Figure 2-12 is a photo graph of Microphone T–45 in use.

[image: Figure, page 40]

Figure 2-12. Microphone T-45.

(3) The amphibious forces require micro phones and telephone receivers which must be capable of withstanding submersion in water. Headset Assembly CW—49507A (Navy nomen clature) which is suitable for this purpose con sists of lip Microphone M–6( )/UR and two verythin watch case type receivers CW-49505 (Navy nomenclature). A photograph of Head set Assembly CW—49507A is shown in figure 2–13.

[image: Figure, page 40]

Figure 2-13. Headset Assembly CW-49507A (Navy nomenclature).


	(4) Microphone T–30–( ), which is worn at the throat, is also used where ambient noise is extremely high. The intelligibility of speech transmitted by this microphone is ap preciably poorer than speech transmitted by Microphones T-17–( ) or T–45–( ), because it picks up only the low-frequency throatsounds and does not pick up the higher frequencies de veloped in the head cavities, which are neces sary for good intelligibility.

	(5) Microphones of the ANB-M–C1 and T–44–( ) types (fig. 2-14) which are for use in oxygen masks are designed for greater effi



[image: Figure, page 41]

Figure 2-14. Microphone, ANB-M–Cl (Cover M-369 removed).

ciency at high than at low voice frequencies. This complements the response of the enclosure, wherein the low frequencies of speech are re inforced, so that the response characteristic of such a mask-microphone combination is es sentially flat.

(6) Figure 2-15 shows the response-fre quency characteristics of representative micro phones. They indicate the relative efficiencies of these microphones at different frequencies in the speech transmission band. These effi ciencies are shown in db relative to a reference condition, which is arbitrarily located in the general neighborhood of the curve for the mi crophone in Telephone EE–8–( ).

c. Telephone Receivers.

(1) Compensated magnetic receivers such as those used in Head and Chest Sets HS-17– ( ) and HS-19–( ) and in Headset HS-30– ( ) (TM 11–487) are suitable for the recep tion of speech as they reproduce about equally well all the more important frequencies in the speech transmission band. They are about equal in performance to the receiver in Handset TS 9–( ). The performance of the compensated
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Figure 2-15. Response-frequency characteristics of microphones.

magnetic watch-case type receiver under con ditions of high ambient noise has been im proved with the development of new types of ear cushions. The large volume of enclosed air in over-the-ear Cushion MC-114 used with Headset HS-17–( ) results in an appre ciable loss in receiving efficiency. In the de velopment of the ANB-H type receiver the use of a smaller Cushion MC–162–( ) (Head set HS-83–( )) gives a better seal against interfering noise and a wider response-fre quency range is also obtained. This type of
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Figure 2-16. Head and Chest Set HS-17.
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Figure 2-17. Headset HS-33.

[image: Figure, page 42]

Figure 2-18. Headset HS-30.

receiver is particularly effective when listen ing to a microphone such as the T–17–( ) which discriminates against low-frequency am bient noses. Headset HS-30–( ) uses hearing aid type receivers with Inserts M–300, which provide a good seal against interfering noise. It can be worn under the battle helmet. This headset replaces the headset used in the above head and chest sets and in many other headsets. Photographs of typical Head and Chest Sets HS-17–( ), Headset HS-33–( ), and Head set HS-30–( ) are shown in figures 2-16, 2-17, and 2-18, respectively and cording ar
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Figure 2-19. Headset HS-30–ſ ), cording arrangements.

rangements which are available for use with Headset HS-30–( ) are shown in figure 2-19.


	(2) The resonant magnetic receiver such as that used in Headset P-16 is most suitable for the reception of tone signals if the reson ant peak of the receiver matches the frequency of the tone. Its use should be confined to the reception of tone telegraph signals.

	(3) Figure 2-20 shows response-fre quency characteristics of representative tele phone receivers. They indicate for the differ ent receivers the sound power output with frequency. The efficiencies are shown in db relative to a reference condition which is ar bitrarily located in the general neighborhood of the curve for the receiver in Handset TS-9–( ).
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Figure 2.20. Response-frequency characteristics of telephone receivers.




Section IV. TELEPHONE CENTRALS


213. INTRODUCTION.

The principal equipment in a telephone cen tral is a switchboard for interconnecting loops and trunks. The central may include power equipment, distributing frames, and protec tors; testing, monitoring, observing, and re cording equipments; repeaters, carrier equipment, telegraph equipment, and various accessories. This section describes the princi pal features of switchboards and closely asso ciated equipments. Telegraph equipments are described in chapter 3, repeaters and carrier equipments in chapter 5, power equipment in chapter 7, and protectors in chapter 10. Data and brief descriptions covering these equip ments are contained in TM 11–487.



214. TYPICAL CENTRALS.

a. General. A telephone central is generally located near the center of the area which it serves and is connected by loops to the tele phones in the area, and by trunks to centrals in other areas. The size of the area served by a switchboard is determined by a combination of many factors including the number of tele phones in the area, the distribution of traffic between the telephones, the availability of cer tain types of wires and switchboards, the per missible transmission losses, and the signaling ranges. The objective in planning the size of an area is to keep at a minimum the quantity of materials for loops, trunks, and switch boards and to produce maximum efficiency in the operation and maintenance of the com munication system. In general, one large cen tral is preferable to several smaller centrals in the same area because the larger central will provide the better telephone service as a result of fewer trunked calls and a larger and more efficient team of maintenance and op erating personnel; this is discussed further in chapter 11.


	b. Typical Centrals for Small and Large Areas. Typical centrals for small and large areas are illustrated in figure 2–21. In a small area, such as Area A in this figure, only a single central may be provided, while in a larger area, such as Area B, several centrals may be provided. A central which serves loops and has all of its trunks terminated in the same area is called a local central. One which handles only long distance traffic is called a long distance (LD) central. Army centrals commonly handle both local and long distance traffic and such a cen tral is called a combined local and long dis tance central.

	c. Switchboards for Telephone Centrals. The switchboards used in Army centrals are of various types and these are broadly classified as tactical switchboards which are designed for use principally in forward areas, and fixed plant switchboards which are like those designed for civil telephone central offices. The
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Figure 2-21. Typical centrals for small and large areas.

principal features of the switchboards which can be regularly procured for Army centrals are described in the following paragraphs of this section. Foreign civil central office switch boards which can be interconnected with these Army switchboards are described in chapter 8.

d. Typical Trunks. The trunks between cen trals in different areas are called long distance trunks. Trunks between centrals in the same area are called local trunks if they are not used on connections to long distance trunks. If they are used for long distance calls, they are called long distance switching trunks. Trunks of this type are provided between a local central and a combined local and long dis tance central or a local central and a separate long distance central. However, a separate group of local trunks may be provided between local centrals and combined local and long dis tance centrals if the traffic is heavy. A via grade of transmission is generally provided on long distance trunks while the terminal grade of transmission is provided on local trunks (par. 204). The trunks between telephone centrals are classified as ringdown or automatic, accord ing to the type of signaling. Trunks which use ac for signaling are known as ringdown trunks, and those which use de for signaling are known as automatic trunks. Two-way ringdown trunks are commonly used between

Army switchboards. These are also used be tween these switchboards and civil magneto central offices. Trunks which are automatic in one direction and ringdown in the other direc tion (called common battery trunks) are generally provided between Army switch boards and civil common battery central offices.

e. Typical loops. The loops which connect telephones to centrals are classified as mag neto or common battery according to the types of telephones and signaling. The telephones on magneto loops are equipped with hand gen erators (sometimes called magnetos) for sig naling, and the microphones are energized by local dry batteries. Telephones EE–8–( ) are commonly used on magneto loops. The telephones on common battery loops are equipped with switchhooks for signaling and the microphones are generally energized by currents which flow over the loops from a common battery in the central. Telephones TP-6 are generally used on common battery loops. A local battery Telephone EE–8–( ) can be used on a common battery loop when the screw switch in the telephone is in the position for common battery signaling with the switchhook; in this case however, micro phone current is obtained from the batteries in the telephone. The telephones on both types of loops are equipped with bells which ring
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Figure 2-22. Typical applications of telephone centrals in a communications zone illustrating types of switchboards, trunks, and loops.

when 20-cycle ringing voltage is applied to the loops at the switchboards. All common bat tery switchboards can be connected to at least a few magneto loops in addition to the com mon battery loops. Magneto switchboards have no provision for common battery loops.


	f. Typical Centrals for a Communications Zone. Figure 2–22 illustrates the types of switch boards which may be used in centrals which make up a communications zone. In this illus tration the communications zone is divided into three areas, each large enough for several local centrals. The First and Second Army Headquarters in the combat zone each have only a single central. In the areas, trunks are provided to the switchboards of civil telephone systems over fixed plant equipment. Connec tions to the combat zones are established over tactical equipment through switchboards such as those of the First and Second Army Head quarters. Connections from combat zone switchboards to the areas further to the rear may be established over direct trunks or over trunks connected in tandem through inter mediate switchboards. The trunks between areas are terminated on long distance or on combined local and long distance switch boards.

	g. Mobile Centrals. Mobile centrals can be as sembled by mounting tactical switchboards and associated equipment such as carrier terminals in mobile shelters or semitrailers. Arrangements for such centrals are described in chapter 11.





215. TACTICAL SWITCHBOARDS.

a. Tactical switchboards are ruggedly con structed to withstand frequent moving and are designed for quick installing and dis mantling, as may be required in forward areas. These switchboards are available .in various sizes from one position with a capacity of six loops up to six positions with a capacity of 540 loops. Each of the switchboards having a capacity of 40 loops or less is an individual position containing all of the equipment re quired for operation, including protectors and binding posts for the line wires. The larger tactical switchboards are components of tele phone central office sets. These have separate components for the power equipment, test equipment, and distributing frames with pro tectors. Cabling arrangements include rubber covered cables which are attached to binding posts or screw terminals without soldering.

b. The small tactical switchboards which have capacities of 12 loops or less are of the magneto monocord type such as the Switch board BD–72 (par. 219). The functions of a Small tactical magneto switchboard can also be performed by Emergency Switchboard SB–18/GT or by a group of Adapter Plugs U–4/GT (par. 218) with Telephone EE-8–( ). The next larger tactical switch board is the magneto cordless Switchboard BD–95 (par. 220) which has a capacity of 20 loops or trunks. The larger tactical switch boards are of the manual cord type (par. 221) and may be either magneto or common bat tery. The largest tactical switchboards are of the multiple common battery type (par. 223) with universal cord circuits (par. 231) which can be connected to magneto and common bat tery loops.



216. FIXED PLANT SWITCHBOARDS.


	a. Switchboards of the fixed plant type are less rugged than the tactical switchboards and are practically the same as those used in com mercial telephone systems. They are more suitable than tactical switchboards for stable situations particularly for very large installa tions, and over a long period of time they will have less maintenance and will give better Service than tactical switchboards. Most of the cables to these switchboards are textile in sulated and the wires are soldered to term inals. They require various amounts of auxil iary equipment depending on their size and application, including distributing frames, protectors, power plants, test equipment, and relay racks; and they should generally be en gineered and installed by experienced men. These switchboards are furnished through the Army Communications Service on specific order.

	b. The sizes of these switchboards are from one position with 12 loops up to about 60 posi tions with about 3,000 loops. The smallest of these is the common battery cordless switch board described in paragraph 220. The next larger switchboards are of the single position nonmultiple cord type (par. 222), with capac ities from 60 to 100 loops per position. The largest switchboards are of the multiple com mon battery type described in paragraph 223.





217. DIAL SWITCHBOARDS.

a. Step-by-step and all-relay types of dial switchboards are available for certain fixed plant conditions. The capacity of the step-by step switchboards in Signal Corps stock is 2,000 loops; however, larger switchboards have been supplied to the theaters. The capac ity of each all-relay switchboard in stock is 600 loops. Connections originated at telephones connected to loops from these switchboards are automatically established by switches or relays which are controlled from the dials at the tele phones. However, a manual switchboard is provided with each dial switchboard so that operators can complete incoming and outgoing calls over trunks to manual centrals and render assistance to dial telephone users, principally On long distance calls.
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b. The number of operators required in con nection with a dial switchboard is less than that for a manual switchboard serving the same number of loops. The speed of establish ing connections through a dial switchboard is generally a little faster than that through a manual switchboard. However, over-all advan tages from a dial switchboard cannot be real ized unless the conditions where it is installed are stable and the telephone directory informa tion is kept up to date. Without reliable direc tory information, a large proportion of the telephone traffic would probably require assis tance from the operators, and this would tend to nullify the advantages of dial service.

c. Greater skill is required to maintain dial equipment than to maintain manual equip ment. The floor space and power requirements for a dial switchboard are greater than those for a manual switchboard of equivalent size. The use of dial switchboards by the Signal Corps has been extensive in the zone of the interior, and considerable use has been made of these switchboards in the theaters of opera tion However, further discussion of these switchboards is not included in this chapter.



218. ADAPTER PLUGS FOR INTERCONNECTING MAGNETO LOOPS AND TRUNKS.

The simplest equipment for interconnecting a few loops and trunks consists of a group of 2-pronged Adapter Plugs U–4/GT and a Tele phone EE–8–( ). These plugs can be con nected to magneto loops and 2-way ring down trunks and serve as a lightweight substitute for a small magneto switchboard. Emergency Switchboard SB-18/GT (fig. 2 23) consists of seven Adapter Plugs U–4/GT, one Plug Holder MT-313/GT, and one Case

CY-229/GT. Each plug weighs only about 1.5 ounces. It consists of a neon glow lamp, two binding posts, two pins, and two sockets, all molded together in translucent plastic. The pins serve as the thumbscrews of binding posts to which wires are connected. They are
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Figure 2.23. Emergency Switchboard SB-18/GT (with Telephone EE–8–B).

also the plugs which are inserted in the sockets of another adapter plug to establish a connec tion between two lines. Several plugs can be connected in tandem for conference connec tions, or so that an operator's telephone can be connected to a loop while it is also connected to another loop or trunk. Ringing on a loop to which a plug is connected lights the neon glow lamp in the plug. An audible signal is not ob tained when the neon lamp lights, except that the ringer of the Telephone EE–8–( ) will sound if it is connected to a loop while ringing occurs. A luminous dot is provided on each side of the plug to facilitate locating and handling in darkness. The number of the line to which a plug is connected can be written in pencil or ink on a luminescent backed designation strip which is embedded in the surface of the plug. Such numbers are visible in silhouette against the luminescent background "under black-out conditions. The uses of these plugs are de scribed in TB SIG 61 (to be superseded by TB SIG 147 when published).



219. MONOCORD MAGNETO SWITCHBOARDS.

The smallest switchboards are of the mag neto monocord type. These switchboards are available in capacities from four loops as pro vided by Switchboard BD–9 up to 12 loops as provided by Switchboard BD–72. The latter switchboard is shown in figure 2–24. The equipment for each loop or trunk is princi pally a cord, a jack, a drop, and a 2-way lever-type key. Ringing from the distant end of the loop operates the drop. The operator's telephone is connected to the loop by the op
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Figure 2.24. Switchboard BD–72.

eration of the key in one direction. Operation of the key in the other direction connects the hand generator to the loop. A connection be tween two loops is established by connecting the cord of one loop to the jack of the other loop.

[image: Figure, page 48]

Figure 2-25. Switchboard BD–95.



220. MANUAL CORDLESS SWITCHBOARDS.

Two types of manual cordless switchboards are used in Army communication systems. One is switchboard BD–95 (fig. 2–25) which has capacity, for 20 magneto loops or trunks. The other is the Western Electric Company No. 506B switchboard which has a capacity for 12 common battery loops and five common battery trunks. Each of these has five connect ing paths which permit five simultaneous calls. However, Switchboard B.D–95 has means for readily splitting the connecting paths in the middle of the switchboard by changing cross-connections in the back of the switch board, thus providing two groups of 10 loops with five connecting paths for each group. A common battery Telephone EE–91 with a Handset TS-12–( ) is normally used with this switchboard. This equipment, however, is not a component of Switchboard B.D–95. Under the split condition, the operator's tele phone is patched to the last group of 10 loops or trunks, by connecting a patching cord between the operator's test jack and the line test jack of any one of the 10 loops or trunks. A vertical row of three 2-way lock ing, lever-type keys is provided for each loop or trunk and a similar row of keys is pro vided for the operator's telephone. Each key can be operated up or down from normal; thus there are six operated key positions for each loop or trunk. Five of these positions are asso ciated with the five connecting paths, respec tively. The sixth position on the keys for loops and ringdown trunks is used for ringing. This sixth position on the keys for common battery . trunks is used for holding connections to other switchboards. A connection from one loop or trunk to another loop or trunk is established by operating the associated keys to the same connecting path. Ringing signals are indicated on lamps in Switchboard B.D–95; it is equipped with one lamp for each loop and one lamp for each trunk. Ringing on common battery trunks in the Western Electric Company No. 506B switchboard operates drops. Switchhook su pervisory signals from common battery tele phones are indicated in this switchboard on magnetic signals, one of which is provided on each loop and on each connecting path.



221. CORD SWITCHBOARDS.

a. The manual switchboards larger than those of the monocord and cordless types are of the cord type. Connections through these switchboards are established by cord circuits terminated in pairs of cords. To establish a connection, one cord of a pair is connected to the jack of a calling loop or trunk and the other cord of the pair is connected to the jack of the called loop or trunk. Supervisory sig nals during connections over the cord circuits are indicated on drops or lamps associated with the cords. Signals on loops and trunks, while the cords are disconnected, are indicated on drops or lamps associated with the jacks. Con nections to the operator's telephone are estab lished through cord circuit keys. Similar keys are provided in the cord circuits for ringing On the loops and trunks. Further information On cord-type switchboards is given in para graphs 222 and 223.

b. The smallest cord switchboard is the tac tical magneto Switchboard BD–91–( ) with 20 magneto loops, 4 manual and dial common battery trunks, and 8 cord circuits. A similar switchboard with 40 loops and 12 cord cir cuits is Switchboard BD–96 shown in fig ure 2–26. The smallest common battery cord switchboard is Switchboard BD–89–( ) (part of Telephone Central Office Set TC–2) with 20 magneto loops, 37 common battery loops, 1 dial trunk, 2 common battery manual trunks, and 13 cord circuits. A substitute for the TC-2 is Telephone Central Office Set AN/

TTC–1 (TM 11–2002) which includes switch board SB-27/TTC-1 (Western Electric Com pany No. 551B PBX, X—66070A) with 20 mag neto loops, 40 common battery loops, 3 manual and dial common battery trunks, and 10 cord circuits. The latter switchboard is also used in fixed plant service. Most of the other switch boards have 15 cord circuits per position. The largest multiple switchboards have 17 cord circuits per position.
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Figure 2.26. Switchboard B.D–96.

c. The cord circuits are of various types, but all in a particular switchboard are the same. The principal distinguishing features among cord circuits in different switchboards are re lated to the signaling and battery supply con ditions. Magneto cord circuits provide signal ing by ringing only and do not include bat tery supply circuits (par. 224). Common battery cord circuits include battery supply circuits (par. 227) and provide signaling in response to the flow of the battery supply cur rents. These cord circuits are classified as local cords (par. 230), universal cords (par. 231), and PBX cords (par 232). Cords may be connected to outside conductors through the jacks of various line and trunk circuits. Some of the line circuits are described in paragraph 223. Some of the trunk circuits are described in paragraphs 233,234, and 235.



222. NONMULTIPLE SWITCHBOARDS.

c. Positions. A switchboard having not more than one or two positions is of the nonmul tiple type in which each loop and each trunk appears on only one jack. A single-position nonmultiple fixed plant switchboard is shown in figure 2-27. A 2-position nonmultiple tacti cal switchboard is shown in figure 2–28. All of the jacks are located in the face of the switchboard within the reach of the operators. The maximum practical reach for an operator is a little less than 3 feet. The width of each position is about 2 feet. Consequently, the size of a nonmultiple switchboard is practically limited to two adjacent positions. If three non multiple switchboard positions were installed in a line-up, the loops and trunks appearing at one end of the line-up could not be reached by the cords at the other end of the line-up, and even if longer cords were provided, the op erators could not efficiently reach so far. In installations with only two nonmultiple posi tions, the length of the switchboard cords is greater than that in installations of only a single position and with these longer cords the positions are raised on platforms so that the cord weights will not hit the floor.

b. Cut-off Jacks. The jacks connected to loops in nonmultiple switchboards are of the cut off type shown in figure 2–29. Each of these jacks has two cut-off springs in addition to the tip, ring, and sleeve springs. Each cut-off spring is in contact with its associated tip or ring spring when a plug is not in the jack; but the circuit through each of these contacts is opened when a plug is in the jack. The loop
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Figure 2-27. K100 switchboard (Kellogg Switchboard & Supply Company).

from the telephone is connected to the tip and ring springs. The line lamp, line relay, or drop is connected to the cut-off springs so that it is cut off from the loop while a plug is in the jack.
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Figure 2-28. Two Switchboards BD–89 and Cabinets BE–79, assembled.

[image: Figure, page 51]

Figure 2-29. Plug in cut-off jack.



223. MULTIPLE SWITCHBOARDS.

a. Multiple Jack Appearances. Switchboards having three or more positions are of the mul tiple type with some or all of the loops and trunks connected to two or more jacks. A tac tical multiple switchboard is shown in figure 2–30. A large fixed plant multiple switchboard with a typical floor plan is shown in figure 2–31. The multiple jack appearances of each loop and trunk are located in different positions with a distance between successive appear ances equal to the width of approximately two positions, which is about 4 feet. In the smaller multiple switchboards, two jack panels are provided at each position and multiple appear ances of the loops and trunks are in every fourth panel. In the large multiple switch boards with relatively small jacks, three jack panels are provided at each position and the loops and trunks are multipled to appear in every sixth or seventh panel. The relatively large jacks which are provided in most of the multiple switchboards are of the cut-off type (fig. 2-29) similar to those in nonmultiple switchboards. The smaller jacks provided in the larger switchboards have only two plug springs and a sleeve and are not equipped with cut-off springs. A relay connected to the sleeves of the jacks is required for the cut-off function with these smaller jacks (subpar. c).

b. Series Multiple. The multiple switch boards with cut-off jacks are known as series multiple switchboards because the circuit be tween each loop and its associated lamp or line relay is connected in series with the cut-off springs of all the jacks on the loop (fig. 2-32). The lamp or relay is cut off from the loop when a plug is inserted in any one of the jacks. Switchboard BD–110–( ) (fig. 2-30) is an example of the series multiple type. The con tacts between springs in the cut-off jacks may become dirty and cause open circuits. How ever, series multiples are generally satisfac tory with less than about 10 jacks on each loop. In the larger switchboards having a greater number of multiple jacks per loop, the bridged multiple arrangement is generally provided.
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Figure 2.30. Telephone Central Office Set TC-10, assembled.
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Figure 2-31. No. 11 switchboard and floor plan (Western Electric Company).
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Figure 2-32. Series multiple line circuit.

switchboards which are equipped with the through the winding of the cut-off relay to smaller jacks without cut-off springs are ground. A typical example of a bridged mul known as bridged multiple switchboards be- tiple switchboard is the Western Electric cause all of the jacks on each loop are bridged Company No. 11 switchboard illustrated in in parallel (fig. 2–33). A line relay is connected figure 2-31. The advantages of a bridged mul to each loop through normally closed contacts tiple in comparison with a series multiple are of a cut-off relay. This relay is operated when in the elimination of the cut-off springs in the a plug of a cord is connected to any one of jacks. This simplifies installing, reduces con the associated jacks. The operating circuit for tact maintenance, and permits conference wº º 1NTERMEDIATE U-AST c. Bridged Multiple. The large multiple of the cord to the sleeve of the jack, and then the cut-off relay is from battery over the sleeve service between three or more telephones by
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Figure 233. Bridged multiple line circuit.

means of two or more cord circuits connected to multiple jacks on the same loop.


	d. Lamp Sockets. Lamp sockets are provided with all multiple jacks in some common bat tery switchboards but lamps are placed in these sockets only at positions where it is de sired to have the incoming calls answered. The maximum number of line lamps permissi ble on each loop is generally not more than two without a line relay (series multiple) nor more than five with a line relay (series or bridged multiple); three are most generally provided.

	e. Multiple Wiring. The wiring between mul tiple jacks and between lamp sockets is in fabric-covered cables which are laid on long pins or a shelf. The individual wires (called skinners) which extend from the cables to the terminals of the jacks and sockets are flexi ble enough to permit removal of the jacks to the rear of the switchboard for maintenance, replacements, or cable extensions.





224. MAGNETO SWITCHBOARDS.


	a. Magneto switchboards are the simplest types of switchboards, principally because they are arranged for local battery telephones and for signaling by means of hand generators and drops. The smallest magneto switchboards are of the monocord type described in para graph 219. These are available with capacities of 4, 6, or 12 loops or trunks. Emergency Switchboard SB-18/GT consisting of Adapter Plugs U–4/GT can be used instead of small magneto switchboards (par. 218). A cordless magneto Switchboard BD–95 (par. 220) has a capacity of 20 loops or trunks. Tactical cord type magneto switchboards are available in capacities of 20 or 40 loops or trunks. Similar fixed plant switchboards are available with a capacity of 100 loops or trunks. All magneto switchboards supplied for Army communica tion systems are of the nonmultiple type.

	b. All signaling to and from magneto switchboards is by means of ringing. Thus a telephone user must exert conscious effort at the beginning and end of each call to signal the switchboard operator. When one loop is con nected through a magneto switchboard to an other loop, the ringing from one telephone will ring the bell at the other telephone unless the switchboard cord circuits are of the nonring through type.



c. Dry batteries are required at magneto switchboards for the operators' telephones and for audible signals associated with the drops.



225. COMMON BATTERY SWITCHBOARDS: GENERAL.

A common battery switchboard is distin guished, principally, by its storage battery which is common to all of the battery supply and automatic signaling circuits in the switchboard. Battery supply for telephones on the loops is obtained from the cord circuits except in the cordless switchboard where it is obtained from the switchboard connecting paths. Other bat tery supply circuits are provided for the oper ators' telephones. Automatic signaling circuits are associated with the line and cord lamp sig nals which are controlled from the switch hooks of the telephones on the loops. Similar signals are controlled from ringing on the trunks. These features contribute to high op erating efficiency and are particularly desir able in large centrals.



226. COMPARISON OF COMMON BATTERY SWITCHBOARDS WITH MAGNETO SWITCHBOARDS.


	a. The advantages of common battery switchboards in comparison with magneto switchboards are principally as follows:

	(1) Automatic signaling in response to the movements of the switchhooks at the telephones provides fast and reliable signals with almost no conscious effort by the telephone users. This reduces the work of the switchboard operators by eliminating, to a great extent, the need for monitoring and challenging to avoid excessive holding of trunks after conversations are fin ished.

	(2) A single storage battery for the switch board and associated telephones is more desir able than dry batteries.

	(3) A common battery telephone is lighter than a magneto telephone because it does not contain a hand generator or dry batteries. *

	b. The disadvantages of common battery switchboards are in the working limits for sig naling on the common battery loops. These lim its are based on the operating capabilities of the switchboard and require that the insulation re sistances of these loops be maintained at more than 10,000 ohms. The insulation resistances on magneto loops can be as low as 1,000 ohms. The higher insulation resistances require greater



care in the construction and more labor in the maintenance of the outside plant. The permis sible conductor resistances of common battery loops are from 50 ohms to 1,000 ohms depending on the particular switchboard, whereas mag neto loops can generally have 2,000 or 3,000 ohms, provided that voice transmission consid erations permit. Working limits are discussed further in paragraph 237 and in TM 11–487. On long loops, transmission is poorer with common battery telephones than with local battery telephones (par. 208e).



227. BATTERY SUPPLY CIRCUITS.

a. Repeating Coil Type. The battery supply circuits in the cord circuits of some switch boards such as the Western Electric Company No. 11 switchboard are of the repeating coil type with a 24-volt battery, as illustrated in fig ure 2-34. In this circuit, the battery is connect ed in series with the windings of the repeating coil and the voice currents follow the same path as the battery supply currents through the battery. Although the voice currents from many different circuits pass through the same bat tery, these currents do not produce crosstalk be cause the impedance of the battery is very low (less than 0.1 ohm), provided that the leads to the battery are arranged properly.
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Figure 234. Repeating coil 24-volt battery supply circuit.

b. Bridged Impedance Types. Battery supply circuits of the bridged impedance types are arranged with the battery connected in series with retardation coils or relays which are bridged across the voice channels in the cord circuits. A battery supply circuit with a single bridged impedance is illustrated in figure 2-35-A. A similar circuit with two bridged im pedances is illustrated in figure 2-35-B. The d-c resistance of each of the inductors is small enough to permit the flow of an adequate amount of battery supply current for the tele phone. However, their impedance to voice-fre quency currents is high enough to avoid exces sive transmission loss. In cord circuits such as those of the Western Electric Company No.
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Figure 2-35. Single and double bridged impedance battery supply circuits.

551 switchboard, a single bridged impedance circuit is provided. In cord circuits such as those of Switchboard BD–110–( ), two bridged impedances are provided, one for the front cord and the other for the back cord, and capacitors are connected in series with the voice channels between the bridged im pedances (fig. 2-35). In the double bridged impedance type of battery supply circuit, each loop connects to a separate relay while in the single bridged impedance circuit both loops connect to a single retardation coil. The single bridged impedance type of circuit is suitable only where most of the loops are relatively short because the shunting effect of a short loop reduces the battery supply to a longer loop on the same cord circuit.



228. SIGNALING ON COMMON BATTERY LOOPS.

When a call to a cord switchboard is origi nated at a common battery telephone, direct current flows from the switchboard line cir cuit such as that shown in figure 2-32 or fig ure 2–33. This causes the lighting of all line lamps connected to that line. When the call is answered by an operator, the flow of current from the line circuit is cut off by the connec tion of a cord to a jack, but then the battery supply current flows over the loop from the cord circuit. Battery supply currents flow through the windings of relays, the contacts of which control the supervisory lamps or signals. Telephones are signaled from the switchboard with ringing current applied to the loop by the operation of a ringing key in the cord cir cuit.



229. COMMON BATTERY CORD CIRCUITS.

The cord circuits in common battery switch boards contain the battery supply circuits de scribed in paragraph 227; they also contain relays and lamps for producing supervisory signals; and they include keys for ringing on loops and trunks, and for connecting the cir cuits to the operator's telephones. The different types of common battery cord circuits are broadly classified local cords, universal cords, and PBX cords. All cords in a single type of switchboard are of the same type.



230. LOCAL CORD CIRCUITS.

The battery supply circuits in the local cords are of the 24-volt repeating coil type (fig. 2-34) or 48-volt double-bridged impedance type (fig. 2-35-B). These battery supply circuits are al ways connected to the plugs of the cord circuit. Local cord circuits are the same on connections to magneto loops as on connections to common battery loops. The magneto loops and ringdown trunks associated with these cord circuits are terminated in relays which convert the incom ing ringing signals into common battery sig nals before they are transmitted to the cord circuits. An example of a switchboard with this type of cord circuit is the Western Elec tric Company No. 11 switchboard.



231. UNIVERSAL CORD CIRCUITS.

a. Principal Features. Universal cord circuits are provided in switchboards which are de signed for use with a considerable number of magneto loops in addition to the common bat tery loops. A universal cord circuit has its battery supply circuit in use only when the cord is connected to a common battery loop. At other times, such as when the cord circuit is connected to a ringdown trunk or to a mag neto loop, a ringing bridge, instead of the bat tery supply circuit, is provided in the cord circuit. The transfer from the ringing bridge to the battery supply circuit is accomplished by a relay which is operated over the sleeve of the cord in combination with the sleeves of the jacks. In a typical switchboard with uni versal cords such as Switchboard BD–110– ), the circuits from the sleeves of the jacks on magneto lines are open and the circuits from the sleeves of jacks on common battery loops are closed to the battery. When a cord is connected to one of these closed circuits, the sleeve relay in the cord circuit operates and connects the battery supply circuit. When a cord is connected to a ringdown trunk or a magneto line with an open sleeve, this sleeve relay does not operate, thus providing the cir cuit arrangement for receiving ringing sig nals without the battery supply circuit. The ringing signals are indicated on cord circuit recall supervisory lamps. In Switchboard BD 110–( ), a recall ringing signal is provided in addition to two common battery supervisory lamps for each cord circuit. In some other switchboards, only two lamps are provided for each cord circuit and these are arranged for recall ringing signals in addition to common battery signals.

b. Nonlocked-in versus Locked-in Recall Sig nals. The recall ringing signals on the univer sal cord circuits in some switchboards such as Switchboard BD–110–( ) are nonlocked in, that is, the recall supervisory lamps are lighted only for the duration of ringing. The recall ringing signals in other switchboards are locked-in; that is, the lamps remain lighted after ringing ceases until the associated op erator's talking key is operated. The non locked-in signals may be somewhat undesir able under conditions where it may be neces sary to ring several times to attract the at tention of an operator. The locked-in signals avoid the necessity for ringing more than once to produce a steady signal. At switchboards in which the same cord lamps are used for recall ringing signals and for common battery signals, the locked-in recall signals may tend to delay the operators in disconnecting cords from common battery loops because they will have to challenge and be sure that each call is finished before the cords are disconnected; or they will have to trace the cords to the jacks and ascertain whether it is connected to a magneto loop or common battery loop. This situation could be avoided in such switchboards by handling the magneto lines at positions which are different from those where the com
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Figure 2-36. Part of universal cord circuit in Switchboards BD–80–( ) and BD–110–( ) showing additional relay and wiring for locked-in recall ringing signals.

mon battery lines are handled. In switchboards such as the BD–110–( ), having separate lamps or drops for recall ringing signals, the locked-in feature would be satisfactory from an operating standpoint.

c. Conversion from Nonlocked-in to Locked-in Signals. The nonlocked-in ringing signals on Switchboards BD–80–( ) and BD–110–( ) can be converted to locked-in signals by adding One relay and associated wiring to each cord circuit as shown in figure 2-36. Any relay hav ing at least one pair of make contacts and a winding suitable for operation on 48 volts is usually satisfactory for this addition. The resistance of this winding should not be less than about 1,000 ohms to avoid overheating while operating. The winding of this relay is connected in parallel with the lamp and its contacts are connected in series with a nor mally closed pair of contacts on the associated talk key. The circuit through these two pairs of contacts is connected to ground so that when the added relay operates it will lock operated until the talk key is operated. This relay operates from the same voltage that lights the lamp when ringing is received. It remains operated until the operator answers the ringing signal by operating the talk key. The extra contacts on the talking key have been provided in all Switchboards BD–80– ( ) and BD–110–( ) but are not used with nonlocked-in signals. The details of these modi fications are described in MWO SIG 28 (when published).



232. PBX CORD CIRCUITS.

a. The designation PBX is derived from the words Private Bramch. Eacchange which is used to describe a civil telephone switchboard lo cated on a subscribers premises and arranged to connect the loops on the same premises to each other and to trunks extending to a tele phone central. A PBX may also be connected to tie trunks extending directly to other PBX's and to off-premise eactensions to distant tele phones. The operating features of a PBX are designed for maximum efficiency on the most common types of connections occurring on subscriber premises, namely: those from one short loop to another short loop and those be tween such a loop and a trunk to a central (called PBX trunk) which terminates at the central in a common battery station line cir cuit. These line circuits are designed primarily for connections to common battery telephones. Therefore the signaling arrangements utilize ringing outgoing from the central to signal the PBX operator and direct current, also from the central, for supervision between the PBX or telephone and the central. The trunk circuits from Army PBX's which use these signaling arrangements are called common battery trunks and are described in paragraph 234.

b. Switchboards such as the Western Elec tric Company No. 551 switchboard which were originally designed for PBX's in commercial telephone systems are equipped with cord cir cuits similar to universal cord circuits. Each cord circuit has two different transmission conditions. One is the battery supply condi tion like that shown in figure 2-34 which is used on loop-to-loop connections. The other condition is a bridged impedance without con nections to the battery and with a ringing bridge like that shown in figure 2–37. This is used on connections from loops to common bat tery trunks. The bridged inductor has a rela tively low d-c resistance but its impedance to voice currents is high enough to avoid exces sive transmission loss. When this d-c bridge is connected to a common battery trunk, current flows from the distant switchboard, over the trunk and through this bridge. This current controls the supervisory signals in the distant switchboard. A ringing bridge which consists of a relay in series with a capacitor is con nected in parallel with the d-c bridge. It in dicates ringing signals which are sent from the distant switchboard. The supervisory re lay adjacent to the d-c bridge controls the supervisory signals from the switchhook of the telephone on the loop.

[image: Figure, page 58]

Figure 2.37. PBX cord circuit, cut-through condition.

c. A cord circuit of the type shown in figure 2-37 is known as a cut-through cord because battery supply currents from the common bat tery trunk flow through the cord circuit to the telephone on the loop. With such circuits, in combination with common battery trunks which are similarly cut-through, the battery supply currents through the telephones on the loops depend on the battery supply circuits in the central. This battery supply condition may be troublesome on trunks to some foreign civil centrals having high resistances in their battery supply circuits as described in chapter 8. Cut-through cords are generally advantage ous on trunks to American civil centrals be cause they provide practically the same bat tery supply for PBX telephones as is obtained by other common battery telephones connected to the central. The cut-through cords also mini mize the current drain from the PBX battery. Some common battery trunks are equipped with repeating coils and associated arrange ments which include battery supply circuits so that the battery supply currents to the tele phones on the PBX loops are derived from the PBX battery even though the cord circuits are of the cut-through type.


	d. Switchboards having cords of the non cut-through type may be used as PBX's when equipped with suitable common battery trunk circuits (par. 234).

	e. Each PBX cord also has a might and through-dial key which is not supplied with other types of cord circuits. The operation of this key permits incoming and outgoing, man ual or dial calls to pass directly to and from the station and the central, through the cord circuit, without the assistance of the PBX operator. This key is used in Army telephone systems only on night calls and through-dial calls to civil centrals. The operation of this key converts the cord circuit practically into a patching cord. Only the winding of the su pervisory relay remains connected in series with the cord, and in most PBX's the ringing bridge also remains connected across the cord but without the d-c retardation coil bridge shown in figure 2–37.





233. TWO-WAY RINGDOWN TRUNK CIRCUITS.

The switchboard circuits for 2-way ring down trunks are the same as those for magneto loops. In magneto switchboards, each of these circuits contains a drop for indicating the ringing signals. In common battery switch boards equipped with universal cord circuits, each of these trunk circuits contains either a drop like that of a magneto switchboard, or a relay which operates and locks when ringing is received and lights the lamps connected to it. In common battery switchboards equipped with local cord circuits, each ringdown trunk circuit contains several relays; some are used for converting incoming ringing signals into common battery signals to the cord circuit and others are used for transmitting ringing signals from the cord circuit through the trunk circuit to the outside conductors. These trunks are arranged to respond to 20-cycle ringing.



234. COMMON BATTERY TRUNK CIRCUITS OUTGOING AUTOMATIC AND INCOMING RINGDOWN.

Common battery trunk circuits are provided in common battery switchboards on trunks to civil common battery central offices. These cir cuits are designed to be connected to common battery station line circuits in the civil cem tral. Each trunk circuit includes a relay which responds to ringing on an incoming call from the civil central and lights the associated lamps in the switchboard. When the call is answered by connecting a cord to the trunk, a d-c bridge is connected across the trunk to cause the flow of direct current over the conductors to con trol the supervisory signals. The simplest com mon battery trunk circuit is that provided in PBX switchboards such as the Western Elec tric Company No. 551 switchboard. When such a switchboard is connected to a dial central, the dial provided in the operators telephone circuit connects through the cord circuit to the trunk circuit on outgoing calls. The com mon battery trunks in switchboards having local or universal cord circuits are equipped with dial jacks whereby calls may be completed through dial centrals. With such a trunk cir cuit the operator connects a dial cord to a dial jack, dials the desired number, and removes the dial cord immediately.



235. 'TWO-WAY AUTOMATIC TRUNK CIRCUITS.

The supervisory signals on 2-way automatic trunk circuits are controlled by the flow of direct currents over the outside plant conduc tors without ringing. These trunks are not used extensively in Army communication sys tems. The simplest circuits for a 2-way auto matic trunk consist of a regular common bat tery line circuit at one switchboard connected to a similar line circuit at the other switch board. However, a reversal is made in the tip and ring conductors between the two line cir cuits and each circuit is modified by disconnect ing the path from the tip side of the line through the cut-off jack or relay to ground (figs. 2-32 and 2–33). With this arrangement the line relay at one switchboard is operated from the connection of ground to the tip side of the trunk through the cord circuit at the other switchboard. When the call is answered, the supervisory signals in the cord circuits are controlled from the flow of the battery supply currents from both the cord circuits in series. These currents flow because the two batteries in the different switchboards are connected in series aiding as a result of the reversal in the trunk conductors. At the end of the call, when a cord is disconnected at one switch board, the cord supervisory lamp lights at the other switchboard. The line lamp at the switch board where the cord is disconnected lights and remains lighted until the cord at the other switchboard is disconnected. This relighting of the line lamp is somewhat undesirable on trunk circuits of this type. It is avoided in more complicated types of trunk circuits. This simple type of automatic trunk circuit may also be undesirable because of noise induction in areas where the trunk conductors are ad jacent to power circuits.

[image: Figure, page 59]

Figure 2-38, Ringing Equipment EE-101-A.



236. VOICE-FREQUENCY RINGERS.

Voice-frequency ringing must be used on trunks operating over carrier channels and on trunks equipped with composite sets or voice frequency repeaters which are not arranged for 20-cycle operation. Twenty-cycle ringing may be used on nonrepeatered, noncomposited voice-frequency trunks and on repeatered voice-frequency trunks arranged to relay or bypass the 20-cycle ringing at the repeaters. On 2-way ringdown trunks requiring voice frequency ringing, 20-cycle ringing is used between each of the trunk circuits and the nearest voice-frequency ringer. The ringing between two voice-frequency ringers at op posite ends of the same trunk is by means of either 500 cycles or 1,000 cycles, interrupted

[image: Figure, page 60]

Figure 239, Ringer package; voice frequency; 4 circuit X-61820A.

or noninterrupted. One-thousand cycle ringing interrupted at a rate of 20 cycles per second is standard for Army use. Five-hundred cycle ringing, either interrupted or noninterrupted, may be used on interconnections with foreign systems. The allowable loss between voice frequency ringers is about 30 db. This, in gen eral, permits satisfactory ringing over any Army long distance trunk which is satisfac tory for speech transmission. The ringers at opposite ends of a circuit must use the same frequency interrupted at the same rate. Fig ure 2-38 shows Ringing Equipment EE–101– A which consists of two 1,000/20-cycle ring ers. This is a part of Ringer Set TC–24 and is designed for use with tactical equipment such as Telephone Terminal Set TC–21. Fig ure 2–39 shows the packaged voice-frequency ringer which consists of four 1,000/20-cycle ringers arranged for fixed plant applications. The individual ringers in this package are electrically the same as Ringing Equipment EE–101–( ). These and other available ring ers are described in TM 11-487.



237. WORKING LIMITS.

a. General. The lengths and gauges of the wires in the loops and trunks are limited by transmission and signaling conditions. The transmission limits are established by the transmission plan discussed in section II of this chapter and are expressed in terms of the maximum loss in db which can be tolerated. The signaling limits are controlled by the type of signaling and the type of switchboard. Signaling limits are expressed in terms of the ohms resistance permissible in the conductors of the loops and trunks. The signaling limits of the various switchboards are specified in TM 11–487. The actual working limit of a loop or trunk is determined by the signaling limit or the transmission limit, whichever is the smaller. The conductor loop resistances and transmission losses of various lengths and gauges of conductors are enumerated in figure 2–40. For example, consider the problem of determining the proper kind of wire for a loop from a Telephone Central Office Set TC–1 to a Telephone EE–8–( ) over a distance of 10,000 feet with common battery signaling and local battery talking. Assume that the transmission plan permits a maximum loss of 6 db in the loop. Reference to the table of working limits for this central office set in TM 11–487 indicates that the resistance of the conductors in the loop should not exceed 500 ohms. Reference to figure 2-40 indicates that Wire W-110–B will be satisfactory for this loop because the length of this wire pro ducing 6–db loss is between 11,300 and 12,800 feet and its resistance is between 400 and 450 ohms. Of course, wire having less transmis sion loss and less resistance per unit length such as Wire W-143 would also be satisfac tory. Wire W-130—A would not be satisfac tory because 10,000 feet of this wire would
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	&#:</th><th></th><th>Paper insulated</th><th></th><th></th></tr><tr><th></th><th></th><th></th><th></th><th></th><th></th><th></th><th></th><th>C-355-A</th><th>16 ga.</th><th>19 ga.</th><th>£2 ga.</th><th></th></tr><tr><th>50</th><th>2.0</th><th>3.5</th><th>6.2</th><th>10.0</th><th>0.4</th><th>1.4</th><th>7.4</th><th>2.9</th><th>6.3</th><th>3.1</th><th>1.5</th><th></th></tr><tr><td>75</td><td>3.2</td><td>5.2</td><td>9.7</td><td>15.6</td><td>0.7</td><td>2.1</td><td>11.3</td><td>4.4</td><td>10.0</td><td>4.6</td><td>2.3</td><td></td></tr><tr><td>100</td><td>4.1</td><td>7.0</td><td>12.3</td><td>20.8</td><td>0.9</td><td>2.8</td><td>15.3</td><td>5.9</td><td>13.3</td><td>6.1</td><td>3.1</td><td></td></tr><tr><td>125</td><td>5.1</td><td>10.5</td><td>15.4</td><td>26.0</td><td>1.1</td><td>3.5</td><td>18.9</td><td>7.3</td><td>16.7</td><td>7.7</td><td>3.8</td><td></td></tr><tr><td>150</td><td>6.1</td><td>10.5</td><td>18.5</td><td>31.2</td><td>1.3</td><td>4.2</td><td>22.7</td><td>8.8</td><td>20.4</td><td>9.2</td><td>4.0</td><td></td></tr><tr><td>175</td><td>7.1</td><td>12.3</td><td>21.6</td><td>36-4</td><td>1.6</td><td>5.0</td><td>26.5</td><td>10.3</td><td>23.3</td><td>10.7</td><td>5.3</td><td>ſº-db</td></tr><tr><td>200</td><td>8.1</td><td>14.0</td><td>24.7</td><td>41.6</td><td>1.8</td><td>5.7</td><td>30.3</td><td>11.8</td><td>26.7</td><td>12.3</td><td>6.2</td><td>Tlimit</td></tr><tr><td>225</td><td>9.1</td><td>15.8</td><td>27.7</td><td>46.8</td><td>2.0</td><td>6.4</td><td>34.1</td><td>13.2</td><td>30.0</td><td>13.8</td><td>6.9</td><td></td></tr><tr><td>250</td><td>10.2</td><td>17.6</td><td>30.9</td><td>52.0</td><td>2.2</td><td>7.1</td><td>37.9</td><td>14.7</td><td>33.4</td><td>15.3</td><td>7.7</td><td></td></tr><tr><td>275</td><td>11.2</td><td>19.4</td><td>34.0</td><td>54.2</td><td>2.4</td><td>7.8</td><td>41.7</td><td>16.2</td><td>36.7</td><td>16.9</td><td>8.5</td><td></td></tr><tr><td>300</td><td>12.2</td><td>21.1</td><td>37.2</td><td>62.5</td><td>2.7</td><td>8.5</td><td>45.5</td><td>17.6</td><td>40.1</td><td>18.4</td><td>9.2</td><td></td></tr><tr><td>325</td><td>13.2</td><td>22.9</td><td>40.2</td><td>I. 67.7</td><td>2.9</td><td>9.2</td><td>49.3</td><td>19.1</td><td>43.4</td><td>19.9</td><td>10.0</td><td></td></tr><tr><td>350</td><td>14.2</td><td>24.6</td><td>43.8</td><td>72.8</td><td>3.1</td><td>9.9</td><td>53.1</td><td>20.6</td><td>46.7</td><td>21.5</td><td>10.8</td><td></td></tr><tr><td>375</td><td>15.3</td><td>26.4</td><td>46.4</td><td>78.1</td><td>3.3</td><td>10.6</td><td>56.9</td><td>22.1</td><td>50.1</td><td>23.0</td><td>11.6</td><td>ſº-db</td></tr><tr><td>400</td><td>16.3</td><td>28.2</td><td>49.4</td><td>83.2</td><td>3.6</td><td>11.3</td><td>60.7</td><td>23.5</td><td>53.4</td><td>24.5</td><td></td><td>12.4 limit</td></tr><tr><td>450</td><td>18.3</td><td>31.7</td><td>55.6</td><td>93.6</td><td>4.0</td><td>12.8</td><td>68.2</td><td>26.5</td><td>60.1</td><td>27.6</td><td>13.9</td><td></td></tr><tr><td></td></tr><tr><td>500<br>550</td><td>20.3<br>22.4</td><td>35.2, L<br>38.7</td><td>61.7<br>67.8</td><td>|| 104.1<br>|| 114.4</td><td>4.5<br>4.9</td><td>14.2<br>15.6</td><td></td><td>29.4<br>32.4</td><td>66.7<br>73.4</td><td>30.7<br>33.7</td><td>15.5<br>17.0</td><td>ſº-db</td></tr><tr><td></td></tr><tr><td>600<br>650</td><td>24.4<br>26.4</td><td>42.2<br>45.8</td><td>74.1<br>80.2</td><td>|| 125.8<br>135.3</td><td>5.3<br>5.8</td><td>17.0<br>18.4</td><td></td><td>35.3<br>38.3</td><td>80.1<br>86.7</td><td>36.8<br>39.8</td><td>18.5<br>20.1</td><td>limit</td></tr><tr><td>700</td><td>27.4</td><td>49.3</td><td>86.4</td><td>145.7</td><td>6.2</td><td>19.9</td><td></td><td>41.2</td><td>93.5</td><td>42.8</td><td>21.7</td><td></td></tr><tr><td>750</td><td>30.5</td><td>52.8</td><td>92.6</td><td>|| 156.2</td><td>6.7</td><td>21.3</td><td></td><td>44.1</td><td>|| 100.0</td><td>45.9</td><td>23.6</td><td></td></tr><tr><td>800</td><td>32.5</td><td>56.3</td><td>98.7</td><td>| 166.4</td><td>7.1</td><td>22.7</td><td></td><td>47.1</td><td>|| 106.6</td><td>49.1</td><td>24.7</td><td></td></tr><tr><td>850</td><td>34.5</td><td>59.8</td><td>I 104.9</td><td>176.9</td><td>7.6</td><td>24.1</td><td></td><td>50.0</td><td>113.4</td><td>52.2</td><td>26.3</td><td></td></tr><tr><td>900</td><td>36.6</td><td>63.3</td><td>|| 111.1</td><td>187.5</td><td>8.0</td><td>25.5</td><td></td><td></td><td></td><td>55.2</td><td>27.8</td><td></td></tr><tr><td>950</td><td>38.6</td><td>66.8</td><td>117.3</td><td>|| 197.5</td><td>8.5</td><td>26.9</td><td></td><td></td><td></td><td>58.2</td><td>29.4</td><td></td></tr><tr><td>1,000</td><td>40.6</td><td>70.4</td><td>|| 123.5</td><td>208.0</td><td>8.9</td><td>27.4</td><td></td><td></td><td></td><td>61.3</td><td>30.9</td><td></td></tr><tr><td>1,100</td><td>44.7</td><td>77.5</td><td>|| 135.9 || 239.0</td><td></td><td>9.8</td><td>31.2</td><td></td><td></td><td></td><td>67.6</td><td>34.0</td><td></td></tr><tr><td>1,200</td><td>48.8</td><td>84.5</td><td>|| 148.4 || 249.5</td><td></td><td>10.7</td><td></td><td></td><td></td><td></td><td>74.0</td><td>37.1</td><td></td></tr><tr><td>1,300</td><td>52.8</td><td>91.5</td><td>|| 160.6</td><td>270.6</td><td>11.6</td><td></td><td></td><td></td><td></td><td></td><td>40.2</td><td></td></tr><tr><td></td><td>56.8</td><td></td><td></td><td></td><td></td><td></td><td></td><td></td><td></td><td></td><td></td><td></td></tr><tr><td>1,400</td><td></td><td>98.6</td><td>|| 173.0</td><td>291.4</td><td>12.5</td><td></td><td></td><td></td><td></td><td></td><td>43.3</td><td>ſis-dº</td></tr><tr><td>1,500<br>2,000</td><td>60.9<br>81.3,</td><td>|| 105.0 | 185.4<br>1141.0</td><td>247.0</td><td>312.5<br>|| 416.5</td><td></td><td></td><td></td><td></td><td></td><td></td><td></td><td>46.5Illimit</td></tr><tr><td>2,500</td><td>102.0</td><td>176.0</td><td>|| 309.0</td><td>|| 522.0</td><td></td><td></td><td></td><td></td><td></td><td></td><td></td><td></td></tr><tr><td>3,000</td><td>122.0</td><td>|| 21.1.0 || 371.0</td><td></td><td></td><td></td><td></td><td></td><td></td><td></td><td></td><td></td><td></td></tr></tbody></table>
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Fisure 240. Lengths of station line wire and cable for various switchboard transmission and working limits.

have a loss of more than 12 db and a resist ance of more than 1,100 ohms.

b. Limits for Ringdown loops and Trunks. The working limit for 20-cycle signaling on ring down loops and trunks without repeating coils or other intermediate line equipment is gen erally about 3,000 ohms. This is established by the ringing voltage and the sensitivity of the ringers, drops, or relays which respond to the 20-cycle ringing voltage. On similar trunks equipped with a ring-through repeating coil at each end, the working limit is reduced to about 2,000 ohms. Insulation resistances down to about 1,000 ohms can generally be tolerated on these trunks. On trunks equipped with tele phone repeaters or carrier terminals, the sig naling is by means of 500 cycles or 1,000 cycles between ringers and is by means of 20 cycles between the ringers and the terminals (par. 236).

c. Limits for Common Battery loops. The work ing limits for common battery loops are estab lished principally by the transmission losses, including the battery supply losses (par. 208), and the supervisory relays in the cord cir cuits. On loops connected to line circuits with out line relays, the brilliancy of the line lamps may also be controlling. The insulation re sistance of the loops is sometimes a limiting factor because the supervisory relays must release while current is flowing through the insulation resistance. In general, the insula tion resistance of common battery loops should be greater than 10,000 ohms. To obtain such insulation resistance, a high grade of maintenance on the outside wires, cables, and terminals is required.



238. DISTRIBUTING FRAMES.

The connections from outside wires to a switchboard having a capacity for 40 loops or more, are completed through a separate dis tributing frame such as Frame FM-19 shown in figure 2-30. This frame consists of terminals, some for the outside wires and others for the inside wires. Cross-connecting wire is used to connect the outside terminals to the inside terminals. This wire can be readily trans ferred between terminals, thereby providing flexibility in the assignments of the outside wires to various switchboard circuits.



239. PROTECTORS.

Protectors are provided in telephone cen trals on the wires coming in from outside for the purpose of protecting the switchboards and associated equipment from damage which might otherwise result from lightning or ac cidental contacts between communication cir cuits and high-voltage power lines. Protectors are frequently located on distributing frames. Protection is discussed in chapter 10 and var ious kinds of protective equipment are de scribed in TM 11–487.



240. POWER EQUIPMENT.

The storage batteries in telephone centrals are charged by rectifiers connected to 50– or 60–cycle engine-driven generators or com mercial power sources. The 20–cycle ringing voltage is obtained from ringing vibrators, static ringing machines, or rotating ringing generators. Power equipments are described in chapter 7 and in TM 11-487.



241. MONITORING, OBSERVING, AND RECORDING EQUIPMENT.

Equipments which may be installed in cen trals for use in monitoring, observing, and recording on local and long distance telephone connections are described in TM 11–487. One of the observing cabinets is designed for con nection to a long distance trunk and includes arrangements to prevent the completion of each call until cleared by the observer. A group of these cabinets can be associated with a group of long distance trunks by means of a patching cabinet having a capacity of 10 trunks. Another cabinet is arranged for mon itoring on any one of 30 loops or trunks. This cabinet includes lamps which respond to com mon battery or ringdown signaling to indicate when calls are in progress. Another cabinet is designed for observing on any one of five common battery loops. A film-type recorder, which embosses the sound track on cellulose acetate tape, may be used for recording con versations in connection with the monitoring and observing cabinets.



242. TESTING AND MAINTENANCE.

a. When outside wires develop faults such as contacts with ground, short circuits, crosses with other wires, or open circuits, the service on these wires can be restored by using testing equipment to locate the troubles. This equipment includes voltmeters or Wheat stone bridges or both, in combinations with tones, ringing voltages, and d-c voltages.

Types of such testing equipment which may be used in centrals are Test Set EE–65–( ), Test Set TS-27/TSM, Test Board BD–101, Cabinet BE–70, Test Set AN/FCM–4 (mobile test unit X-63699A), and Test Set AN/FCM–5 (test and control board X–66034A). This equipment is also used to locate faults on wires and equipment inside the centrals. After troubles have been located, they can be cleared by the use of various types of maintenance equipment. The features of these test sets, test equipments, and mainte nance equipments are described in TM 11–487. Information on testing and maintenance pro cedures is given in chapter 11.


	b. The tests which can be performed with test equipment installed in telephone centrals are briefly as follows:

	(1) Test calls can be originated and an swered on magneto and common battery loops.

	(2) Tests can be made with a voltmeter or voltohmmeter to check the continuity of a circuit and detect accidental grounds, short circuits, crosses, and opens.

	(3) Ringing voltage can be applied to a circuit as a step in detecting grounds, short circuits, or opens.

	(4) The capacitance from a line to ground or to another line can be indicated by the swing of a voltmeter needle in combina tion with the initial application of a potential through the voltmeter to the line.

	(5) Voltages can be measured.




	(6) Conductor loop resistance and insu lation resistance can be measured with a volt ohmmeter or Wheatstone bridge.

	(7) Approximate locations of open cir cuits on open wire lines can be estimated from capacitance tests with a voltmeter.

	c. A small central with a fixed plant switch board will ordinarily be equipped with a port able Wheatstone bridge such as Test Set I-49



for use in locating faults on outside lines and for miscellaneous measurements of resistance. A central at a terminal of a main cable route will generally contain a Test Set AN/FCM–4 (mobile test unit X-63699A) for use in lo cating and analyzing faults on the wires. In large centrals a Test Set AN/FCM-5 (test and control board X-66034A) will generally be provided.


	d. When a loop or trunk goes out of order, the following procedures may be adopted to clear the trouble. The trouble is analyzed by making over-all ringing and talking tests. Then specific tests are made to trace the trouble step by step. In the smaller centrals, these tests may be made with a voltmeter at the switchboard. In the larger centrals, they may be made with the test unit or test board. The line is sectionalized and analysis tests are made on each section. When the section with the trouble is determined, the test board or testing equipment nearest to the trouble is used for locating it more closely. Finally the trouble is found by physical inspection.

	e. Test and control board equipment pro vides jacks and paching cords for removing circuits from service such as may be required for trouble tests, routine tests, or transmission measurements. It also provides arrangements for monitoring and talking on the lines. The monitoring jacks may be arranged in some test boards to make the circuits test busy at the associated switchboards so as to avoid in terference between the regular traffic and test calls and give full control of the circuits to the testers. In centrals where these automatic make-busy features are not provided, it will be necessary for the tester to ask an operator to make the circuit busy at the switchboard. The latter procedure is followed in centrals with Switchboards BD–80–( ), BD–110– ( ), or smaller switchboards.






Section V. AIRCRAFT WARNING SYSTEMS


243. INFORMATION AND OPERATIONS CENTERS.

Information and operations centers are used in aircraft warning systems to receive infor mation on activities of enemy and friendly forces in different areas, to plot this informa tion so that it can be readily visualized and analyzed, and to transmit it and operational orders to the organizations concerned for their information and action. This equipment con sists of telephones, relays, jacks, lamps, power plants, and furniture arranged to be quickly unpacked and installed and subsequently packed and transported in motor vehices. Sev eral different types of equipment which are

[image: Figure, page 64]

Figure 241, Operations Center AN/TTO-l, mobile use.

used for these centers are described in TM 11– 487. A typical arrangement is shown in figure 2-41. This is an Operations Center AN/TTC)–1 assembled for mobile use with the plotting tables on the ground and the other equipment in two trucks on opposite sides of the plotting tables. A tent to protect the equipment is shown in this figure. However, it can also be installed in a shelter or building separate from the trucks. The telephone equipment can be con nected to wire lines and radio channels. Facili ties are provided for automatic remote control of various types of radio sets. The furniture consists of tables, benches, and platforms. The communication channels are terminated on jacks or keys at the operating positions so that an officer or plotter can directly select the particular line to which he connects his tele phone. Most of the communication channels provide point-to-point service. A small tactical switchboard however, is included for a few interconnections over trunks to centrals in Army communication systems.




Section VI. RAILWAY TRAIN DISPATCHING TELEPHONE SYSTEM


244. GENERAL.

a. A train dispatcher controls the move ment of trains on a definite length (division) of each railway and transmits train orders by telephone to the way-station operators for control of trains. The length of railway con trolled by one train dispatcher varies with the traffic density and geography of the railway. It may be any length up to 200 miles or more. A telephone circuit with connections to every way station along the railway division is pro vided for transmission of the train orders. Two telegraph wires, also with connections at every way station, are provided, which can be used for transmitting train orders in case of failure of the telephone circuit.

b. The railway communication system is provided and installed by the Signal Corps and, after installation, it is operated and maintained by the Military Railway Service. This commu nication system, with some of the principal features and limitations, is described in this section.



245. REFERENCES.

Technical manuals to be prepared by the Transportation Corps will describe the compo nents, operation, and maintenance of railway communication systems. Technical manuals prepared by the Signal Corps on the principal items of dispatching equipment are available for such specific apparatus as: amplifiers, rec tifiers, etc. A booklet entitled Maintenance of Way Manual; Military Railway Service; Sup plement A; Telephone, Telegraph, and Signals is available from The Director General, Mili tary Railway Service, Washington 25, D. C. In the past, commercial literature such as Western Electric Company's Bulletin No. 672A has been furnished with some of this equip ment. TyO and E 55–227 lists the communica tion personnel and equipment of the Mainte nance of Way Company of a Railway Operat ing Battalion. The following field and techni cal manuals also contain pertinent informa tion:

FM 55–50, Military Railroads and Military Railway Service FM 55–55, Railway Operating Battalion (superseding TM 5–405) TM 11–2256, Amplifier No. 3BLH TM 11–2257, Rectifier Power Units No. 1152 and No. 1161



246. TELEPHONE SYSTEM.

a. A railway train dispatching telephone System is a special form of long distance tele phone party line with selective ringing, which enables a train dispatcher to call individually any one of the way stations on the line. The lines usually are open wire, and the Military Railway Service has purchased No. 9 B&S gauge (114-mil) copper wire such as that used in commercial train dispatching installa tions. If it is planned to use cable for any part of the line, it may be necessary to obtain cable which is specially designed to withstand the high signaling voltages which may be used, as the normal telephone cables are not designed to withstand these voltages. The operating limits of the equipment provided are such that a 114-mil copper open wire line may be as long as about 500 miles and have as many as 60 way stations; if any substantial amount of cable is used, the range will be less.

b. The dispatcher listens continuously on the line by loudspeaker or head receivers, and he talks to way stations through a chest micro phone. He rings the bell at the individual way station by means of selector calling keys which control the application of 200- to 500-volt 31% cycle alternating current to the line. This 3% cycle alternating current operates the way station selectors.

c. The way-station operators do not listen constantly because they have various duties to perform. When they have occasion to talk to the dispatcher, as for example, to report the passing of a train, they listen on the line and if it is idle they talk to the dispatcher. The telephones at the way stations are of a special push-to-talk type which cause relatively small transmission loss to other way stations when in the listening condition. Low loss under this con dition is important because a large number of stations may listen on a line simultaneously.



247. EMERGENCY SERVICE.

Emergency communication service is re quired when the telephone train dispatching circuit is out of service because of trouble. The Military Railway Service plan provides two separate wires for single Morse manual telegraph operation. At each station each wire is equipped with suitable station equipment. These telegraph wires parallel the train dis patching telephone wires and are used for both regular telegraph service and emergency train dispatching.



248. DISPATCHERS' EQUIPMENT.

a. Dispatchers' Telephone Equipment. Tele phone equipment with a head receiver which is provided for each dispatcher is shown in figure 2-42. During periods when the dispatcher does
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Figure 242, Dispatcher's station telephone equipment, not wish to wear the head receiver, a loud speaker instead of the head receiver can be con nected to the line. A contact on the foot switch provides means for reducing the loudspeaker volume so that the transmission path through the loudspeaker and microphone will not howl when the dispatcher is speaking.

b. Selector Keys. Two different types of keys are provided to enable a dispatcher to call individual way stations: the individual type and the master type. One of the individual type selector keys is used to call each of the way stations. A group of these keys is installed in a selector key case which is mounted on the

[image: Figure, page 66]

[image: Figure, page 66]

Figure 2-43. Individual type selector key and case (Western Electric Company No. 60A key).

[image: Figure, page 66]

Figure 2-44. Master type selector key (Western Electric Company No. 61A key).

dispatcher's table. The selector key and a case which has a capacity for 24 keys is shown in figure 2-43. The master type selector calling key (fig. 2-44) is provided for emergency use. When this key is used, the three levers are placed opposite the numbers that make up the code of the way station to be called. Then the fourth lever, which is equipped with a handle, is pulled down and is allowed to return to nor

[image: Figure, page 66]

Figure 2-45, Selector apparatus case (Western Electric Company No. 62B). - mal. Thus, this one key can be used for calling any of the way stations.


	c. Selector Apparatus Case. The selector call ing keys are connected to a selector apparatus case shown in figure 2-45, which contains the apparatus by which the d-c impulses from the keys control the 31/3-cycle alternating current for transmission to the line.

	d. Power Supply. The 3%-cycle alternating current is derived from direct current by means of a reversing relay in the selector apparatus case. The d-c voltage is obtained from a power supply unit that can be set to produce various potentials between 200 and 500 volts dc. The voltage is adjusted for proper operation of the way station selectors and is governed by the length of line and number of selectors on the line as explained in paragraph 251.





249. WAY-STATION EGUIPMENT.

q. Telephone Equipment. The telephone pro vided in each way station is shown in figure 2-46. It uses a microphone and head receiver which are similar in their electrical character
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Figure 246, Way-station telephone.

istics to the microphone and receiver of Tele phone TP-6. A push-to-talk button is provided in the associated desk set box.



b. Selector Set.

(1) A selector set is provided at each way station. The selector and the selector set of which it is a part are shown in figures 2-47 and 2–48 respectively.

[image: Figure, page 67]

Figure 2-47. Selector (Western Electric Company No. 60AP).


	(2) The selector has a toothed code wheel and when this wheel has advanced to the 17th step it closes a local battery circuit which rings the way-station bell. Each station has assigned to it a 3-digit code, and the sum of the three digits of each station code is 17. The dispatch er's calling keys introduce short pauses be tween the three digits.

	(3) The selector code wheel at each way station is advanced by the 3%-cycle impulses which are sent by the calling key at the dis patcher's station. Only those code wheels stay in the advanced position, during the pause,
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Figure 2-48. Selector set (Western Electric Company No. 162C).
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Figure 2-49. Principles ofstandard method for operating train dispatching telephone system.

AND TELEPHONE EQUIPMENT,TL. 54.855
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which have a code pin inserted in the code wheel at the step which corresponds to the number of impulses sent from the dispatcher's key. The code wheels of selectors at all other stations return to the zero position during the pause.


	(4) The impulses of the second and third digits sent from the dispatcher's key again advance the code wheels, some from the ad vanced position and others from zero. How ever, only the selector which has code pins to hold the code wheel during the pauses between the first and second and between the second and third digits will advance to step 17 and ring the bell.

	(5) For example, a way station with a ringing code 8-5-4 has code pins set at steps 8, 13, and 17 on the code wheel.

	(6) After a ringing interval of about two seconds, the dispatcher's key sends a release impulse which restores the way station selec tor to normal.

	(7) As the bell is rung, a tone is also sent onto the line which is called the answer-back. This indicates to the dispatcher that the bell is ringing.

	(8) The code pins can be set for 78 dif ferent combinations.





250. SPECIAL ADJUNCTS.

Train dispatching telephone circuits can be arranged to provide for the following fea tures:

a. A simplex telegraph circuit can be ob tained between two or more places along a line without interfering with telephone service. This circuit can be operated single or duplex, manual, or teletypewriter.
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Ti_54826 Figure 2-51. Range of No. 160 type selectors for various line voltages and numbers of bridged selectors (no transformer).


	b. Branch or spur lines can be connected.

	c. Way-side telephones in pole boxes or portable telephones with a line pole for making connections to line wires can be used at points along a line for telephoning the dispatcher.
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Figure 2-52. Range of No. 160 type selectors for various line voltages and numbers of selectors (one No. 341A transformer).



251. OPTIONAL METHODS OF SELECTOR OPERATION.


	a. Two arrangements are available for con necting selectors at the dispatcher's station and way stations to the telephone line, namely: the standard arrangement and the transformer arrangement. The standard arrangement pro vides a greater range and more stations for a given line voltage. However, with the trans former arrangement other desirable features such as additional telegraph circuits between way stations can be obtained.

	b. The circuit operating principles of these two arrangements are illustrated in figures 2-49 and 2-50. Signaling range data corres ponding to these two circuit arrangements are shown in figures 2–51 and 2-52 respectively. In the latter range chart, one No. 341A trans former is assumed to be in the circuit. If the circuit includes more than one transformer, the ranges will be less than those indicated.





252. PROTECTION.

Because of the high voltages present, pro tector blocks with higher than normal break down voltage must be used at the dispatcher's station and at all way stations. Normal fuses (7-amp.) are used at all stations




Section I. WIRE AND RADIO TELEGRAPH SYSTEMS


301. MAJOR COMPONENTS OF TELEGRAPH SYSTEMS AND NETWORKS.

Telegraph systems serving areas of moderate extent include central office and station equip ment operating in conjunction with wire or radio transmission circuits or a combination of wire and radio. Comparatively simple facili ties which would be characterized as telegraph circuits rather than systems are shown by fig ures 3-1 and 3-2, the connecting circuits be
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Figure 3-1. Direct (point-to-point) d-c wire teletypewriter circuit.

tween the teletypewriter stations being direct (point-to-point) wire and radio connections, respectively. A system is made up of numerous components, including stations with their in dividual extensions (local lines), main trans mission circuits, terminal and repeating equip ment, retransmitting equipment, switchboards, and branch circuits extending to outlying lo calities. A relatively simple system involving such components is shown in figure 3-3. Fur thermore, systems utilizing wire and radio fa cilities are combined to form a rather exten sive network to provide communication throughout a theater of operations as illus trated in figure 3-4,



302. MESSAGE HANDLING METHODS.

Messages may be sent directly from a sta tion to one or more distant stations over fixed circuits or over built-up circuits involving one or more switchboards. Messages may also be relayed semiautomatically or manually from one circuit to another, that is, received at an intermediate point and retransmitted to one or more other points. Teletypewriter operation with semiautomatic relaying is used to handle practically all of the traffic in the Army Com mand and Administrative Network which is discussed in chapter 11. Teletypewriter equip ment should be manned by personnel having some degree of skill. Messages sent by all forms of telegraph usually are writton out before transmittal and before delivery; this written record is a very valuable feature. Telegraph circuits, particularly those using teletypewrit ers, may be used also for interchanging infor
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Figure 3-2. Direct (point-to-point) radio teletypewriter circuit.

mation in a conversational manner. Automatic switching to a very limited extent and on a specially engineered basis is used whereby a connection is established by switches actuated by certain teletypewriter characters.

[image: Figure, page 72]

Figure 3-3. Teletypewriter system with wire (d-c and carrier) and radio transmission circuits.



303. INTERNATIONAL MORSE-CODE VERSUS TELETYPEWRITER OPERATION.



q. International Morse-code Methods and Speeds.

(1) In manual telegraphy the signals are formed as dots and dashes by the operation of a telegraph key by a trained operator. They are received as audible tone signals and re corded by hand or on a typewriter. The signals shown in figure 3-5-A illustrate the formation of typical characters. As indicated, a dot sig nal followed by a space of equal length is called a dot-cycle or sometimes simply a cycle. Cer tain administrations use a unit of speed called the baud, which is a rate of 1/2 cycle per second. Thus a speed of 23 dot-cycles per second may be expressed as 46 bauds. Since the baud is a wnit of speed, it is incorrect to speak of a character or word as consisting of so many bauds. With average operators, a speed of 10 to 15 words per minute may be expected and perhaps twice as much with skilled operators.

(2) The International Morse Code is also used with automatic sending equipment, par ticularly where speeds up to about 400 words per minute or more are desired, such as on certain long-haul radio circuits. In this case, a punched tape is prepared by operating a key board; this tape is fed into a keying head capable of sending at a readily adjustable speed which is in accordance with circuit capabilities and traffic requirements. It is cus tomary to assume that the average word con sists of six characters, including one for a space at the end of the word. Use is being made of the test word CODEZ as a standard-length word in determining military speeds; on this basis a speed of 100 words per minute cor responds to 50 dot-cycles per second." At com paratively low speeds, the signals may be re ceived by ear. Generally, at speeds over about 25 words per minute, the signals are received by means of an ink recorder and transcribed by one or more operators at an average speed of about 35 words per minute for each opera tor. Sent and received tapes are illustrated in figure 3–6. Automatic equipment used for International Morse-code operation is de scribed in paragraph 330.

1 The transmission of the word CODEZ and the fol lowing space utilizes a transmission time equivalent to that of 30 dot-cycles. Therefore, a speed of 100 words per minute is 3,000 dot-cycles per minute or 50 dot cycles per second.
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Figure 3-4. Typical theater teletypewriter network.

b. Teletypewriter Methods and Speeds.

(1) The form of teletypewriter signals is shown in figure 3-5-B; these signals are dis cussed in more detail in chapter 12. The letters and the space between words are all of equal length and the code is slightly more efficient in the use of line time than the International Morse code. Signals are produced by the opera tion of a teletypewriter keyboard similar to
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Figure 3.5. Telegraph codes, typical characters.

that of a typewriter, and the corresponding characters are typed in page form or on tape by machines at both sending and receiving sta tions. Signals may also be sent from a punched tape prepared locally by a perforator which

[image: Figure, page 73]

TL 53220-s Figure 3-6. International Morse-code tapes.

has a keyboard similar to that of the teletype writer. A sample of this tape is shown in fig ure 3-7. Teletypewriter signals may be received over a line by a typing reperforator, which re cords the message as partial perforations and as typed characters on the same tape. Some typ ing reperforators have keyboards from which

[image: Figure, page 74]

Figure 3-7. Perforated teletypewriter tape.

tape may be prepared locally. The typing re perforator may also be used as a teletypewriter in sending messages. The form of tape, il lustrated in figure 3–8, is called chadless and may be used for retransmitting the message. As a general rule, American Army teletype writer equipment operates at a nominal speed of 60 words per minute, that is, 368 operations" per minute (opm). This speed may be increased to a nominal speed of 66 words per minute (404 operations per minute) to work with British teleprinters. However, for interoperation, other factors are important (par. 350). When sending directly to a circuit from a keyboard, the average operator will type at a nominal rate of 25 to 30 words per minute; because of the transmission of headings, nontyping selec tions, etc., the corresponding net message (text) speed is about 23 words per minute. When sending from tape at normal machine speed of 60 words per minute the average mes sage (text) speed is about 50 words per minute.

[image: Figure, page 74]

Figure 3-8. Chadless (partially perforated) teletypewriter tape with typing.

(2) A few teletypewriter circuits, wire and radio, are being operated on a provisional basis at 100 words per minute. Operation at this speed requires modifications of teletype writer equipment and associated testing ar rangements. The modifications consist of in troducing certain new parts and changes in adjustments. Also, new requirements, are im posed on transmission facilities because the signaling speed is about 37 cycles per second as compared with about 23 cycles per second for 60 word-per-minute service.



c. Relative Advantages.


	(1) The advantages of teletypewriter operation as compared to manual telegraph operation are: high average speed, automatic reception of multiple copies in typed form at one or more points, use of operators with a lower degree of skill, possibility of regenerat ing signals automatically, and relaying of mes sages from circuit to circuit by means of tapes. The main disadvantages as compared to man ual telegraphy are: size and weight of the equipment, complexity requiring skilled main tenance forces, need for high grade circuits, and need for about 100 to 300 watts of power per station.

	(2) In the manual Morse method, the operators may reduce speed to meet the capa bilities of the circuit. The use of manual Morse generally permits operation under more ad verse circuit conditions than either teletype writer or voice. Its main disadvantages are relatively slow speed and the need for more skillful operators. For operation on wire lines, manual telegraph uses simple sets which are readily portable and operable from batteries. These sets are relatively inexpensive, small in size, and light in weight (seven pounds with out typewriter). The weight is roughly 1/50 that of teletypewriter station equipment.

	(3) Automatic Morse operation is par ticularly advantageous in the case of a cir cuit which is operable for only a small part of the time, for example, on certain h-f radio circuits operating over paths near a magnetic pole a large amount of traffic can sometimes be moved in a few hours, using a speed of sev eral hundred words per minute. The speed of automatic Morse operation may be regulated to suit the capabilities of the circuit. However, this equipment is complicated, requires about 500 to 600 watts of power, is heavier and larger than comparable teletypewriter equip ment, and trained personnel is required to transcribe the signals from the received tape.



* An operation is considered to be a typing character or a nontyping selection. Examples of nontyping selec tions are carriage return and line feed.




Section II. WIRE AND RADIO TELEGRAPH TRANSMission


3O4. TRANSMISSION.

a. Dotting Speeds. Telegraph signals are sent at different rates, depending on the method of working and on circuit conditions. In man ual International Morse the rate of sending dot-cycles is from about 6 to 15 cycles per sec ond, the average being about 8 cycles per second. In teletypewriter operation, the line speed in dot cycles per second is set by the ma chine independently of the rate at which the keyboard is operated. The speeds are approxi mately 23 and 25 cycles per second for nominal word speeds of 60 and 66 per minute (368 and 404 operations per minute), respectively. In automatic Morse-code operation, the speed of signaling may reach 100 dot-cycles or more.

b. Frequency Band Widths. Although tele graph signals are made up of pulses during which the operating current substantially reaches a steady value, they also contain alter nating-current components of different fre quencies; the range of essential frequencies from the lowest to the highest is called the signal frequency band. It is necessary to pro vide a circuit having the proper characteristics to transmit this band. In the case of a d-c tele graph circuit, this band ordinarily extends from zero cycles per second, that is, direct current, up to about three times the maximum speed in dot-cycles per second. Thus, in manual telegraphy a band of about 50 cycles in width would ordinarily be adequate. In teletypewriter operation (60 word-per-minute speed) a band about 75 cycles wide is desirable; in high speed automatic Morse-code operation, a band several hundred cycles in width may be re quired for the highest speeds. In carrier and radio telegraph, when current of a single tone or frequency is keyed on and off, the required band is twice as wide, extending in each direc tion from the carrier frequency by the amount required for the d-c case. When two frequencies. (one for marking and another for spacing") and two channels are used, the band width is again doubled. With tone modulated radio telegraph, the whole voice band is generally used.


	c. Wire Transmission. The two general types of wire telegraph circuits are dc and carrier. Carrier telegraph facilities operating in the voice range between 300 and 2,400 cycles per second generally form the main transmission circuits for long and medium distance com munication on land lines. D-c circuits are used especially for the sherter facilities, including . extensions to stations and branch circuits to outlying offices. Wire telegraph circuits will, in general, furnish dependable and accurate service if reasonable standards of circuit lay out and maintenance are adhered to.

	d. Radio Transmission. Although radio trans mission provides a high degree of flexibility for point-to-point communication from a sta tion to any one of a large number of stations and for broadcasting to a plurality of stations, transmission is, on the whole, less dependable than that over wires. This is because of vari able conditions in the transmission medium and the possibility of accidental or intentional jamming. The transmission impairment is not only in the form of displacements of transi tions between marks and spaces (time distor tion) but also in variations in strength of re ceived signals and the occasional obliteration of the received signals by interference. Single channel and multichannel teletypewriter cir cuits are operated satisfactorily over radio links within limits of distances from a few thousand yards to many thousands of miles. International Morse-code operation is being replaced in some cases by teletypewriter op eration. Most of these applications make use of radio facilities operating within either the h-f or v-h-f range, but in polar latitudes radio fre quencies in the order of 50 to 200 kilocycles are used. For operation in the h-f range over radio circuits using sky-wave transmission, it is generally desirable to use diversity opera tion. Thus signals may be received simultane ously at two or more locations separated by several wavelengths (space diversity), or each signal may be sent simultaneously at two or more frequencies to be combined at the re ceiving station (frequency diversity). Where space is limited, two different adjacent anten nas, such as vertical and horizontal, or differ ently-oriented horizontals, may give some im provement by providing polarization-diversity reception. Further information regarding tele



* A signaling interval during which current flows through the teletypewriter receiving magnet is called a mark, and the circuit is said to be marking. When no current flows through the magnet, the signal is called a space, and the circuit is said to be spacing.

typewriter operation over radio will be found in section VII. Refer to chapter 6 for general information on radio transmission, including antennas.

e. Repeaters. The limiting length of a tele graph circuit, either wire or radio, is generally reached when a signal becomes so weak as to be incapable of actuating the receiving ap paratus properly, when the waveshape is modi . fied so that the time distortion of the telegraph impulses is excessive, or when the received signal strength is too low to override the in terference. Usually the circuit can be extended by inserting a repeater before the limiting length is reached. In d-c telegraphy, such a repeater involves reception of the signals by means of a relay and automatic retransmis sion using a local source of energy, such as a set of batteries or rectifiers. In carrier or radio telegraphy, the signals may be converted to d-c form before retransmission, or the re peater may be a vacuum-tube device merely to amplify them. In teletypewriter operation, a regenerative repeater may be used at an inter mediate point. This repeater will automatically retransmit the received signals in practically perfect form if they have not suffered an amount of distortion which would cause errors in the copy in a teletypewriter at that point. The punching of a tape by a reperforator and retransmission from a transmitter-distributor is also a means of regenerating signals. This method is applicable to both wire and radio circuits.



f. Single and Duplex Methods of Operation.

(1) Over wire circuits, telegraph opera tion which is limited to one direction at a time is known as single- or half-duplex operation; a break feature is provided to enable the re ceiver to stop the sender. In radio operation, such to-and-fro service using only one radio frequency assignment is called either simplex or one-way reversible; in teletypewriter serv ice, no break feature is provided but in manual circuits there may be a break-in feature. The term half-duplea, as applied to radio is used to describe to-and-fro teletypewriter service using two radio-frequency assignments with a break feature. As noted in paragraph 30.5d, the term simplex also applies to a method of using wires to obtain d-c telegraph simultane ously with telephone.

(2) In any telegraph circuit (wire or radio) in which independent transmission paths are provided for the two directions of transmission, it is possible to transmit mes Sages in both directions simultaneously. This is known as duplex operation, and is also called full-duplea, operation. This method involves certain inconveniences from an operating standpoint, but allows moving approximately twice as much traffic as the single method. Carrier telegraph is particularly suited to the duplex method. With radio circuits, the du plex method requires different frequency as signments for the two directions of transmis S1On.



305. D-C WIRE TELEGRAPHY.

a. Neutral. D-c neutral circuits operate on the basis of current for marking and no cur rent for spacing. A metallic pair or a wire with ground return may be used between the send ing and receiving points. Figure 3-9 shows schematically a manual neutral circuit. Simple open-and-close operation is sometimes used between teletypewriters connected directly to the line without line relays; in such cases, op eration between teletypewriters is limited to distances in the order of a mile when field wire is used. This limitation is imposed primarily
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Figure 3-9. Neutral telegraph circuit (manual operation).

by signal distortion resulting from varying weather conditions. This distortion cannot be readily compensated for in the adjustment of the teletypewriter mechanism. However, this form of signal distortion can be overcome to a certain extent by interposing an adjustable receiving relay between the line and the tele typewriter, as shown in figure 3-10. At A the relay is biased mechanically; at B the bias is electrical.

b. Polar. In d-c polar circuits, approxi mately equal values of positive and negative voltage are applied alternately to the line at the transmitting end. At the receiving end, a polar relay responds to the direction of the cur rent rather than to its magnitude. A one-way polar telegraph circuit (fig. 3-11) generally uses one line conductor with ground return,

[image: Figure, page 77]

Figure 3-10. Neutral telegraph circuit (teletypewriter operation).

but two conductors may be used on a metallic return basis. A 2-path polar circuit consists of two one-way polar circuits and is suitable for duplex operation provided the local circuits are so arranged. The British have a reversible one-way polar arrangement which uses one wire and reverses the direction of transmission by switching, which is automatic in the case of teletypewriter operation. This reversible arrangement does not lend itself to duplexing or multisection connections, and it is also sub ject to false operation when idle. American

[image: Figure, page 77]

Figure 3-11. One-way polar telegraph circuit.

teletypewriters are not arranged for reversible one-way polar operation. See paragraph 350 for interoperation of British and American teletypewriters. - c. Polarential. A polarential circuit (fig. 3 12) provides practically the equivalent of a half-duplex 2-path polar circuit and uses only one line conductor instead of two. In a polar ential circuit, the transmission in one direction is polar, and in the other direction it is equiva lent to polar as far as the receiving relay is concerned. This polar equivalent is attained by providing the receiving relay at the polar sending end with a local bias current which in magnitude is midway between the marking line current and the spacing current. The trans mitting arrangments at the two terminals of a polarential circuit are dissimilar; one end, referred to as the polar-sending end, applies equal voltages of opposite polarities for mark ing and spacing and the other end, referred to as the differential-sending end, applies ground for marking and positive polarity for spacing. The operating ranges of polar and polarential circuits are substantially the same, and exceed
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Figure 3-12. Polarential telegraph circuit.

that of a neutral circuit provided with an ad justable receiving relay. No adjustment is re quired in equipment operating on a polar or polarential basis to compensate for varying weather conditions. In the case of distributed leakage, there is little difference between the transmission capabilities of a polar and polar ential circuit. However, a polar circuit will tolerate somewhat more leakage concentrated at one part of the line, and somewhat more difference of ground potential between the ter minal points, than a polarential circuit.

d. Simplexed Circuits. D-c telegraph circuits are generally obtained from conductors which are used simultaneously for telephone purposes rather than by the use of conductors exclusively for telegraph purposes. One method of doing this is by simplexing (fig. 3-13), wherein one winding of a repeating coil or transformer is connected across the line pair and a point midway between the coil terminals of this line winding is connected to the telegraph equip ment. With reasonably good impedance bal ance between the two wires of the pair, tele graph currents will divide approximately equally between the two wires and hence will not interfere with telephone transmission. A noise killer is often included in the transmit ting branch of the telegraph repeater to reduce noise in the telephone circuit. The telephone currents will not introduce any material volt age in the telegraph circuit since they are transmitted on a metallic basis.

[image: Figure, page 78]

Figure 3-13. Simplexed circuit.

e. Composited Circuits. The compositing method for deriving d-c telegraph circuits from wires used for telephone circuits is based on frequency discrimination, that is, fil tering, which is a method of selecting the de sired electrical frequencies and rejecting others. A composite set (fig. 3-14) consists of a retardation coil and capacitors, and pro vides a low-pass filter (0 to about 80 cycles) for the telegraph currents and a high-pass filter for the telephone currents. The composit ing method has the advantage of providing two telegraph channels from a pair of wires. A composited circuit can be phantomed but not simplexed. Compositing is usually applied to open wires in order to derive as many d-c facili ties as possible. Generally the effect of leakage is less on composited telegraph circuits than it is on simplexed circuits.

[image: Figure, page 78]

f. Telegraph Extension Circuits. Circuits of this type, sometimes referred to either as lo cal extensions, d-c extensions, or loop circuits, are operated on a d-c basis. They are used to extend circuits from the local side of carrier telegraph line terminals and d-c telegraph re peaters to teletypewriter equipments located in stations or signal centers. Furthermore, this type of circuit is used to interconnect the local sides of line equipment, that is, carrier terminals and d-c repeaters, at an intermedi ate point with or without teletypewriter equip ment. Extensions may be operated neutral half-duplex, neutral full-duplex, 2-path polar, or polarential. Neutral full-duplex and 2-path polar extension circuits require two indepen dent transmission paths to the teletypewriter station. Extensions operating on a neutral basis may use either a metallic or a ground return circuit. To minimize interference, me tallic return is preferable, when conductors are available. When interference is not the con trolling factor, ground return would be used in some cases because of the lower total line cir cuit resistance.



306. MULTICHANNEL VOICE-FREQUENCY CARRIER WIRE TELEGRAPHY.



a. General.

(1) In general, carrier telegraphy uses an alternating current of fixed frequency for each channel, which is switched on and off at the sending end by a sending relay actuated by d-c signals. Frequencies in the voice-fre quency band which are used for carrier tele graph systems (roughly 300 to 2,400 cycles) are given in the frequency allocation chart in chapter 5. The carrier currents are trans mitted through their respective channel filters, and at the receiving end are separated by filters and then rectified in detectors to re produce the original d-c signals. Circuits suit able for telephone transmission are used, and only a small part of the total voice band width available is required for each telegraph chan nel. Simultaneous operation of several (2 to 12) telegraph circuits may be obtained in the voice range, each circuit being capable of duplex operation.

(2) Carrier telegraph systems are oper ated sometimes on 2-wire circuits and some times on 4-wire circuits or the equivalent in which the transmission in the two directions is independent. In 2-wire carrier telegraph opera tion, different frequencies are used for the two directions of transmission. In the 4-wire case, the same frequencies may be used for both directions. When using the same frequencies in this manner the requirements as regards crosstalk between the two sides of the circuit are more severe for full-duplex telegraph op eration than they are for telephone operation. Excessive crosstalk coupling between the two sides of the circuit will cause serious impair ment of telegraph signals transmitted in one direction because of the telegraph currents sent in the opposite direction on the other side of the circuit.

(3) The power levels used in carrier tele graph systems must be properly coordinated with the telephone transmission levels. If the net loss from the originating long distance telephone switchboard to a point in the circuit is 0 db, this point is said to be at 0-db trans mission level. The power in dbm (db referred to one milliwatt) per carrier telegraph chan nel, at a point of 0-db transmission level, is known as the specific telegraph level. Typical specific telegraph levels for various types of circuits are given in the following table for gen eral information purposes. Various particular adjustments of telephone and telegraph equip ment gains or losses are made in order to real ize such telegraph levels. For specific informa tion, see the manuals on particular telegraph and telephone equipments.
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b. Carrier Telegraph on Spiral-four Cable. Car rier telegraph systems are available for oper ation on one or more of the four telephone chan nels of a spiral-four cable system using Tele phone Terminal CF–1–( ). This equipment can also be used on other wire telephone circuits, and on radio circuits as covered by paragraph

342. A schematic of a 4-channel carrier tele graph terminal (Telegraph Terminal CF–2– ( )) is shown in figure 3-15. Telegraph Ter

[image: Figure, page 79]

Figure 3-15. Elementary Schematic of Telegraph Terminal CF–2–( ).

\ CF–1–( ). minal CF–2–( ) with or without the addition of Telegraph Terminal CF–6 may be operated on either a 2-wire or a 4-wire basis and are normally associated with Telephone Terminal In this case the method of operation is designated 2-wire or 4-wire, de pending upon whether the connection between Telephone Terminal CF–1–( ) and Telegraph Terminal CF–2–( ) uses 2 wires or 4 wires. If a 2-wire connection is used, four telegraph circuits can be obtained, using four frequencies for one direction of transmission and four for the opposite direction. The addition of Tele graph Terminal CF–6 to Telegraph Terminal CF–2–( ), connected 2-wire, provides two additional 2-way circuits making a total of six 2-way circuits. If a 4-wire connection is used between the CF–1–( ) and two CF–2–( ) terminals, the eight available telegraph trans mission frequencies can be used in each direc tion of transmission, thereby providing eight 2-way telegraph circuits. In this case, the ad dition of two Telegraph Terminals CF–6 will increase the number of 2-way telegraph cir cuits to 12. Telegraph Terminal CF–2–( ) may be operated on channels of the British Ap paratus Terminal Carrier Telephone (1 + 4), on types C or H carrier telephone systems, or in general over any good telephone channel.

c. Carrier Telegraph on Type C or H Carrier Telephone System. Another telegraph system (packaged equipment), providing 6 or 12 channels on a 4-wire basis, is also available for operation on type C or H carrier telephone cir cuits or on 4-wire cable circuits with suitable loading. The same frequencies are used in both directions of transmission. Channel 2 of a type C system is normally used for tele graph when only one telegraph system is re quired; two or all three channels of a type C system may, however, be used for telegraph if desired. In a type C system carrying tele graph, the channels used for telephone serv ice must be equipped with volume limiters to prevent interference with the telegraph. In the case of type H, the number of tele graph channels or the quality of transmission for a given number of channels is somewhat restricted, depending principally on the sta bility of the system from a level standpoint. Telegraph channel 1 is generally not usable. Channels 2 to 12 can be operated simultane ously provided line variations are very small. Best results are obtained by using channels 2 to 6 inclusive, or 7 to 12 inclusive.



307. SPEECH-PLUS-SIMPLEX AND SPEECH PLUS-DUPLEX SYSTEMS.

q. General. These systems are designed to derive carrier telegraph from a portion of the frequency band used by a telephone channel while retaining the use of the channel for speech transmission. The speech-plus-simplex (S -- SX) system, which is British, provides service in both directions on a circuit but in only one direction at a time. The speech-plus duplex (S-H DX) system is used by the British and the American Army, and provides full duplex service but may be operated half-duplex if required.

b. S + SX. The British speech-plus-simplex equipment is furnished in three types: S-H SX Nos. 1, 2, and 3. Nos. 1 and 2 are arranged to use carrier frequencies of 300, 900, and 2,300 cycles per second. The No. 3 equipment uses frequencies of 300, 1,740, and 2,300 cycles per second. With any one of these three types of equipment, two telegraph circuits, together with a speech channel, may be obtained by using the 300-cycle and the 2,300-cycle channels for telegraph and the intervening band of fre quencies for the telephone channel. One S + SX system normally uses either the 300-cycle or the 2,300-cycle frequency and uses the same frequency in both directions of trans mission. Two such systems are therefore re quired to obtain two telegraph circuits from one speech channel. When adverse line condi tions interfere with transmission, the tele phone can be abandoned and the telegraph worked at one of the emergency frequencies of 900 cycles or 1,740 cycles. In the S + SX equip ment, the carrier is transmitted for spacing and interrupted for marking.

c. S + DX. In the speech-plus-duplex system (British and American), a band from about 1,500 to 2,000 cycles is eliminated from the

[image: Figure, page 80]

Figure 3-16. Speech-plus-duplex system.

speech transmission circuit and used for tele graph. purposes. The carrier midband fre quencies employed are 1,680 cycles for one direction of transmission and 1,860 cycles for the other direction. Carrier is transmitted for marking and interrupted for spacing. The British equipment is known as British Appa ratus, V.F. Telegraph, S +DX. The American equipment, Telegraph Terminal TH-1/TCC–1, is shown schematically in figure 3-16. Further information on Telegraph Terminal TH-1/ TCC–1 and its use will be found in paragraph 333. Interoperation of the British and Ameri can speech-plus-duplex equipment is described in paragraph 351. The British S + SX equip ment is not operable with S +DX equipments since the two use different frequencies.

d. Use of S + SX and S + DX Systems. These systems have the advantage that the telegraph circuit can be set up quickly without arranging for simplexing or compositing, or setting up intermediate telegraph repeaters. The removal of the 1,500– to 2,000–cycle band from the speech circuit and the losses at other frequen cies caused by the S + DX apparatus often pro duce impairment in speech transmission as discussed in paragraph 333h. It is generally desirable to confine the use of speech-plus duplex equipment to cases where facilities and time are insufficient to provide a telegraph cir cuit by other means. When these systems are used, telegraph levels must be coordinated with the telephone layout, and telephone net losses for the S + DX system are restricted, as discussed in paragraph 333.



308. METHODS OF OPERATING RADIO TELETYPE WRITER CIRCUITS.



c. Single Channel.

"(1) General. Single-channel teletype writer operation over h-for v-h-f radio may be accomplished by modulating or keying the radio transmitter in a number of ways, de pending upon the type of radio transmitter, radio receiver, and teletypewriter terminating equipment used, and upon the distance of transmission. The more common methods are described in subparagraphs (2) to (6) below, and transmission comparisons relative to these methods of operation are given in paragraph 309. C–w and single-tone modulation are ap plicable to manual and automatic Morse opera tion as well as to teletypewriter operation. Two-tone modulation and frequency-shift methods are used especially for teletypewriter operation.


	(2) Cw (Keyed Carrier). This is a method in which the radio transmitter emits a radio-frequency wave during closure of the teletypewriter contacts (marking signal) and emits nothing during spacing signals. For re ception of this type of signal, the radio receiver includes a beat-frequency oscillator to provide the audible tone from the output of the re ceiver to the teletypewriter receiving circuit whenever a marking signal is received. There is no tone during a spacing signal. A teletype writer receiving circuit, capable of amplifying and rectifying the tone signals obtained from the output of the receiver and of operating the receiving teletypewriter in response to these tones is required for operation with the radio receiver.

	(3) Single-tone Modulation. In this method, the radio-frequency carrier emitted by a radio telephone transmitter is generally modulated with an audible tone during tele typewriter marking signals and unmodulated during spacing signals. In some cases, how ever, the carrier wave may be modulated for the spacing signal instead of for the marking signal. The term tone-modulation is applied to this method of modulation." It is applicable to either an amplitude-modulation or frequency modulation radio system suitable for speech transmission. A teletypewriter sending circuit that furnishes, for example, an audible tone for marking and no tone for spacing is re quired for operation with the transmitter. A teletypewriter receiving circuit that amplifies and rectifies the tone signals and operates the receiving teletypewriter in response to these tone signals is required.

	(4) Two-tone Modulation. With this method the radio-frequency carrier emitted by a radio telephone transmitter is modulated with one audible tone during marking signals and by another audible tone during spacing signals. It is applicable to either an amplitude modulation (a-m) or a frequency-modulation (f-m) radio system suitable for speech. A tele typewriter sending circuit that furnishes one audible tone for marking and another for spac



4 The term mcw is not used in this chapter since in radio parlance its use is rather indefinite and is related to a number of different methods of keying. It is some times used to mean single-tone modulation. For further discussion of tone-modulation and mcw, see chapter 6.

ing is required for operation with the transmit ter. A teletypewriter receiving circuit, equipped with band filters, a fast-acting wide-range cur rent limiter, an amplifier-detector for receiving marking signals, an amplifier-detector for re ceiving spacing signals, and a receiving relay, is used with the radio receiver . provide the operating currents to the teletypewriter in response to the tones obtained from the output of the receiver.


	(5) Frequency Shift. This is a method in which a radio wave having a particular fre quency is emitted by the radio transmitter during teletypewriter marking signals and an other radio wave of the same amplitude but slightly different frequency is emitted during spacing signals. This method is sometimes called carrier shift. Radio transmitters cap able of c-w emission operating in the h-f range may be arranged for use with this method. A suitable transmitter keying arrangement must be provided to shift the radio frequency. A con ventional h-f receiver can be used provided that suitable radio teletype terminal equipment is available. The radio receiver is equipped with a beat-frequency oscillator to provide the two tones, one for marking and the other for spac ing, from which the marking and spacing tele typewriter pulses are derived. A teletypewriter receiving circuit, equipped with band filters, a fast-acting current limiter, an amplifier-de tector for marking signals, an amplifier-de tector for spacing signals, and a receiving relay, is used with the radio receiver to supply the operating currents to the receiving tele typewriter in response to the tones obtained from the output of the receiver.

	(6) Diversity Operation. If reception is on a space-diversity basis, two receiving an tennas spaced a few wavelengths apart, two radio receivers, and two teletypewriter re ceiving circuits with one polar relay for op erating the receiving teletypewriter equipment are used. If reception is on a frequency-di versity basis, the transmitter is modulated with two audible tones during marking signals and by two other audible tones during spacing sig nals. In this latter case, both the teletype writer sending and receiving circuits become more complicated than for space-diversity re ception, but only one receiving antenna and one radio receiver are required. Two-tone modulation operation may use space diversity with or without frequency diversity. Fre



quency-shift operation is commonly on a space-diversity basis.



b. Multichannel.


	(1) General. Where multichannel tele typewriter operation is required over radio, the single-tone modulation method may be used where the transmission is by ground wave, as is ordinarily the case with v-h-f radio circuits. The 2-tone modulation method is used primarily to aid in overcoming the effects of fading which is experienced on h-f radio cir cuits using sky-wave transmission (ch. 6). Transmission comparisons of the single-tone modulation and the 2-tone modulation method for multichannel teletypewriter operation will be found in paragraph 310.

	(2) Single-tone Modulation. In multi channel radio teletypewriter operation using the single-tone modulation method, the carrier emitted by the radio telephone transmitter may be modulated simultaneously by a num ber of audible tones, one for each teletype writer channel. In each channel, the tone is usually sent when the teletypewriter sends a marking signal and in this case no tone is sent for spacing. The teletypewriter connecting cir cuits are fundamentally the same as for single channel single-tone modulation operation.

	(3) Two-tone Modulation. In the case of 2-tone modulation multichannel operation, each channel is arranged fundamentally in the same manner as for 2-tone modulation single channel operation. The teletypewriter con necting circuits are basically of the same design as for single-channel 2-tone modulation operation.



309. TRANSMISSION COMPARISON CF SINGLE CHANNEL TELETYPEWRITER METHODS OF OPERATION.

a. Relative Transmitter Power Required for Morse, Teletypewriter, and Voice. Various types of radio transmitters and receivers and meth ods of operation have different effectiveness in overcoming electrical interference or noise.








	Method of operation
	Relative transmitter

carrier power required



	Manual

Morse,

c-w.

I
	




	Automatic

Morse,

10

c-w
	



	20

c-w.

Teletypewriter,
	



	single-tone, a-m.

Teletypewriter,
	40



	2-tone, a-m.

Teletypewriter,
	10



	Teletypewriter,

frequency-shift 5.
	



	full transmitter

modulation,

Voice,
	25

a-m





Therefore, different amounts of transmitter power are required for overcoming a given strength of interference. Some order-of-mag nitude comparisons of relative power required per channel, based largely on experience, are given in the above table in which it has been assumed that the receiver band-width is roughly the same throughout and that the transmitter is approaching full modulation. In this table manual Morse, automatic Morse, and voice are listed for reference purposes only. Furthermore, the table applies more particu larly to ground-wave than to sky-wave trans mission; that is, little or no fading is assumed. These figures are to be considered as general guides only, and do not necessarily apply exactly to any particular case, since much de pends on the design of the transmitter and re ceiver, the radio frequency used, the band width of the receiver, and the skill of the op erating personnel, as well as the nature of the interference. With c-w manual telegraphy, re sults depend, to a large extent, on the skill and experience of the receiving operator in copy ing signals through interference and in ad justing the radio receiver; for example, a particularly good operator may receive signals successfully through 5 to 15 times as much interference as an ordinary operator. The above estimates assume that the operator has fair or moderate skill. It is assumed that in teletypewriter service comparatively few err ors are permissible and that in automatic Morse-code operation an easily legible tape record is required.

b. Relative Transmitter Power Required, Fur ther Comparisons for Teletypewriter Operation. Figure 3-17 gives some data for various meth ods of operating single-channel teletypewriter circuits over radio. These are intended to in dicate, as a first approximation, the relative transmitter power required for representative
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* A-m =amplitude modulation; f-m = frequency modula tion; tp =telephone; ty=telegraph; c.—w =continuous wave.

Figure 3-17. Comparison of various methods of operating single-channel teletypewriter circuits over radio.

* Figures in ground-wave column should not be compared with those in sky-wave column as the data do not indicate the relative efficiencies of ground-wave and sky-wave transmission.

* The 0-db figure is chosen arbitrarily as a reference for comparison with the other methods.

* First figure assumes 30 percent modulation of trans mitter; second figure assumes 100 percent.

• First figure assumes 30 percent of full degree of mod ulation for which transmitter was designed; second figure assumes full modulation.

&# x27;Assumes marking and spacing filters each having a pass band of 100 cycles.

* By closely regulating the oscillator frequency in the radio transmitter and receiver these pass-band widths may be reduced with an attendant reduction in transmitter power.

receiver pass bands under average conditions. It will be noted that the differences are not large with ground-wave transmission, whereas with sky-wave transmission the frequency shift and 2-tone a-m methods offer a great ad Vantage.

c. Audio Pass-band Widths. As regards the width of audio pass bands of receiving cir cuits, the single-tone and 2-tone modulation methods have the practical advantage over the other methods in that frequencies of audio signals delivered to the teletypewriter con necting circuits do not vary appreciably, and narrow band filters may, therefore, be inserted in the receiving teletypewriter circuits to eli minate some of the noise that would otherwise interfere with reception. For 60-word-per minute teletypewriter service, a filter having a pass band of 100 cycles (6-db point") may be used with the single-tone modulation method; and for 2-tone modulation two 100 cycle filters will permit satisfactory operation. With the c-w and frequency-shift methods, where frequency drift of transmitter and re ceiver oscillators becomes a factor, such nar row filters cannot ordinarily be used. The width of the pass band of the receiving circuit with the c-w method may be as narrow as about 1,000 cycles, and with the frequency shift method it may be about 2,000 cycles, with the average types of radio sets. A greater degree of protection against noise can be ob tained by further narrowing these pass-band widths, if stable oscillators are used in the radio sets or if proper compensation is pro vided for the frequency drifts of transmitter and receiver oscillators; this may require auto matic frequency control or frequent monitor ing by skilled operators.

d. Degree of Modulation. In comparing the various methods from the standpoint of their ability to overcome the effects of noise, with the single-tone and 2-tone modulation methods, best results are obtained if the transmitter is fully modulated. Under this condition a larger portion of the total power transmitted is con tained in the intelligence-bearing sidebands than when the transmitter is only partially modulated. For example, with only 30 percent amplitude modulation 10 times as much power is required to maintain the same.signal-to noise ratio as with full modulation. With the C-W and frequency-shift methods, this problem is not present because both are essentially 100 percent modulation schemes.

e. Radio Relay Operation. Where it is desired to transmit beyond the limit of a single radio section with ground-wave transmission, v-h-f radio equipments suitable for speech trans mission, such as Radio Sets AN/TRC–1, -3, or –4, may be used to provide operation over sev eral radio sections in tandem. In this case the single-tone modulation method is used. Multi section operation is, of course, more compli cated than single-section operation, as radio relay equipment is introduced. The length of each section may also have to be reduced below that for single-section operation, because the noise present in each section contributes to over-all degradation of transmission. H-f radio equipment is not recommended for mul tisection ground-wave transmission because of the relatively large amount of interference from noise in the h-f range.

f. Ground-wave Transmission. Any of the methods described in paragraph 308a may be used to provide a single-channel teletypewriter circuit over a radio link where ground wave transmission is used. With ground-wave transmission the permissible distance for sat isfactory teletypewriter operation with any of the methods will depend on the power trans mitted, the radio frequency used, the antennas used, the terrain, and the amount of noise in the radio path. The distance ranges can be estimated from the information in chapter 6, together with the table in paragraph 309a and figure 3-17. Since transmission is on a ground wave basis there should be little or no trouble from fading.



g. Sky-wave Transmission.

(1) General. For distances beyond the ground-wave transmission range, sky-wave transmission may be used with radio sets op erating in the h-f range. The permissible dis tance of transmission will depend on the power transmitted, the radio frequency used, the types and directivity of antennas used, and the amount of noise in the radio paths. In addi tion, the distance will depend largely upon the severity of fading encountered in the sky-wave paths. The frequency-shift, 2-tone modulation, or c-w methods may be used in that order of preference from a transmission standpoint.

* This a rough measure of the boundaries of a band pass filter. The 6-db points are the two frequencies at which the loss in the filter is 6 db greater than the mini mum loss in the pass band.

The single-tone modulation method is not recommended.

(2) Overcoming the Effects of Fading. Various methods may be used to cope with fad ing. To overcome the effects of rapid fading prevalent in sky-wave transmission, and par ticularly of flat fading (uniform over the fre quency range of the receiver pass band) of the telegraph channel, a preferred method is to use either frequency-shift or 2-tone modulation transmission in combination with a compen sating arrangement such as a wide-range fast acting constant-output current limiter in the receiving circuit. The limiter attenuates high currents and amplifies weak currents so as to practically eliminate amplitude variations and thereby furnish the detectors with signals of a constant amplitude. In either the frequency shift or 2-tone modulation cases, the limiter may be used effectively because a radio wave is emitted at all, times. In the c-w system, it would cause éonsiderable trouble by am plifying the noise energy received during the no-signal or spacing intervals. Either the frequency-shift or 2-tone method of working with a limiter reduces the effects of flat fading and is of some advantage for selective fading (nonuniform over frequency range of the re ceiver pass band). Furthermore, noise com ponents superimposed on the received signals will cause little interference as long as they are materially less in amplitude than the sig nals. The effects of fading (either flat or se lective) may be substantially reduced by using space diversity, in which the receiving ar rangement consists of two or more antennas spaced a few wavelengths apart, with indi vidual radio receivers and receiving circuits connected to a common receiving relay.

310. TRANSMISSION COMPARISON OF MULTI CHANNEL TELETYPEWRITER METHODS OF OPERATION.


	(1) In multichannel operation, it is ex pedient to use the tone modulation meth ods of operation. In the case of ground-wave transmission systems, single-tone modulation is preferable because of its simplicity; for sky wave transmission, the 2-tone modulation method should be used to combat fading. In the v-h-f range, single-tone can be used on multisection radio circuits.

	(2) As regards relative transmitter power required, receiver band width, etc., the



transmission comparisons given in paragraph 309 and figure 3-17 for single-channel opera tion are generally applicable. However, there is an additional limitation that may materially reduce the ability of a multichannel system to operate satisfactorily. Since several different audio-frequency currents are applied simul taneously to the radio transmitter, it is neces sary in a multichannel system to reduce the input level of current delivered by each chan nel to the transmitter sufficiently to prevent the composite current, made up of currents from all channels, from having peaks that will overload the transmitter. This reduction is a function of the number of channels and the type of equipment used; for example, with four channels it is 6 to 12 db. The resulting signal-to-noise ratio in this case is correspond ingly less per channel than it would be with the same system lined up and operated on a single channel basis.


	(3) In the single-tone modulation case, when all teletypewriter channels are marking, the radio-frequency carrier is modulated by all the channel tones; when all channels are spacing the carrier is unmodulated. Therefore, the degree of modulation varies with signaling on the various channels. This is not true with 2-tone modulation operation. In the case of 2-tone modulation multichannel operation, each channel is arranged fundamentally in the same manner as for 2-tone modulation single channel operation.

	b. Twin-channel Single-sideband System. A suitable though elaborate arrangement for obtaining multichannel radio teletypewriter operation over long distances makes use of twin-channel single-sideband radio telephone equipment operating in the h-f range. Two radio telephone circuits are normally obtained over such a radio link, one telephone circuit using the spectrum of the lower sideband and the other using the spectrum of the upper sideband. Each sideband, therefore, carries intelligence independently of the other. In addition, a large portion of the radio-fre quency carrier is suppressed, which further in creases the efficiency of the transmitter from a radio transmission standpoint. Such a tele phone channel may be used for multichannel teletypewriter operation. When a telephone channel of a twin-channel single-sideband sys tem is used for multichannel telegraph service, the other telephone channel can be used for



telephone, multichannel telegraph, or other service; however, some sacrifice in the power per channel will be required. The system is many db better than the single-tone modula tion method described in paragraph 308b from the standpoint of transmitter power required for satisfactory teletypewriter operation over long distances. To care for the fading prob lems prevalent in long distance sky-wave transmission, limiters are provided in the re ceiving teletypewriter circuits and frequency diversity is used. Frequency diversity rather than space diversity was chosen for this par ticular system mainly because sufficient radio receivers were not available initially to pro vide space-diversity reception. From a trans mission standpoint, there is apparently little difference between the two schemes as regards their effectiveness in overcoming selective fading.



311. RADIO TELETYPEWRITER ARRANGEMENTS; FIXED PLANT AND TACTICAL.


	a. Radio teletypewriter arrangements avail able for fixed plant installations include:

	(1) A single-channel system using space diversity with frequency-shift transmission and using' Radio Teletype Terminal Equip ment AN/FGC–1 at the receiving point. This equipment may be used on circuits up to sev eral thousand miles in length.




	(2) A multichannel system using 42B1 carrier telegraph equipment which provides six single-tone modulation wide-band tele graph channels. This equipment, described in paragraph 341b, is generally used with short haul v-h-f radio circuits.

	(3) A 2-tone modulation multichannel carrier telegraph arrangement for application to single-sideband radio telephone systems op erating in the h-f range. Such a system is in use between theater headquarters and con tinental United States.

	b. Multichannel radio teletypewriter cir cuits can be set up, using tactical radio sets operating in the v-h-f range, together with Telegraph Terminals CF–2—A, CF–2–B, and CF–6.

	c. Except for Radio Set AN/MRC-2 (par. 347c), standard arrangements for single-chan nel radio teletypewriter circuits using tactical radio sets are not at present generally avail able. Arrangements can be improvised, based upon the use of Telegraph Terminal CF–2–B, fixed plant Radio Teletype Terminal Equip ment AN/FGC–1, or British Telegraph Ap paratus Mark III 2-Tone.

	d. For use of speech-plus-duplex systems on radio, refer to paragraph 333i. -

	e. Both fixed plant and tactical radio tele typewriter arrangements are discussed in more detail in section VII of this chapter.






Section III. LAYOUT OF WIRE TELEGRAPH. CIRCUITS


312. GENERAL.


	a. Telegraph circuit layouts are formed by combining line sections and extensions. A line section includes terminal repeater equipment as well as line conductors. Extensions are de fined in paragraph 305f.

	b. In planning circuit layouts, it is essential to have information on the maximum operable lengths of the various types of line sections and extensions. Furthermore, it is important to evaluate the transmission capabilities of the individual line sections and extensions so as to select suitable facilities and properly locate repeaters, including the regenerative type. The use of transmission ratings, known as coefficients, will aid in the efficient use of available facilities and in planning additions.

	c. This section provides general informa







	tion regarding laying out wire telegraph cir cuits. For further information, reference should be made to TM 11–2001, TM 11–2022, and TM 11–2037.

	d. With manual operation using Morse code, , the circuit layout problem is usually compara tively simple. The circuits are usually short and nearly always on a single-section basis since they are generally confined to the for ward area. Except for paragraph 316, this section discusses the layout of telegraph cir cuits for teletypewriter service only.





313. MAXIMUM LENGTHS D-C TELEGRAPH LINE SECTIONS.

a. The distances which can be operated satisfactorily are limited by different con siderations for different types of circuits and
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• The recommended lengths are for average leakage and capacitance conditions and should bereduced when these con ditions are extreme. The recommended length of Wire W-143 is below that for Wire W-110-B with these line units on account of the method of limiting line current used in these units. The resulting distribution of capacity and re sistance produces an unfavorable waveform with Wire W-143. The operating range with Wire W-143 would be greater if lower voltages and terminating resistances were used.

Figure 3-18. Recommended maximum lengths for d-c telegraph line sections.

* For maximum lengths of simplexed open wire, use 100 miles or twice the maximum length for composited wire, whichever is less.

• The two sections are joined without using a regenerative repeater and the intermediate repeating arrangement is a Telegraph Repeater TG-31, two Repeaters TG-30, two X-61824 d-c repeaters, or a Switchboard BD-100 connection.

operating conditions. Important factors are leakage, capacitance, and resistance of the line, ground resistance, waveshape distortion, and interference. Figure 3-18 gives recom mended maximum section lengths for single section and 2-section teletypewriter operation of d-c telegraph line sections without regen eration. These are intended to be used as a guide in laying out circuits and should not be considered as exact figures. The line section lengths given are independent of the lengths of the extensions. The data are for 60-word per-minute teletypewriter service. For 66– word-per-minute service, reference should be made to subparagraphs e and f below. The lengths given in figure 3-18 are based on the following assumed conditions:


	(1) Field Wires W-110–B or W-143 on wet ground or in water with a capacitance to ground of 0.8 mf per mile and a leakage to ground of 0.25 megohm per mile.

	(2) Open wire leakage of 0.25 megohm per mile to ground.

	(3) Open wire leakage of 3.5 megohms permile between wires of a pair (ungrounded).

	(4) Resistance of ground connection (as for example, one or more ground rods to earth) about 200 ohms for one telegraph cir cuit and 20 ohms for a common ground con nection used by more than one telegraph circuit.

	(5) Little or no interference or ground potential.

	(6) Maximum temperature of 130°F.




	(7) Standard paper-insulated lead-sheath cable of a commercial grade.

	b. Under average or better than average conditions it may be possible to use greater lengths. Field wire may be suspended on poles or trees or laid on dry ground; this will not permit greater lengths of Wire W-110–B to be used except where consistently low tem peratures exist, since the maximum length given is set by line and ground resistance. With Wire W-143, however, resistance is not the limiting factor and the lengths may be in creased materially, perhaps by a factor of 2 or 3, under consistently good conditions. With copper open wire 104 mil and larger, the maximum length is determined mainly by leakage. Under consistently dry conditions the length of a single section of large gauge cop per open wire may be increased considerably.



With open wire lines of small gauge copper and lines of poorer conductivity than copper, such as 080- and 104-mil copper-steel, the lengths are limited by distortion introduced by the line resistance and the characteristics of composite sets and noise filters; these lengths should not be materially increased under any condition. If there is material elec trical interference, such as severe lightning or more than 5 to 10 volts of a-c power induc tion or d-c ground potential difference, the maximum lengths may need to be reduced, depending upon the amount of interference.


	c. The maximum lengths for each section of a 2-section d-c circuit are generally lower than that for a single section. With copper open wire lines 104 mil and larger, however, the limit is determined mainly by the leakage, and the maximum section lengths are about the same for both cases. In many cases, particu larly with cable, the maximum lengths are in fluenced by other factors, such as interference between telegraph circuits and telephone re peater spacing.

	d. Ground return is assumed for operation of d-c line sections. With metallic return, using two simplexed pairs, the distance be tween stations with Wire W-110–B for one section should be reduced from 50 miles to about 30 miles. The lengths given for other types of wire apply to both methods of opera tion.

	e. It is recommended that for 60-word-per minute circuits no more than two d—c line sections should be used in tandem for tele typewriter service without a regenerative repeater. At 66 words per minute, a regenera tive repeater may be required at every inter mediate office.

	f. At 66 words per minute, a reduction in length of section is required in order to main tain the same transmission quality as at 60 words per minute. A number of factors contri bute to this reduction, and not all wires are equally affected; but as a general engineering rule the reduction should be in the order of 20 percent.





3I4. MAXIMUM LENGTHS FOR CARRIER TELEGRAPH LINE SECTIONS.

The maximum lengths for carrier telegraph sections are generally set by the requirement that the telephone circuits involved be suitable for furnishing good telephone service. How ever, in the case of Telegraph Terminals
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* If an intermediate d-c repeater is used to increase the length of the extension circuit of a v-f carrier telegraph terminal, for the first section use the length given in this table; the second section may use any of the lines of figure 3-18 and corresponding mileage given in the column headed Each of two sections in tandem.

b With a line relay having a modified bias circuit. Refer to TM 11-2022,

Figure 3-19. Recommended maximum lengths for telegraph extension circuits.

CF–2–( ) and CF–6, the maximum loss should not exceed about 25 db between tele graph terminals. If extensions from Tele phone Terminal CF–1–( ) to the telegraph terminals are involved, these should be rela tively quiet and should not have a loss in excess of about 8 db each. Packaged carrier telegraph equipment is installed in the same Office as the carrier telephone equipment, con Sequently the loss in the extension is prac tically zero. Several carrier telegraph sections may be included in a multisection network provided the over-all limiting coefficient (par. 317) is not exceeded.



3.15. MAXIMUM LENGTHS FOR TELEGRAPH EXTENSIONS.

a. Recommended maximum lengths for ex tension circuits are given in figure 3-19. The data are for teletypewriter service at a speed of 60 words per minute (wpm). For 66-word per-minute service reference should be made to subparagraph d below. They are based on the same assumptions as those used for the lengths given for d-c line sections in figure 3-18 with respect to leakage, capacitance to ground, temperature, and interference.

b. Where there is a teletypewriter station at an intermediate point (such as the inter mediate station at C in figure 3-23), the maxi mum distance to the station is 10 miles when the station is located between carrier tele graph terminals and 5 miles when it is located between d-c repeaters or between a carrier terminal and a d-c repeater.


	c. When lengths greater than those shown in figure 3-18 for simplexed operation are required, a single wire may be used for ground-return operation using no simplex coils. The other side of the pair may be used for telegraph in the case of open wire lines. This precludes the use of these wires for telephony. The lengths given for simplexed circuits may then be about, doubled if the resistance of the wire plus ground resistances will permit the required current to be ob tained.

	d. If the maximum lengths given in figure 3-19 are used for operating at a speed of 66 words per minute, transmission will be slightly inferior to that at 60 words per min •ute. In the case of the longer lengths, it may be worth while to make a reduction of about 10 percent in length to overcome this.





316. MAXIMUM DISTANCES FOR MANUAL TELEGRAPH ON WIRES.

It is in general possible to operate Morse code manual telegraph over greater distances and over poorer circuits than any other form of electrical communication available. How ever, field telegraph sets are designed to meet a variety of line conditions and some sacrifices in the transmission possibilities have been made to secure flexibility, simplicity, and light weight. Telegraph Set TG–5–A has much lower impedance and its line relay is less sensitive than that of Telegraph Set TG-5–B (par. 329). With low-impedance lines, such as field wire on wet ground and open wires in wet weather, Telegraph Set TG-5–A is prefer able to Telegraph Set TG-5–B. The latter set is preferable for use on dry, high-resistance lines and those having high ground-connection resistance. It is also preferable in cases where Telegraph Set TG-5–A does not have sufficient sensitivity. It should ordinarily be possible to operate over simplexed field wire on wet ground up to 40 or 50 miles with reasonably low ground resistance; with specially skilled operators, the distance might be about doubled. With field wires suspended from trees or poles, the maximum distance will probably be about

100 miles except in case of unusually heavy leakage, such as might be experienced with damaged insulation. Wire W-143 will gener ally permit manual operation over a length materially in excess of that of Wire W-110–B. Best results with the TG-5–B will be secured if the transmitting operator takes a good grip on the key and manipulates it in a forceful snappy manner with moderate spring tension so as to minimize travel time of the key. This will tend to eliminate false signals at the transmitting end caused by transients. Tac tical d-c repeaters (pars. 327c and d) are supplied with a manual Morse operating arrangement. This feature is intended for emergency use when teletypewriters are not available. Regenerative repeaters can not be included in a manual telegraph layout.



317. TELEGRAPH TRANSMISSION COEFFICIENTS.


	a. A figure or coefficient may be assigned to each part of a network so that, by adding the figures for the parts operated in tandem, it can be predicted whether or not transmis sion over the circuit will probably be satisfac tory. In teletypewriter operation, the use of regenerative repeaters effectively breaks the network into independent circuits as far as the computation of coefficients is concerned. A further explanation of telegraph transmis sion coefficients will be found in chapter 12.

	b. The limiting value of the sum or over-all coefficient for sections in tandem depends somewhat upon the grade of service desired. The recommended limit for high-grade mili tary teletypewriter service is 15. Circuits hav ing this limit should have no more than about one error in about 1,500 characters (one in 4 minutes of continuous operation at 60 words per minute) as a long-time average. This should not be considered a hard and fast limit. If a lower grade of performance is acceptable, particularly if occasional periods of unservice ability are permissible, it may be found prac ticable to use a limiting coefficient as large as 20.

	c. The coefficient values given in figure 3–20 are estimates of the probable service perform ance of the circuits including the line conduc tors and terminating equipment. They apply for either 60 or 66 words per minute, the effect of the higher speed being compensated for by a reduction in the recommended maxi



mum lengths of d-c line sections and exten sions as shown in paragraphs 313f and 315d. It will be noted that the coefficient values in this manual are not on precisely the same basis as those in TM 11–2022. The principal difference is that in TM 11–2022, one figure is
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Figure 3-20. Telegraph coefficients.

given for a particular circuit whereas in fig ure 3-20 minimum and maximum figures are given to cover a wide range of conditions. The smaller of the coefficients for a given case is intended for comparatively short lengths oper ating under favorable conditions while the larger figure applies to longer lengths operat ing under less favorable conditions. The larger figures should be applied whenever there is doubt that the equipment and lines will be maintained properly, or when it is suspected that interference might be a factor of im portance.


	d. Operation of carrier telegraph over spiral-four cable and operation of carrier tele graph by means of speech-plus-duplex should generally be assigned a higher coefficient than operation over 16-, 19-, or 22-gauge cable or type C or H carrier on open wire.

	e. In the case of d-c line sections, two sec tions in tandem provide partial cancellation of bias but there will be more likelihood of interference. This case has a higher rating than the single section case but not twice as much.



f. A d-c telegraph section consists of a re peater, a line to a distant point, and a repeater at that point. A carrier telegraph section similarly consists of a telegraph channel ter minal, a line to a distant point generally equipped with vacuum-tube carrier telephone repeaters, and the distant telegraph channel terminal.



3.18. APPLICATION OF TELEGRAPH COEFFICIENTS TO CIRCUIT LAYOUTS.


	q. In using the coefficients, a diagram is drawn for a tentative layout and a coefficient is selected for each part of the telegraph cir cuit. Then a computation is made of the over all coefficient from each station to every other station, assuming no regeneration. If any such over-all figure materially exceeds the desired limit, it will then be necessary either to sub stitute better transmission sections or to di vide the circuit into parts by the insertion of one or more regenerative repeaters. Since such a repeater reforms and retimes the sig mals, it is necessary only to compute the over all coefficient from each terminal to a regen erative repeater and from one regenerative repeater to another and then see whether or not the limit is exceeded. Where a regenera tive repeater is used at a 3-way point to derive a branch circuit, it may be connected to provide complete regeneration either in the main circuit or in the branch circuit but not in both circuits. It is necessary to take this into account in applying coefficients to such a circuit.

	b. Comparatively large values, sometimes in excess of those given in figure 3-20, should be applied where any one of the following conditions is extreme or where several exist in combination:

	(1) Lines at or somewhat above the mile age limits given.

	(2) Lines seriously affected by moisture (continued rain, slush, or immersion).

	(3) Poor maintenance.




	(4) Excessive ground-connection resist ance. -

	(5) Serious interference, such as that from power systems, other communication circuits, frequent thunderstorms, or ground potential differences.

	c. The smaller values should be applied for favorable conditions, such as with: -




	(1) Short line sections under good con ditions, such as, in dry climates.

	(2) Unusually well-maintained and ad justed equipment.

	d. Intermediate values should be applied for average conditions.





319. EXAMPLES OF TELEGRAPH. CIRCUIT LAYOUT.


	a. The following examples illustrate the use of coefficients in circuit layout work.

	b. The layout in figure 3–21 is a simple one, consisting of two line sections for service
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TELEGRAPH coefficienTS ARE CIRCLED.

TL 5.4992

Figure 3-21. Use of telegraph coefficients, simple layout.

between stations A and B. Two d-c polarential line sections using Wire W-110–B simplexed are used with two terminal repeaters and one intermediate repeater. A teletypewriter is connected with short cords to the station ter minal repeaters. The sections are at or near their maximum lengths and moderate inter ference is present, so that the maximum co efficient 12 (fig. 3-20) is assigned for the two d-c sections. The coefficient for the teletype writer connections at the terminals is 0; therefore the total coefficient is 12 and the circuit should be satisfactory.


	c. An example of a layout for switched serv ice is shown in figure 3–22, which illustrates a switched connection to three stations, A, B, and C.

	(1) Service to A is given over a d-c polarential section using 30 miles of sim plexed Wire W-143. This is well below the maximum length but is assumed subject to leakage and interference, so a coefficient of 6 is assigned. The teletypewriter at station A is connected directly to the repeater; this con nection has a coefficient of 0. The office con nection from the switchboard to the Repeater TG–30 takes a coefficient of 2.

	(2) Service to station B is on a neutral basis over 25 miles of simplexed Wire W-143 to a Line Unit BE–77—A and then direct to a




	teletypewriter. This operates under severe conditions and takes a coefficient of 7.

	(3) Service to station C is over an office connection to a carrier terminal, over a 100 mile carrier telegraph section on spiral-four cable and a 5-mile neutral extension to a Line Unit BE–77–A, and then directly to a teletype writer. The coefficient for the connection from the switchboard to the carrier terminal is 2 and that for the carrier section is 3.5. The neutral extension is short, 5 miles, and a coeffi cient of 2 is assigned. The teletypewriter is connected directly to the line unit and the coefficient for this is 0.

	(4) The sum of the coefficients from sta tion A to station B is 15; from station B to station C is 14.5; and from station A to station C, is 15.5. This layout would accordingly be considered satisfactory for usual service re quirements.
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Figure 3-22. Use of telegraph coefficients, switched connection.


	d. An example of a more complicated lay out, including fixed plant and tactical equip ment, is given in figure 3–23. The circuit from station A to station B, together with a branch to stations C and D, involves the following:

	(1) At station A, a teletypewriter with






a line relay is connected by a 5-mile local exten sion circuit over 19-gauge cable to a d-c re peater. A coefficient of 2 is assigned to this extension circuit.

(2) A 50-mile line section of composited 104-mil 40 percent copper-steel operates on a 2-path polar basis. The length is well below

[image: Figure, page 93]

Figure 3.23. Use of telegraph coefficients, fixed layout.

the limit and interference and leakage are as Sumed to be small, so the minimum cofficient of 5 is selected.

(3) A carrier section operates over 200 miles of 104-mil copper open wire in tandem with a 100-mile section of Cable Assembly CC–358–( ) (spiral-four). The open wire section is good, and a coefficient of 2.5 is as signed. The spiral-four section is given a co efficient of 4.


	(4) An extension circuit from the car rier terminal to B operates on a polarential basis over 6 miles of simplexed Wire W-143. Although this is short, leakage and mainten ance conditions are assumed to be below aver age and a value of 6 is assigned.

	(5) The branch extending to stations C and D comprises a polarential section using 40 miles of simplexed 80-mil 40-percent cop per-steel wire, coefficient 6; a 3-mile 19-gauge cable loop (6 miles of wire) to an intermediate station C, coefficient 1; a polarential line of 20 miles simplexed Wire W-143 to station D, coefficient 6. The lengths and operating condi tions are such that a low coefficient value was assigned to the extension circuit and interme diate values for the line sections.

	(6) The over-all coefficient for the circuit from station. A to station B via the 3-way point is 19.5; from station A to station D it is 20; and from station B to station D it is 25.5. Since the coefficient is greater than 15 between any two stations it will be necessary to use regenerative repeaters to divide the circuits into parts. To provide full regenera tion; that is, signals sent from any station will be regenerated before reception by the other stations, two regenerative repeaters have been included in the layout representing the central office at the 3-way point. The total coefficient for any part of the circuit from any station to a regenerative repeater will now be less than 15.





320, EMERGENCY LAYOUTS BASED ON TELETYPEWRITER ORIENTATION RANGES.

a. In certain cases it will be necessary to set up teletypewriter circuits on nonstandard facilities, or on conductors of unknown type and condition, or with abnormal interference, leakage, vacuum-tube repeater adjustment, or the like; this might occur particularly in mak ing use of more-or-less damaged facilities. When a section becomes available, a fair idea as to its transmission capabilities may be obtained quickly (assuming teletypewriters to be available) by measurement of the orienta tion range at each end, as explained in chapter 12.

b. With this knowledge, a decision may be reached as to whether a circuit is likely to be suitable for service on a single-section basis or in tandem with other sections. The follow ing table gives figures which should generally
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	1 35
	




	2.
	50
	



	
	3 55
	



	4.
	60
	





be met in order for a section to be suitable for various cases.

c. Thus, if the range as measured on each of two sections is at least 50 percent, the two sections may be used in tandem; if each meas ures 60 percent, four sections should generally work satisfactorily. This assumes that the centers of range coincide within a few divi sions and that the extensions at the terminals are short. It will be desirable to make occa sional range checks to determine whether there has been material change in the trans mission quality of the facilities.




Section IV. STATION AND SIGNAL CENTER EQUIPMENT


321. GENERAL.

a. This section pertains to station and sig nal center equipments used essentially by operators for sending and receiving. In some cases the station or signal center equipment will be connected over d-c telegraph circuits to line transmission equipments located in nearby offices; and in other cases the line transmission equipment may be located in the station or signal center.

b. The equipments referred to in this sec tion are classified, in a general way, as tactical and fixed plant equipment. Electrically these two classes are interchangeable. However, tactical equipment is characterized by its portability and ease of installation. Fixed plant equipment is not as readily moved from one location to another and considerably more time is required for installation and greater protection against weather must be provided. On the other hand, fixed plant equipment is normally capable of handling a greater volume of traffic.

c. Equipment information on telegraph sets, teletypewriter sets, and repeater sets, includ ing information on their major components, will be found in TM 11–487 and the informa tion therein includes weights, dimensions, dis placements, and stock numbers.



322. TELETYPEWRITER EQUIPMENT.

a. Types of Keyboards. Two types of key board and type-bar arrangements are avail able. These are known as communication and weather. Both are the same in lower case but differ in some of the upper case characters.

The communications arrangement has punc tuation marks where the weather arrange ment has symbols, such as arrows to indicate wind direction, for transmitting weather data.

b. Basic Forms of Recording and Sending. Two basic forms of teletypewriter record ing are used. One of these is type copy on a page; the other is perforations in tape with or without typing on the tape. Equipment which records the message in typed characters and in perforations in a tape is a typing reper forator. The basic forms of sending are direct sending manually from a keyboard or sending automatically by means of perforated tape from a transmitter-distributor.



c. Use of Perforated Tape.

(1) Without Typing. Figure 3–24 repre sents equipment such as a model 19 teletype writer set which has facilities for locally per forating a tape which does not carry typing. A sample of this tape is illustrated in figure 3-7. After the tape is prepared by operating a keyboard, it is passed through a transmitter distributor which sends the message signals to the line. A page copy of the message may be made on the teletypewriter of the set simul taneously with perforation of the tape, or alternatively as the message is sent to the line. As another alternative, the teletypewriter keyboard may be used for sending directly to the line without perforating tape and with a home copy made simultaneously. A page copy of any incoming message may be made on the teletypewriter. The model 19 teletypewriter set is described in paragraph 325b.
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Figure 3-24. Page teletypewriter with perforator and transmitter-distributor.

(2) With Typing. Figure 3–25 represents equipment such as Reperforator Transmitter TG-26–A. The typing reperforator perforates tape and types on it at the same time; this can be done locally from the keyboard, or from incoming line signals. Also, the set includes a transmitter-distributor for transmitting from the tape. This form of tape is called chadless, - the perforations being partial in order to re tain paper for the typed symbols. The perfora tions for a character are offset 6 spaces to the left of the printed character. A sample of this tape is illustrated in figure 3-8. If required, tape perforated in accordance with incoming line signals may be passed directly to a trans mitter-distributor associated with another

[image: Figure, page 95]

Figure 3-25. Typing reperforator with keyboard and transmitter-distributor.

line. Thus, arriving signals which are some what distorted but still suitable for producing a correct copy on the typing reperforator are retransmitted undistorted, with the same quality as signals originating at that point. As shown in figure 3–25, a teletypewriter may be connected in the circuit with the typing reper forator or transmitter-distributor to make a page copy of an incoming or outgoing message. Reperforator Transmitter TG–26—A is de scribed in paragraph 324b.

(3) Usage Comparison. Both of these ar rangements meet the requirements for signal centers where it is often necessary to handle a large volume of traffic, because the tapes may be prepared locally and characters sent to the line automatically at the maximum line circuit signaling speed which may be 60 words per minute or higher. A set with a typing reper forator has the advantages that messages may also be received on perforated tape and the characters are printed on the tape, which facili tates handling the message. For retransmis sion, the transmitter-distributor may be con nected to the proper outgoing line by patching, or the tape may be taken from the typing re perforator and inserted in a transmitter-dis tributor associated with the proper line.



323. SIGNAL CENTER SEMIAUTOMATIC TELE TYPEWRITER OPERATION.


	a. A signal center is a unified collection of several agencies of signal communication equipped to transmit and receive messages by electrical means and by other means if re quired. The term signal center includes a mes sage-center section and a cryptographic section if required. A signal center may be established at a point, fixed or mobile, and will be charged with the receipt, transmission, and delivery of official messages. The traffic engi neering and management of signal centers is discussed in chapter 11.

	b. In signal centers with heavy traffic loads, messages are normally handled by teletype writer equipment. Typing reperforators are used for receiving messages and transmitter distributors for sending. This basic plan is known as semiautomatic tape-relay operation and such installations are specially engi neered. Sending and receiving equipments are physically disassociated so as to concentrate similar work operations. Typing reperforators are grouped in receiving cabinets, and trans



mitters are arranged on sending tables and driven by a common motor.


	c. Message and channel numbers, for iden tification and for making a record of the pas sage of the message through relay offices, are transmitted automatically from previously prepared tapes. Monitoring equipment is used to make a tape record of outgoing messages, and this tape may be used for rerunning a message if required.

	d. On certain lines in large signal centers where the traffic load is especially heavy, two transmitters are associated with one circuit in such a manner that a message tape inserted in the idle transmitter will automatically be numbered and sent as soon as the working transmitter becomes idle.





324. TACTICAL TELETYPEWRITER STATION EQUIPMENTS.

a. Teletypewriters TG-7-A, TG-7-B, and TG-37–B. Teletypewriter equipments for tac tical usage are arranged so that connections
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Figure 3.26. Teletypewriter TG-7–B.

may be established rapidly by cords without the use of tools. The equipments are portable and transported in wooden chests. Tactical teletypewriters require more protection from the weather than is provided by their carrying chests. Page-type teletypewriters supplied with communications symbols are Teletypewriters

TG–7—A or TG–7–B. These are electrically interchangeable, but certain minor parts not required for tactical applications are not in cluded in Teletypewriter TG–7–B. The gov erned series motor in Teletypewriter TG-7–A requires a source of 115 volts, either dc or 25 or 50 to 60 cycles ac. The motor in Teletype writer TG–7–B operates on these sources and also on 115v, 40-cycles ac. Teletypewriter TG-7–B is shown in figure 3–26. Teletype writer TG–37–B is equivalent to Teletype writer TG–7–B except that it is equipped with weather keyboard and type bar symbols.

b. Reperforator Transmitter TG–26—A and TG-27—A. Where tape transmission with com munication characters is required, a re perforator-transmitter set, consisting of a typing reperforator and a transmitter-distrib utor, known as Reperforator Transmitter TG-26–A, is used. This set is shown in figure 3–27. For weather circuits, Reperforator Transmitter TG-27—A is used. This is equiva lent to the Reperforator Transmitter TG–26—A except that the typing reperforator is equipped with weather keyboard and type bar symbols (par. 322a).



c. Teletypewriter Sets and Repeater Sets.

(1) Station arrangements using neutral line transmission circuits are available in the form of teletypewriter sets. Some of these sets include all equipment and accessories required to establish a teletypewriter station. In gen

[image: Figure, page 97]

Figure 3.27. Reperforator Transmitter TG-26–A.

eral, they consist of a page-type teletypewriter or reperforator transmitter, a line unit, a rectifier, ground rods, and in some cases, a gasoline-engine-operated generator as a power source. Teletypewriter Set EE–97—A which includes a page-type teletypewriter and Re perforator Teletypewriter Set TC–16, which includes a transmitter-distributor and typing reperforator, are shown in figures 3–28 and 3-29.

(2) Station arrangements using 2-path polar or polarential operation are available as
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Figure 3.28. Teletypewriter Set EE-97-A,
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Figure 3.29. Reperforator Teletypewriter Set TC-16.

repeater sets. Repeater Sets TC–18 (terminal, 2-path polar or polarential) and TC–19 (inter mediate, polarential) each consist of a repeater with built-in rectifier and ground rods; they do not include a teletypewriter or a power unit.



325. FIXED PLANT TELETYPEWRITER STATION AND SIGNAL CENTER EQUIPMENTS.

a. Model 15 Teletypewriter Set. Teletypewrit ers used in fixed plant installations are com mercial equipment procured to meet Signal Corps requirements. Model 15 teletypewriter when supplied with a metal table and rectifier is known as a model 15 teletypewriter set (fig. 3–30). This is a sending and receiving page type teletypewriter equipped with a line relay and a governed series motor. Either communi cations or weather keyboard teletypewriters may be obtained. The table is equipped with a combination terminal and jack box for making external connections and for connecting the teletypewriter cords. Rectifiers may be ob tained for various voltages and frequencies. Since the teletypewriter is supplied with a line relay, it may be connected to a neutral loop or extension circuit without the use of a line unit or a telegraph repeater. The tactical Teletype- - writer TG-7—A or –B, in combination with a line unit, may be used in extension circuits in place of a model 15 teletypewriter equipped with a line relay.

b. Model 19 Teletypewriter Set. Where tape transmission is required, a model 19 teletype- Figure 3-30. Model 15 teletypewriter set.
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writer set (fig. 3-31) is often used. The set consists of a page teletypewriter, the keyboard of which may be used to send to the line or to perforate the tape, a transmitter-distributor for tape sending, and a rectifier for furnishing
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Figure 331. Model 19 teletypewriter set.

dc for local circuits. The teletypewriter sup plied with a model 19 teletypewriter set is equipped with a line relay. The motor in the teletypewriter and the motor in the transmit ter-distributor is a governed series motor. The teletypewriter is supplied with either a com munication or a weather keyboard.

c. Signal Corps Nomenclature for Model 15 and Model 19 Teletypewriter Sets. Joint Army Navy nomenclatures for models 15 and 19 tele typewriter sets which have been assigned recently are given in the following table. Sets

Joint Army-Navy Commercial description, momenclature Teletype Corporation Teletypewriter TT-5/FG Code 2.18A-1 (communications keyboard)..... (model 15 printer set) Teletypewriter TT-6/FG Code 2.16A-1 (weather keyboard). . . . . . . . . . . . (model 15 printer set) Teletypewriter TT-7/FG Code 4.15A-1 (communications keyboard). . . . . (model 19 printer set) Teletypewriter TT-8/FG Code 4.13A-1 (weather keyboard). . . . . . . . . . . . (model 19 printer set)

furnished according to these nomenclatures include tables and rectifiers in addition to the teletypewriter equipments.



d. 132A2 Teletypewriter Set.

(1) This equipment, for use especially on radio teletype circuits, includes a typing reperforator (without keyboard) and a trans mitter-distributor, mounted on the top of a cabinet-type table. The exterior appearance of this equipment is similar to that of the 133A2 set shown in figure 3–32. A synchronizing cir cuit, a power supply rectifier, miscellaneous control apparatus, and a tape storage bin are located inside of this cabinet. The typing re perforator records the incoming message on a tape in the form of perforations and printed characters. The outgoing message, in the form of perforated tape, is sent from the transmit ter-distributor.
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Figure 3-32. 133A2 teletypewriter set.

(2) The synchronizing circuit keeps the typing reperforator in synchronism with automatic signals received from the distant sending station in case a start or stop pulse,

[image: Figure, page 100]

Figure 3-33. 133A2 teletypewriter set connected to a radio circuit, simplex or duplex operation.

or even several characters are lost because of interference or fading on the radio channel. A key is provided for cutting out the synchron izing circuit when radio transmission condi tions do not require its use, or when the set is used on wire circuits.

(3) A tape splicer may be mounted on top of the typing reperforator and a number tab dispenser may be located on the side of the typing reperforator beneath the tape splicer. These are designated in figure 3-32. The tape splicer is used to join message tapes so that continuous transmission of a number of tele typewriter messages may take place. The splicer is also used to splice message-identify ing numbers in the message tapes. The number tab dispenser contains these message-identi fying numbers in the form of a roll of per forated tape with consecutive numbers preceded by and followed by a number of "letters" characters. The letters characters provide space on the tape for tearing and splicing.



e. 133A2 Teletypewriter Set.

(1) This set, used on radio or wire cir cuits, includes a typing reperforator (without keyboard) and a transmitter-distributor, mounted on a cabinet-type table as shown in figure 3–32. These units perform the same func tions as the typing reperforator and trans mitter-distributor of the 132A2 set described in subparagraph d above. The 133A2 set con tains two polar-relay repeaters, a power supply rectifier, and two control keys. These control keys are used with the single-channel radio teletype system using Radio Teletype Ter minal Equipment AN/FGC–1 as the receiving teletype terminal. The synchronizing circuit supplied in the 132A2 set is not furnished in the 133A2 set and therefore greater stability of the radio circuit is required. The tape splicer and number-tab dispenser may be used in the same manner as described for the 132A2 set.


	(2) A diagram of the 133A2 set connected to a radio circuit is shown in figure 3-33. The repeaters provide polar transmission to and from the radio transmitter and radio receiver, respectively. The control features permit turn ing the radio transmitter on and off, monitor ing when transmission is taking place on a simplex basis, and arranging the Radio Tele type Terminal AN/FGC–1 sc that noise and interference will not cause extraneous opera tions of the typing reperforator when the dis tant radio transmitter is off-the-air.

	(3) A diagram of two 133A2 sets operat ing over a wire circuit is shown in figure 3–34. One of the 133A2 sets might be replaced by a 133A1 set (subpar. f below) or a Teletype writer Set AN/TGC–1 (subpar. h below) or similar equipment, with or without interven ing line transmission equipment.

	f. 133A1 Teletypewriter Set. Like the 132A2 and the 133A2 sets, the 133A1 set includes a typing reperforator and transmitter-distribu tor for receiving and sending messages in per forated tape form and has the same general ap pearance as the 133A2 set shown in figure 3–32.
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Figure 3-34. 133A2 teletypewriter sets connected to a wire line, duplex operation.

The set contains one repeater unit, for send ing or receiving polar signals. By the use of a second repeater unit, it may be arranged both to send and to receive on a polar basis. A com mon use of the 133A1 set is in local circuits (called room circuits), but it may be used with certain limitations in connection with wire or radio circuits. The radio receiver and transmitter control features of the 133A2 set are not provided. A tape splicer and number tab dispenser may be used if required.



g. XD9l Transmitter-distributor (Two-channel Start-stop).

(1) The traffic capacity of circuits operat ing either simplex or duplex may be doubled under favorable conditions by the use of a 2
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Figure 3-35. XD91 transmitter-distributor.

channel XD91 transmitter-distributor (fig. 3–35) to send to the radio channel. This re quires that the channel be capable of trans mitting 46-cycle signals, which may be done on systems having sufficient band width, such as those using Radio Teletype Terminal Equip ment AN/FGC–1. Any d-c or extension circuits which may be involved must also be capable of transmitting 46-cycle signals. This method of operation is called diplex. In diplex operation the normal start and stop pulses are trans mitted, but each of the five selecting pulses is divided in half. The first half of each of the five normal pulses carries the intelligence of one channel (Transmitter B, fig. 3-35), while the second half carries the intelligence of the other channel (Transmitter A, fig. 3-35). A second typing reperforator, connected in series with the typing reperforator of the 132A2 set or the 133A2 set, is used to receive the second channel. The two typing reperforators are kept in synchronism by the start and stop pulses. One typing reperforator is oriented to receive the first half-pulses while the other is oriented to receive the second half-pulses. The traffic capacity in doubled, for example, from a nom inal 60 words per minute to 120 words per minute for simplex operation. The capacity is 120 words per minute in each direction or 240 words per minute in the two directions com bined on a duplex basis.

(2) The 2-channel transmitter-distribu tor is substituted for a single-channel transmit ter-distributor on the 132A2 set, the 133A1 set, or the 133A2 set. Two tapes may be sent from the unit simultaneously, and either tape may be started and stopped independently of the other. Since the same start and stop pulses are used, the synchronizing unit of the 132A2 set is effective on each channel. When the traffic is light, or if the radio channel tempor arily deteriorates so that it will not transmit 120 words per minute, the transmitter-distri butor may be switched to single-channel opera tion, in which case it sends 60-word-per-minute signals. The second typing reperforator is then shut down.



h. Teletypewriter Set AN/TGC-1.

(1) This equipment, known as a semi automatic packaged unit, is for use in signal centers where a number of teletypewriter lines terminate. It provides a means for receiving messages from any line on perforated tape with typing, and permits tearing the tape into message tapes for manual insertion in trans mitter-distributors for sending to other lines, as may be required. Teletypewriter Set AN/TGC-1 is supplied in a console-type cab inet 65 inches high and 24 inches wide, and includes a multiple transmitter-distributor (two message transmitters and one number transmitter, subparagraph (2) below) driven by a common motor and two typing reperfor ators without keyboards. It also includes a motor-driven tape winder, a rectifier, and tape feed-out arrangement, together with the nec essary controls and alarms. This unit (fig. 3–36) may be used to terminate two separate circuits which may be operated either single or duplex. Duplex operation may be either neutral or polar. Typical line circuit connec tions for Teletypewriter Set AN/TGC–1 are shown at A and B in figure 3–37. At A the set is shown operating duplex on one line, and at B operating on two lines, one single and one duplex.
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Figure 3.36. Teletypewriter Set AN/TGC-1.

(2) When the unit is used for terminating one circuit, one typing reperforator is used for recording the received message and the other for monitoring on the sending side of the circuit to provide a copy of the transmitted message. With this circuit arrangement both message transmitters are used and the message numbers are inserted automatically and trans
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Figure 3-37. Teletypewriter Set AN/TGC-1, typical line circuit connections.
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Figure 3-38. Elements of a single-channel radio teletype terminal and signal center.

mitted by the number transmitter. When both message transmitters are used on one circuit, they are arranged for tandem operation where by a tape inserted in the idle transmitter will be automatically numbered and sent when the working transmitter becomes idle. The num bers sent from the number transmitter are pre pared as perforations in a tape and stored on a number-tape reel, the capacity of which is about 750 numbers.


	(3) When used for terminating two cir cuits, a typing reperforator is assigned to each circuit. The number transmitter may be asso ciated with one of the message transmitters, and short lengths of perforated tape with tab numbers are sent from the other message transmitter. These numbers are stored on the tab-number reel.

	(4) The transmitter-distributor and re perforators operate at 60 words per minute.



326. SIGNAL CENTER TELETYPEWRITER EQUIP MENT USED WITH RADIO TELETYPE TERMINAL EQUIPMENT AN/FGC-1.

q. Teletypewriter Equipment. Reception at the signal center may take place on the typing reperforator of a 132A2 teletypewriter set (par. 325d) or on the typing reperforator of a 133A2 teletypewriter set (par. 325e). Transmission may be from a single-channel transmitter-distributor normally supplied with these sets or from an XD91 transmitter-dis tributor (2-channel start-stop) described in par. 325g. The elements of a single-channel radio teletype terminal (AN/FGC–1) and associated signal center are shown in figure 3–38. TM 11–2207 covers a radio teletype signal center.

b. Circuits between Radio Stations and Signal Center. The circuits from the radio receiving and radio transmitting stations to the signal center operate on a d-c basis. Normally a metallic circuit is used between the radio re ceiving station and the signal center, although a metallic or ground return circuit may be used between the signal center and the radio transmitting station. The allowable length of circuit varies greatly, depending on the type of line facility used. Reasonable maximum dis tances for single-channel (23-cycle signals) ground return operation are 15 miles of cable or 100 miles of open wire with average ground potential and ground-resistance conditions. For single-channel metallic operation, these distances might be doubled providing the line resistances do not exceed 4,150 ohms (send ing) or 3,700 ohms (receiving). In the case of diplex operation (par. 325g), these dis tances will have to be reduced in most cases for satisfactory operation because of the use of 46-cycle signals.



327. TELETYPEWRITER LINE UNITS AND D-C TELEGRAPH REPEATERS.



q. General Comparison.

(1) In tactical teletypewriter systems, either a line unit or a d-c telegraph repeater (terminal or intermediate) should be used be tween the line and the teletypewriter sending and receiving equipment. Jacks are provided on line units and d-c repeaters for the send and receive cords of the teletypewriter equip ment which is generally placed close by. The personnel in the station or signal center main tain the service adjustments, required for line circuit operation by means of the external con trols on the line unit or d-c telegraph repeat ers. Line units provide neutral line transmis sion and d-c telegraph repeaters provide polarential or two-path polar line transmis SIOIn.


	(2) In fixed plant teletypewriter systems the station teletypewriter equipment usually contains a receiving relay in the teletype writer, in which case no line unit or d-c re peater is required at the station. Transmission to and from the station is usually on a neutral basis. The station personnel make no line cir cuit or extension circuit adjustments, since they are made by the maintenance personnel at the repeater equipment located at the cen tral office (sec. V).

	(3) A line unit contains a line relay which receives signals from the line and oper ates the receiving selector magnet of the tele typewriter in a local circuit. The sending con tacts of the teletypewriter, when connected to a line unit, open and close the line circuit di rectly for sending. The line relay in the line unit responds to these outgoing signals and operates the receiving magnet to provide a local copy in the same manner as it operates the receiving magnet on incoming line signals.

	(4) In the tactical d-c telegraph repeater the receiving relay operates the receiving se lector magnet on incoming signals but it does not respond to outgoing signals. The sending contacts of the teletypewriter operate sending relays in the repeater, and the contacts of these relays send signals to the line circuit. Arrangements are made to provide a local copy of the sent signals.

	b. Line Units BE–77, BE–77-A, and BE–77–B. Line units are used generally to connect Tele typewriter TG-7—A or —B or the typing reper forator of Reperforator Transmitter TG–26–A to a neutral line transmission circuit or a neutral extension circuit. All line units con tain, in addition to the line relay, a rheostat for adjusting and a meter for measuring the line current. Line Unit BE–77—A (fig. 3-39) and Line Unit BE–77–B contain, in addition



to these features, a bias measuring circuit for use in adjusting the line relay and a means for measuring the voltage of the power supply. Line Unit BE–77–B is the same as Line Unit BE–77—A except for minor apparatus differ ences. Line Unit BE–77 does not contain the ſº Binding Post
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Figure 339. Line Unit BE–77–A.

bias measuring feature or a means for meas uring the voltage of the power supply, these features being obtained by using Bias Meter I-97—A and Voltmeter IS-170 in combination with the line unit. Line units are equipped with jacks for connecting the teletypewriter send cord and receive cord and binding posts for making line and ground connections.

c. Repeater TG-30 (Terminal). This repeater, shown in figure 3–40, is used for making con nections from a polarential or 2-path polar line circuit to Teletypewriter TG-7—A or —B, or to a neutral type local circuit, such as that used in Switchboard BD–100, Line Unit BE–77, BE–77—A, or BE–77–B, Telegraph Terminal CF–2—A or —B, Telegraph Terminal CF–6, and Telegraph Terminal TH-1/TCC–1. The polarential or 2-path polar line side may extend to another Repeater TG-30 or similar polarential or 2-path polar termination such as furnished in the carrier telegraph termi nals. Repeater TG-30 is commonly used for point-to-point teletypewriter circuits on long field wire lines with or without a Repeater TG-31 (Intermediate) described in subpara graph d below. The 2-path polar line oper ating feature is intended primarily for operat ing to British terminal units referred to in section IX. The local sides of two Repeaters TG–30 may be connected for intermediate operation and, if required, a teletypewriter may be used in the local circuit for sending and receiving, but the connection between the repeater and teletypewriter should be limited to the length of the teletypewriter cords. The repeater operates on 115- or 230-volts, 50-60 cycle ac, or on a nongrounded source of 115 volts dc, such as supplied by a gasoline-engine driven power unit. A-c power is converted to dc by a built-in rectifier. Repeater TG–30 pro
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Figure 3-40. Repeater TG-30 (terminal).

wides half-duplex service only. A manual tele graph set utilizing an oscillating circuit with an adjustable tone is built into the equipment, and a telephone headset is supplied. The re peater is supplied complete in a wooden car rying case.

d. Repeater TG-31 (Intermediate). This equip ment repeats directly from one line circuit to another and provides a means for connecting a teletypewriter to send simultaneously to both lines and to receive from either line, one at a time. The repeater is arranged for polarential line operation only and it is always a differen tial sending repeater. It may be used to ex tend the operating range of certain circuits on which the terminal equipment is arranged for polarential (polar sending) operation. This repeater may be used on an unattended basis with power supplied by dry batteries or stor age batteries or other stable power sources.

The battery voltages should be checked every 2 or 3 days. The power source may be 115- or 230-volts, 50-60-cycle ac, 12-volt storage bat teries, 115-volt dry-battery, or 115-volt de from a gas-engine power unit. If some other d-c source is used the positive side must not be grounded. The a-c or a 12-volt storage-battery source is converted to the required d-c volt age by a built-in rectifier and a vibrator is in cluded for use when the power source is 12 volts dc. This is the only d-c telegraph repeater available for storage-battery and dry-battery operation. A teletypewriter cannot be used with the repeater when the power source is dry batteries or storage batteries. Like Re peater TG-30, Repeater TG–31 is supplied in a wooden carrying case and includes a manual telegraph set.

e. X-63638 ' Telegraph Repeater. This re peater, which is no longer in production, is arranged for 2-path polar line operation. The local side may be connected to teletypewriter equipment located nearby. One local pair of wires is required for the sending circuit and another pair for the receiving circuit. This equipment was produced in small quantities pending the development of Repeater TG-30. The X-63638 telegraph repeater is arranged for operation only on 115-volt, 50-60-cycle ac. A built-in rectifier converts ac to dc. The re ceiving relay 209FG per D–163120 may be adjusted without using a polar relay test set, as covered in Western Electric Company in struction book X-63639.



328. TELETYPEWRITER POWER AUXILIARIES AND TELETYPEWRITER SUPPLIES.

a. Rectifiers. Selenium dry-disc rectifiers, such as Rectifier RA–37 and Rectifier RA–87, are used as one means of supplying the direct current required for line and local circuits when the primary power supply is alternating current. These rectifiers are components of tactical teletypewriter sets. They are portable and supplied in wooden chests from which they are removed for service. Fixed plant tele typewriter sets also use selenium-disc recti fiers which are electrically similar to the tac tical rectifiers but mechanically designed for mounting on teletypewriter tables. The d-c voltage output of the rectifiers may be ad justed to compensate for normal a-c voltage variations; automatic regulation to compen sate for short period a-c voltage variations is not provided. The rectifiers are available for frequencies of 25 and 50-60 cycles and for a-c input voltages of 115 volts or of 230 volts with provision for a 115-volt, a-c source for teletypewriter motors.


	b. Power Units. When no other power source is available, gasoline-engine-driven generator sets may be used at outlying teletypewriter sta tions and, in some cases, in signal centers to supply power for line and local circuits and for teletypewriter motors. At a station con sisting of a line unit or repeater and one tele typewriter, Power Unit PE—77 with a rated output of 250 watts may be used. Power units of a higher rating are available for larger groups of teletypewriters and for use in sig nal centers. For example, Power Unit PE–75 with a rating of 2,500 watts is a typical unit.

	c. Teletypewriter Supplies. All teletypewriter equipments require lubricating oil and lubri cating grease for proper operation. The one type of oil and one type of grease which are available (TM 11–487) are obtained through normal supply channels. Page teletypewriters require rolls of paper and inking ribbon. Typ ing reperforators require rolls of tape and inking ribbon. Keyboard perforators require tape. The chest for Line Unit BE–77, BE–77—A, or BE–77–B may be obtained with a supply of paper and ribbon for use with a teletypewriter. The chest for Line Unit BE–77—A or —B, when furnished with Reper forator Transmitter TG-26–A or TG–27–A, may be obtained with a supply of tape and ribbon. Teletypewriter rolls of paper may be procured for single copies, or with carbon paper for duplicate or triplicate copies.





329. MANUAL TELEGRAPH SETS.

q. Telegraph Sets TG-5–A and TG-5–B are tone telegraph sets of the open-circuit d-c type used for telegraph communication. A few in termediate stations may be used between ter minal stations. These sets consist essentially of an electromechanical oscillator also known as an interrupter or howler, a line relay, a tele graph key, and a headset. The oscillator is used only to convert the d-c line signals to an audible tone in the headset. Telegraph Set TG-5–B is shown in figure 3–41. The line re lay in Telegraph Set TG-5–A is a 600-ohm relay and about 1.0 to 1.5 milliamperes mini mum operating current is required. It has air gap and spring tension adjustments. The line
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Figure 3-41. Telegraph Set TG-5–B.

relay in Telegraph Set TG–5–B is a 4,400-ohm relay and requires about 0.2 milliampere mini mum operating current. It has spring tension adjustment only. The liné battery is normally a 22.5-volt dry battery and the local battery for operating the interrupter is normally a 3-volt battery. Two batteries may be used to provide a 45-volt line battery when required. The sets are equipped with a calling-in bell which is disconnected when the headset is plugged in.

b. By the use of an adapter cord, a manual telegraph set may be used as a tone keyer for the transmitter of certain radio sets designed for voice operation. This adapter cord may be used with Radio Sets SCR-508, SCR-510,
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TL 54962 Figure 3-42. Neutral and polar keying circuits, automatic keying head.
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SCR-608, SCR-610, or SCR-619. It is fur nished with a Plug PL–55 containing a 400 ohm resistor for connecting to the telegraph set and a Plug PL–68 for connecting to the radio set.



330. AUTOMATIC KEYING AND RECORDING EQUIPMENT.

a. Boehme equipment is generally used to automatically transmit and receive Interna tional Morse-code telegraph signals primarily on radio. The operating speed is adjustable and it may be operated up to about 400 words per minute. The equipments are arranged on tables at the transmitting and receiving points.

b. At the transmitting point the equivalent of dots and dashes are perforated in tape (fig. 3-6) by the use of a Wheatstone perfora tor which has a typewriter keyboard. The tape is then run through a keying head mounted on a keying head drive. The keying head, controlled by the perforated tape, sends mark and space signal conditions to the exter nal circuit to the radio transmitter. The basic principles of a neutral keying circuit and a polar keying circuit are illustrated in figure 3–42. Figure 3–43 is a diagram of the principal units used on a transmitting table. Figure 3-44 is a photograph of a Boehme keying head, type 4-E with keying head drive, type 4-D.
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Figure 3-44. Boehme keying head, type 4-E with keying head drive, type 4-D.

c. At the recéiving point, the principal equipments are a Boehme ink recorder and re corder driving unit, a tape puller with mag netic release attachment, a tape puller with rewind reel attachment, and a tape bridge. Recorder BC–1016, instead of Boehme record ing.equipment, is sometimes used for receiv ing signals. The Boehme recorder driving unit
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Figure 3-45. Block diagram of equipment elements at a receiving terminal.

TL-5 4963
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Figure 3-47. Boehme ink recorder, type 4–G.

receives keyed-tone dot and dash signals from a radio receiver or similar source and converts the signals to direct current to operate the ink recorder. The coil in the ink recorder actuates a fountain-type pen which makes a record on the tape symbolic of dot and dash signals. The clements of a typical arrangement at a receiv ing terminal are shown in figure 3–45. Receiv ing table equipment is illustrated in figure 3-46. A photograph of a Boehme ink recorder, type 4-G is shown in figure 3-47.

d. Boehme operating equipment is em ployed in Radio Set AN/MRC–1 which pro vides facilities for high-speed automatic Inter national Morse-code c-w transmission and reception in addition to the normal functions of Radio Set SCR-399 (component of AN/MRC–1). Radio Set AN/MRC–1 is housed in two shelters, a transmitting Shelter HO–17 and an operating Shelter'HO–17 or HO–27. The transmitting shelter includes the radio transmitter, amplifier, and one receiver. The operating shelter includes three radio receivers and the Boehme equipment. The Boehme equip ment consists of a keying head and a hand keying circuit, a Wheatstone tape perforator, a recorder driving unit, an ink recorder and associated tape puller, two tape bridges, and two tape pullers with winding reels. Running spares for each major component of Radio Set AN/MRC–1 are supplied in their respective shelters.




Section V. TELEGRAPH LINE TRANSMISSION EGUIPMENT


331. GENERAL.

a. This section pertains to equipments which are generally located at an office at the termination of a line transmission section, such as an open wire line, spiral-four cable, or field wire. Extension circuits may extend from the offices to signal centers and stations. As explained in paragraph 321, office equip ments, like station and signal center equip ments, may be used by either tactical or fixed plant organizations. Equipment information on carrier telegraph terminals, d-c telegraph repeaters, telegraph switchboards, and test sets will be found in TM 11–487.

b. Newly assigned joint Army-Navy nomen clature for packaged telegraph line transmis sion equipment is as follows:








	Commercial nomenclature
	Joint Army-Nary

nomenclature




	W-f

carrier telegraph

terminal
	Terminal

Carrier



	(1-6) X-61822A


	OA-4/FC



	W-f

terminal

carrier telegraph
	Terminal

Carrier



	(7-12) X-61822B
	OA-5/FC



	D–c

X-61824A

telegraph

repeater
	Telegraph

Repeater



	
	OA-6/FC



	D-c

regenerative

telegraph
	Regenerative

Repeater



	X-66031A

repeater
	OA-3/FC







332. CARRIER TELEGRAPH EQUIPMENT.



a. Telegraph Terminal CF–2-A (Carrier).


	(1) Telegraph Terminal CF–2—A is tac tical equipment and is contained in two carry ing cases which are referred to as bays. Each bay provides channel terminals for two tele graph circuits, and two different bays are required at each terminal for four telegraph circuits. This equipment is supplied by the manufacturer for 2-wire operation only but may be modified in the field for 4-wire opera tion as covered in TM 11–2001. Telegraph Ter minal CF–2—A is used in conjunction with Telephone Terminal CF–1–( ) as discussed in paragraph 306b.

	(2) The telephone channel must be rea sonably free from interference and rapid changes in net loss. Generally, any channels suitable for telephone may be used, but the telegraph system is usually operated over the No. 3 telephone channel of the spiral-four car rier system (Telephone Terminal CF–1–( )). The No. 2 telephone channel of the spiral-four system provides transmission which is nearly as satisfactory as the No. 3 channel and may be used.

	(3) Each extension from a telegraph channel can be used for half- or full-duplex neutral operation, or for 2-path polar or pola rential operation. Regulated tube rectifiers op erable on 115-volts, or 230-volts, 50-60 cycles



ac and a polar relay test circuit are built into the equipment.

b. Telegraph Terminal CF–2—B (Carrier). Tele graph Terminal CF–2–B, shown in figure 3-48, is practically the electrical equivalent of Tele graph Terminal CF–2—A but the equipment has been reduced in size and weight so that the 4-channel terminal occupies one bay of the same size and about the same weight as one 2-channel bay of Telegraph Terminal CF–2—A and no modification for 4-wire operation is required. Figure 3–49 shows a typical spiral four terminal with telegraph and telephone equipments including Telegraph Terminal CF–2–B.

[image: Figure, page 109]

Figure 3-48. Telegraph Terminal CF–2–B (Carrier).

c. Telegraph Terminal CF–6 (Carrier). Tele graph Terminal CF–6 contains two circuit terminations and is for use primarily in com bination with Telegraph Terminal CF–2–( ) to increase the number of telegraph circuits from 4 to 6 (2-wire operation) or from 8 to 12 (4-wire operation). These extra telegraph cir cuits are generally called channel 5 and chan nel 6. Extension circuits are equivalent to those used in Telegraph Terminal CF–2–( ). When Telegraph Terminal CF–6 is used with Telegraph Terminal CF–2–( ), the sending and receiving frequencies range from 425 to

[image: Figure, page 110]

Figure 3-49.Typicalspiral-four terminal.

[image: Figure, page 111]

Figure 3-50. X-61822A or X-61822B v-f carrier telegraph repeater package.

2,295 cycles and the spacing is 170 cycles. The volume of the equipment is slightly more than one-half that of Telegraph Terminal CF–2–B. Like the Telegraph Terminals CF–2–( ), this equipment is supplied with rectifiers and a relay test circuit.

d. X—61822 Carrier Telegraph Equipment. This equipment was designed as part of the packaged system for fixed plant installations. It provides a maximum of 12 2-way telegraph circuits. The equipment is arranged in 7-foot metal cabinets, and one cabinet contains three telegraph circuit terminals. Six channel ter minals, that is, two cabinets, shown in figure 3-50, are the minimum number operable as a unit. Four cabinets are required for a 12-chan nel telegraph system. This system operates on a 4-wire basis over a type C or type H carrier telephone system or over small gauge cable circuits with suitable loading. This carrier tele graph terminal is normally connected to chan nel 2 of the X-61819 type C carrier telephone terminal package. Telegraph equipment may, however, be connected to all three channels of the carrier telephone terminal and thereby provide a total of 36 telegraph circuits by sacrificing all carrier telephone channels. Vol ume limiters are provided on telephone chan nels but are not used when the channel is used for telegraph. The same v-f telegraph fre quencies are used for both directions of trans mission. Rectifiers operating from 115-volts, 50- to 60-cycle power are mounted in the cab inets to furnish direct current. The d-c exten sions are arranged for neutral half-duplex and neutral full-duplex, and for 2-path polar and polarential operation. Channels 1 to 6 are fur nished in the X-61822A package and channels 7 to 12 in the X-61822B package".



333. SPEECH-PLUS-DUPLEX SYSTEM USING TELEGRAPH TERMINAL TH-1/TCC-1.

a. A general description of this system in cluding a schematic diagram is in paragraph 307. Figure 3–51 is a photograph of the equip ment.
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Figure 3-51. Telegraph Terminal TH-1/TCC-1.


	b. The telegraph and speech channels de rived from the common telephone circuit are entirely independent on the office side of the terminal. The d-c telegraph loop options are neutral half-duplex, neutral full-duplex, polar ential, and 2-path polar. Carrier is on for mark and off for space.

	c. The telegraph terminal may be stacked with telephone and telegraph packaged equip ments. The equipment contains a power sup ply unit using a selenium-disc rectifier. Run ning spares are included.

	d. The telephone branch of the terminal in cludes a 1,000- or 500-cycle voice-frequency ringer for ringing over the common circuit. The telephone branch also includes a neon tube limiter circuit designed to prevent interference into the telegraph, caused by peaks of signal ing or speech voltages originating in the tele phone branch of the system and acting on non linear elements, such as amplifiers, in the common branch. The limiter should be in cluded, and voice-frequency ringing used, when the common circuit includes a repeater or other



amplifier or a modulator. In other cases, 20 cycle or d-c signaling may be employed as an option without the limiter.


	e. Telegraph Terminal TH-1/TCC–1 is de signed to transmit either one of two values of telegraph power: —3 dbm and +4 dbm (ch. 12). The values of —3 dbm will always be used except on telephone lines containing no repeater, amplifier, or modulator or where a long connection, equivalent to approximately 7-db attenuation, is used between Telegraph Terminal TH-1/TCC–1 and the telephone or radio terminal.

	f. The 1,800-cycle loss between two Tele graph Terminals TH-1/TCC–1 ordinarily should not exceed about 25 db. The telegraph receiving terminal has sufficient gain to permit reception of powers as low as —53 dbm at 1,800 cycles (that is, over a loss of 50 to 57 db), but powers as small as this will be usable only if circuit noise and interference from tele phone into telegraph are very low.



g. A separate filter, Filter F-2/GG, can be used to bypass the telegraph circuit from one telephone circuit to another without any other telegraph equipment. If this filter is located near a 2-wire intermediate telephone repeater, the impedance irregularity introduced by the filter will tend to restrict the repeater gain obtainable without repeater singing.

h. When Telegraph Terminal TH-1/TCC–1 is applied to a telephone circuit, allowance should be made in the circuit layout for re sulting impairment to speech transmission. The suppression of the band of frequencies between 1,500 and 2,000 cycles in the speech branch, impairs intelligibility because of the distortion and loss in volume. Tests have indi cated that on circuits of good quality, this suppression is equivalent to increasing the net loss of the telephone branch by about 5 db. Qualitative observations on a long wet Wire W–110–B circuit indicated that the transmis sion impairment is less for such a circuit. The 1,000-cycle attenuation through each terminal, including the limiter, is about 1.5 db. Hence, the total transmission impairment in ordinary cases is about 1.5 + 1.5 + 5 = 8 db for a pair of terminals. When telephone circuits equipped with this apparatus are connected together, the transmission impairment, as compared to that without apparatus, is about 8 db for the first link, plus 3 db for each additional pair of terminals or of Filters F-2/GG. -
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& quot;The frequencies used are shown in the telegraph frequency allocation chart in chapter 5.

i. Telegraph Terminal TH-1/TCC–1 can be applied to multichannel radio relay systems using carrier telephone terminals. It cannot be used on radio circuits operating on a push to-talk basis since it requires that the circuit be capable of simultaneous transmission in both directions. Modification of radio circuits normally push-to-talk, in order to use this terminal, is not recommended. It would in volve the use of two radio-frequency assign ments, one for each direction of transmission, equipment changes, and new operating pro cedures to prevent singing, since Telegraph Terminal TH-1/TCC–1 is on a 2-wire basis.



334. D-C TELEGRAPH REPEATERS.

a. General. D-c telegraph repeaters are clas sified broadly as terminal repeaters, inter mediate repeaters, and regenerative repeaters. Terminal repeaters are arranged for connec tions to a line on one side and to an extension, including teletypewriter equipment, on the other side. Intermediate repeaters are ar ranged for direct repetition between two line sections, and their use on certain kinds of wire increases the allowable over-all circuit length between terminals. Since regenerative repeat ers reform and retime the signals, they extend the over-all allowable circuit lengths of tele typewriter networks by increasing substanti ally the number of sections operable in tandem. Regenerative repeaters (par. 335) do not in crease the length of a line section.

b. Tactical D-c Repeaters. Repeater TG-30 (Terminal) and Repeater TG-31 (Intermedi ate) are suitable for office installations as well as for stations and signal centers. If desired, these repeaters may be removed from their wood carrying cases and mounted on 19-inch relay racks or the equivalent. Office installa tions of Repeater TG–30 will generally consist of connecting the local side to a carrier tele graph terminal or to Switchboard BD–100, in order to provide longer circuits than can be obtained with the polarential circuit termina tion integral in the carrier terminal or the neutral circuit termination in Switchboard BD–100. Such applications require use of Re peater TG–30 at the outlying end of the circuit. Repeaters TG-30 and TG-31 are described in paragraph 327.

c. X—61824 D-c Telegraph Repeater. This re peater is packaged equipment for use in fixed and semifixed plant and lacks the portable fea tures of tactical d-c repeaters. A photograph of this packaged equipment is shown in figure 3-52. The line side is electrically equivalent to the line side of Repeater TG-30 and hence provides polarential or 2-path polar operation. This equipment is operable over a line circuit to a Repeater TG-30. The extension side is arranged for neutral half-duplex, neutral full duplex, and 2-path polar operation. The neu tral half-duplex and neutral full-duplex ter minations are suitable for interconnection with other packaged telegraph equipment, such as the X—61822 v-f carrier telegraph terminal and the X-66031 d-c regenerative telegraph
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Figure 3-52. X-61824A d-c telegraph repeater package.

repeater. Two d—c repeaters are supplied in a 3-foot 6-inch metal cabinet which also con tains positive and negative 130-volt d-c regu lated rectifiers for operation on 115-volts 50 60-cycles ac. Two repeaters in the metal cab inet comprise the X-61824A d-c telegraph repeater package. The two repeaters in one cabinet, or two repeaters in different cabinets, may be interconnected locally to provide the equivalent of an intermediate repeater, and a teletypewriter, regenerative repeater, or both may be inserted in series in the extension cir cuits. The line operating range of the X—61824 d-c telegraph repeater is the same as Repeater TG–30, and they may be operated on the same types of conductors.



335. D-C REGENERATIVE TELEGRAPH REPEATER.

a. X—66031 D-c Regenerative Telegraph Re peater. This equipment is arranged especially for fixed plant use in combination with pack aged d-c telegraph repeaters and packaged carrier telegraph terminals. The extension cir cuits operate neutral, half-duplex, or full-du plex. Two repeaters are supplied in a 3-foot 6-inch metal cabinet which also contains an orientation indicator circuit required for ad justing the regenerator units. The complete cabinet arrangement with the two repeaters is the X—66031A d-c regenerative telegraph re tº a481: Figure 3-53. X-66031A. d-c regenerative telegraph repeater package.
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peater package. Each repeater in the package contains two regenerator units, and the four regenerator units in a cabinet are driven by a common a-c series-governed motor requiring 115-volts 50- to 60-cycle a-c power. D-c power for the transmission circuits is required; this is generally obtained from the rectifiers in the d-c repeater package. The rectifiers in Repeat ers TG–30 and TG-31 are not suitable as a source of d-c power for the regenerative re peater. Figure 3-53 is a photograph of the equipment package with the front door re moved and the cover of the regenerator panel removed in order to show the four regenerator units.



b. Application.

(1) The X-66031 d-c regenerative tele graph repeater is used basically for two dif ferent reasons. One is to provide regeneration of teletypewriter signals to increase the num ber of line sections operable in tandem, and the other is to provide 3-way operation. A 3– way connection involves a branch circuit from a main line circuit, generally at an intermedi ate office. The branch circuit may be extended to a line-relay-equipped teletypewriter at an outlying office, or a telegraph repeater located in the intermediate office may be connected to the regenerative repeater and the circuit then extended over one or more line sections as re quired. Two regenerative repeaters are re quired at a 3-way point to provide regenera tion with the branch circuit and the main line circuit. Some typical uses for regenerative re peaters with fixed plant equipment are shown in figure 3-54.

(2) The proper location for regenerative repeaters in different kinds of circuits can be determined by the combined use of telegraph coefficients and line operating ranges.

(3) This repeater will operate at 368 opm. or 404 opm. At 404 opm the motor speed is increased about 10 percent by adjusting its speed with a No. 104984 tuning fork (marked BRITISH SPEED–404 OPM) (Stock No. 4T104984). The repeater is oriented by use of biased signals obtained from Test Set TS-2/TG which is the major component of the X–66031B d-c regenerative telegraph repeater testing package.



336. USE OF D-C REGENERATIVE TELEGRAPH REPEATERS WITH TACTICAL EQUIPMENT.

a. General. Occasions may arise where it is desirable to interconnect the X—66031 d-c re generative telegraph repeater with tactical repeaters, tactical carrier equipment, and Switchboard BD–100. The following subpara graphs describe briefly some of the possible arrangements. For illustrative purposes, the west side of the regenerative repeater is shown connected to the tactical equipment (figs. 3-55 to 3-57). The east side of the regenerative
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Note: THIS D-C REGENERATIVE REPEATER IS REQUIRED IF NEcEssaRY To PRovipe REGENERATIon on "LINE west", "LINE East ", and * BRANCH Circuit. " Tu- 53246-5

Figure 3-54. Typical uses for regenerative repeaters.

Additional Resistop b operate to NEut To NEG B.A.T., NEUT. - To Pos B.A.T., of NEUT. THREE way. As REout Rtd. TL 5.4996

Figure 3-55. Repeater TG-30 connected to X-66031 d-c regenerative telegraph repeater.

repeater may be arranged for balanced loop or open and close loop operation to meet par ticular service requirements. Service will be on a half-duplex basis except with carrier tele graph terminals which may be arranged for either half- or full-duplex service. In prac tically all cases standard operating practices and line-up procedures are used throughout.

b. Use with Repeater TG–30. The X-66031 d-c regenerative telegraph repeater may be used with Repeater TG-30 as shown in figure 3–55. A separate 1,600-ohm resistor connected to negative battery is required for connection to the No. 2 LOCAL binding post of each Re peater TG–30. The 1,600-ohm 10-watt fixed resistor (Stock No. 3Z6160–15) which is a replacement part for Line Units BE–77—A and —B may be used. An external source of positive and negative 130-volt battery is required as described in subparagraph e below.
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Figure 3-56. Telegraph Terminal CF–2–( ), CF-6, or TH-1/TCC-1 connected to X-66031 d-c regenerative telegraph repeater.

c. Use with Carrier Telegraph Terminals. The regenerative repeater may be used between any combination of Telegraph Terminals CF–2–( ), CF–6, or TH-1/TCC–1. The car rier terminal extension circuits (loops) are electrically equivalent to those in the X-61822 packaged carrier telegraph terminal. A source of positive and negative 130-volt telegraph battery is required for the regenerative re peater as described in subparagraph e below. Figure 3-56 shows a block diagram of a typical connection.
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Figure 3-57. X-66031 d-c regenerative telegraph repeater connected to a line in Switchboard BD-100.

d. Use with Switchboard BD-100. The regen erative repeater may be used with any line circuit terminating at a Switchboard BD–100 as shown in figure 3-57 or it may be used as a cord circuit repeater as shown in figure 3-58 to regenerate all signals received and retrans mitted in a switchboard connection. A cord, for example Cord CC–68 (modified), can be used to connect the regenerative repeater into the vacant lower jack of a Switchboard BD–100 connection. Any or all of the four regenerator units in an X-66031A cabinet may be modified, The 1,600-ohm resistor required for connec tion to terminal 5 may be secured as described in subparagraph b above.

e. Power Supply for Regenerative Repeaters. The motor on the regenerator panel requires about 150 watts at 105- to 125-volts, 50- to 60– cycles ac and the alarm circuits require about 6.6-volts ac. The transmission circuits require low-impedance positive and negative rectifiers, each capable of supplying about 0.4 amperes do regulated to 130 volts. The 130-volt regu lated tube rectifiers in an X—61824A d-c tele graph repeater cabinet are the normal source or d-c power for this purpose. Similar recti fiers of the type supplied in Telegraph Ter minals CF–2–( ), CF–6, and the X-61822A and B packaged telegraph terminals may be
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Figure 3-58. Use of a regenerator unit in X-66031 d-c regenerative telegraph repeater as cord circuit repeater for Switchboard BD-100.

used for this purpose, provided that they are not supplying a load in their normal operation such that the rated output of 0.8 ampere at 130 volts is exceeded. If these rectifiers are used exclusively for supplying the d-c regen erative repeater, a dummy load resistor of 2,000 to 3,000 ohms (10 watts) should be con nected across the output of each rectifier. If the above rectifiers are not available, two 115 volt Rectifiers RA-87 or RA–43–0 ) may be used. The rectifiers in the TG-30, TG-31, or TH-1/TCC–1 are not suitable for supplying the regenerative repeater.




Section VI. TELEGRAPH SWITCHBOARDS


337. SWITCHBOARD BD-100.

a. Switchboard BD–100, shown in figure 3-59, is available for teletypewriter switched service. Teletypewriter stations and trunks are interconnected in much the same manner as in telephone practice. This teletypewriter switch board has a capacity of 10 lines, which may be station lines or trunks as required. The lines terminate in neutral type circuits, each containing a mechanically biased demountable sending and receiving relay. The line circuits are interconnected by a parallel-type circuit which readily permits conference connections. The switchboard includes a bias measuring cir cuit for use-in adjusting the relays on repeat space-bar signals; means for measuring line current and voltage are included.

b. The switchboard requires 115-volt do, generally obtained from regulated tube Recti fier RA—43—A or —B. This rectifier may be operated from Power Unit PE–75–D or an equivalent source of alternating current. The rectifier output is sufficient for operating three switchboards in a single installation.

c. Patch cords 18-inches and 72-inches long are supplied for making interconnections. Tele typewriter TG-7—A or —B is used as an oper ator's teletypewriter for answering calls and for general communication purposes. Stations call by momentarily opening the line, and the stations are called by the operator sending a
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Figure 3-60. Telegraph Central Office Set TC–3 prepared for operation.

break signal followed by a bell signal to attract the attention of the station operator.

d. The equipment is mounted in a metal cabinet supplied with an iron framework for protection during transportation. This frame work is removed from the board and used as a mounting while the board is in service. Switchboard BD–100 is the major component of Telegraph Central Office Set TC–3 shown in figure 3-60.



338. GROUP OPERATION OF SWITCHBOARDS BD-100.

a. Purpose. In large signal centers, arrange ments for group operation of the 10-line Switchboards BD–100 have been used to im prove operation and increase the traffic han dling capacity of the switchboard. This para graph describes briefly one of the arrange ments devised in the field for a group of five switchboards. Figure 3–61 shows the over-all equipment arrangement.



b. Principal Features.


	(1) It is possible to make direct connec tions between any two of 48 teletypewriter station line circuits. The remaining two line circuits are required to terminate two regular operators' teletypewriters.

	(2) All the circuits can be answered and connected by either of the two regular oper ators' teletypewriters. A third operator's tele typewriter is provided to handle overflow traf fic, to line up circuits, and for general main tenance work. For switched connections, the operator at this auxiliary teletypewriter posi tion uses regular patch cords and standard operating procedures.

	(3) The five positions of switchboard are mounted adjacent to each other on a plank platform directly above the three operators' teletypewriters (fig. 3-61).

	(4) The patching jacks are made more accessible by interchanging panel positions and lowering the patching jacks on the face
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Figure 3-61. Installation of Switchboards BD-100 arranged for group operation.

of the switchboard. A rearrangement of the panels is shown in figure 3-62. The local cable is long enough to permit relocating the panels, but it will be necessary to drill and tap the framework.
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Figure 3-62. Front view of Switchboard BD-100, panels rearranged for group operation.


	(5) A cord and key shelf is located imme diately to the right of each of the two regular operators' teletypewriters. Each key shelf con tains 7 pairs of cords, so that a total of 14 simultaneous connections can be made. An en larged view of the cord and key shelf is shown as part of figure 3-61. Additional scheduled or overflow connections may be set up with the normal patching cords.

	(6) Each pair of cords has an associated 3-position typing key for answering a call, completing a connection, or monitoring a con nection. A teletypewriter ground key (TT GRD) is located in each key shelf. This key is operated during the idle periods to prevent the operator's teletypewriter running open. Figure 3-63 is a schematic of one key of the



cord circuit. Other keys are wired in the same manner. This figure also shows a connection between two station line circuits.

(7) A permanent patch is made from each group of cords to the station line circuit Selected as the operator station. This patch is shown in figure 3-63. When the typing key is operated, the operator's station line is con nected electrically as a member of a confer ence connection.



c. Method of Operation.


	(1) To Answer an Incoming Call.

	(a) Release TT GRD key.




	(b) Operate typing key of next idle cord to ANS (back) position.

	(c) Connect ANS (back) cord of the selected pair to the lower line-patching jack of calling station.

	(d) Momentarily partially depress the LINE OPEN key to put out the call lamp.

	(e) Acknowledge call in the regular Inanner.



(2) To Complete an Incoming Call.


	(a) With typing key in ANS (back) position, insert calling (front) cord in upper line-patching jack of the called station.

	(b) After 2-second interval operate the typing key to the CALL or Monitor (front) position. During the 2-second interval, an open signal is sent to the station to start teletype writer motor.

	(c) Call the station operator in the prescribed manner.

	(d) After calling station acknowledges call, leave the connection by restoring key to the normal (upright) position.

	(e) Operate the TT GRD key to stop the operator's teletypewriter running open.

	(3) To Call a Station from Operator's Teletypewriter.

	(a) Proceed as in the first three steps of subparagraph (1) above.

	(b) Operate cord circuit key to normal for 2 seconds and return it to the CALL posi tion to start the motor of the called station.

	(c) Call the station operator in the prescribed manner. Bell signals may be used for this purpose.

	(4) To Monitor Connection.




	(a) Only one connection can be moni tored in each position at a time.

	(b) To monitor connection in same po sition: Release TT GRD key; operate typing key to CALL, or monitor (front) position.
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*common to Position.

Figure 3-63. Schematic of Switchboard BD-100 connection with two stations connected by means of cord circuit.


	(c) To monitor connection of next po sition: Release TT GRD key; operate typing key of an idle cord pair to ANS (rear posi tion); connect ANS cord (back) to lower line jack of called station. Do not attempt to moni tor by using upper line jack of calling station.

	(5) To Disconnect on a Connection.

	(a) Release TT GRD key.







	(b) Operate typing key to CALL or monitor (front) position.

	(c) Challenge connection as specified.




	(d) Grasp the plugs of both the ANS and CALL cords and pull them from their re spective jacks simultaneously.





339. TELEGRAPH SWITCHBOARD SB-6/GG.

A patching board, sometimes called a loop board, differs from a switchboard used for switched service in that no supervisory fea tures are provided and no current is supplied. Telegraph Switchboard SB-6/GG, shown in figure 3–64, is a board of this type. It is nor mally used for interchanging lines and equip ment at signal centers or stations. When the connected equipment is operating on the nor mally assigned line facilities, no patch cords are up at the board. Patches may be made in some cases to rearrange circuits because of equipment or circuit failures. This switch
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Figure 3-64. Three Telegraph Switchboards SB-6/GG, 12–line installation.

board has a capacity of four lines, each line containing two looping jacks and one set jack. Four miscellaneous jacks are available in each switchboard. As many as four boards may be mounted as a unit to provide up to 16 limes. This board is arranged for wall mounting and is supplied with two 2-foot patching cords and two dummy wooden plugs. Telegraph Switch boards BD–50, -51, -52, and —53, which are now rated obsolete, are replaced by Telegraph

Switchboard SB-6/GG. In some installations Switchboard SB-6/GG has been furnished as a 63C2 telegraph loop switchboard (Western Electric Company specification).




Section VII. RADIO TELETYPEWRITER SYSTEMS AND CIRCUITS


340. GENERAL.

a. This section describes single-channel and multichannel fixed plant and tactical radio teletypewriter arrangements. The fixed plant systems are available using standard compo ments. At the time of writing, the tactical ar rangements generally involve associating to gether apparatus units originally designed for other purposes.

b. On account of the growth in military us age of teletypewriters, various arrangements for transmitting teletypewriter signals over single-channel radio circuits have been devised in the field. This section contains a discussion of some factors which should be considered before attempting to devise these arrange ments, and describes methods which it is be lieved will be satisfactory if undertaken where the necessary physical facilities and qualified personnel are available.

341. FIXED PLANT EQUIPMENT USED IN RADIO TELETYPEWRITER SYSTEMS, SINGLE CHANNEL AND MULTICHANNEL.

a. Single-channel Frequency-shift System Using Radio Teletype Terminal Equipment AN/FGC-1.

(1) The AN/FGC-1 is used for single channel operation at the receiving end of a teletypewriter system using space-diversity reception and frequency-shift transmission. Operation may be over distances from a few hundred to several thousand miles. The circuit arrangement of the complete system is shown schematically in figure 3-65 and a photograph
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Figure 3-65. Single-channel radio teletype system using Radio Teletype Terminal Equipment AN/FGC-1.

a of the AN/FGC–1 equipment is shown in fig ure 3–66. When the sending contacts of the teletypewriter at the transmitting station are in the marking position, an unmodulated car rier frequency is radiated by the transmitter; º

[image: Figure, page 122]

Figure 3-66. Radio Teletype Terminal Equipment AN/FGC-1.

when in the spacing position, this frequency is lowered (850 cycles usually), the amplitude remaining unchanged. Radio receivers for channels A and B provide space-diversity re ception. In each channel the receiver converts the signals to two audio frequencies, 2,125 and 2,975 cycles, for marking and spacing respec tively. The input filter (1,600 to 3,500 cycles at 6-db points') excludes noise frequencies outside

- the working band and passes both marking and spacing frequencies into a fast-operating wide range limiter which prevents the currents from exceeding a prescribed maximum value and largely eliminates the effects of amplitude vari ations (fading) which are normally experi enced in long distance h-f radio operation. The marking and spacing frequencies then pass through their respective filters, into a double detector which actuates the receiving relay. The marking filter passes the frequency band from about 1,700 to 2,500 cycles and the spac ing filter 2,600 to 3,400 cycles. The outputs of space-diversity channels A and B are com bined in the receiving relay on a d-c basis in order to avoid distortion from variable phase differences between the tones of the A and B channels. The radio teletype terminal equip ment is located adjacent to the radio receivers.


	(2) The two radio receivers have sep arate antennas located several wavelengths apart so that fading will seldom cause the loss of signals in both simultaneously. This space diversity feature adds stability to the circuit; interconnection between the detectors for fa voring the channel having the better signal-to noise ratio effects a further increase in sta bility. It is generally desirable to use rhombic antennas since their directive effect gives addi tional improvement in signal-to-noise ratio. If it is not practicable to provide space diversity antennas, satisfactory results may be ob tained in some cases by using polarization diversity (sec. V of ch. 6).

	(3) Operation may be on a simplex or duplex basis. In the first case, the same radio frequency is generally used for transmission in each direction; in the latter case, different transmitting frequencies are required.

	(4) Suitable transmitter power and fre quency assignment are required. In other than
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Figure 3-67. Exciter Unit 0–5/FR.
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7 This is a rough measure of the boundaries of a band pass filter. The 6-db points are the two frequencies at which the loss in the filter is 6 db greater than the mini mum loss in the pass band.

polar regions, some frequency between 2 and . 20 megacycles will usually be satisfactory, de pending largely upon the time of day. On routes which lie near the magnetic pole, how ever, a low frequency (in the order of 50 to 200 kilocycles) will be preferable; in this case some modification is required in the receiving radio teletype equipment. Refer to paragraph 326 for station arrangements used with Radio Teletype Terminal Equipment AN/FGC–1.

(5) Exciter Unit 0–5/FR, shown in fig ure 3–67, may be used to key the radio trans mitter on a frequency-shift basis. It may be applied to any h-f radio transmitter, replac ing the first oscillator section of the trans mitter. The crystals are not supplied as a part of Exciter Unit 0–5/FR. The method of deter mining the proper crystal frequency for a
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Figure 3-68. 42B1 carrier telegraph equipment, sending terminal cabinet No. 1.
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Figure 3-69. 42B1 carrier telegraph equipment, receiving terminal cabinet No. 1.

given transmitter frequency is covered in TM 11–2205.

(6) Automatic frequency control has been provided with some receivers to take care of transmitter and receiver frequency varia tions. Such control can be detrimental, how ever, when there is strong interference from an adjacent channel, because the interfering signal takes control.

b. 42B1 Carrier Telegraph Equipment Multi channel Single-tone Modulation. This multi channel carrier telegraph equipment provides six wide-band high-speed telegraph channels which may be used for teletypewriter or auto matic Morse operation. The frequency spacing is 340 cycles; the lowest frequency is 425 cycles and the highest 2,125 cycles. Each tele graph circuit is limited to one-way service, and a separate and equivalent amount of car rier and radio equipment is therefore required for each direction of transmission. The tones are keyed on and off for teletypewriter or automatic Morse-code operation. A channel of this system may be used as a link in tandem with other facilities, such as long-haul h-f circuit. A sending-terminal cabinet containing three channels is shown in figure 3–68. A receiving-terminal cabinet containing three channels is shown in figure 3–69. A 6-channel 2-way system requires, at each terminal, two sending-terminal cabinets and two receiving terminal cabinets.

c. Multichannel V-f Carrier Telegraph System on Single-sideband Radio Telephone System.

(1) A multichannel h-f radio telegraph system is available for application to a single sideband radio telephone system. This tele graph and telephone equipment should be pro cured as a complete system through Army Communications Service. Such systems are in use for communication between various thea ter headquarters and continental United States. These furnish as many as six high grade 2-way 60-word-per-minute teletype writer circuits on either 5,000-cycle sideband of a radio system. The channels may also be used for automatic Morse-code operation at speeds up to about 75 words per minute.

(2) At the transmitting end of the cir cuit in this system, each teletypewriter chan nel is arranged to send four audio-frequency tones. Two of these are sent for marking and the other two for spacing. The two marking tones and similarly the two spacing tones are separated from each other by about 1,000 cy cles, thus providing a frequency-diversity fea ture. Each marking tone and its corresponding spacing tone are separated by 170 cycles. The sum of the frequency bands allotted to each telegraph channel is 4 × 170 = 680 cycles. Multichannel operation is provided in the usual way for carrier telegraph by assigning differ ent frequencies to each channel. All of the carrier telegraph channels combined modulate the radio carrier but only one sideband is transmitted, the other being suppressed. The radio carrier power is transmitted at much reduced strength compared to the sideband power.

(3) At the output of the radio receiver, each teletypewriter channel includes four band-pass filters to separate the four tones of that channel from those of the other channels, a limiter, additional band filters to separate the marking from the spacing tones, marking and spacing detectors, and a common polar receiv ing relay. Two marking tones and two spacing tones, each separated from the other by about 1,000 cycles, are normally received in each channel. Because of the frequency separation, the two tones will seldom fade deeply at the same time, and thus selective fading is largely overcome. The limiter action effectively takes care of those cases where both tones are re duced simultaneously (flat fading) since the detector is supplied with a practically constant input. From the standpoint of reception, each channel of this system is equivalent to a fre quency-shift system with frequency-diversity.



342. MULTICHANNEL RADIO TELETYPEWRITER ARRANGEMENTS FOR TACTICAL USE.

a. Telegraph Terminal CF–2–( ) may be applied directly (without Telephone Terminal CF–1–( )) to Radio Sets AN/TRC-1, AN/CRC–3, or similar voice-emission type radio sets operating in the v-h-f range. One to eight full-duplex telegraph channels may be obtained, using separate radio frequencies in the two directions of transmission". The tele graph terminals are connected to the radio sets on a 4-wire basis. To provide 8-channel opera tion on a 4-wire basis requires at each terminal two Telegraph Terminals CF–2—A or —B. The radio transmitters should be capable of con tinuous emission and have reasonably flat attenuation characteristics over a range from about 100 cycles below the lowest carrier tele graph frequency used to 100 cycles above the highest. As many as 8 or 10 radio relay sec tions in tandem can be used with Radio Sets AN/TRC–3 and —4, the individual sections being somewhat shorter than permissible for single-section operation.

b. The input to the radio transmitter should be adjusted to give approximately full modula tion with all channels marking. Figure 3–70 gives recommended input levels and approxi mate input impedance for certain radio trans mitters on which tests have been made. The

* Four additional channels may be obtained by adding two Telegraph Terminals CF–6 to Telegraph Terminal CF–2–( ). However, for some radio sets, designed for single speech channel operation, the upper and lower frequency telegraph channels may suffer some trans mission impairment.

power figures apply to the operation of a 4 channel telegraph system. For a single-channel system, the power may be increased about 12 db over the recommended power per channel for a 4-channel system. For an 8-channel sys tem the power per channel should be made about 5 db less than in the 4-channel system. Proper adjustment must be made to take ac count of loss in connecting wires between the telegraph and radio equipment.
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Figure 3-70. Power input to radio transmitters, 4-channel telegraph.


	c. For f-m operation, the minimum required carrier field strength at the receiving end for 4-channel telegraph is approximately 5 db higher than the minimum required for a sin gle-channel point-to-point telephone circuit, assuming speech to cause practically full modu lation of the radio transmitter; for eight tele graph channels, the corresponding value is around 8 db. For a-m operation (ground wave) the corresponding values for four and eight telegraph channels are about +11 db and +16 db, respectively.

	d. Telegraph Terminals CF–2–( ) and CF–6 could be applied to suitable tactical radio sets operating in the h-f range for ground-wave use (negligible fading) and with strong enough received signals to override noise. Arrangements for doing this have not been worked out.

	e. Telegraph Terminals CF–2–( ) and






CF–6 may also be operated using one or more channels of Telephone Terminal CF–1–( ) when the telephone terminal is connected to radio sets capable of 4-channel telephone trans mission (sec. II of ch, 6). In such cases, the telegraph levels are limited by Telephone Ter minal CF–1–( ) and these levels are not re lated to the fact that a radio link is involved. The resulting telephone and telegraph circuits may be terminated independently at switch boards.

f. Multichannel systems require that radio carrier be on the air continuously in both directions.



343. SINGLE-CHANNEL RADIO TELETYPEWRITER ARRANGEMENTS FOR TACTICAL USE.


	a. General. Situations may arise in the field where single-channel radio teletypewriter cir cuits and standard radio teletypewriter equip ments which are not available could be used to advantage. In these cases, certain sending and receiving radio teletypewriter improvised arrangements may be made by qualified per sonnel. Ordinarily, the basic equipment for such improvising is the sending and receiving circuits of Telegraph Terminal CF–2–B, and in some cases it may be advantageous to make slight modifications in Radio Teletype Ter minal Equipment AN/FGC–1 or the British Mark III 2-Tone equipment. Requirements for different forms of operation, together with a brief description of arrangements which may be made, will be found in paragraphs 344 to 347, inclusive. Arrangements may be made for one-way (simplex) or 2-way (duplex) serv ice. Duplex operation requires a separate radio path and associated equipment, with a dif ferent radio frequency for each direction of transmission. A functional diagram of the sending and receiving circuits of one channel in the standard Telegraph Terminal CF–2–B equipment is shown in figure 3-71. Refer to TM 11–355–B for further information on Tele graph Terminal CF–2–B.

	b. Impedance Matching and Use of Line Coils. A separate line coil (repeating coil) should be used for each sending and each receiving radio teletypewriter circuit because connections to the radio sets are made on a 4-wire basis. In case a portion of a CF–2–B is arranged for radio and both line coils in the bay are used, the rest of the bay may be used on wire cir cuits if additional line coils are obtained. This



bdbm=db referred to one milliwatt.

* Special cooling arrangements required for continuous operation.

* Cable compensator on step 12.
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line coil (T4, fig. 3-71) has four balanced wind ings and an impedance ratio of 600 to 600 ohms. This impedance is probably satisfactory for use with many transmitter input or re ceiver output circuits; if not, a coil of suitable ratio may be substituted for, or placed in tandem with, the line coil in the CF–2–B.



344. ARRANGEMENTS FOR TACTICAL C-W TELETYPEWRITER OPERATION.



a. Radio Sets.

(1) Amplitude-modulation type radio sets now in use which operate in the h-f range are frequently equipped with arrangements to per mit c-w operation on a manual telegraph basis with tone reception (by ear), using a beat frequency oscillator. This feature is necessary for single-channel c-w teletypewriter opera tion. Amplitude-modulated type radio sets op erating in the v-h-f range are generally not equipped for the c-w method of operation.

(2) The determining factor in the use of c-w transmitters for teletypewriter operation is the speed at which they may be keyed. Radio sets where the on-off carrier condition is man ually keyed are generally equipped with relays which are not fast enough to follow teletype writer operation. Teletypewriter operation at 60 words per minute requires arrangements which are reliable for a signaling speed of at least 23 cycles per second. This keying speed requirement is met by electronic keying ar rangements. As a rule, the manual telegraph closed-key circuit condition is made the mark ing condition for teletypewriter operation.

(3) No standard arrangements are avail able to interconnect teletypewriter apparatus to radio transmitters and receivers equipped for c-w operation. The requirements which such apparatus must meet in case it is neces sary to provide such arrangements are given in subparagraph b below.



b. Requirements.

(1) Since the keying cord may connect to the grid of the oscillator in the transmitter, a short cord similar to the cord used for manual keying is required. A d-c circuit is required between the teletypewriter equipment and the radio set, the teletypewriter circuit being ar ranged to produce local copy.

(2) The audio output of the receiver must be converted to dc to operate the receiving tele typewriter circuit. A circuit will be required at the output of the radio receiver which in cludes an audio gain control (if not in the radio receiver), an electronic or equivalent rectifying circuit, and a receiving relay (pref erably polar) for operating the teletypewriter. It is generally necessary to provide additional audio amplification between the receiver out put and rectifying circuit. If the radio receiver is not capable of delivering a fairly constant level of tone, as might be the case if it is not equipped with an automatic volume control cir cuit, then the teletypewriter receiving circuit should also be provided with a level compen Sator.



c. Improvised Transmitter Keying Circuit.

(1) A transmitter keying circuit for c-w teletypewriter operation may be provided as indicated in figure 3–72. The contacts of the polar relay duplicate electrically the manual telegraph key which is normally used. The polar relay used requires that the line current be adjusted to 60 milliamperes marking.

(2) If, for security reasons or to save transmitter power, it is required to remove carrier from the air when the circuit is idle, the line from the teletypewriter to the radio transmitter may be opened, in which case the teletypewriter motor power should be turned off. If this is done, the distant receiving tele typewriter will run open. This will result in an increase in room noise at the receiving station, and in addition the receiving teletypewriter may print extraneous characters because of noise on the radio channel, since the spacing condition increases the gain in the level com pensator circuit of the CF–2–B receiving cir cuit.

d. Improvised Receiving Circuit. The receiv ing circuit in each channel of Telegraph Terminal CF–2–B includes a level com pensator and the other receiving require ments outlined in subparagraph b (2) above. It may be modified in the following manner to make it suitable for the reception of c-w sig nals for teletypewriter operation. Referring to figure 3-71, select any one of the channels. Disconnect the wires on terminals 1-2 of de tector input transformer T1 and run a pair of wires to the output of the radio receiver from terminals 1-2 of T1. The receiving circuit will now contain input transformer T1 and associ ated receiving circuit shown in the upper half of figure 3-71. The input impedance of the transformer T1 is 600 ohms, which is probably satisfactory for proper matching of many
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	b same TYPE AND LENGTH of cord As Used witH MANUAL TELEGRAPH KEY.

	° westERN ELECTRic company DESIGNATION.
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Figure 3.72. Radio teletypewriter polar-relay keying circuit.

radio receiver output circuits. If not, a coil of suitable ratio may be placed in tandem with it. The receiving filter of the CF–2–B channel selected should in general not be used, since the received signal frequency is apt to drift out of its pass band. Operate the loop switch to a full-duplex position and arrange the d-c loop circuit the same as for reception on a wire circuit. Adjust the output tone of the radio receiver to a fairly high pitch, say, around 1,200 cycles.



345. ARRANGEMENTs FOR TACTICAL SINGLE TONE MODULATION OPERATION.

a. Radio Transmitters. With the single-tone modulation method, either a-m or f-m speech transmission radio systems operating in either the h-f or v-h-f range may be used for single channel teletypewriter operation at ground wave distance ranges. Certain of the speech type transmitters are equipped with an audio frequency oscillator; if the frequency of this oscillator falls within the pass band of the receiving arrangement, it can be used to key the oscillator by the polar-relay sending cir cuit shown in figure 3-72. In other cases it is necessary to provide a teletypewriter sending circuit that is capable of sending an audible tone to the tone-keying jack circuit of the transmitter when a marking signal is being sent and no audible tone when a spacing signal is being sent. Such an arrangement (subpar. c below) may be obtained by using the send ing circuit of one channel in Telegraph Ter minal CF–2–B.


	b. Radio Receivers. Speech-type radio re ceivers provide currents in the speech band currents to headphones or a loudspeaker. The requirements for a teletypewriter receiving cir cuit are the same as for c-w reception described in paragraph 344b (2). In addition, a narrow band filter, whose mid-band frequency is the same as the frequency of the radio transmitter tone oscillator is desirable between the output of the receiver and the input to the amplifier. This filter will reduce the effects of noise on teletypewriter reception. The 1,105-cycle filter (FL5) in a CF–2–B channel will serve this purpose if the transmitted tone is at or close to this frequency.

	c. Improvised Single-tone Modulation Sending Circuit. The circuit of Telegraph Terminal CF–2–B, shown in figure 3-71 may be modified to obtain a single-tone modulation sending cir cuit. Select channel 1 and operate the sending frequency switch and the sending filter switch so as to send 1,105 cycles to the radio trans



mitter for a marking signal". Disconnect from the channel to be modified, the receiving filter and associated receiving circuit of this channel, and the sending and receiving filters of the other channels. Connect a pair of wires from the input of the radio transmitter to the line terminals of line coil T4 (par. 343b). Arrange the d-c loop circuit for a full-duplex sending loop the same as for wire operation.

d. Improvised Single-tone Modulation Receiv ing Circuit. Telegraph Terminal CF–2–B (fig. 3-71) may be modified for single-tone receiv ing in the following manner. Disconnect from the channel to be modified, the sending filter of this channel, and the sending and receiving filters of other channels. For reception at 1,105 cycles, the position of the sending frequency switch and sending filter switch should be co ordinated with positions of the equivalent switches at the sending terminal. All of the receiving circuit including transformer T4 may be used. Operate the loop switch to a full duplex position and arrange the d-c loop circuit the same as for reception on a wire line cir cuit. If transmission is from a radio trans mitter equipped with a tone oscillator which is close to the mid-band frequency of some other CF–2–B channel, the receiving filter used should have the same mid-band frequency. Refer to chapter 5 for the channel frequencies available in the CF–2–B. If the tone oscillator does not fall in any CF–2–B channel, the channel filter may be removed from the circuit, with a resulting signal-to-noise impairment.



346. ARRANGEMENTS FOR TACTICAL 2-TONE MODULATION OPERATION.

a. Radio Sets. The same types of a-m and f-m radio telephone transmitters and receivers used for single-tone modulation operation may be used for single-channel 2-tone modulation teletypewriter operation. In case of ground wave transmission, the added complications re quired to provide 2-tone modulation suggest its use only for cases where somewhat greater ability to overcome noise is important. Com parative data for single-tone modulation and 2-tone modulation are given in paragraph 309. Where transmission is by sky-waves the 2-tone modulation method may give service where the single-tone modulation method will not, be cause of the ability of the 2-tone method to overcome the effects of flat fading. The use of either frequency- or space-diversity is highly desirable in order to effectively over come selective fading. The arrangements de scribed in the following subparagraphs cover the 2-tone modulation method with space-di versity.

b. Keying Transmitter for 2-tone Modulation Operation. Although certain h-f telephone type radio transmitters are equipped with an audio frequency oscillator, which may be keyed by the equivalent of teletypewriter contacts for single-tone modulation, it is unlikely that this oscillator can be readily modified for 2-tone modulation. To key the transmitter, it will probably be more convenient to provide a tele typewriter sending circuit that is capable of sending one audible tone for marking and an other audible tone for spacing. This circuit may be connected to the microphone jack or equivalent circuit of the radio transmitter. For this method, a tone of 1,785 cycles has been chosen for marking and a tone of 1,955 cycles for spacing. These frequencies are used so as to be within the band of the input filter of the Radio Teletype Terminal Equipment AN/FGC-1 used to receive 2-tone signals (sub par. d below).

c. Improvised 2-tone Modulation Sending Cir cuit. A teletypewriter sending circuit of this type may be provided by a modification of the sending circuit of two channels of Telegraph Terminal CF–2–B. By providing two sending circuits, one for sending a 1,785-cycle fre quency and the other a 1,955-cycle frequency, and by associating these circuits with two sending relays, as shown in figure 3-73, the 1,785-cycle frequency (channel 3) will be sent to the radio transmitter for a marking signal and the 1,955-cycle frequency (channel 4) for a spacing signal. These modifications should be made in the following manner. Disconnect from transformer T4 the sending and receiv ing filters of other channels and the receiving filter and associated receiving circuits of chan nels 3 and 4. Connect the windings of the sending relay of channel 4 in series with the windings of the sending relay in channel 3 as shown in figure 3-73. This rewired relay is designated S2. The SEND CARR key in chan nel 4 is redesignated SP on the marking side of the key. No rewiring of the SEND CARR keys is required.

* If other channels in the bay are used on a wire cir cuit, do not operate these switches without proper co ordination of frequencies with distant wire terminal.
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Figure 3-73.Two-tone modulationsendingcircuitusingTelegraphTerminalCF-2–B.

[image: Figure, page 131]

Figure 3-74. Space-diversity reception using two British Apparatus Telegraph Mark III Two-tone.

d. Use of Radio Teletype Terminal Equipment AN/FGC-1 for 2-tone Modulation Reception. Since the 2-tone modulation method is recom mended chiefly for sky-wave use, where a limiter in the receiving circuit is needed, a Ra dio Teletype Terminal Equipment AN/FGC–1 is suggested for receiving, even though it is large and difficult to transport. In order to be able to receive the frequencies available in the sending equipment (subpar. c, above), it is necessary to change the marking and spacing filters in the AN/FGC–1. This may be accom plished by substituting filter FL3 used in CF–2–B equipment for the marking (MCH) filter and the FL4 filter used in the CF–2–B for the spacing (SCH) filter. Two FL3 filters and two FL4 filters are required for one AN/FGC–1 equipment. The narrower filters obtained from the CF–2–B will provide im provement in suppressing noise and are prac ticable with the 2-tone modulation method be cause of its inherent frequency stability.



e. British Apparatus Telegraph Mark III 2-tone.

(1) British Apparatus Telegraph Mark III Two-tone equipment may be available. This is designed to provide service using the 2-tone modulation method. The Mark III equipment contains both sending and receiving circuits for single-channel teletypewriter operation without space-diversity. The marking fre quer.cy is set for 1,560-cycle tone and the spac ing frequency for 840-cycle tone.


	(2) The British Mark III equipment contains the necessary apparatus and circuit elements similar to those of the AN/FGC-1 arrangement (subpar. d above), with the pos sible exception of the current limiter. The characteristics of the Mark III limiters are not well known at present and their perform ance may or may not be as good as those in cluded in the AN/FGC–1 equipment.

	(3) To provide space-diversity reception, two Mark III equipments would be required, one connected to each radio receiver; for send ing, only one Mark III equipment would be used. The outputs of the two receiving circuits would be combined in a common polar receiv ing relay, as shown in figure 3-74, for operating the receiving teletypewriter equipment.





347. ARRANGEMENTS FOR TACTICAL FREQUENCY-SHIFT OPERATION.

q. Frequency-shift Keying Methods.

(1) High-frequency radio transmitters may be keyed on a frequency-shift basis, using various alternative schemes. The more import ant ones are described in this paragraph. All of the schemes of keying transmitters on a fre quency-shift basis permit control of the keyer on a d-c basis over a pair of wires extending from the teletypewriter sending equipment, either directly or through a relay.


	(2) The radio transmitter may be keyed by means of a keyer unit which in effect is sub stituted for the first oscillator section in the radio transmitter. This keyer unit consists of a crystal controlled oscillator with a frequency which differs from the required radio fre quency by about 200 kc, and a stable 200-kc oscillator whose tuned circuit frequency can be shifted by about +425 cycles. The radio fre quency oscillator is modulated by the 200 kc + 425 cycles and 200 kc —425 cycles in re sponse to teletypewriter marking and spacing signals respectively. All modulation products except the sum of the crystal oscillator fre quency and of the 200-kc -i- 425-cycle oscillator frequency are filtered out, and the remaining radio-frequency signal with minor sidebands is fed into the first amplifier stage of the radio transmitter. Exciter Unit 0–5/FR (par. 341a (5)) is an arrangement of this type.

	(3) The frequency of the tuned circuit of some types of r—f crystal oscillators may be varied by adding a capacitor under control of either a diode tube or the contacts of a key. ing polar relay. The crystal oscillator may be the one normally used in the transmitter. Owing to difficulty in modifying an oscillator not originally designed to include this feature, it is, in most cases, simpler to provide a sep arate oscillator in an applique frequency-shift keyer rather than use the one in the transmit ter. This is especially true if the job is to be done at a depot rather than at the point' of manufacturing before the set is shipped. Many types of crystal are unsuitable for such opera tion; in general it may be said that AT-cut crystals will give best results, BT-cut crystals will be unsatisfactory, and other types may or may not give the desired shift. The proper value of capacitor will have to be determined by test. The amount of shift may be checked by adjusting a receiver with a beat-frequency oscillator to zero beat for the normal crystal frequency, and measuring the frequency of the beat note after shifting, by comparison with tone from a calibrated audio oscillator.

	(4) A master oscillator (electronic) rather than a crystal oscillator may be used. It may be more practicable to supply an ex ternal oscillator as a part of an applique fre quency-shift keyer rather than attempt to modify the one normally supplied in the set. A



frequency-shift keyer is now being developed for application to Radio Transmitter BC–610 (part of Radio Set SCR-399). This frequency shift keyer will make use of a master oscillator (electronic) whose frequency will be shifted by a diode tube under control of a polar relay. The output of the keyer will be applied to the radio frequency amplifier in Radio Trans mitter BC–610 instead of using the crystal oscillator of the set.

b. Receiving Frequency-shift Signals. For re ceiving frequency shift signals, a-m type radio receivers, operating in the h-f range and equipped with beat frequency oscillators to provide tone reception of telegraph signals transmitted on a c-w basis, may be used. Either one or two receivers and associated antennas and teletypewriter terminating equipments will be required to take care of reception. Where fading is not present, one receiver only with its associated antenna and terminating equipment will suffice; for longer haul recep tion two sets will be needed with the antennas separated, one from the other, by a few wave lengths.



c. Radio Set AN/MRC–2.


	(1) This equipment, as planned for pro curement, is described herein for information only.

	(2) Radio Set AN/MRC–2 will provide a single-channel radio-teletype system using carrier-frequency shift keying and dual space diversity reception with a modified Radio Set. SCR-399. Service may be on a one-way revers ible basis using the same radio frequency for both directions of transmission, or on a half duplex or full-duplex basis using two radio frequencies, one for each direction of trans mission. It is proposed to assemble the com ponents of Radio Set AN/MRC–2 in three Shelters (H0–17 or HO–27). In the descrip tion which follows, these shelters will be desig nated as a transmitting shelter, a receiving shelter, and an operating shelter (signal center). Voice communication between shelters may be provided for by use of Telephones EE–8–( ).

	(3) The equipment proposed for the transmitting shelter includes a modified Radio Set SCR-399, a frequency-shift keyer and a 2-kw radio-frequency amplifier such as that under development for Conversion Kit MC—543. Transmitting Antenna System AS–95/MRC–1 will be furnished.
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	(4) In the receiving shelter, it is proposed to furnish two Radio Receivers BC–342, a space-diversity adapter unit and a monitoring teletypewriter. The adapter unit contains dual diversity terminating channel equipment, fre quency indicator, and power supply. The fre quency indicator is furnished to aid the operator in maintaining the proper adjustment of the beat frequency oscillator in each re ceiver. A receiving antenna with mast sections, guys, wires, coaxial leads, etc., will be sup plied.

	(5) The operating shelter, which will serve as a signal center, will contain a repeater and control unit, teletypewriter sending equip ment (manual and automatic), and teletype writer receiving equipment (page and tape). For teletypewriter equipment, it is planned to furnish one Reperforator Transmitter TG-26–A, two Teletypewriters TG-7–B, to gether with line units, rectifiers, and necessary operating tables. The repeater and control unit will accept neutral signals from the tele typewriter sending equipment and send polar signals for operation of the keyer. Also, the repeater and control unit will accept polar signals from the dual-diversity adapter and send neutral signals for operating the receiv ing teletypewriter equipment. This unit will also contain means for manually controlling the radio sets for the desired form of service. Space should be available in this operating shelter for storing a limited quantity of tele typewriter supplies, such as paper, tape, and ribbon.

	(6) The momenclature for the frequency shift keyer and the space diversity adapter, to gether with the repeater and control unit, is Radio Teletype Equipment AN/TRA–7.

	(7) One Trailer K-52 (Power Unit






PE—95) will be used with each shelter as a source of 115-volt 60-cycle power. It is expected that each shelter will include essential main tenance and operating supplies and running Spares.

d. Space-diversity Reception Using Two British Apparatus Telegraph Mark III 2-tone Equipments. An alternative dual space-diversity receiving arrangement using British Mark III equip ment, may be provided using the receiving cir cuits only of two Mark III units. The input to the receiving circuit of each Mark III unit would be connected to its associated radio re ceiver and the output of the receiving circuits of the two Mark III units would be combined in a common polar relay (fig. 3-74) for sup plying signals to the receiving teletypewriter equipment. Since the filters of the British equipment are separated by 720 cycles (1,560 840) rather than 850 cycles (2,975-2,125), the frequency shift at the transmitter should be 720 rather than 850 cycles; this shift can be obtained with Exciter Unit 0–5/FR. As re gards the quality of service rendered with Mark III equipment when arranged for re ception of frequency-shift signals on a dual diversity basis as outlined above, two points will bear mentioning. First, the Mark III equipment is not equipped with a frequency indicator. Such a device will probably be nec essary unless the oscillators in the radio sets are stable; otherwise it will be difficult to maintain the beat frequency oscillators in the receivers in proper adjustment to keep the in coming signals within the pass bands of the Mark III filters. Second, the Mark III equip ment contains a copper-oxide limiter; it is not known, at the time of writing, whether or not this will perform satisfactorily in frequency shift systems.




Section VIII. TELEGRAPH TESTING EQUIPMENT


348. POLAR RELAY TEST SETS.



q. Test Set I-193—A.

(1) This set, shown in figure 3-75, is portable polar relay testing equipment. It is used to test and adjust the demountable tele graph polar relays used in tactical and fixed plant telegraph and teletypewriter equipment. The relays commonly used in these equip ments are relay 255A per D–163119 (fig. 3-76), and relay D–164816 (fig. 3-77). These are moisture-resistant relays. This test set contains, in addition to the polar relay testing features, a source of 10- and 20-cycle dot sig nals, the latter being used for lining up the carrier circuits of the packaged carrier tele graph terminals. The test set requires a posi tive polarity of 115 to 130 volts for its opera tion; this may be obtained from any low im pedance rectifier, such as Rectifier RA–37 or Rectifier RA-87, or from the test set battery
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Figure 3-75. Test Set I–193—A.

supply jack in the X-61822 carrier telegraph terminal equipment, the X—61824 d-c telegraph repeater, Repeater TG-30, or Repeater TG-31. A special cord is supplied with the test set for use with Repeater TG–30 and Repeater TG–31. The relay to be tested is inserted in the proper connecting block (CB-1, 2, 3, or 4, fig. 3–75). Relay adjusting tools are furnished with each test set.
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Figure 3-76. Telegraph polar relay 2554 per D-163119.


	(2) Test Set I–193—A is the major com ponent of Test Set AN/FCM–6 (v-f carrier telegraph testing package X-61822C).

	b. Test Set X—61809A. A few portable polar relay test sets per X-61809A for testing 255 type relays are now in the field. This test set is no longer in production and is replaced by Test Set I–193—A.





349. TELEGRAPH TRANSMISSION TEST SETS.



q. Test Set TS-2/TG.

(1) This test set (fig. 3-78) is for use by tactical and fixed plant organizations. It provides a continuous source of the following neutral (open and close) test signals: letter R, letter Y, repeated space-bar signal, and a test message consisting of THE QUICK BROWN FOX JUMPED OVER A LAZY DOG'S BACK 1234567890 TESTING followed by a carriage return and a line feed. It can be arranged to transmit undistorted test signals, or test signals with a predetermined percent age of marking or spacing bias, or test signals
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Figure 3-77. Telegraph polar relay D–164816.

with a predetermined percentage of marking or spacing end distortion. The percentage of bias or end distortion can be changed but is not adjustable by external means. The test signals may be used for checking orientation ranges of teletypewriter receiving selectors or for sending over line circuits to distortion measuring apparatus or to teletypewriters in order to check the quality of transmission. The bias and end distortion is used for checking tolerances of teletypewriter equipment and associated line facilities. The space-bar signals may be used with bias meters for adjusting neutral type relays such as those in line units and Switchboard BD–100. The test set is sup plied with an a-c governed series motor which may be adjusted for use at 368 or 404 opera tions per minute. A 60 milliampere test circuit is built into the test set to provide a ready means for measuring the bias tolerances of teletypewriter receiving equipment.

(2) Test Set TS-2/TG is the major com ponent of Test Set AN/FCM–3 (d-c regen erative telegraph repeater testing package X–66031B).
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Figure 3.78. Test Set TS-2/TG.

b. Distortion Test Set TS-383/GG. This set (Teletype Corporation nomenclature DXD4) is primarily for maintenance depot use and contains, in general, the sending features of Test Set TS-2/TG but not the 60-milliampere
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Figure 3-79. Distortion Test Set TS-383/GG.

local circuit, and in addition it contains a means for measuring distortion of signals by use of a stroboscopic device. The set (fig. 3-79) is arranged to use an a-c series-governed motor and includes motor unit and gears. It is fundamentally equivalent to its predecessor, Teletype signal distortion test set DXD1 ex cept that it supplies blank, T, O, M, W, or let ters signals in addition to the test message, R, and Y signals.

c. X—66421A Automatic Telegraph-service Mon itoring Set. The automatic telegraph-service monitoring set, shown in figure 3-80 provides a means for continuous monitoring of 60, 75, and 100-word-per-minute or 60-word-per-min ute double-channel (120 words per minute) teletypewriter circuits. The monitoring set is connected like a teletypewriter in the d-c loop or local circuit of telegraph terminals or re peaters. It observes teletypewriter signals and registers the presence of unit signal elements which have been shortened excessively. If an excessive number of these is registered in a predetermined time, an alarm is sounded, call ing in the attendant. By sampling the signals in this way an indication is provided when the transmission has deteriorated to such an ex tent that service is unsatisfactory or is likely to become so; this is accomplished without requiring continuous monitoring by an attend ant. The set is contained in a steel cabinet with full-length doors, front and rear. The dimen sions of the cabinet are 224 x 17 x 42 inches. The weight is approximately 300 pounds. It operates on a 115- or 230-volt, 50- to 60-cycle power supply.
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X-66421A automatic telegraph-service monitoring set,




Section IX. INTEROPERATION OF BRITISH AND AMERICAN TELEGRAPH APPARATUS

350. INTEROPERATION OF TELETYPEWRITERS USING 2-PATH POLAR OR CARRIER LINE FACILITIES.

a. American teletypewriters and British teleprinters may be operated on the same cir cuits. Typical circuits are shown in figure 3–81. The British teleprinter is usually associated with the British Teleprinter Terminal Unit Mark IV. It may operate directly over a 2– path polar line to a distant American 2-path polar terminal equipment or on a 2-path polar basis over an extension to a carrier Telegraph Terminal CF–2–( ), CF–6, X—61822, or TH-1/TCC–1 and thence over a carrier chan nel to the proper American carrier terminal equipment at a distant point. At this point, the extensions may be as required for the American equipment.

b. At the American carrier telegraph ter minal, the line current in the extension circuit is adjusted only in the line sending to the British terminal unit. Line current must also be adjusted in the line which receives from the British equipment. In order to do this, a rheo stat and meter should be provided at the British equipment.

c. Certain changes are required to permit interoperation of the teletypewriters. The most important is to speed up the American tele typewriter from its standard speed of 368

-
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Figure 3-81. Interoperation of American and British teletypewriters.

operations per minute to 404 operations per minute. This is accomplished by the use of a tuning fork (par. 335b (3)) which is a part of Tool Equipment TE–50–A. The standard 10 spot target is retained on the motor governor. Several adjustments are also changed on the American teletypewriter and some differences in the keyboard exist. For information on these points, refer to TM 11–353, Changes No. 3, Appendix (Added), 27 December 1943.

d. In case it is necessary to connect any sta tions equipped with British teleprinters into a switching network using, for example, Switchboard BD–100, all teletypewriters must be adjusted for 404 operations per minute (subpar. c above) in order to provide intercon nections with all stations in the network.

e. The British Teleprinter 7B (WD) is a portable field unit equipped with a polar re ceiving selecting magnet and polar sending contacts. For single wire 2-way operation, it includes an automatic send-receive switch. This switch is in the receive position when all keyboard levers are normal and it operates to the send position when any key is depressed. The teleprinter may be arranged also for neu tral operation by attaching a spring to the selector magnet armature to move it to a spac ing position. The automatic send-receive switch is not required for neutral operation. The tele printers are equipped with a timing device which stops the motors if the line remains marking and idle for about 1% to 3 minutes.

The motors run on 24-volt storage battery and are started by a short spacing signal.

f. American teletypewriters employ a sig maling code 7.42 time units in length, each character consisting of a start and five select ing impulses each 1 unit in length, and a stop impulse 1.42 units in length (6 X 1 + 1.42 = 7.42). British teleprinters use the same length start and selecting impulses but the stop im pulse is 1.50 units in length, making the sig naling code 7.50 units in length. British equip ment operates at 400 operations per minute and therefore the American equipment should operate at 404 operations per minute (400 X 7.50 = 404 × 7.42). The British line signaling frequency is 25 cycles per second.


351. INTEROPERATION OF TELEGRAPH TERMINALS (SPEECH-PLUS—DUPLEX).

'The British Apparatus VF Telegraph S + DX and the American Telegraph Terminal TH-1/TCC–1 use the same frequencies for transmission and may be connected on oppo site ends of a line circuit as shown in figure 3-82. The filters and v-f ringer are integral in the American equipment, whereas the equiv alent apparatus in the British equipment (models 1C and 1W) is in individual cabinets which are interconnected at the time of instal lation. A later model (S -- DX No. 2) is like the American equipment in this respect. The d-c telegraph extension circuits in Tele graph Terminal TH-1/TCC–1 are identical to
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TL 53239-s

Figure 3-82. Interoperation of British and American S + DX equipment.

those supplied in CF–2–B. *

352. TELEGRAPH TERMINAL CF–2—A, CF–2–B, OR CF–6 CONNECTED TO APPARATUS TERMINAL CARRIER TELEPHONE (1 + 4).

The British Apparatus Terminal Carrier Telephone (1 + 4) provides four carrier channels and one voice-frequency channel over either open wire or cable circuits (ch. 5). The voice-frequency channel, also called the physical circuit, is unamplified. The British

Telegraph Terminal normally connect their telegraph terminals to the voice-frequency channel (Chan. 1). Amer ican terminals may be connected to the British equipment and it is recommended that they be connected to carrier telephone channels (Chan. 2, 3, 4, or 5).



353. TABULATION OF BRITISH ARMY TELEGRAPH APPARATUS.

Figure 3-83, page 114, is a tabulation of the physical and electrical characteristics of Brit ish Army telegraph equipment.
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* A-c power is 50 cycles.

Figure 3-83. British (continued
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* 2-line simplex similar to American 2-path polar.






CHAPTER 3. TELEGRAPH SYSTEMS
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• A-c power is 50 cycles.

Figure 3-83. British (continued b 2-line simplex similar to American 2-path polar.
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• American terminology is reversible one-way polar. Teleprinter 7B ( WD) has automatic send-receive switching feature.

d Electrically equivalent to Western Electric Company 209 type polar relay.
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* A-c power is 50 cycles.

Figure 3-83. British

* 2-line simplex similar to American 2-path polar.
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Figure 4-1. Aerial photograph and map overlay transmitted by facsimile.





CHAPTER 4 — FACSIMILE SYSTEMS


Section I. GENERAL DESCRIPTION


401. INTRODUCTION.

a. Facsimile comprises the transmission, by electric signaling, of fixed graphic material including pictures, sketches, text, and hand writing. Pictures (including photographs taken from airplanes), map overlays, and sketches may be valuable means of transmit ting military information. Figure 4-1 shows illustrations of a transmitted picture and sketch which are examples of what has actu ally been used in connection with theater oper ations. As indicated in this figure, a photo graph may be taken from a plane, flown back to the base, developed and then transmitted by wire or radio to an advanced position where it may be used in military operations. Facsimile is also of value for the press.

b. The art is a comparatively new one in electrical communication, and experience has shown that it can be very valuable when put to a use for which it is adapted and when its characteristics and restrictions are clearly understood. Its military usefulness is still in the formative stage, and any specific proposed application requires consideration of what service is desired and what may reasonably be expected to be accomplished. The discussion herein will cover fundamental principles of operation to bring out these possibilities and limitations.

c. Three facsimile machines have been devel oped by the Signal Corps. These are not inter changeable except as noted. Further informa tion on the physical characteristics of these equipments is given in TM 11–487.

(1) Facsimile Equipment RC-120. This is a general purpose page machine (fig. 4-2) sending a sheet 7 by 8% inches in about 7%

[image: Figure, page 147]

Figure 4-2. Facsimile Equipment RC-120 (page).

minutes. Subject copy of larger size can usually be transmitted with this machine and other page machines by cutting it up into as many separate sheets as are required. It is de scribed in TM 11–375B and TM 11–2252. Fac simile Equipments RC-120–A and RC-120–B include minor improvements in design, but can be used interchangeably with Facsimile Equip ment RC-120. Converter CV-2/TX, described in TM 11–2252, may be used with these equip ments to change from amplitude to frequency modulation for transmission on radio telephone channels.

(2) Facsimile Equipment RC–58–B. This is a machine (fig. 4-3) sending copy in the form of handprinting on tape at 50 inches per minute. It is described in TM 11–374. Trans mitting and receiving amplifier equipment is included in a separate box.


	(3) Facsimile Set AN/TXC-1. In general appearance and technical features, this equip ment is similar to Facsimile Equipment RC 120. However, the drum and some associated parts are larger. It is used for sending weather maps and other copy up to 12 by 17% inches in about 20 minutes and is described in TM 11–375B. Converter CV-2/TX may also be used with this equipment. In view of the dif ference in picture sizes this equipment can not be used to send to or receive from Facsimile Equipment RC–120.

	d. A facsimile network is in operation over a fixed radio system between Washington and the principal foreign theaters. Some notes on this are given in paragraph 402 f.





402. PAGE FACSIMILE.

a. General System. Transmission is carried out by exploring the subject copy, or material

[image: Figure, page 148]
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Figure 4-3. Facsimile Equipment RC-58–B (tape).

to be transmitted, with a beam of light along a set of closely spaced parallel lines and trans lating the blacks and whites of the copy into electrical signals by the use of a photocell. This process is called "scanning". The electrical signal is transmitted to the remote point through a medium, which may be a wire cir cuit or radio link, in the form of some modu lated carrier wave in the voice range that can be conveniently transmitted over an audio channel. At the receiving end the electrical signal is translated into marks on a record sheet which correspond to those on the origi nal subject copy. The marks are placed on the record sheet by a mechanism that traces a parallel line pattern over the sheet corre sponding to that at the sending end. In order that the scanning and recording occur at cor responding points in the two sheets, the two motions are synchronized by the use of an accurate local oscillator at each point.



b. Transmitter.

(1) The original subject copy is wrapped around a drum which is rotated in front of the scanning head. At the same time the drum moves axially each revolution by an amount equal to the scanning line spacing. A sketch of the arrangement is shown in figure 4-4.

[image: Figure, page 149]

Figure 4-4. Page sending machine.

The light signal input to the exploring photo cell has a sustained constant value when a large area of uniform shade of the picture is being explored by the photocell. With a d-c anode supply the photocell output signal would indi cate this by a constant value of direct current corresponding to the light input, and markings on the subject copy would be indicated by a modulation of this direct current. Actually, though such a modulated direct current exists in the photocell, it is not used, and the signal is immediately translated into the amplitude modulation of an 1,800-cycle carrier current. The double sideband width is somewhat over 1,250 cycles, extending from about 1,175 to 2,425 cycles. This signal is in a form usuable for transmission over a wire line.

(2) Facsimile signals in general tend to use the frequencies in the voice band somewhat inefficiently, as illustrated in a qualitative manner in figure 4-5. Only that part of the

[image: Figure, page 149]
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Figure 4-5. Frequency disribution of a-m facsimile signal.

band is used which lies in the upper frequency range. The use of this comparatively narrow band prevents overlap and confusion between the lower sideband of the carrier signal and a band of frequencies one sideband width up from zero frequency. As mentioned in sub paragraph (1) above, this latter band of fre quencies is generated in the photocell. It is also generated again each time the signal passes through a nonlinear element in the transmission medium.



c. Receiver.


	(1) The transmitting machine is utilized as a receiver by the use of equipment which is alternative to the scanning head. A choice of several processes is available for translating the received electrical signal into marks on the record sheet.

	(2) The direct recording process is elec trothermal. A stylus is brought to bear on the drum and makes black marks on a specially prepared gray paper (Teledeltos paper) wrapped thereon. At the close of the trans mission the copy can be used immediately.




	(3) In the photographic process the expo sure is made on a film or photographic paper (on the drum) by a modulated light beam from a glow lamp. Recording can be made on film or paper, and the record can be obtained either as a negative or as a positive, according to adjustments made at the sending end. The machine must in this case be operated in a dark room or in a light-proof bag, which can also subsequently permit insertion of the ex posed photographic material into a processing tank through the use of armholes. Processing of the photographic material can then be ac complished in the tank in the light outside the light-proof bag.

	(4) It is impossible to distinguish detail in the received copy which is finer than the width of the scanning line used in scanning the sub ject copy at the transmitter. In a general way the markings on the subject copy in an area of the length and width of the spacing between successive lines (elemental area, fig. 4-6)
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Figure 4-6. Elemental area.

will be averaged together and reproduced at the receiver as an area of more or less uni form density in the record copy. Thus it is im possible to obtain more useful detail out of the received record copy merely by enlarging it.

(5) The choice of recording process to be used at the receiver is a compromise between simplicity of operation and the quality of the result. The photographic process, recording on a film negative from which subsequent posi tive prints are made, gives the best corre spondence in reproduction of detail and in shades of gray from black to white to the original; and this method is needed for high quality work. It is also the only choice which easily permits multiple copies. The direct re cording process is the simplest, at the expense of giving the least fidelity. It is probably to be chosen for the majority of the work. The rec ord sheet obtained from one transmission can be used for subject copy for another, but the loss of fidelity in such a retransmission is ap preciable. Successive retransmissions degrade the appearance and usefulness of the material rapidly.

d. Synchronization. Extremely accurate tun ing-fork-controlled local oscillators are used to control the drum drive motors at the sending and receiving ends. The consequence of a very small speed difference between the receiving and sending drums is quite serious. As an illustration (fig. 4-7), an error in frequency 4. —* - 5/8 inches = exo x 1/96 in —

[image: Figure, page 150]

Figure 4-7. Skew caused by synchronization error.

of one part in 830, or 0.12 percent, causes an offset of one line width for every successive scanning line, and consequently a skew of 45° in the record copy. General standards set for commercial facsimile operation call for con stancy to 10 parts in a million. It is also nec essary to indicate the start of the picture by a suitable signal so that the sending and receiv ing mechanisms can start simultaneously.

e. Converter. For radio transmission Con verter CV-2/TX is available to transform the amplitude-modulated (a-m) signal into a fre quency-modulated (f-m) signal. When the sys tem is lined up, a maximum amplitude of the input a-m carrier is translated into an 1,800 cycle output tone. A minimum amplitude of a-m carrier is translated into a 3,000-cycle tone. Intermediate values of a-m carrier are translated into intermediate tones. The out put of the converter, therefore, consists of a wave of constant amplitude whose frequency shifts back and forth between 1,800 and 3,000 cycles, according to the input amplitudes and hence according to the lights and shades of the picture being scanned. The total band used, runs from about 1,200 to 3,600 cycles. Figure 4-8 gives a qualitative illustration of this fre quency band. This f-m output signal replaces the voice current in a telephone radio link when the link is used for facsimile. Equipment is also provided in the same housing for trans lating an f-m signal back to an a-m signal for use at the receiving end. Translation in both

[image: Figure, page 151]

Figure 4-8. Frequency distribution of f-m facsimile signal.

directions simultaneously, however, is not pos sible. The converter is adapted to operate with both the RC–120 and the AN/TXC-1 machines. The converter is described in TM 11–2252.

f. Fixed Net Equipment. The facsimile equip ment in operation between Washington and the principal theaters will send pictures 7 by 8% inches in 7 minutes, plus one minute for synchronization. The drum is 9.125 inches in circumference, rotates at 100 rpm, and ad vances 1/100 inch per revolution. The trans ceiver output is an amplitude modulated 1,800 cycle carrier. Two methods of radio transmis sion are in use. One employes a converter similar to CV-2/TX, with frequency shift from 1,000 to 2,500 cycles, in the audio signal to be transmitted via wire line and radio link. The other uses the amplitude-modulated signal to shift the frequency of a c-w radiotelegraph transmitter directly, with a white to black frequency swing of 1,500 cycles. In both cases the receiver converts to an f-m signal varying from 1,000 to 2,500 cycles, employing a total band from 300 to 3,200 cycles. This network utilizes equipment manufactured by Acme Newspictures Inc.



403. TAPE FACSIMILE.

q. This machine scans copy in the form of tape. The copy height is 14 inch and the total width of the tape is 34 inch. Text is hand printed with pencil by the operator on a writ ing stand provided with guides and means for holding a roll of blank tape. The copy is threaded through the sending machine which scans it along parallel lines running crosswise of the tape.


	b. The sending and receiving machines are mounted in a single housing, and the receiver can be used to monitor outgoing signals if de sired. The receiver uses direct electromechani cal recording, in which the tape is pressed against an inked printing element to make the marks.

	c. The machine handles the tape at the rate of 50 inches per minute and it is expected that about four words can be handprinted every 5 inches. It is impossible, however, to keep up the handprinting on the tape at more than some 15 words per minute. The scanning lines run 72 to the inch and are 3%-inch high.

	d. The amplitude-modulated signals from the photocell pickup are converted to signals which are one of two frequencies: 1,650 cycles for black and 1,150 cycles for white. Either one or the other of these frequencies is trans mitted, depending on whether the copy being scanned is black or white. At the receiving station, reception of these two frequencies operates an appropriate mechanical system for producing black and white.

	e. Synchronization between sending and re ceiving ends is effected by a vibrator of ap proximately constant frequency at each end. The limitation on the speed difference between the two ends is made considerably more lenient than in the case of the page facsimile by print ing two lines of received copy on the tape. Im perfect synchronization (fig, 4-9) results in
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Figure 4-9. Double line reception on tape.

one line approaching an edge of the tape and eventually running off and coming back from the other edge. With two lines of record copy, however, one remains continuous and com pletely legible.




Section II. TRANSMISSION MEDIUM

Facsimile may be transmitted either by wire or by radio. A wire or radio circuit which is suitable for the transmission of a single voice channel is also suitable for facsimile transmission.


405. WIRE LINES.

q. In normal use, the facsimile system takes over the facilities of a telephone circuit in the transmission medium. The facsimile ma chine can be coupled to the telephone circuit in three ways, namely: through an attach ment placed on the telephone receiver (ear piece of a handset), through a transformer connection, or by direct wire connection to the telephone line.

b. Facsimile is about as susceptible to atten uation-frequency distortion as telephone use of the same channel. Facsimile is, however, more susceptible to delay distortion, that is, variations in the transmission time of the various component frequencies of the signal through the band utilized in the transmission medium. Delay distortion is introduced by fre quency selective elements in the transmission medium. Examples of sources of delay distor tion are: loading in the wire line, filters, re peating coils, and phantom coils. The most common symptom of delay distortion consists of false lines in the received copy paralleling the edges of sharp boundaries between black and white.

c. Other defects to which facsimile trans mission is particularly susceptible are inter ference from other communication channels, echoes, and sudden changes in over-all gain or

404. GENERAL. loss. The susceptibility of the facsimile system to these impairments depends, of course, on the quality of reproduction desired in the re ceived copy. Limiting figures can be given for a high-grade photographic process; the re quirements for the other processes will vary with the fidelity required for the character of the material being sent.


d. For general guidance a few limits which have been developed in facsimile experience with wire transmission are listed in figure 4-10. The limits are given for photographic and direct process recording on the equipment described herein, and for general information these are compared with limits for the best grade commercial photographic recording Sys tem. The envelope delay distortion listed means the difference between maximum and minimum envelope delay in the utilized fre quency band. The envelope delay is the time of transmission of the envelope of an ampli tude-modulated carrier wave, at the frequency of the carrier.



e. Frequency-modulated transmission is ex pected to be used over wire lines only with the tape facsimile machine. This type of trans mission markedly reduces susceptibility to changes in over-all loss (fading), and some what reduces the effects of noise. Its influence on effects of delay distortion has not been com pletely investigated.

f. Facsimile signals may be sent over tele phone carrier channels, with the same general limitations as in voice-frequency circuits. However, under some conditions, beat fre quencies may arise which lead to bar or moire patterns on the record copy.
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* RC–120 or AN/TXC–1

Figure 4-10. Typical limits for facsimile circuit.

* RC-120, AN/TXC–1, or RC–58–B



406. RADIO CIRCUITS.


	a. The principal defects of radio circuits which impair transmission in a facsimile sys tem are:

	(1) Interference from other radio channels.




	(2) Static.




	(3) Fading.




	(4) Multipath transmission echoes.




	b. The limitations on interference from other channels and from static, where the signal is amplitude modulated, are the same as those given under wire circuits. The use of a frequency-modulation signal, from the con verter, gives some reduction in susceptibility to this interference.

	c. In radio systems, where the sky wave is sufficiently strong to be received, its changing relative phase with the ground wave, or the changing phase between several sky waves, causes fading. The difference in delay between the sky and ground waves, or between several sky waves, causes multiple pictures to be re corded at the receiver. This effect is called multipath echo, and facsimile is more suscep tible to it than either telegraph or telephone communication just as it is more susceptible to delay distortion. For short circuits these de fects are not so likely to be important. For the longer circuits where the sky wave comes in incidentally, or worse, where the sky wave is principally depended upon for the transmis sion, the defects become serious. The use of a frequency-modulated signal greatly reduces



impairments from fading. Its influence in re ducing impairments from multipath echo is generally much smaller.

d. The quality of transmission which can be obtained over military radio circuits depends upon a number of adjustments, which are more critical for the picture system than for voice transmission. For example, careful ad justment of the percentage modulation is re quired to obtain good results. In general, fac simile service over a telephone radio circuit which is subject to fading will be satisfactory a smaller proportion of the time than will tele phone service on the same circuit.



407. PRIVACY IN THE TRANSMISSION MEDIUM.

Privacy methods, aside from the use of pre enciphered text for subject copy, have been found difficult to use effectively in facsimile transmission. The reason for this difficulty is that the edges of the picture usually show a characteristic discontinuity and that succes sive scanning lines show close correlation. This periodicity in the signal gives evidence as to the enciphering method used, and critical in formation for the deciphering of the material. No appreciable privacy can therefore be se cured until this characteristic is completely hidden in the signal. Such thorough inter spersal is difficult to obtain and rearrange for the legitimate receiver without a fairly sub stantial amount of apparatus and delicate adjustments.




Section III. FACSIMILE TEXT TRANSMISSION COMPARED TO OTHER FORMS OF COMMUNICATION


408. ELEMENTS OF COMPARISON.


	q. General. Facsimile Equipment RC–120 is primarily designed to transmit sketches and diagrams which cannot be done by other forms of communication. However, where it is used to transmit text as such, it competes with these other forms.

	b. Word Speeds. The word speed of text transmitted with the Facsimile Equipment RC–120 varies with the size of letters used. With direct recording, typewriter type is



about as fine as is practical." Waste space in the form of margins, paragraph indentations and extra space between lines, and the need for arranging messages on a fixed size sheet,

* Much higher word speeds than typewriter type permits are theoretically possible if the subject copy is prepared in the form of fine clear printing from type, and photographic reception is used. Solid text of this kind can be transmitted with as much as 40 words per square inch or 300 words per minute. The processing required at both sending and receiving ends, however, makes this procedure generally impractical.

reduce the word speed of the usual subject copy. In the facsimile system time must be allowed to change sheets on the drum at both ends, further reducing the word speed. A prac tical word speed with these allowances (30 percent for the former and 10 percent addi tional for the latter) is indicated in figure 4-11
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Figure 4-11. Word speeds.

for Facsimile Equipment RC-120. Figures are also given for Tape Facsimile Equipment RC–58–B. These are compared with teletype writer word speeds.

c. Frequency Band Widths. For effective trans mission a facsimile circuit requires substan tially a telephone band and displaces the tele phone connection. Several telegraph circuits can be accommodated in an equal band width.



d. Noise and Fading on Mediocre Circuits.


	(1) The frequency band width required for the facsimile system is several times as wide as that needed for a teletypewriter, the factor varying with the arrangement used. The for mer, therefore, is subjected to some 5 to 10 db more random noise than the latter, under the same noise conditions.

	(2) Each facsimile character is formed out of a considerably greater number of signal elements than a corresponding teletypewriter character. The failure of a certain proportion of the signal elements to be registered clearly does not, therefore, render the character illeg ible, whereas it will cause an error in the tele typewriter. Further, the facsimile reception gives a complete record of the signal which permits intelligence to be used in cases of marginal legibility. The teletypewriter inter prets the on and off signal in one definite



fashion without the use of intelligence in the discrimination.


	(3) In the teletypewriter, as normally used on wire circuits, the misinterpretation of one pulse can cause errors in a number of suc cessive characters. This can be caused by loss of synchronization or misinterpretation of a car riage-return signal (on a page receiver). However, for use over mediocre circuits, meth ods are available to overcome these objection able effects, and with the use of them the tele typewriter suffers no handicap in this regard in comparison with facsimile.

	(4) In the facsimile system, for freely running text, the loss of transmitted informa tion caused by fadeout (not too prolonged nor too frequent) can be minimized by scanning the text vertically (fig. 4-12). This is because the



THE QUICK BROwn Fox Jumps over the Lazy dog's TAIL. The TIME FOR ALL Good mººn to COME to the Ard or the ORIGINAL TExT THE QUICK BROWN Fox JUMPs over THE Lazy The TIME FOR ALL Good men to come to the Aid or the FADE-OUT WITH THE QUICK f own fox Good ºn to conſe to THE AID F THE FADE-OUT WITH HORIZONTAL VERTICAL SCANNING SCANNING TL 54780

Figure 4-12. Effect of fade-out.

letters affected do not occur in succession in the same word. In the teletypewriter this can not be done. The net result of all these con siderations is that over a link of marginal quality, facsimile transmission may show an advantage over normal teletypewriter trans mission.



e. Operating Considerations.

(1) The received copy obtained from a teletypewriter gives cleaner text than that se cured from facsimile. Also the teletypewriter very easily permits the simultaneous making of a number of carbon copies. Where the message has to be relayed, the loss of legibility of fac simile copy in retransmission is a serious handi cap. In the teletypewriter system the message can simply be received on a perforated tape which is utilized for automatic sending on the next link. If the message is already clearly type written, the facsimile system can use the sheet directly without retyping.

[image: Figure, page 154]


	(2) Where the communication, however, is of the question and answer type involving to and-fro conversation, the teletypewriter is at a considerable advantage because the message can be transmitted and read directly as it is being typed.

	(3) In an advanced location where radio is used, the facsimile system has the advantage that the skill necessary for keyboard manipu lation at a reasonable speed or for hand tele graph operation is not required. The dial ad justments are of the same general type as those in the radio itself.

	(4) The maintenance of the facsimile ma chine requires some fine mechanical work but much less than a teletypewriter and can pre sumably be handled by the same force main taining the radio.

	(5) Although no great privacy is obtain able with facsimile, it is superior to straight telephone or manual telegraph, and probably also to unenciphered teletypewriter. Facsimile permits enciphering of text before sending as do the other systems.





409. CONCLUSIONS ON TRANSMISSION OF TEXT



a. Long Wire or Radio Circuit.


	(1) General. Such a circuit justifies installation of sufficient terminal equipment to maintain a high-grade circuit and to subdivide its frequency band in the most efficient manner. A large volume of traffic is likely to be routed through it.

	(2) Transmission Considerations. Tele typewriter will be generally chosen for these circuits in preference to facsimile because of the large number of teletypewriter channels which can be accommodated on a telephone cir cuit as compared to the number of facsimile channels. This is particularly true of long wire circuits.

	(3) Operating Considerations. These all favor the use of the teletypewriter as against facsimile.



b. Short Wire Circuit. Where traffic is heavy both transmission and operating considera tions favor the teletypewriter. Where traffic is light the best arrangement is probably to use d-c manual telegraph or telephone, but lack of manual telegraph operators, the desire for slightly improved privacy, or the desire for a record may occasionally justify facsimile.



c. Short Radio Circuit.


	(1) General. When it is known in ad vance that the circuit will be of good quality, the same considerations generally apply as for the short wire circuit. Where this is not known the safe assumption to make for planning in advance is that the circuit will be mediocre. In this case the preferred facilities would be the c-w manual telegraph and telephone, but the desire for slightly improved privacy and a rec ord may occasionally justify facsimile. The fol lowing applies to mediocre circuits.

	(2) Transmission Considerations. Fac simile, telephone, and c-w teletypewriter are roughly equal in their ability to work over a poor v-h-f radio circuit. On poor h-f circuits, fading handicaps both facsimile and teletype writer.

	(3) Operating Considerations. These favor the telephone and facsimile systems.

	d. Tape Facsimile Equipment RC–58–B. This is generally applicable only to situations where much speed is not necessary, where audible re ception, such as with telephone or manual tele graph, is under an unusual handicap, such as in tanks where ambient noise (room noise) is high. Other situations may occur, such as where slightly more privacy is desirable than with teletypewriter, and weight is an import ant factor. It is thought that the required sig nal-to-noise ratio is intermediate between that for teletypewriter and that for manual, so that somewhat more transmission range than for teletypewriter can be obtained at relatively slow message speeds, without the necessity for skilled operators.






Section IV. PROCESSES RELATED TO FACSIMILE


410. GENERAL.

Other communication systems may be en countered which are closely related to fac simile. Those most likely to be found are the facsimile printer and the telautograph. These systems have not been used to any great ex tent, however a description of them is given in this section for general information.



411. FACSIMILE PRINTER.

The facsimile printer, -also known as Hell schreiber in Europe, makes marks on a re ceiving tape simulating those which would be obtained if real text had been scanned at the transmitting end. However, the signal is not generated by such scanning but is synthet ically produced by a mechanism actuated by keys arranged as on a typewriter keyboard. In this case the same letters will always be formed in the same way and reproduced from the same signal. The transmitter for this equipment is more complicated than that for a regular teletypewriter. Transmission with this system shows generally the same char acteristics which are observed with real fac simile except that because of the regularity in forming the signals for the various characters somewhat better economy in the use of fre quency bands can be obtained. This type of facsimile equipment is not available through the Signal Corps but may be encountered in Europe.



412. TELAUTOGRAPH.


	q. There is a further method of transmitting graphic material, which consists in duplicat ing at a remote point the motions gone through by a pencil being used for handwriting. Since there are primarily two coordinates involved, at least two communication channels are re quired. It is necesary in this system to carry out the transmission at the time of actually writing the message or to trace the written message as if writing it anew.

	b. Telautograph systems have been devel oped for use over very short lines (one or two miles or so). Large bold handwriting is needed to obtain legibility. It is not now under pro curement and no program has been set up for procuring it.






Section I. SCOPE


501. INTRODUCTION.

a. This chapter gives engineering informa tion on the types of wire and wire circuits and the types of terminal and intermediate equip ment normally associated directly with them in wire telephone systems. Crosstalk con siderations and the rehabilitation of captured long distance cable circuits are also discussed.

b. Information on the planning of telephone systems, telephone station equipment, and telephone centrals is given in chapter 2. Other information relative to the engineering, in stallation, operation, and maintenance of tele phone systems is given in chapter 11. Installa tion and construction of wire lines is covered in chapter 9.

c. Communication requirements near the front differ considerably from those in rear areas. Near the front, speed of installation is essential, and this may result in some sacrifice of service standards even when the work is done by very skilled and careful personnel. In rear areas, it is necessary and practicable to approach the service standards of commercial telephone systems. The requirements of both front and rear areas can be met by use of the wire systems described in this chapter.


	d. The wire systems used in front areas are simple and were designed for quick construc tion. The engineering of these systems is correspondingly simple. Because of the lenient standards tolerable in forward areas, cross talk and noise difficulties will seldom be of a serious nature; an exception, is the grounded telephone circuit, but this is not standard in the American Army.

	e. In more stable areas a better grade of cir cuit can be provided by more careful engineer ing, construction, and maintenance. This per mits satisfactory communication over long distances (1,000 miles or more) with trunks of low net loss (ch. 2),






Section II. TYPES OF WIRES


502. GENERAL.

The wires used are rubber-covered wires and cable, open wire lines, lead-covered cable, and submarine cable. An aerial construction consisting of two spaced rubber-covered pairs strung like open wire is also used.



503. RUBBER-COVERED WIRES AND CABLES.

q. These include wires with rubber or rub ber substitute insulation. Rubber-covered wires can be installed aerially, laid on the ground, or buried, and are comparatively light and flexible. Common types with their weight and 1,000-cycle loss are listed in figure 5-1. More detailed data, including information on, other types of wires, are given in section V of this chapter and in chapter 9.

b. Assault wire and field wire are used for loops and short nonrepeatered nonloaded cir cuits. Wire W-143 is used for voice-frequency circuits where greater range is needed than can be obtained with field wire. The range of Wire W-110–B and Wire W-143 can be extended by means of loading or voice-fre quency repeaters.

c. Cable Assembly CC–358–( ) is used pri marily for 4-channel carrier operation over intermediate distances (up to 150 miles when placed aerially). This cable is a spiral-four quad (2 pairs) and is supplied in 4-mile













	Nomenclature
	Description
	§:
	
	1,000-cycle lossb (db per mile)



	
	
	per mile)
	Dry
	Dry

or wet
	Wet
	




	W-130-A

Wire
	Assault

wire

(nonstabilized) *
	38
	3.5
	
	6.5
	



	W-110-B

Wire
	wire

Field

(nonstabilized)
	120
	1.7
	
	2.8
	



	W-143

Wire
	Long

range

tactical wire

(stabilized) *
	240
	
	1.2
	
	



	Assembly

Cable

CC–358-(

)
	Spiral-four cable

(stabilized)
	540
	
	0.75
	
	



	WC-534

and

CC-345

Cable

Cable

Assembly
	5-pair cable
	600
	
	1.7
	
	



	WC-535

CC-355-A

and

Assembly

Cable

Cable
	| 10-pair cable
	1,200
	
	1.7
	
	





* Weight is per mile of product; that is, pair or cable without reels.

* Losses are for nonloaded wire, except for Cable Assembly CC–358-( ) which has built-in loading.

* See paragraph 503e.

Figure 5-1. Common types of rubber-covered wire and cable.

lengths with connectors at each end. The con nectors (fig. 5-2) permit rapid connection of successive 14-mile reel lengths without splic ing. They contain 6 millihenry (mh) loading coils and when joined, a complete system of two loaded pairs capable of transmitting car rier frequencies is provided. If maximum stability is required, it may be obtained by burying the cable to minimize temperature variations. The cable may be used without carrier equipment to provide two voice-fre quency circuits. Bridging-Access Plug U–23/G can be used between lengths of Cable As sembly CC–358–( ) to provide a point for testing and access to the circuit. This device consists of a round metal box approximately

4 inches in diameter with three nonloaded cable connectors attached thereto, making the over-all length approximately 7% inches. The weight is approximately 4% pounds.

d. The 5- and 10-pair cables are used mainly for short loops where a number of circuits are required. Some of these cables have con nectors which can be plugged together for rapid installation. The connectors are not watertight and should be taped or cut off and spliced if exposed to rain or laid in wet places. Cables of this type are also available which are not equipped with connectors.

e. The capacitance, leakage, and loss of the nonstabilized wires (fig. 5-1) increase by large amounts from dry to wet weather. This

[image: Figure, page 158]

Figure 5-2. Spiral-four cable connectors.

restricts the talking range of these wires, and also limits the improvement in range which can be obtained by use of loading or voice frequency repeaters. The stabilized wires have a conducting or semiconducting sheath which greatly reduces these changes. The 5- and 10-pair cables are fairly stable when in good condition, provided water does not enter the connectors. - f. Captured enemy rubber-covered wires can be used for voice-frequency circuits if the wire is in good condition. The Germans have single wires, twisted pairs, and spiral-four cable. This latter cable when loaded with the proper loading coils (German) is suitable for carrier-frequency transmission. The principal Japanese wires are single conductors. A de scription of enemy wires is in TB SIG E 15.



504. SPACED AERIAL PAIRS.

An aerial construction consisting of two spaced pairs of rubber-covered wires is useful under some circumstances. The two wires of one pair are connected together to form one side of the circuit and the two wires of the other pair form the other side. The two pairs are spaced about 8 inches apart and are strung like open wire on poles or trees, using insula tors when practicable. This gives a large re duction in attenuation as compared with a single pair, except on lines through very heavy foliage. Contacts with foliage, trees, etc. can introduce large leakage losses in the spaced-pair circuit, even though the conduc tors are insulated. Another use for this form of construction is as an insert in open wire lines in sections where it is not feasible to keep the line clear of tree contacts, etc. The leakage losses introduced by tree contacts will be less for the insulated wire than for bare wire.



505. OPEN WIRE LINES.


	a. Open wire lines have relatively low losses at voice and carrier frequencies and can be used to provide circuits with satisfactory transmission for substantially any length within a theater of operations. Open wire circuits are never loaded.

	b. A type of open wire construction has been worked out for Army use which combines the features of economy in shipping space and weight of material, simple construction, and transmission characteristics permitting car rier operation up to 32,000 cycles on all pairs. Such lines have transpositions designed for a



maximum of two crossarms with four pairs per crossarm. (For a discussion of 4-crossarm lines and use of 10-pin crossarms see para graphs 557 and 558 respectively.)

c. The wires usually will be 080 or 104 cop per-steel for new construction and repair, except where copper is readily available. The copper-steel wires are very strong, take mini mum shipping space, and give satisfactory transmission. All-steel wires are not satisfac tory for carrier.

d. The British Army has a form of open wire construction known as multi-airline (MAL). This provides an extremely light line which can be installed much more rapidly than other types. The line usually has two pairs, one above the other, on short crossarms. British practice is to use one pair for carrier operation and the other as a voice-frequency order wire for use in maintenance of the line.


	e. Other types of open wire construction may be found in place or may be rehabilitated for Army use. These lines may have various wire spacings, gauges, and transposition ar rangements. Transpositions on some pairs may be good for voice-frequency circuits and on others for both voice and carrier frequencies. The transposition systems may be designed for phantomed or nonphantomed operation of voice-frequency circuits. Suggestions for using existing lines are given in secton VI of this chapter.

	f. The construction of open wire lines is dis cussed in more detail in chapter 9.





506. LEAD-COVERED LAND CABLES.


	q. When the situation is stable enough to permit their use, lead-covered cables are used to obtain comparatively large numbers of voice-frequency circuits, usually on a loaded basis with repeaters. By burying the cables, a stable transmission medium is afforded. Short lengths of lead-covered cable are also used as incidental cables in open wire lines; that is, as an entrance cable between the end of the open wire line and the office equipment, or as an intermediate cable between the two sections of an open wire line.

	b. Lead-covered cables have paper-insulated conductors twisted as pairs or quads. The cables are manufactured in many sizes from 7 quads (14 pairs) to 150 quads or more. The quads may be of two types: multiple-twin and spiral-four (also called star-quad). The mul tiple-twin quad consists of two twisted pairs



twisted together to form a quad. The spiral four quad consists of four wires laid together and twisted as a group, the diagonally oppo site wires being used as a pair. Lead-covered quadded cables of American manufacture are always multiple-twin but foreign cables may be of either type. The wires in long distance cables of American manufacture are usually 19- or 16-gauge solid copper.

c. When lead-covered cables are terminated at a frame in an office, a short length (at least 5 feet) of tip cable must be used between the main cable and the frame. The tip cable is lead covered and has textile insulation which absorbs moisture much less rapidly than paper insulation would if exposed to the air. Tip cables should have quadded conductors if the main cable is quadded.



507. SUBMARINE CABLES.

a. Wire-armored lead-covered paper-insu lated submarine cables are used as inserts in communication lines, both open wire and cable. Double-paper-insulated submarine cables of standard design are suitable for depths of water up to 250 feet without danger of sheath collapse or of excessive water pene tration along the cable in case of sheath fail ure. Such cables may function satisfactorily for months or years in greater depths, but there is danger of a gradual sheath collapse or flattening because of the excessive pressure, which may force the wires through the insu lation and cause gradual failure. Submarine cables with extra-dense or firm cores and thicker sheaths have been designed for greater depths, up to about 1,000 feet in special cases. For greater depths special cables of different construction are required.

b. Rubber-covered wires and cables can be used as submarine cables provided they are not likely to be subject to excessive abrasion or other mechanical damage; all connections and splices must be made watertight. Installa tion practices for this purpose are discussed in chapter 9.




Section Ill. TYPES OF EQUIPMENT


508. TACTICAL AND FIXED PLANT.

a. The types of available equipment may be divided broadly between tactical and fixed plant. This division is descriptive only and does not imply particular limits on the field of use of either type of equipment. The tac tical equipment may be used in fixed plant communications systems, or vice versa, when it will give the service desired.

b. Tactical equipment can be moved rapidly from place to place, set up quickly and easily, and used with minimum protection from weather. The equipment includes built-in test ing means and has controls and adjustments which are simple and easy to operate. Tactical equipment is normally used with rubber covered wires and cables, or open wire lines.

c. In rear areas, the fixed plant circuits are apt to be longer and more permanent in nature, a higher grade of service is expected, and operation with a minimum of attention is highly desirable. These requirements make it desirable to use equipment more nearly resem bling commercial types. For this purpose, a line of packaged equipment is available for voice-frequency and carrier telephone systems and for d-c and voice-frequency carrier tele graph systems. It is similar to commercial equipment but is assembled in units in a man ner to require a minimum of engineering and installation effort. It is larger and heavier and requires more power than tactical equipment and must be protected from the weather when set up for operation. High-grade transmission over long distances is possible with packaged equipment, the wires normally used being open wire lines and lead-covered cables.

d. Joint Army-Navy nomenclature was as signed to packaged equipment just before this manual was printed. The packaged telephone equipment referred to in this chapter by its commercial designation, and its equivalent Army-Navy nomenclature is as follows:

Army-Navy Commercial designation momenclature H carrier

Terminal X-66217A ... Carrier Terminal OA-13/FC

Repeater X-66217B ... Carrier Repeater OA-10/FC

Line panel X-66217C. Carrier Filter F-36/FC










	Commercial

designation

C
	Army-Navy

momenclature
	Commerical

designation
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	carrier

East

Terminal



X-61819F

West
	Terminal

Carrier

OA-11/FC

Terminal
	C



carrier

testing

X-61819T

package
	Test

Set

AN/FCM-1



	terminal



X-61819F
	Carrier

OA-12/FC
	V-f

telephone

testing

X-61821L

package
	Test

Set

AN/FCM-2



	X-618198

Repeater

Carrier

-

Transfer

panel


	Repeater

OA-9/FC

Carrier
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	5A

(SPL)

attenuator
	Attenuator

TS-402/U



	X-61823B
	F-37/FC
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(SPL)
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measuring
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TS-399/U
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telephone

repeater

X-61821J

(single)


	Telephone
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	Line-simplex
	
	



	
	Terminal
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Composite
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Terminal

OA-14/FC
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test

set
	Test

Set

TS-190/U



	V-fringer

X-61820A

Ringer

X-61820B

Ringer
	TA-38/FC

TA-39/FC
	Volt-ohm
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D-166852

per
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Section IV. TYPES OF CIRCUITS


509. GENERAL.

This section discusses the characteristics and limitations of the various types of circuits and gives information on such matters as co ordination of frequencies and levels of carrier systems, treatment of incidental cables in serted in carrier pairs of open wire lines, and other matters of interest in connection with the choice and use of wire circuits.



510. BALANCED AND GROUNDED CIRCUITS.

All of the telephone systems described in this chapter are balanced (metallic) trans mission systems. Ground-return telephone circuits are inherently unbalanced, and are therefore noisier, more subject to crosstalk, and messages over them are more easily inter cepted. Ground-return circuits have somewhat lower attenuation at voice frequencies except when installed through heavy foliage where the leakage losses may be much higher than for a balanced circuit. A ground-return circuit requires only one wire thereby providing a considerable reduction in weight, however the circuit is more likely to fail completely because of wire damage. Whenever ground-return cir cuits are used it is important to have a good ground connection. Methods of making such connections are outlined in chapter 10.



511. PHANTOM CIRCUITS.

If two pairs of wires of the proper type are available, a third transmission path may be derived from them by using one pair of wires for one side of the third circuit and the second pair for the other side. The usual method of doing this is by means of repeating coils as indicated in figure 5–3. This derived circuit is known as a phantom circuit. For satisfactory phantom operation on open wire lines it is necessary that the two wires of a pair have approximately equal resistances and that the lines be suitably transposed to prevent objec tionable crosstalk among the three constituent circuits of each phantom group and between nearby phantom groups. In cable circuits, crosstalk considerations require the use of quadded conductors (par. 506b.) suitably spliced at appropriate intervals to minimize side-to-side and phantom-to-side crosstalk. Also, the phantom-deriving repeating coils must be well balanced. Phantom circuits tend to be more noisy than their side circuits, or nonphantomed circuits, particularly if the lines or equipment are not maintained in good electrical balance. As a general rule, phantoms are not used on rubber-covered wire, copper

[image: Figure, page 162]

Figure 5-3. Phantom circuit.

steel wires, open wire lines not transposed for phantom operation, spiral-four quads in lead covered cables, and multiple-twin quads in lead-covered cables having 27 quads or less.



512. NONLOADED AND LOADED CIRCUITS.

a. Open wire circuits are always used non loaded. Rubber-covered wires or cables and lead-covered paper-insulated cables may be used nonloaded or loaded. Loading is the addi tion of series inductance at regular intervals along a line. This raises the impedance of the circuit thereby decreasing the series losses due to conductor resistance. Loading increases any shunt losses caused by leakage and also causes the line to have a cut-off frequency above which the loss becomes very high. The loss is actually increased by loading at fre quencies above about 90 percent of the cut-off frequency. The approximate cut-off frequency and the nominal impedance of a loaded line are given by the following expressions:

fc=1πLC f_{c} = \frac{1}{\pi \sqrt{LC}}  Z=LC Z = \sqrt{\frac{L}{C}} 

where fe = cut-off frequency in cycles

Z = nominal impedance (resistance) in ohms

L = inductance of a loading coil in hen ries

C = capacitance of a loading section in farads b. The usual method of designating loading systems is by first indicating the spacing of the loading coils in feet, then the inductance of the side circuit in millihenries (mh), and last the inductance of the phantom circuit, if there is one, in millihenries (mh). For ex ample, 6000-88-50 represents a loading system in which the loading coils are spaced 6,000 feet apart, the inductance of the side-circuit loading coils is 88 mh, and the phantom-cir cuit loading coils is 50 mh. Similarly 6000-88 represents a nonphantomed loaded circuit with 88 mh loading coils spaced 6,000 feet apart.

c. The loading used by the Army will nor mally consist of 88-millihenry coils spaced at 1-mile intervals on Wire W-110–B, 5%-mile (or 114-mile) intervals on Wire W-143, and 6,000-foot intervals on lead-covered cable pairs. The cut-off frequency of these loadings is high enough for satisfactory speech chan nels but they cannot be used for carrier trans mission. The carrier loading on spiral-four cable has a high cut-off frequency because the spacing is only 14 mile, comparatively low capacitance cable is used (0.12 mſ per mile compared to 0.19 mf per mile for other field wires) and the inductance per loading coil is only 6 millihenries.

d. On Wire W-110–B where the leakage tends to be high, the reduction in attenuation (transmission loss) brought about by loading is not as great as on Wire W-143 where the leakage losses are at a minimum. In any loaded wire, however, if the insulation be tween wires or to ground is poorly maintained, for example, by allowing the splices to become leaky, the leakage losses will be high and talk ing ranges will be decreased to perhaps less than the range of nonloaded wires.

e. When 2-wire loaded circuits are to be re peatered, it is important to have the loading coils spaced at regular intervals in order to maintain a smooth impedance characteristic which can be balanced by the networks in the 2-wire repeaters. In the case of nonstabilized wire, such as Wire W-110–B, both the im pedance and cut-off frequency will vary with weather conditions so that only moderate 2 wire repeater gains can be used.

f. In addition to the 88-millihenry loading referred to in subparagraph c above, there are many other types of commercial voice frequency and carrier-frequency loadings which are available or may be encountered in foreign countries. These include loading sys tems for phantomed and nonphantomed, 2– wire and 4-wire voice-frequency circuits. Loading for phantomed quads is by means of phantom loading units which consist of three loading coils, two for the side circuits and one for the phantom. These coils have special ad justments to reduce crosstalk between the side and phantom circuits. Data on common Amer ican loading systems are given in figure 5-40 and on foreign and American systems in TM 11-487.



513. NONREPEATERED VOICE-FREQUENCY CIRCUITS.

a. These circuits consist simply of a pair of wires terminating in telephones or switch boards. Repeating coils may be provided at the ends for noise reduction, to derive a sim plex telegraph connection, or to provide a
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* 5280–88 loading; that is, 88-millihenry coils spaced 5,280

Figure 5-4. Maximum talking ranges of representative non repeatered point-to-point circuits (30 db in wet weather).

phantom tap. The pairs may be equipped with composite sets at each end to derive two d-c grounded telegraph circuits. When repeating coils are required, use may be made of Coil C–161, or the repeating coil provided on the line terminating and simplex panel X—61823H or the line terminating and composite panel X—61823C. The latter two units include pro tectors. The line terminating and composite panel also includes a composite set.

b. Figure 5-4 gives the maximum talking ranges for nonrepeatered circuits on common types of facilities. More detailed transmission information is in figure 5-44 and in chapter 2.



514. REPEATERED VOICE-FREQUENCY CIRCUITS.


	q. General. The range of voice-frequency circuits can be extended by the use of re peaters. These are of three general types: the 21-type, the 22-type, and the 4-wire repeater.

	b. 21-type Repeaters. A 21-type repeater (fig. 5-5) has a circuit arrangement which requires no balancing networks, and stability



[image: Figure, page 163]

Figure 5-5. 21-type repeater.

(freedom from singing) is realized by the bal ance between the lines on the two sides of the repeater. As stability depends upon the impe dance on the two sides of the repeater being alike, 21-type repeaters are not suitable for use on circuits made up of more than one kind of facility. The best location for a 21-type repeater is at the midpoint of a circuit. With similar wires on the two sides of the repeater, changes of impedance with weather tend to be the same, thus helping to maintain stability. This is of advantage where repeaters are re quired on nonstabilized wires. It is possible to use a 21-type repeater on a loaded circuit but the usable gain is subject to wide variations and in some cases may be very small. These repeaters can be worked in tandem if the loss between repeaters considerably exceeds the feet apart. * 3300-88 loading.

repeater gain but in general there is little transmission advantage in this usage.

c. 22-type Repeaters. A 22-type repeater (fig. 5-6) has a circuit arrangement with two balancing networks. Stability is obtained by

[image: Figure, page 164]

Figure 5-6. 22-type repeater.

the balance between the impedance of each network and its associated line. This type of repeater may be used at a circuit terminal or at intermediate points and will operate satis factorily in tandem with other 22-type re peaters. These repeaters can be used on any type of stabilized wire for which suitable balancing networks are avilable. They may be used also on nonstabilized wire but at con siderably reduced gain. The usable gain of a 22-type repeater is limited to a value giving adequate margin against singing or near-sing ing. In some cases, crosstalk or echoes, rather than singing, may limit the usable gain.


	d. Balance. The principles of balance under lying the operation of 21-type and 22-type re peaters are discussed in chapter 12.

	e. Four-wire Repeaters. A 4-wire repeater (fig. 5-7) consists of two one-way amplifiers



[image: Figure, page 164]

Figure 5-7. Four-wire repeater.

which are pointed in opposite directions for insertion in the two pairs of a 4-wire circuit. Four-wire repeaters can be used at circuit terminals or at intermediate points and can be used in tandem with other 4-wire repeaters.

A 4-wire repeater is inherently stable and can therefore be used to give substantial gains on lines of irregular impedance. The usable gains will generally be limited by crosstalk, noise, or transmission variations.



515. TWO-WIRE VERSUS 4-WIRE CIRCUITS.


	a. A 2-wire circuit transmits speech cur rents in both directions over a single pair of wires whereas a 4-wire circuit uses separate pairs for the two directions of transmission. At the terminals of the 4-wire circuit the two one-way paths are combined by means of hybrid coils to provide a 2-wire termination at the telephone or switchboard.

	b. Most repeatered Army voice-frequency circuits are on a 2-wire basis because only one pair of wires is required per circuit compared with two pairs for 4-wire circuits. This saves shipping space and reduces line maintenance effort. Four-wire voice-frequency circuits are advantageous over wires having such irregu lar impedance that operation of 2-wire re peaters is not practicable with reasonable gains. When loading coils are missing or dam aged, or where there are other line irregulari ties, balances may be so low that singing or near-singing will occur with 2-wire repeaters. Four-wire-circuits, however, may be obtained over pairs with large irregularities and con siderable amounts of gain may be inserted at each repeater point without danger of singing or excessive echoes.

	c. Four-wire circuits are also used as trunk circuits in lead-covered cables in rear areas when it is not practicable to obtain the regu larity of impedance necessary to permit 2 wire operation.

	d. On circuits of nonstabilized wire, such as Wire W-110–B, the variation of net loss (ch. 12) from wet to dry weather is so great that over-all singing tends to be a limitation regard less of whether 2-wire or 4-wire repeaters are used. The result is that on such wire the maxi mum length obtainable with repeatered 4-wire circuits is little greater than with 2-wire cir cuits. However, higher gains can be used and fewer repeaters are required with 4-wire operation, and the maximum circuit length can be extended with manual regulation with less difficulty than on a 2-wire basis.





516. PORTABLE REPEATERS.

a. Telephone Repeater ER–89—A. This is a small portable 21-type repeater for use prin
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Figure 5-8. Telephone Repeater EE-89-A.

cipally on nonloaded field wires (fig. 5-8). It will pass 20 cycle or 1,000-20 cycle ringing. The simplex circuit is carried through the re peater and is not brought out to terminals. TM 11–2006 covers the description and opera tion of this repeater.

b. Telephone Repeater EE-99–A. Telephone Repeater EE-99—A (part of Telephone Re peater Set TC–29–A (Voice-frequency)) is a small portable 4-wire repeater, now rated as Limited Standard, which may be available in some theaters (fig. 5-9). It is designed for use on field wires. The repeater will pass voice frequency (such as 500-20 or 1,000-20 cycle) signaling. When 20-cycle signaling is used, the 20-cycle signal is passed over the phantom circuit (par. 511) derived from the two pairs of conductors. D-c telegraph can be operated over the simplex circuits except where 20 cycle ringing is required. Arrangements are included for providing a 2-wire termination on one side of the repeater, for use when the repeater is at a circuit terminal. TM 11–348 covers the description and operation of this repeater.
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figure 5-9. Telephone Repeater EE-99–A.

c. Telephene Repeater TP-14–( ). This is a portable 22-type repeater (fig. 5-10) which became available in 1945. The repeater has built-in adjustable balancing networks and equalizers which are designed to permit operation on most types of Army wire lines. The repeater will pass voice-frequency signal ing. Provision is made for bypassing 20 cycles around the repeater so that 20-cycle signaling

[image: Figure, page 165]

Figure 5-10. Telephone Repeater TP-14–( ).

may be used when desired. Phantom or sim plex circuits can be carried through or ter minated at the repeater. Composite sets and composite balancing sets are not included. The repeater operates from 115-230 volts, 50-60 cycles ac, or 12 volts dc and weighs 46 pounds, including the carrying case. Tele phone Repeater TP-14–( ) is described in TM 11–2007.



517. TELEPHONE TP-9.

The range of nonrepeatered point-to-point circuits can be increased by use of Telephone TP–9. This telephone has fixed transmitting gain and adjustable receiving gain, and pro vides reversible one-way transmission under control of the push-to-talk switch on the hand set. Information on this telephone and its application is in chapter 2.



518. PACKAGED VOICE-FREQUENCY REPEATER.

Packaged voice-frequency repeaters are pro vided in units of either one repeater (fig. 5-11) or three repeaters (fig. 5-12). Each repeater in a unit is arranged for use as either a 22-type or a 4-wire repeater. The repeaters include built-in composite sets, adjustable equalization for 2-wire and 4-wire circuits, and adjustable networks for balancing almost any type of 2-wire line. Each unit includes a power pack for a-c operation, and a bridging circuit to permit talking from a repeater to any other
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Figure 5-11. Packaged voice-frequency telephone repeater
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Figure 5-12. Packaged voice-frequency telephone repeater X—61821K.

repeater or to the circuit terminals. Two 1,000-20 cycle ringers are included in the cab inet with the single repeater unit. They may be used with any circuit in the office which requires a ringer. The 3-repeater unit does not include ringers. The packaged repeaters are designed for fixed plant service, the principal use being on open wire lines and lead-covered cables on a 2-wire basis, and on lead-covered cables on a 4-wire basis. The equipment and installation procedures are covered in TM 11–2028 and TM 11–2027.



519. COMPARISON OF REPEATERED AND NONREPEATERED CIRCUIT LENGTHS.

A comparison of the allowable circuit lengths for repeatered and nonrepeatered cir cuits is given for typical cases in figure 5-13. A single repeater in the middle of the circuit is assumed. Where trunk circuits with several repeater sections in tandem are involved, the repeater sections will generally be shorter (par. 542). Repeater spacings for other types of facilities are discussed in paragraph 541.
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	* Circuits are nonloaded except as indicated.

	b These figures are for Repeater EE-89-A (21-type); all other figures are for a 22-type repeater with a 15-db gain for open wire and loaded cable circuits and 20-db gain for non loaded cable circuits.

	Loading 6000–88; that is, 88 millihenries at 6,000-foot intervals.



Figure 5-13. Comparison of maximum circuit lengths of non repeatered circuits and circuits with a single repeater.



520. CARRIER SYSTEMS, GENERAL.

a. A carrier system makes it possible to ob tain a number of independent telephone cir cuits over the same transmission path. This is accomplished by shifting the usual 200- to 2,800-cycle telephone band to another fre quency range such as 3,200 to 5,800 cycles. This is similar to transmission over radio cir cuits except that radio circuits usually work on a double side band basis taking twice as much frequency space as the original voice band, whereas the wire carrier systems elimi nate one side band and the carrier current, thus saving frequency space on the line and more effectively using amplifier power. The process of shifting the telephone bands and stacking them one above the other in the fre quency range is carried out in the carrier terminal equipment which is always required for a carrier system. The operating length of carrier systems can be increased by the use of carrier repeaters at intermediate points. |- 0–45—11

Army types of carrier systems are used on open wire and suitably designed rubber-cov ered wires, but ordinarily are not used on lead-covered cables.


	b. Carrier operation is desirable because it permits maximum use of existing facilities, reduces the amount of open wire construction, and saves in shipping space and weight of materials. The carrier equipment can be transferred readily from one location or area to another as requirements change. The time required to establish a given number of car rier circuits on existing wire is much less than is required for stringing new wire.

	c. Carrier systems are of three kinds which differ in the way the two directions of trans mission required for telephony are handled. These three kinds are physical 4-wire, bal anced 2-wire, and equivalent 4-wire. The par ticular type used has important reactions on the application and layout of carrier systems. All three kinds are used with tactical equip ment. Fixed plant carrier systems using pack aged equipment work only on the equivalent 4-wire principle.

	d. Physical 4-wire systems use separate pairs and the same band of frequencies for each direction of transmission. The system uses two independent one-way paths like an ordinary 4-wire telephone circuit except that the frequency band extends beyond the voice range. Physical 4-wire systems are used for carrier on cables because this results in the lowest practicable top frequency and attenua tion for a given number of circuits. When used on open wire lines, physical 4-wire sys tems are subject to high crosstalk between high-level outgoing currents of one system and low-level incoming currents of the same frequency on another system, unless repeater spacings are suitably reduced.

	e. Balanced 2-wire systems use only one pair of wires and the same frequency band for each direction of transmission. Hybrid coils and balancing networks are used at ter minals and repeaters to separate the two directions of transmission. The transmission path between terminals is like an ordinary 2 wire telephone circuit except for the higher frequencies used. Freedom from instability and singing is obtained by the balance be tween the lines and networks and by use of short repeater sections with only moderate gains. Balanced 2-wire operation is of use
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Figure 5-14. Tactical carrier systems.

principally On Open wire lines but can be ap plied also to other types of wires for short distances. The number of balanced 2-wire carrier systems that can be worked on an open wire line without danger of high crosstalk between different systems will depend on the repeater spacing, type of line, etc. (par. 523e).

f. Equivalent 4-wire systems use only one pair of wires but the frequency bands for the two directions of transmission are different, one band being above the other in frequency. Separation of the two directions at repeaters and terminals is done by means of filters. This avoids the disadvantages of 2-wire balanced operation while requiring only one pair of wires and retaining all of the transmission advantages of a 4-wire circuit. However, these advantages are gained at the expense of more than doubling the top frequency of the system. For this reason, equivalent 4-wire carrier operation is normally used only on open wire lines. As a given frequency band always trans mits in the same direction for any system on the line, crosstalk is of the far-end type. Therefore, repeaters of higher gain can be used and a large number of systems can be worked on a line with suitably designed transpositions.



521. TACTICAL CARRIER SYSTEMS.

a. The types of tactical carrier telephone systems and the lines on which they are nor mally used are listed in figure 5-14. The spiral-four system using Telephone Terminal CF–1-( ) and Telephone Repeater CF–3– ( ) is designed for use on Cable Assemblies CC–358–( ) but may be used also on open wire. The carrier hybrid system uses the spiral-four equipment plus Carrier Hybrid CF–7, which makes possible carrier operation on open wire on a pair per system basis. The open wire converter system using Telephone

Terminal CF-1-( ), Converter CF-4-( ), and Repeater CF–5–( ) is the most suitable tactical system for open wire, where commer cial standards are to be approached.

b. Voice-frequency carrier telegraph sys tems can be operated over the telephone channels of these systems as discussed in chapter 3.
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Figure 5-15. Telephone Terminal CF-1-A.
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Figure 5-16. Repeater CF-3–A.



522. SPIRAL-FOUR CARRIER SYSTEM.

(1) The basic equipment units of the spiral-four carrier system are Telephone Ter minal CF–1–( ) (Carrier), part of Tele phone Terminal Set TC–21 (Carrier) and Repeater CF–3–( ) (Carrier), part of Re peater Set TC–23 (Carrier).

(2) Telephone Terminal CF–1–( ) and Repeater CF–3—A are shown in figures 5-15 and 5-16 respectively. The equipment is de scribed in TM 11–341. Information on a com plete 100-mile spiral-four system, Carrier System AN/TCC–2, is given in TM 11–2001.



b. On Cable Assembly CC–358–( ).


	(1) The spiral-four carrier equipment is designed basically for use as a physical 4-wire system on Cable Assembly CC–358–( ). Figure 5–17 shows schematically the arrange ments for nonrepeatered and repeatered cir cuits.

	(2) Each system provides one voice-fre quency and three carrier telephone circuits in the frequency range 0.2 to 11.6 kc. Transmis sion characteristics permit 6-db repeatered circuits about 150 miles long when the cable is aerial or on the ground, or about 400 miles long when it is buried. Transmission factors limiting the length, are loss variations caused by temperature changes, and noise. In practice, buried cable lengths have been considerably less than 400 miles. Normal repeater spacings are about 25 miles; these are limited by noise and available repeater gain. When noise is low, somewhat longer spacings can be used with some complications in maintenance.

	(3) When no intermediate repeaters are used, as in figure 5–17-A, circuit lengths up to 35 miles or more may be used by increasing the transmitting output at the terminals. Means for increasing the output are included in Telephone Terminals CF-1-A having serial
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Figure 5-17. Spiral-four cable carrier system.

numbers greater than 516. Under favorable noise and crosstalk conditions, single section systems can be operated for lengths of 55 miles at 6-db net loss or 80 miles at 30-db net loss. The gain of the terminal is sufficient for this purpose. At or near these extreme condi tions, singing may occur in cases of unusually poor near-end side-to-side crosstalk in the spiral-four cable."


	(4) Two d-c channels are provided over the two simplexes of the cable. Normally, one of these is used as a signaling channel to call in the intermediate repeater attendants. The other can be used for a telegraph circuit of One or two repeater sections.

	c. On Wire W-143. The spiral-four system can be used on an emergency basis over two pairs of nonloaded Wire W-143 with repeater sections about 14 miles in length. There are some restrictions on the use of Wire W-143 for this purpose, as some characteristics, such as capacitance unbalance, may give noisy operation in certain areas having high static noise levels. A special equalizer is required if one or more intermediate repeaters are in volved. This equalizer consists of an 11-milli henry (mh) inductor in series with an 80– ohm resistor, shunted across the input of each repeater and terminal. It can be made up in the field, the inductor being obtained by the parallel connection of the four half windings of two 88-millihenry (mh) loading coils. Fig ure 5-18 shows the equalizer and the method of connecting the Coils C–114—A for this pur pose. Satisfactory circuits of 6-db net loss can be obtained in this way for lengths up to about 100 miles under favorable conditions.





d. On Open Wire.

(1) The spiral-four system can be used as a physical 4-wire system on two open wire pairs. The method of setting up such a system is the same as for the spiral-four cable system, except that the instructions with the equip ment do not give typical equalizer settings for open wire circuits. These settings can be de termined during the line-up tests except for the MILES dial of the equalizer which should be set on step 0 for copper wire and step 30 for copper-steel wire.

(2) The lines used may be combinations of open wire, Cable Assembly CC–358–( ), or Wire W-143 without serious effects on transmission except some increased loss. This makes the system useful in front areas where well-constructed open wire lines may not exist. Single systems may be operated on a nonre peatered basis for lengths of 100 miles or more of open wire, giving four circuits on two pairs of wires. Circuit lengths can be increased by the use of repeaters. Two or more systems on the same line lead to crosstalk difficulties and require much shorter section lengths and repeater spacings for high-grade crosstalk performance. More detailed data on the allow able circuit lengths are given in paragraph 543b and figure 5-45.

[image: Figure, page 170]

Figure 5-18. Locally made equalizer for Wire W-143.


	(3) If this system is operated on a phys ical 4-wire basis on an open wire lead carry ing the open wire converter, type C (par. 528), type H (par. 527) or other equivalent 4-wire systems, high near-end crosstalk is likely to result, particularly if the spiral-four system is on a pair adjacent to that occupied by one of the other systems. Selection of pairs to reduce crosstalk is discussed in paragraph 530b.

	e. On Loaded Paper-insulated Conductors. The spiral-four system can be operated in lead covered cables on paper insulated conductors equipped with loading of sufficiently high cut off frequency. The cut-off frequency of the loading should be about 25 percent greater than the highest frequency to be transmitted over the spiral-four system. Some European loading systems are designed for music cir
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* This condition can be remedied, when necessary, by keeping reels with poor crosstalk (crosstalk loss per reel less than 12 db greater than the gain of the ter minal) at least 3 miles away from either end of the repeater section. Methods of measuring the crosstalk are described in paragraph 564. The least crosstalk loss at 11 kc for a cable reel meeting specification limits is about 43 db (1,650 mm.f capacitance unbal ance); the crosstalk loss at 11 kc corresponding to the rms capacitance unbalance in a reel is about 67 db. The crosstalk with such a long repeater section may also affect carrier telegraph operation, as discussed in chapter 3.

cuits and carrier systems, and have cut-off fre quencies in the range 7,500 to 17,000 cycles on the sides or phantoms. These would permit using two to four channels of the spiral-four system, depending on the cut-off frequency. This use on underground cables, will provide circuits of stable net loss with a minimum of interruptions in service.



523. CARRIER HYBRID SYSTEM.

a. Carrier Hybrid CF–7 in combination with spiral-four equipment is used for bal anced 2-wire carrier operation, using the same frequency band for each direction of trans
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Figure 5-19. Carrier Hybrid CF-7.

mission over open wire lines. This saves one pair as compared with physical 4-wire opera tion, but with restrictions on the length of the repeater sections and the required regularity of line construction.

b. Carrier Hybrid CF–7 (fig. 5-19) includes a repeating coil hybrid, a balancing network, protectors, and a composite set for deriving two d—c telegraph channels. A description of this equipment is given in TM 11–2003.

c. Figure 5–20 shows schematically the lay out of a carrier hybrid system.


	d. Repeater section lengths must be kept short in this system to avoid singing difficul ties. On well constructed lines with small irreg ularities, nonrepeatered circuits can be worked for 65 miles at 6-db net loss and 135 miles at 30-db net loss, on 80-mil copper-steel pairs. Longer lengths can be operated with repeater spacings of about 50 miles on this wire. If the lines are damaged or poorly constructed, and have changes in wire spacing or gauge, or have short lengths of inserted cable, the usable gain will be decreased. Such irregulari ties may reduce the maximum length of non repeatered circuits to not more than 45 miles at 6-db net loss and 115 miles at 30-db net loss. Irregularities in line construction are likely to be more common in front areas and this char acteristic of the carrier hybrid system should be allowed for in laying out systems in such areas. Detailed data on circuit lengths and repeater spacings are given in paragraph 543c and figure 5-46.

	e. If more than one carrier hybrid system is operated on a line, near-end crosstalk will occur between oppositely directed paths. On new carrier transposed lines of Army con struction, it will generally be possible to oper ate two carrier hybrid systems per crossarm with good crosstalk performance (par. 549c), or four per crossarm with crosstalk acceptable for forward areas. Existing lines may have poor crosstalk characteristics and operation of a number of systems will generally in volve accepting higher crosstalk, increased circuit net losses, or reduced repeater spac IngS.

	f. The carrier hybrid system can be used on Wire W-143 or Cable Assembly CC–358–( ) for moderate distances, as given in figure 5-46. If both pairs of the spiral-four cable are used for these distances, crosstalk between the two systems will approach the maximum



[image: Figure, page 171]

Figure 5-20. Balanced 2-wire carrier hybrid system.

[image: Figure, page 172]

Figure 5-21. Pair-per-system operation of Telephone Terminals CF–1–( ).

tolerable for forward areas. If one pair of Cable Assembly CC–358–( ) becomes dam aged in a spiral-four system, operation on a balanced 2-wire basis in the faulty section can be used as an emergency method.

g. The carrier hybrid system can be con verted to a physical 4-wire system or vice versa very easily, especially in the case of nonrepeatered systems. This allows consider able flexibility in the use of the two systems. Where sufficient pairs are available, physical 4-wire operation provides a more stable and less vulnerable system with wide latitude in the makeup of the line wires. The carrier hybrid system is for use where pairs are at a premium and the distance to be spanned is within the capabilities of the system as limited by line irregularities. Use of the system on very irregular lines in front areas is possible on a single section basis provided no attempt is made to insert large amounts of gain; that is, the system may be used to yield more cir cuits on a pair of wires but not to increase the range any large amount in such cases.

h. The carrier terminal and its associated hybrid can be separated and connections be tween the two made on a 4-wire basis. This is illustrated in figure 5-20, where Cable As sembly CC–358–( ) is shown connecting the terminals to the hybrids. This separation of the two units of equipment may be found de sirable to avoid long cable lengths between the hybrid and the open wire line; for example, it may be desired to place the terminal in a less exposed location where it can be camou flaged. Separation of the two units in this manner should be avoided whenever possible as it makes it awkward to adjust the balanc ing network in the carrier hybrid.



524. PAIR-PER-SYSTEM OPERATION OF TELEPHONE TERMINALS CF-1–( ).

a. An emergency method for operating over open wire lines on a pair per system basis is shown in figure 5-21. This is a stop gap ar rangement for use only when Carrier Hybrid CF–7 and the open wire converter system are not available, and there are not sufficient pairs to allow physical 4-wire operation. • b. It is not possible in this system to insert gain at either terminal, as this would cause circuit instability and singing. For satisfac tory operation, the dial settings should be ap proximately as indicated in figure 5–21. With these settings the over-all net loss of each channel would exceed the line attenuation by about 9 db. If properly adjusted, the circuits will not sing under any line conditions.

c. The circuit lengths with this system are limited to about 25 miles on 080 copper-steel wire for circuits having 18-db net loss, and about 60 miles for point-to-point circuits with 30-db net loss. Distances about three times as long can be spanned on 104 copper wire, as indicated in figure 5–47. Any inserted cable would reduce these lengths by the insertion loss of the cable.

d. Except for the connections shown in fig ure 5–21, the procedures for setting up this system are the same as for ordinary spiral four systems. However, a line-up of the system by means of testing current is not required and is not desirable. The various dials at each terminal should be set as indicated in the figure without regard to any over-all measure ments. Small readjustments of the GAIN dials of the individual channels may be made as required to prevent the circuits from sound ing tinny or to improve the volume. The sig maling channel over the simplex is set up in the normal manner. The second simplex tap provided in the terminal equipment is not used, and no connections should be made to it.



525. OPEN WIRE CONVERTER SYSTEM.

a. The open wire converter system is an equivalent 4-wire system, designed for opera tion over open wire pairs without the limita tions of the physical 4-wire and carrier hybrid
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Figure 5-22. Converter CF-4 (2-wire to 4-wire).

systems. This system uses Telephone Terminal CF–1-( ) (Carrier); Converter CF–4 (Car rier) 2-wire to 4-wire, part of Converter Set TC–33; and Repeater CF-5 (Carrier) 2-wire, part of Repeater Set TC–37. Figure 5-22 shows the converter and figure 5-23 the re peater equipment. The equipment is described in TM 11–2008.
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Figure 5-23. Repeater CF-5 (2-wire).

b. Figure 5–24 shows a schematic layout of a repeatered open wire converter carrier sys tem. The transmission over the open wire line in one direction is 0.2 to 11.6 kilocycles (kc) and in the other is 20.8 to 32.2 kilocycles (kc). cº
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Figure 5-24. Open wire converter system.


	c. Telephone Terminal CF-1-( ) is con nected over two pairs of wire to Converter CF–4 and thence to the open wire line. At Con verter CF–4 at one end of the system, the band of frequencies for one direction of trans mission is sent over the line without frequency change in the 0.2 to 11.6 kc range. The band of frequencies for the other direction is re ceived from the line in the 20.8 to 32.2 kc range, then converted to 0.2 to 11.6 kc, and passed to the receiving side of the CF–1–( ) terminal. At Converter CF–4 at the opposite end of the system, the functions of the two sides of the converter are interchanged: the band of frequencies for one direction of trans mission is raised from 0.2 to 11.6 kc to 20.8 to 32.2 kc and sent over the line while the 0.2 to 11.6 kc band received from the line is passed on to Telephone Terminal CF–1–( ). Re peater CF–5 is used to increase the allowable length of system. It provides amplification for the 0.2- to 11.6-kc band in one direction and 20.8 to 32.2 kc in the other direction of trans mission. The separation of the two frequency bands in both the converter and repeater is ac complished by means of directional filters (low and high-pass) which are part of these units.

	d. The system will provide four circuits per pair, and the circuit can be operated at 6-db net loss for distances up to about 1,000 miles (with some relaxation of crosstalk standards if systems are operated for such long distance on adjacent pairs). The normal repeater spac ing on 080 copper-steel wire is 80 to 90 miles. Noise and available gain limit the repeater spacings. When used as a single-section system without repeaters, distances up to 135 and 200 miles can be spanned on 080 copper-steel wire, for circuit net losses of 6 db and 30 db, respec tively. Additional data on repeater spacings are in paragraph 543e.

	e. On 4-pair and 8-pair open wire lines transposed as outlined in TM 11–368 or TM 11–2253, each pair may be used for an open wire converter system. These will provide a maximum of 32 telephone channels on 8 pairs of wires. The system may be used on the same pole line with fixed plant packaged car rier systems and most foreign systems.

	f. Combinations of the open wire converter system on open wire in tandem with the spiral four system on Cable Assembly CC–358–( ) can be operated without bringing the channels down to voice frequencies at the junction point.




	Converter CF-4 and Repeater CF–3–( ) are used at the junction in these cases. Converter CF–4 may also be used alone at the junction of the open wire and an entrance cable up to about a mile in length. This may be useful for camouflaging the approach to the carrier ter minal and it avoids the transmission penalties of having the cable in the open wire line. A source of power is required for the converter.

	g. Two composited d-c telegraph channels are provided, one of which is normally used for signaling purposes in maintenance of the sys tem.





526. FIXED PLANT CARRIER SYSTEMS.


	a. General. Fixed plant carrier telephone systems are the single channel type H and the 3-channel type C. These are equivalent 4-wire systems for use on open wire lines. Both are provided as packaged equipment.

	b. Voice-frequency Circuit. In addition to the carrier channels, a telephone circuit can be ob tained in the voice-frequency range on the same pairs of wires. This circuit is separated from the carrier channels by means of filters at each carrier repeater and terminal, and can be used nonrepeatered or equipped with 2-wire repeaters as desired. This is different from tactical equipment where the voice channel passes through the same amplifiers as the car rier channels.

	c. D-c Telegraph. Two composited d-c tele graph circuits or one simplex telegraph circuit can be obtained over the same pair of wires used for the type H or type C systems.

	d. Voice-frequency Carrier Telegraph. Voice frequency carrier telegraph can be transmitted over the carrier telephone channels. The tele graph system may consist of the 6- and 12 channel packaged equipment or the CF–2—A, CF–2–B, and CF–6 equipment.

	e. Equipment Features. The packaged type H and type C systems are patterned after com mercial systems but include special features desirable for Signal Corps use. The equipment is designed for a-c operation with built-in power packs. Each packaged unit has optional arrangements to permit its use under a wide variety of conditions. Provision is made for terminating the channels at voice frequencies on either a 2-wire or 4-wire basis. The 4-wire termination is used where a circuit consists of type C, type H, or 4-wire voice-frequency sec tions permanently connected in tandem. It is



[image: Figure, page 175]

Cx-D-C TELEGRAPH ComPosite SET. HP-High PAss LINE FILTER, PAsses FROM-4000 cycles U.P. LP-Low PAss LINE FILTER, PAsses FRoMo to 3ooo cycLEs

Figure 5-25. Type H system and voice-frequency circuit on open wire.

also used when voice-frequency telegraph sys tems are applied to the channels.

f. Transmission Data. Transmission data for the type H and type C systems are given in paragraph 543e.



527. TYPE H SYSTEM.

a. The type H system provides one carrier circuit in the frequency range 4.0 to 6.9 kc for West to East transmission and 7.4 to 10.3 kc for East to West. Figure 5–25 shows the gen eral arrangement of a nonrepeatered system in association with a 2-wire voice-frequency telephone circuit.
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Figure 5-26. Type H carrier terminal panel X-66217A.

b. The type H systems are normally used as single section systems. Circuits having 6-db net loss can be obtained for lengths up to 145 miles on 104 copper-steel wire. The circuit lengths can be increased by use of a type H carrier repeater. Corrections for transmission variations with temperature and weather are made manually, when necessary.
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Figure 5-27. Type H carrier repeater panel X-66217B.

c. The major components of the packaged type H system are shown in figures 5–26 and 5–27. The terminal is universal; that is, it can be arranged as an East or a West terminal by throwing a switch. The terminal is also ar ranged so that two terminals can be associ ated to provide a 3-channel system (voice plus 2 carrier) for physical 4-wire operation over suitable wire or radio systems. The packaged type H equipment does not include protectors or composite sets. Protectors can be provided from the line terminating and simplex panel described in TM 11–2020. Protectors and com posite sets can be provided by associating the type H equipment with the packaged voice-fre quency repeater or the line terminating and
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Figure 5-28. Packaged type C carrier telephone terminal (East terminal X-61819F; West terminal x 61819R).

composite panel described in TM 11–2031. The type H system and its installation are covered in TM 11–2025 and TM 11–2038.



528. TYPE C SYSTEMS.

- a. Type C systems provide three high-grade carrier channels in the frequency range 6.5 to 15.7 kc for the East to West transmission and 18 to 28.2 for West to East. The type C pack aged terminal and repeater are shown in figures 5-28 and 5-29 respectively. A schematic of a repeatered type C system with a voice frequency telephone circuit on the same pair of wires is shown in figure 5–30.

b. Type C systems have automatic regula tion to take care of transmission variations and can provide circuits having 6-db net loss for practically any length up to 1,000 miles or more. Maximum repeater spacings of about 155 miles can be used on 104 copper-steel wire, the limitations being noise and available gain.

c. Type C systems can be operated on all pairs of U. S. Army 4-pair and 8-pair lines transposed for 30-kc operation. On other types of lines suitable carrier transpositions are re quired and pairs may need to be selected for minimum crosstalk. The packaged type C sys tem is arranged so that either of two frequency allocations can be used. In the CS-frequency allocation (fig. 5-33) the channels in the high frequency group are transmitted as lower side bands; in the CU-frequency allocation these channels are transmitted as upper sidebands. This feature is provided to reduce crosstalk effects as crosstalk between upper sidebands on one system and lower sidebands on another system will not be intelligible,
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Figure 5-29. Packaged type C carrier telephone repeater X-61819.S.
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Figure 530. Type C system and voice-frequency circuit on open wire.
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	d. The packaged units include composite sets for deriving d-c telegraph circuits, line filters for separating the carrier from the voice circuit, and volume limiters for the tele phone channels when a voice-frequency carrier telegraph system is operated over another channel. A type C carrier transfer panel is available as a separate unit. This consists of line filters and associated equipment to permit separating the type C from the voice circuit at an intermediate point in a repeater section (par. 532).

	e. The type C system and its installation are described in TM 11–2026 and TM 11–2023. The carrier transfer panel is covered in TM 11–2031.





529. SIGNALING. -

Voice-frequency signaling must be used on all carrier circuits, on all voice-frequency cir cuits equipped with packaged 22-type or 4 wire repeaters, and on all composited circuits. The 1,000–20 cycle ringers used by the Signal Corps are normally the EE–101–( ) or the packaged ringers X—61820A and B. Ringer TA—3/FT provides either 1,000-20 or 500-20 cycle ringing, the latter being used when oper ating with British or European equipment re quiring this type of ringing. Twenty-cycle sig naling can be used on nonrepeatered, noncom posited circuits, and on voice-frequency cir cuits equipped with Repeaters EE–89—A, EE–99–A, or TP-14–( ).



530. SYSTEM COORDINATION ON OPEN WIRE LINES.

a. Repeater Locations. When different kinds of telephone and telegraph systems are used on an open wire line, there are certain features of system layouts which should be coordi nated. It is desirable to locate all telegraph, voice, and carrier repeaters at the same points. This centralizes maintenance and is desirable from a transmission standpoint as it reduces the possibility of excessive level differences be tween systems, which would produce crosstalk.



b. Frequency Coordination.

(1) It is desirable that transmission with in any carrier-frequency band be in the same direction on all carrier systems on a line. When this is arranged the frequencies are said to be coordinated. Frequency coordination tends to prevent the high near-end crosstalk which would occur if currents of the same frequency were at high level on one pair and at a low level on another pair at the same point on the line. Charts showing the frequency allocations for various types of carrier systems are in paragraph 534.


	(2) The frequency bands of the open wire converter system and type C, and of type C and type H, can always be coordinated. The frequency bands of the open wire converter system and type H do not coordinate but both systems can generally be operated on the same U. S. Army line on nonadjacent carrier trans posed pairs, if transmission from the B ter minal to the A terminal (0.2- to 11.6-kc band) of the open wire converter system is in the same direction as transmission from the East terminal to the West terminal (7.4— to 10.3-kc band) of the type H system.

	(3) The spiral-four carrier system oper ating on a physical 4-wire basis on an open wire line uses the same frequency band in both directions of transmission. Where more than one of these systems is operated on the same crossarm, it is important that the adjacent pairs used in the two systems be operated in the same direction to keep level differences between these pairs at a minimum. Such an ar rangement is illustrated in figure 5-31-A.

	(4) The carrier hybrid systems on open wire use the same frequency band in both direktions of transmission on one pair and therefore permit no choice in how the systems should be pointed relative to each other or to other systems. Expedients used for keeping crosstalk satisfactory with more than one of these systems on a line are: reduced repeater gains and spacings, and selection of pairs, usu ally based on obtaining the maximum physical separation between pairs carrying the same frequency bands in opposite directions. Such arrangements are illustrated in figures 5–31-B and -C, which apply when two systems are to be operated per crossarm. As many as four systems per crossarm may be usable where the crosstalk standards for forward areas (par. 549b) apply.

	(5) The methods of assigning pairs for spiral-four or carrier hybrid systems per cross arm shown in figure 5-31 are for lines having American types of carrier transpositions. Some other method of assignment may be found de sirable on other types of lines. On lines with barrelled squares, crosstalk between pairs in horizontally or vertically adjacent squares is worse than for combinations with more sepa
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NOTES : 1. A SHOWS OPTIMUM ASSIGNMENTS FOR SPIRAL-FOUR CARRIER, SYSTEMS.

2. B AND C SHOW OFTIMUM ASSIGNMENTS WHEN CARRIER HYBRID CF-7 IS USED WITH SPIRAL-FOUR EQUIPMENT, TL 54792

Figure 5-31. Pair assignments for spiral-four and carrier hybrid systems on open wire.

ration. When 10-pin crossarms are used the pair formed by the two wires adjacent to the pole, that is, the pole pair, should not be used for carrier.


	(6) As another example of system pair assignments, assume that a type C system is operating on one pair of a line and it is desired to add one spiral-four system working physi cal 4-wire on two other pairs. A large level difference will exist between the low-frequency group (East to West) of the type C and the spiral-four frequency band transmitting West to East, since the frequency bands are prac tically the same and the directions of trans mission are opposite. Therefore, the pair used for West to East transmission on the spiral four system should be selected to have the greater crosstalk loss into the type C pair. In the absence of measurements or other data on transpositions, it is a fair supposition that pairs far apart will have the least crosstalk.

	(7) Where the repeater section lengths are much shorter than the maximum allow able, the need for using the segregation ar rangements shown in figure 5-31 is decreased, because the level difference is reduced by the amount of reduction in line loss as compared to the maximum.

	c. level Coordination. When different types of systems are operated on the same line, the output levels should be made about the same on all systems for a given frequency range on the line. This usually gives optimum results from a crosstalk standpoint. If a branch line joins a main line at an intermediate point in the main line repeater section, or if a repeater or carrier terminal is used at an intermediate



point, readjustment of system levels may be required to equalize the levels at the interme diate point. Means for making such adjust ments are included in the carrier equipment.

º



531. CABLES IN OPEN WIRE LINES.


	d. Incidental cables in open wire lines will require consideration in planning and construc tion in order to avoid undesirable transmission reactions. Nonloaded cable in particular has a much lower impedance than an open wire pair and when used in the line can be an im portant source of increased transmission loss and crosstalk. Incidental cables also cause ir regularities in the line impedance which limit the usable repeater gains on 2-wire circuits.

	b. Incidental cable should be avoided by the use of open wire construction to the greatest extent practicable. Long span open wire con struction can be used for road and river cross ings. The aerial spaced pair construction de scribed in paragraph 504 is desirable where use of insulated wire is necessary, such as through foliage which cannot be kept clear of the line. The impedance of this construction approximates open wire line impedance and thus minimizes reflection effects.

	c. When cables are used, the transmission effects will depend on the type of system. With spiral-four equipment operated physical 4 wire, the principal effect will be an increase in the transmission loss of the line. For carrier hybrid operation, cables will reduce the balance obtainable between the line and network, and in general will allow use of only moderate gains. In the open wire converter, type C, and type H systems the important effects are in creased crosstalk and transmission loss.




	d. Allowable lengths of incidental cables for various types of systems are discussed in paragraph 545. When cables are used non loaded, the lengths tend to be short, especially for carrier operation. By use of loading, the impedance can be increased and much longer lengths are usable. Suggestions for loading in cidental cables in tactical systems and refer ence to carrier loadings for fixed plant systems are given in paragraph 545.

	e. In using pairs on an existing open wire line, a check should be made to see whether all loaded cables included will transmit the desired frequency band. Carrier operation is not possible over cable pairs with voice-fre quency loading because of the cut-off effect referred to in paragraph 512a. The cut-off frequency of Cable Assembly CC–358–( ) is not high enough to pass the frequencies re quired for the open wire converter and type C carrier systems.





532. DROPPING CIRCUITS ON CARRIER PAIRS.


	a. In laying out circuits to meet particular traffic demands, it may be advantageous to use some of the channels of a carrier system for circuits of less than the complete system length. For example, the system may run from A to C, and a circuit from A to B, as well as one from B to C, may be needed. This can be obtained by dropping circuits in the ways de scribed below.

	b. One or more channels can always be dropped at an intermediate point on a carrier route by installing terminals back-to-back; that is, by terminating a carrier system at voice frequency in both directions at the in termediate point.

	c. Arrangements are provided for bridging at repeater points on the No. 1 channel of the open wire converter system. A similar bridge can be made on the voice-frequency channel of spiral-four systems by means of a simple modification of the equipment described in Change 1 to TM 11–341 dated 15 February 1944. A short voice-frequency extension can be used from the repeater point. This provides a comparatively high net loss circuit (20 db or more) from the bridge to either terminal or to a bridge at another repeater. As the voice-frequency or No. 1 channel is normally used in routine maintenance of these systems, coordination of use of the circuit for main tenance and message purposes will be neces Sary. -




	d. On pairs with type H or type C carrier systems, the voice-frequency circuit is sepa rate at the carrier repeater points and may be bridged or terminated as desired. By the use of carrier transfer panels and line terminating and composite panels (or line terminating and simplex panels), the voice-frequency circuit can also be separated and terminated at an intermediate point in the carrier repeater section.

	e. A voice-frequency bridge with short ex tension can be made on any line at points be tween repeaters by means of Telephone Unit EE-105. The loss between the bridge and the circuit terminal will be high in most cases (20 db or more depending on the location of the set) and in the case of the tactical carrier systems, will require coordination in use of the circuit for maintenance and message pur poses.





533. CIRCUITS IN TANDEM


	q. It will be necessary on occasion to con nect telephone circuits permanently in tandem in order to build up longer circuits. The con nections between circuits can be made with the individual circuits terminated at voice frequencies on either a 2-wire or a 4-wire basis. It is preferable to connect the circuits together on a 4-wire basis because this will permit lower net losses and give better over all transmission.

	b. Telephone Terminal CF–1—A is arranged only for 2-wire termination but the modifica tions described in TM 11–2001 can be made when it is necessary to provide 4-wire termi nations of the channels. Future manufacture of this equipment, starting early in 1945, will include key arrangements to simplify the set ting up of either 2-wire or 4-wire termina tions. Voice-frequency repeatered circuits or type C and type H carrier systems, set up by means of packaged equipment, can be termi nated either 2-wire or 4-wire.

	c. When two circuits are connected together on a 4-wire basis, adjustment of the gains and losses at the junction point will be neces sary. The method of making these adjust ments varies with the type of equipment and is described in the manuals on the equipment. The principles involved are illustrated in fig ure 5-32 where circuits Nos. 1 and 2 may be any types of circuit, wire or radio, terminated on a 4-wire basis at their junction. Assume first that circuits Nos. 1 and 2 are terminated



on a 2-wire basis and lined up for operation as separate circuits, with normal gains and levels for each circuit. Then when the two circuits are connected in tandem on a 4-wire basis as shown, gains or losses represented by P and P" need to be inserted at the junction point. The gain or loss of P should be such that the transmission level at the input of C will be the same as when circuit No. 2 is terminated on a 2-wire basis for operation alone. Likewise, the gain or loss of P' should make the transmis sion level at the input of C' the same as when circuit No. 1 is terminated on a 2-wire basis for operation alone. The gain or loss repre sented by P and P' is obtained by adjustment of pads (provided in some types of equip
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Figure 5-32. Four-wire circuits connected in tandem.

ment), and by changing the gain of C and C'. The combination circuit should be made to have the same net loss in the two directions of transmission by changing the gains at D and D', as required. This general method of setting up 4-wire connections is applicable where circuits Nos. 1 and 2 are capable of operating separately at net losses of 6 to 9 db each. If the circuits involved cannot operate at net losses as low as this, or if the net losses of the two circuits are widely different, it may be necessary to change the gains at C and C' or even at A and A', to avoid singing difficul ties on the built-up circuit. Special cases of this kind may be met if one of the circuits is a 2-wire voice-frequency or type H carrier circuit.

d. When circuits are connected together per manently on a 2-wire basis, a modification of the normal adjustment of circuit net losses is desirable to reduce the loss of the over-all connection. Designating the two points to be connected as A and B, the channel receiving gains at the intermediate point should be in creased so that, the transmission losses from A and B to the intermediate point are 0 db and the losses from the intermediate point to A and B are 6 db. This will give an over-all net loss of 6 db in each direction as compared with a value of 12 db which would be obtained if the two circuits were adjusted in the nor mal manner. If three circuits are permanently connected in tandem, the end circuits in the connection would be adjusted in the manner described, and the middle circuit set up to have 0-db loss in each direction. This will give a 6-db over-all loss instead of 18 db. The fore going assumes that the individual circuits are each capable of working at 6-db net loss when operated alone, and that the wiring between the circuit terminals at a junction point is short.

e. It is important to coordinate the type of ringing equipment used at the terminals of a built-up circuit. The ringing equipment at the two ends does not have to be of the same no menclature but it must be designed to receive and transmit the same kind of signals over the circuit. Voice-frequency signaling over U. S. Army lines is normally 1,000–20 cycles. The British use 500–20 cycles and sometimes unmodulated 500 cycles. European circuits may also use 500–20 cycle ringing. If the ring ers at the two ends are of the same type, it is not necessary to provide any ringing equip ment at intermediate junctions in the built-up circuit. If ringers of the same type are not available at the two ends, coordination may be effected by providing suitable ringers con nected back-to-back at an intermediate point. Thus, a circuit might be equipped with 500-20 .cycle ringers at each end and connected to another circuit equipped with 1,000-20 cycle ringers. A 2-wire termination of each circuit at the junction is necessary in this case.



534. FREQUENCY ALLOCATIONS OF CARRIER SYSTEMS.

a. The frequency allocations of various American, British, and French carrier sys tems are shown in figures 5-33 to 5–35 inclu sive. These also show the normal output levels on the line. The information in these figures will be useful in coordinating the directions of transmission and output levels of different systems as discussed in paragraph 530.

b. The frequency allocations of Japanese and German civilian systems are shown in figures 5-36 and 5-37. These are based on available information in technical magazines and there may be some other types of carrier systems (including coaxial cable systems).
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Figure 5-33. Frequency allocations of U. S. Army and British Army carrier telephone systems.
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Figure 5-34. Frequency allocations of U. S. Army and British Army voice-frequency telegraph systems.
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- - - L 54794 Figure 5-35. Frequency allocations of French carrier telephone systems. 9
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Figure 5-37. Frequency allocations of German carrier telephone systems.




Section V. TRANSMISSION DATA


535. GENERAL.

This section gives data for use in estimat ing the transmission results obtainable with various combinations of wire and equipment. Transmission guides in the form of talking ranges, repeater spacings, etc., are given to indicate the types of circuit layouts which should give satisfactory transmission results under representative conditions. The data are given in tabular form in figures 5–38 to 5–48 inclusive which are collected under paragraph 544.



536. ATTENUATION AND IMPEDANCE.


	q. The attenuation at various frequencies and the 1,000-cycle impedance of various types of lines are given in figures 5-38 to 5-40, inclusive.

	b. The losses in figure 5–38 are for open wire lines of the type referred to in paragraph 505b, and described in detail in TM 11–368 and TM 11–2253. Lines with different wire spacings will have somewhat different attenu ations and impedances but these differences. will be unimportant for most purposes. The figures assume lines in good condition without much leakage and do not allow for the pres ence of ice, hoar frost, or wet snow on the line wires. If tree branches, vines, or other foreign materials are allowed to touch the wires, the losses may be much greater, the circuits may be quite noisy, and d-c telegraph circuits may be unusable. When ice or snow covers the wires the losses also will be much greater, par ticularly at carrier frequencies.

	c. Some foreign lines will have conductor sizes different from those listed in figure 5–38. The attenuation of such lines can be estimated approximately by interpolation between the figures given. The attenuation of a phantom circuit is about 0.8 of that of the correspond ing side circuit. Chapter 9 gives the relation between the diameters of American and for eign conductors.

	d. Nonstabilized rubber-covered wires are greatly affected by moisture on the wires, largely because this increases the capacitance between wires. However, if the insulation of wires is not maintained the leakage losses will be greatly increased. In addition, series resist ance may develop, particularly at splices where the wires tend to oxidize to form a high



resistance contact; large additional losses and excessive noise may be introduced in this way. The losses of field wires used as pairs are not much affected by occasional contacts with tree branches and other material.

e. The transmission data in figure 5-40 are for common types of American civilian load ing systems which may be used in some mili tary installations. Similar data on foreign load ing systems are in TM 11-487.



537. BRIDGING LOSSES.


	q. It will sometimes be necessary to add a bridged connection to a voice-frequency cir cuit. The losses caused by such connections are given in figure 5-41. The loss to through trans mission is the loss added to the through circuit by the bridged connection. The loss from the line to the bridged circuit is the loss in power received at the bridged line as compared with the power that would be received if the through line did not extend beyond the bridg ing point. -

	b. If there are several bridges, the total added loss in the through circuit will be the sum of the separate bridging losses. The loss will be somewhat less if the bridges are close together. The losses of figure 5-41 apply when the bridged line is long, that is, with a loss of at least 6 db. Short bridged lines terminated in Telephone EE–8–( ) will cause bridging losses intermediate between the values shown for the facility and Telephone EE–8–( ).

	c. Bridging losses will vary considerably with frequency. A Telephone EE–8–( ) bridged across an open wire pair may cause a loss to through transmission of 10 to 15 db at 500 cycles (ch. 2). This will be particularly important if 500-20 cycles signaling is used on a pair.





538. LOSS OF CABLES INSERTED IN OPEN WIRE LINES.

The loss added by nonloaded cables inserted in open wire lines consists of the attenuation of the cable plus reflection losses. At carrier frequencies, the reflection losses are large be cause the impedance of nonloaded cable is much lower than the open wire pair impedance. The exact computation of the added loss is compli cated but an approximate method, accurate for most purposes, is given in figure 5-42. As an example of the use of figure 5-42, the loss added by inserting 2,400 feet of 19 gauge non loaded cable in an open wire pair would be 24 × 0.22 = 5.3 db at 27 kc. The loss added by 3,200 feet would be 4.0 + š. db. The value 3.0 db per mile of 19 gauge cable at 27 kc is derived, by interpolation, from figure 5–39. The reflection losses and multi plying factors for frequencies other than those given in figure 5-42 can be estimated readily by interpolation.



539. EQUIPMENT LOSSES.

Equipment at terminals or intermediate points may introduce appreciable losses which must be allowed for. Switchboard losses may also be important in the case of switched cir cuits. Typical equipment losses are given in figure 5–43.



540. TRANSMISSION RANGES FOR NONREPEATERED VOICE-FREQUENCY CIRCUITS.

Figure 5–44 shows maximum talking ranges for various kinds of nonrepeatered voice-fre quency circuits. These are shown for 6-, 18 and 30-db circuits, which are suitable respec tively, for via trunks, terminal trunks, and point-to-point circuits. For pairs whose losses vary from dry to wet, the wet condition is assumed. The lengths given assume wire in good condition, without excessive leakage or high-resistance joints. Any incidental losses, discussed in paragraphs 537 to 539 inclusive, will reduce the talking range.



541. TRANSMISSION RANGES FOR REPEATERED VOICE-FREQUENCY CIRCUITS.

q. General. Talking ranges for repeatered voice-frequency circuits are given in figure 5-44. The following subparagraphs discuss the factors involved in the use of the data.

b. Telephone Repeater EE-89—A. The princi pal usage of this repeater is expected to be on nonloaded rubber-covered wires. The repeater can be used on open wire pairs if the line im pedances are sufficiently uniform and the low power output of the repeater is not a limita tion. The circuit lengths applying for this re peater in figure 5–44 assume that the repeater has 12– to 15–db gain and is located at the center of the circuit. In cases where the re peater cannot be located near the center point, the range should be reduced so that twice the dry weather loss on the short side of the re peater exceeds the one way repeater gain by at least 6 db. This consideration will be im portant only on low net loss circuits. In a specific circuit, the gain actually realizable may differ somewhat from the assumed value and may be higher if the line impedances on each side of the repeater are closely the same.

c. Telephone Repeater TP-14–( ). The re peatered talking ranges given in figure 5-44 apply for this repeater except on certain types of lines where the range may be reduced be cause of limitations of available gain (18 db at 1,000 cycles) or balances obtainable with the networks provided in the repeater. These ex ceptions are covered by the notes of figure 5-44. Except for these, the application of the repeater is governed by the same transmission considerations as for the packaged voice-fre quency repeater, discussed in subparagraph d below.



d. Packaged Voice-frequency Telephone Re peater.


	(1) The data given in figure 5–44 apply for a packaged voice-frequency repeater oper ated as a 22-type repeater at the center of a circuit. Singing and crosstalk are the principal limitations on the usable gain of such a re peater. Figure 5–44 is based on gains of 20 db for nonloaded paper-insulated cable or non loaded stabilized wire and 15 db for open wire lines, which are assumed of moderately uni form construction and impedance. Gains of 20 db could be used on the high-grade fixed plant open wire lines described in TM 11–2253. This would permit longer repeater spacings as discussed in detail in TM 11–2022. Usable gains would be lower than are assumed in fig ure 5-44 if the lines have large impedance irregularities or excessive crosstalk.

	(2) Although figure 5–44 is for a repeater in the center of the circuit, approximately the same range could be obtained with a terminal repeater at each end of the circuit.

	(3) If the desired length of circuit is greater than shown in figure 5-44, more re peaters may be added. The following shows approximately the amount of total gain usable in various numbers of repeaters: one repeater, gain G; two repeaters, 1.9G; three repeaters, 2.6G; and four repeaters, 3.3G. This assumes that the distance from the end repeaters of the circuit to the circuit terminal is equal to one half the normal spacing between repeaters. From these factors and from the differences



between repeatered and nonrepeatered ranges in figure 5-44, the allowable lengths of circuits with various numbers of repeaters may be esti mated on stabilized wire. For example, for non loaded Wire W-143 the nonrepeatered range for a 6-db net loss circuit is 5 miles, and the similar range for one central repeater is 22 miles or a difference of 22 — 5 = 17 miles. The allowable length for two intermediate re peaters is, therefore, 5 + 1.9(17) = 37 miles and for three intermediate repeaters is about 5 + 2.6(17) = 49 miles. General rules for as signing gains to the various repeaters in a circuit are given in paragraph 546.


	(4) On nonstabilized wire, the same method may be used but with the further restriction that the net loss in dry weather should not become less than 3 db at any time. This will limit the range of nonstabilized wires. Also, for some of the longer lengths of re peatered open wire circuits, some manual regu lation would be necessary under extreme weather conditions in the case of nominal 6-db net loss circuits.

	(5) The margin against singing would be appreciably degraded by operating circuits at net losses lower than 6 db. No repeatered 2-wire line should be operated at a net loss lower than 3 db under the extreme attenuation variations likely to occur with weather and temperature changes.

	(6) The data given in figure 5–44 for lead covered cable pairs are for circuits in forward areas where crosstalk standards may be re laxed. Repeater spacings for trunk circuits in rear areas are discussed in paragraph 542.





542. VOICE-FREQUENCY LEAD-COVERED CABLES.



q. Small Cables.

(1) Lead-covered cables installed by the Army are expected to be of the 7-, 12-, or 27 quad size in most cases. These cables are used principally for 2-wire and 4-wire voice-fre quency repeatered circuits in rear areas, but some use for them may be found in forward areas when conditions are reasonably stable. If both directions of the 4-wire circuits are to be operated in the same cable, 4-wire segre gation arrangements similar to figure 5-85-B should be used. With such segregation, aver age repeater spacings up to about 40 miles for 19 gauge, 6000-88 loaded circuits, or about 70 miles for 16 gauge, 6000-88 loaded circuits may be used for 2-wire and 4-wire circuits in

American type cables of the 7- to 27-quad sizes. By using two small cables with opposite ly bound 4-wire paths in different cables, higher repeater gains can be used with good crosstalk performance. This assumes that there are no 2-wire circuits in the cables. Under these conditions the above repeater spacings may be doubled, provided repeaters of suffi ciently high gain are available and unusual noise conditions are not encountered, such as noisy open wire pairs tapping into the cable near repeater inputs.


	(2) If the phantom is not used, capaci tance unbalance corrective work during instal lation will not be necessary. To obtain high grade crosstalk performance between pairs, splicing should be such as to equalize the ex posure between the pairs. By this is meant that any two pairs through the spliced cable should, in so far as practicable, appear a min imum number of times as pairs of the same quad, pairs in adjacent quads, etc. The 2-wire repeater balances obtainable tend to be low, because of large capacitance deviations from pair to pair. These deviations can be improved by cutting long reel lengths at 750 or 1,500 foot intervals, and resplicing so as to equalize the pair capacitances. Splicing at these shorter intervals would also improve the crosstalk per formance. Such splicing may not be practic able, however, in many Signal Corps instal lations.

	(3) Assuming that a cable of the 7 to 27-quad size is used for 2-wire and 4 wire circuits, with the repeater spacings and methods of segregation and splicing referred to in subparagraphs (1) and (2) above, cross talk considerations make it desirable to re strict the 2-wire circuits to lengths of one repeater section and 8-db net loss, or two re peater sections and 11-db net loss. The 4-wire circuits can be operated at net losses of 6 to 8 db (depending on the cable size, etc.) for lengths of about 500 miles. If segregation of the oppositely bound 4-wire paths is not used, the net loss of 4-wire circuits would need to be increased about 6 db to obtain crosstalk performance equivalent to that with segrega tion. If the average repeater spacings are in excess of those in subparagraph (1) above, the circuit net losses would need to be increased 1 db for each increase of 1 db in the repeater section loss, in order not to degrade crosstalk performance.
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b. Large Cables. Large lead-covered cables (up to 300 pairs or more) may be taken over from the enemy or installed in stable areas where large numbers of circuits are needed. Special techniques and tools are required to install and maintain these cables. Special en gineering is also required and this should be done well in advance of the time the cables will be used. The repeater stations will be lo cated at fairly regular intervals which may be 35 to 100 miles, depending upon the wire gauge, loading, and transmission requirements. When existing cables are used to provide Army circuits, the best transmission results will be obtained if the Army circuits are laid out with the same repeater gains, etc. as the civilian circuits previously in operation. Information on rehabilitation of damaged long distance cables is covered in section VII.



543. CARRIER REPEATER SECTION LENGTHS.


	(1) Figures 5-45 to 5-48, inclusive, give circuit lengths and repeater spacings for car rier systems. The tables cover both single section and repeatered systems for circuit net losses of 6 db and 30 db. Lengths for other net losses, or net losses for other lengths, can be estimated by straight line interpolation between the figures. In some cases, the net loss of 30 db applies to the top channel of a system and lower net losses may be obtainable on other channels. Also, in some cases the net loss could be reduced at the expense of increased noise. The figures are based on the crosstalk and noise standards for rear areas, discussed in section VI and in chapter 12, and consider ation of the available gain in the equipment.

	(2) If the length of a nonrepeatered sys tem approaches that given for 30-db net loss circuits, and if a teletypewriter is used on voice-frequency carrier telegraph channels, considerable telegraph errors due to atmos pheric static may occur in the season when thunderstorms prevail. With the spiral-four carrier system, telegraph transmission may be improved under this condition by the use of telephone channel 2 instead of channel 3 be cause of the lower line loss of channel 2. Other expedients are repeated transmission of the message, or the use of manual telegraph dur ing periods of high static.

	b. Spiral-four Systems. Figure 5-45 applies to the physical 4-wire operation described in para graph 522. In the case of the open wire system,



figures for two systems on a line are governed by crosstalk. Line construction described in TM 11–368 or TM 11–2253, and crosstalk stand ards per paragraph 549c, are assumed. Where crosstalk standards can be relaxed, longer sec tion lengths are possible for 2-system operation on such lines. However, where existing open wire lines of other types are used, crosstalk may be inherently high and it may be necessary to adhere to the lengths given for 2-system operation and also accept poorer crosstalk.



c. Carrier Hybrid Systems.


	(1) Figure 5-46 applies to the carrier hy brid system described in paragraph 523. In this case, no particular distinction has been made in the table between one- and 2-system operation on the line. The lengths indicated will allow 2-system operation on outside pairs of lines of the type described in TM 11–368. On adjacent pairs, the lengths should not ex ceed the values for 2-system operation in fig ure 5-45 and even at these lengths the cross talk performance is likely to be poorer than indicated in paragraph 549c.

	(2) Figure 5-46 gives section lengths for two values of repeater balance: 25 db and 15 db. The 25-db balance would apply to a well con structed line, without changes in wire gauge and spacing, and with inserted cables limited to the lengths and types discussed in para graph 545. The 15-db balance is for a line of moderately poor construction with inserted lengths of cable, etc. It does not represent the worst condition that may be encountered.

	d. Pair-per-system Operation of Terminals CF–1–( ). Figure 5-47 applies to the arrange ments described in paragraph 524. The maxi mum circuit lengths for open wire assume that there are no incidental losses due to inserted cables, etc. Allowance should be made for such losses in laying out these systems.

	e. Equivalent 4-wire Systems. Figure 5–48 gives data for the open wire converter, type H, and type C systems described in paragraphs 525, 527, and 528 respectively. The lengths are based on noise limitations and available gain and should be considered as maximum values. If the lines include any long lengths of cable or other sources of loss besides the open wire pair, the spacings should be shortened in pro portion to the excess loss. The type C automatic regulation will be inoperative at the lengths given for nonrepeatered systems and 30-db net loss.





544. TABULAR DATA.

Figures 5-38 to 5–48, inclusive, give data covering the transmission characteristics of wires and wire-line circuits. Information cov ering the physical characteristics of these wires together with construction data are given in chapter 9. Further information is given in TM 11-487.















	
	D-c resistance
	1,000-cycle
	Conditi
	
	
	Approximate attenuation b (db per mile)
	
	



	Descriptions
	(ohms

loop mile)
	impedance

(ohms)
	of

wire
	1 kc
	8

kc
	11 kc
	£0

kc.
	30

kc




	
	
	
	Dry
	0.11
	0.13
	0.14
	0.16
	-

0.19



	Copper

080
	17.5
	680-j235
	Wet
	0.13
	0.15
	0.17
	0.20
	0.24



	Copper
	
	
	Dry
	0.074
	0.089
	0.099
	0.13
	0.15



	104
	10.3
	614-j145
	Wet,
	0.083
	0.11
	0.12
	0.16
	0.19



	Copper

128
	6.8
	
	Dry
	0.052
	0.071
	0.080
	0.11
	0.13



	
	
	580-j97
	Wet,
	0.061
	0.088
	0.100
	0.14
	0.16



	Copper
	
	
	Dry
	0.034
	0.056
	0.064
	0.084
	0.10



	165
	4.1
	545-j60
	Wet
	0.042
	0.072
	0.083
	0.11
	0.13



	40%

080

C-S
	42.8
	
	Dry
	0.23
	0.31
	0.32
	0.33
	0.33



	
	
	791-j481
	Wet,
	0.25
	0.34
	0.35
	0.36
	0.37



	104.40%

C-S
	25.3
	
	Dry
	0.16
	0.20
	0.20
	0.21
	0.21



	
	
	686-j335
	Wet,
	0.18
	0.22
	0.23
	0.24
	0.24



	C-S

128.40%
	16.7
	613-j227
	Dry
	0.12
	0.14
	0.14
	0.14
	0.15



	
	
	
	Wet,
	0.13
	0.16
	0.16
	0.17
	0.18



	104.30%

C-S
	33.8
	740-j418
	Dry
	0.21
	0.28
	0.28
	0.29
	0.29



	
	
	
	Wet,
	0.22
	0.30
	-

0.31
	0.32
	0.33



	128.30%

C-S
	22.3
	
	Dry
	0.15
	0.19
	0.20
	0.20
	0.20



	
	
	649-5291
	Wet,
	0.17
	0.22
	0.22
	0.23
	0.24



	GI

083
	130
	1,380-j830
	Dry
	0.36
	1.2
	1.4
	2.1
	2.5



	
	
	
	Wet,
	0.37
	1.2
	1.4
	2.1
	2.5



	GS

109
	75
	1,230-j630
	Dry
	0.30
	1.1
	1.3
	1.7
	2.0



	
	
	
	Wet,
	0.31
	1.1
	1.3
	1.7
	2.0





• C-S denotes copper-steel. Percentage is conductivity relative to copper. GS denotes galvanized steel, GI denotes galvanized iron.

trees, brush, etc., do not touch wires, and that recommended construction practices are followed. Pole spacing is assumed 200 feet except for 080 copper and twin pairs for which 150 feet is assumed. Pin spacing in all cases is assumed to be 8 inches.

Figure 5-38. Transmission data on open wire lines (continued on opposite page).

[image: Figure, page 190]

* Attenuations are for side circuits at 70°F and assume use of Insulators IN-15 and IN-128 in good condition, that
















	
	D-c resistance
	1,000-cycle
	Condition
	
	
	Approximate attenuation" (db per mile)
	
	



	Description
	(ohms per

loop mile)
	impedance

(ohms)
	of

totre
	1 kc
	8 kc
	11 kc
	20

kc
	30

kc
	




	
	
	Twin

pairs"
	(rubber-covered wires)
	
	
	
	
	
	



	W-110-B

open

wire
	
	
	Dry
	0.43
	0.66
	0.68
	0.70
	0.73
	



	93
	
	Wet,
	0.46
	0.68
	0.71
	0.75
	0.79

0.80

2.6

0.17
	



	W-110-B

93

tree
	
	
	Dry
	0.44
	0.68
	0.70
	0.75
	
	



	
	
	Wet
	1.1
	1.6
	1.7
	2.1
	
	



	W-143

open

wire
	
	
	Dry
	0.13
	0.14
	0.14
	0.16
	
	



	17.5
	
	Wet
	0.14
	0.16
	0.17
	0.20
	0.23
	





* Attenuations are for side circuits at 70°F and assume use of Insulators IN-15 and IN-128 in good condition, that trees, brush, etc., do not touch wires, and that recommended construction practices are followed. Pole spacing is assumed 200 feet except for 080 copper and twin pairs for which 150 feet is assumed. Pin spacing in all cases is assumed to be 8 inches.

* Two wires of one pair used in parallel form one side of the circuit and two wires of another pair form the other side, also known as spaced aerial pairs (par. 504). The open wire twin pair is assumed to be strung like open wire on insulators and poles with 8-inch spacing. The tree twin pair is made of two Wire W-110-B pairs tied to trees, the spacing varying from 8 to 24 inches. Attenuations apply when there are few contacts with foliage, etc.

Figure 5-38. Transmission data on open wire lines (continued).
















	
	
	D-c


	º
	
	
	
	
	Approximate attenuation b (db per mile)
	



	Type
	1a
	loop mile)
	|*::::*|
	::::::::.

ohms)
	1 ke
	8 kc
	11 kc
	20

kc.
	30

kc




	
	
	
	Lead-covered
	paper-insulated
	cable
	
	
	
	



	16

sided

ga.
	nonloaded
	42
	0.062
	255-j214
	0.73
	1.36
	1.43
	1.63
	1.87



	19

sided

ga.
	nonloaded
	86
	0.062
	345-j317
	1.08
	-

2.37
	-

2.55
	-

2.84
	-

3.07



	19

ga. pair
	nonloaded
	86
	0.084
	295-j273
	1.26
	-
	-
	-
	-



	22

ga.

pair
	nonloaded
	171
	0.082
	416-j399
	1.79
	-
	-
	-
	-



	24

pair

ga.
	nonloaded
	274
	0.072
	558-j542
	2.14
	-
	-
	-
	-



	24

pair

ga.
	nonloaded
	274
	0.084
	517-j503
	2.31
	-
	-
	-
	



	26

ga. pair
	nonloaded
	440
	0.069
	718-j706
	2.67
	-
	-
	-
	

-



	16

side"

ga.
	6000-88
	50
	0.062
	| 1,120-j53
	0.19
	-
	-
	-
	-



	19

side"

ga.
	6000-88
	94
	0.062
	| 1,125-j103
	0.36
	
	
	
	





* The type of loading is shown by a number representing the wire distance between loading coils expressed in feet followed by a number representing the inductance of the loading coil expressed in millihenries.

Figure 5-39. Transmission data on wires and cables (continued on following page).

* The data in this table apply at a temperature of 70°F.

• For loaded circuits, the 1,000-cycle impedance is for the midsection point of a loading section, that is, a point midway between two adjacent loading coils.

* These are quadded cables; all others are nonquadded.
















	PAR.

544
	ELECTRICAL
	*
	COMMUNICATION
	SYSTEMS
	
	ENGINEERING
	
	
	



	
	
	§§
	º:

Capacitance |
	1.000-cycle
	
	
	
	Approximate attenuation b (db per mile)
	



	Type
	Loading"
	
	
	*:::::::
	1 ke
	8

kc
	11 kc
	20

kc.
	30

ke




	
	
	
	Rubber-covered
	and

wire

cable
	
	
	
	
	



	W-130-A

wet
	nonloaded
	590
	0.28
	432-j372
	6.5
	14.5
	16.5
	19.0
	22.0



	W-130-A

dry
	nonloaded
	590
	0.09
	775-j697
	3.5
	8.0
	9.0
	10.5
	12.5



	W-130-C

wet
	nonloaded
	590
	0.15
	560-j540
	4.5
	11.0
	12.0
	14.0
	16.0



	W-130-C

dry
	nonloaded
	590
	0.06
	900-j860
	2.9
	7.0
	8.0
	9.0
	10.5



	W-130

wet
	nonloaded
	590
	0.19
	505-j475
	5.0
	12.5
	13.5
	16.0
	18.5



	W-130

dry
	nonloaded
	590
	0.07
	890-j850
	3.0
	7.0
	8.0
	9.0
	10.5



	WD-3/TT
	nonloaded
	590
	
	Characteristics
	approximately
	the
	same

as
	W-130

Wire
	



	W-110-B

wet
	nonloaded
	186
	0.18
	300-j270
	2.8
	6.4
	7.2
	8.9
	11.2



	W-110-B

dry
	nonloaded
	186
	0.07
	485-j440
	1.7
	-

3.7
	-

4.0
	-

4.6
	-

5.2



	W-110-B

wet
	5280–88
	195
	0.18
	775-j105
	1.6
	-
	-
	-
	-



	W-110-B

dry
	5280-88
	195
	0.07
	1,175-j180
	0.8
	
	
	
	



	W-50

wet
	nonloaded
	26
	0.24
	112-j81
	1.0
	1.9
	2.1
	3.0
	4.2



	W-50

dry
	nonloaded
	26
	0.07
	215-j147
	0.55
	0.85
	0.9
	1.05
	1.25



	W-108

wet
	nonloaded
	180
	0.24
	253-j238
	3.2
	7.9
	8.9
	10.9
	12.3



	W-108

dry
	nonloaded
	180
	0.13
	337-j319
	2.3
	5.7
	6.3
	7.2
	7.6



	W-108-A

wet,
	nonloaded
	230
	0.24
	285-j268
	3.6
	9.3
	10.5
	13.1
	15.0



	W-108-A

dry
	nonloaded
	230
	0.13
	380-j364
	2.7
	6.7
	7.5
	8.8
	9.5



	W-143
	nonloaded
	35
	0.21
	130-jlo5
	1.2
	-

2.1
	-

2.2
	-

2.5
	-

2.9



	W-143
	3300–88
	48
	0.21
	870-j20
	0.32
	
	
	
	



	WC-548

side
	nonloaded
	71
	0.12
	235-j200
	1.3
	2.5
	2.7
	-

3.0
	-

3.4



	CC–358-(

)side
	1320-6
	77
	0.12
	475-j105
	0.75
	0.85
	0.95
	
	



	)phantom

CC–358-(
	nonloaded
	39
	0.27
	130-j85
	1.3
	2.5
	2.7
	3.5
	4.4



	CC-345
	nonloaded
	90
	0.14
	240-j220
	1

.7
	3.7
	4.0
	4.6
	5.0



	CC-355-A
	nonloaded
	90
	0.14
	240-j220
	1.7
	3.7
	4.0
	4.6
	5.0





• The type of loading is shown by a number representing the wire distance between loading coils expressed in feet followed by a number representing the inductance of the loading coil expressed in millihenries.

these wires are subject to variations because of material substitutions and difficulties in controlling manufacturing processes.

Figure 5-39. Transmission data on wires and cables (continued).

b The data in this table apply at a temperature of 70°F. Data are approximate as the electrical characteristics of

• For loaded circuits, the 1,000-cycle impedance is for the midsection point of a loading section, that is, a point midway between two adjacent loading coils.
















	Loadingb
	Nominals

impedance

(ohms)
	Cut-off

frequency

(cycles)
	
	Attenuation,

1,000-cycle, 55°F

(db per mile)
	Gauge

cable

(B&S)
	Loading
	Nominal

o

impedance

(ohms)
	Cut-off

frequency

(cycles)
	Attenuation,

1,000-cycle,

68° F

(db per mile)



	
	
	
	19 ga.
	16 ga.
	26
	H-88
	1,050
	3,800
	1.68




	B-88-50–S
	1,550
	5,600
	0.28
	0.16
	
	H-44
	750
	5,300
	1.46



	B-88-50-P
	930
	5,900
	0.23
	0.14
	24
	H-88
	1,050
	3,700
	1.13



	H-174-106–S
	1,550
	2,900
	0.28
	0.16
	
	B-88
	1,450
	5,300
	0.86



	H-174-106-P
	950
	2,900
	0.22
	0.13
	
	
	
	
	



	H-172-63-S
	1,550
	2,900
	0.27
	0.16
	
	H-44
	700
	5,000
	1.04



	H-172-63-P
	750
	3,700
	0.28
	0.16
	22
	H-88
	1,000
	3,500
	0.79



	H-88-50-S
	1,100
	4,000
	|| 0.35
	0.19

|
	
	B-88
	1,400
	5,000
	0.60



	
	
	
	
	
	
	B-135
	1,700
	4,000
	0.48



	H-88-50-P
	650
	4,200
	0.30
	0.16
	
	H-44
	700
	5,000
	0.56



	H-44–25–S
	800
	5,600
	0.47
	0.25
	
	H-88
	950
	3,500
	0.42



	H-44–25–P
	500
	5,900
	|| 0.39
	0.21
	19
	B-88
	1,350
	4,900
	0.34



	B-22-N
	800
	11,000
	0.45
	0.24
	
	-

B-135
	1,700
	3,900
	0.26



	H-44-N
	800
	5,600
	0.47
	0.25
	
	
	-
	
	



	H-88-N
	1,100
	4,000
	0.35
	0.19
	• For
	=

Z

loaded

cable
	L

C'

where
	L

-

-

is loading
	coil induc







* Capacitance of quadded cables: 0.062 mf per mile (side) 0.102 mſ per mile (phantom).



QUADDED CABLES" NONQUADDED CABLES"
















	Loadingb
	Nominals

impedance

(ohms)
	Cut-off

frequency

(cycles)
	
	Attenuation,

1,000-cycle, 55°F

(db per mile)
	Gauge

cable

(B&S)
	Loading
	Nominal

o

impedance

(ohms)
	Cut-off

frequency

(cycles)
	Attenuation,

1,000-cycle,

68° F

(db per mile)



	
	
	
	19 ga.
	16 ga.
	26
	H-88
	1,050
	3,800
	1.68




	B-88-50–S
	1,550
	5,600
	0.28
	0.16
	
	H-44
	750
	5,300
	1.46



	B-88-50-P
	930
	5,900
	0.23
	0.14
	24
	H-88
	1,050
	3,700
	1.13



	H-174-106–S
	1,550
	2,900
	0.28
	0.16
	
	B-88
	
	5,300
	0.86



	H-174-106-P
	950
	2,900
	0.22
	0.13
	
	
	1,450
	
	



	
	
	
	
	
	
	H-44
	700
	5,000
	1.04



	H-172-63-S
	1,550
	2,900
	0.27
	0.16
	
	H-88
	1,000
	3,500
	0.79



	H-172-63-P
	750
	3,700
	0.28
	0.16
	22
	B-88
	1,400
	5,000
	0.60



	H-88-50-S
	1,100
	4,000
	|| 0.35
	0.19

|
	
	
	
	
	



	
	
	
	
	
	
	B-135
	1,700
	4,000
	0.48



	H-88-50-P
	650
	4,200
	0.30
	0.16
	
	H-44
	700
	5,000
	0.56



	H-44–25–S
	800
	5,600
	0.47
	0.25
	
	H-88
	950
	3,500
	0.42



	H-44–25–P
	500
	5,900
	|| 0.39
	0.21
	19
	
	
	
	



	
	
	
	0.45
	
	
	B-88

-
	1,350
	4,900
	0.34



	B-22-N
	800
	11,000
	
	0.24
	
	B-135
	1,700
	3,900
	0.26





L - - -- - H-88-N 1,100 4,000 0.35 0.19 • For loaded cable Z = C' where L is loading coil induc tance in henries and C is loading section capacitance in farads. For nonloaded cable Z = W#3 where R and C are the resistance and capacitance per unit length and f is the frequency (1,000 cycles assumed).

* Transmission data apply to nonquadded cables having the following capacitance:

26 ga. =0.069 mf per mile

24 ga. =0.072 mf per mile

22 ga. =0.082 mf per mile

19 ga. =0.084 mſ per mile

Figure 5-40. American civil loading systems.

* The first letter indicates the coil spacing (H=6,000 ft. and B =3,000 ft.): the first and second numbers indicate the inductances (millihenries) of the side and phantom loading coils, respectively; and the last letter indicates whether it is a side circuit (8), a phantom circuit (P), or a nonphantomed pair (N).










	
	
	
	Transmission loss due to bridging (db) -



	Through line
	Bridging line
	Loss to through

transmission
	Loss from through

line to bridge




	Open

wire

pair
	Open

wire

pair
	3.5
	3.5



	Open

wire

pair
	W-143

nonloaded
	10.0
	1.5



	Open

wire

pair
	W-1433300-88
	3.0
	3.5



	Open

wire

pair
	CC–358-(

)
	5.0
	3.0



	Open

wire

pair
	W-110-B

nonloaded

b
	5.5
	2.5



	Open

wire

pair
	W-110-B

5280–88b.
	4.0
	4.0



	Open

wire

pair
	Telephone

EE-8-(

)*
	1.0

d
	4.0

d



	Open

wire

pair
	impedance

Telephone

Unit

EE-105,

low
	2.0
	5.0

°



	Open

wire

pair
	medium

impedance

Telephone

Unit

EE-105,
	1.0
	13.5

°



	Open

wire

pair
	impedance

Telephone

Unit

EE-105,

high
	0.5
	19.0

°



	W-143

nonloaded
	W-143

nonloaded
	3.5
	3.5



	W-143

nonloaded
	W-1433300-88
	0.5
	5.5



	W-143

nonloaded
	W-110-B

nonloaded"
	1.5
	4.5



	W-143

nonloaded
	Telephone

EE-8-(

)*
	0.5

d
	6.0

d



	W-1433300-88
	W-143

nonloaded
	11.0
	1.0



	W-1433300-88
	W-1433300–88
	3.5
	3.5



	W-1433300-88
	W-110-B

nonloaded"
	6.0
	2.5



	W-1433300-88
	Telephone

EE-8-(

)*
	2.5d
	3.5d



	W-110-B

nonloaded"
	W-110-B

nonloaded"
	3.5
	3.5



	W-110-B

nonloaded"
	Telephone

EE-8-(

)*
	0.5d
	4.54





• Based on impedance of open wire pairs using 104 mil copper-steel wire, conductivity 40%. For open wire pairs of other sizes, the losses will not be substantially different.

When bridged on an open wire line the bridging loss may be as much as 10 to 15 db at 500 cycles,

Figure 5-41. Bridging losses at 1,000 cycles.

b Wire W-110-B assumed to be wet.

• The bridging loss of Telephone EE-8-( ) will be substantially different at 500 cycles from the values shown. Unit EE-105.

* Losses are for the listening condition. When talking, losses will not be materially different.

• Includes losses of series resistance and filter in Telephone














	Type

of nonloaded wire or cable
	Up

factora:
	º

to marimum

lengths shown: in-

sertion loss in db =

in

hundred feet.*
	| For greater lengths:

insertion loss in

| db =

reflection loss

plus attenuation
	-

Type

of nonloaded wire or cable
	Up
	to marimum

lengths shown: in-

sertion loss in db=

factor r length in

hundred feeta
	| For greater lengths:

insertion loss in

| db =reflection

plus attenuation



	
	Mar.

length

(ft.)
	Factor
	Reflection loss,

two junctions (db)
	
	Mar.

length

(ft.)
	Factor
	Reflection loss,

two junctions (db)




	
	Frequency:
	1 kc
	
	
	Frequency:

11
	kc
	



	ga.

16
	55,000
	|| 0.016
	1.3
	16

ga.
	6,100
	0.09
	3.9



	19

ga.
	90,000
	|| 0.021
	0.4
	19

ga.
	7,400
	0.09
	3.2



	WC-548
	35,000
	|| 0.030
	1.6
	WC-548
	3,900
	0.17
	4.7



	W-143
	18,000
	|| 0.044
	4.1
	W-143
	2,700
	| 0.30
	7.1



	W-110-B

(wet)
	24,000
	|| 0.055
	0.7
	W-110-B

(wet)
	2,800
	0.27
	3.9



	W-50

(wet)
	16,000
	0.055
	5.7
	W-50

(wet)
	2,700
	|| 0.33
	7.7



	
	8

Frequency:
	kc
	
	
	87

Frequency:
	kc
	



	16

ga.
	8,200
	0.07
	3.7
	16

ga.
	2,200
	0.22
	4.2



	19

ga.
	9,900
	0.07
	2.6
	19

ga.
	2,400
	0.22
	4.0



	WC-548
	5,300
	0.13
	4.3
	WC-548
	1,500
	|| 0.41
	5.2



	W-143
	3,400
	0.24
	7.0
	W-143
	1,100
	0.74
	7.3



	W-110-B

(wet)
	3,500
	0.22
	3.4
	W-110-B

(wet)
	1,100
	0.67
	5.0



	W-50

(wet)
	3,400
	0.26
	7.6
	W-50

(wet)
	1,100
	0.81
	7.7





















	Type

of nonloaded wire or cable
	Up

factora:
	º

to marimum

lengths shown: in-

sertion loss in db =

in

hundred feet.*
	| For greater lengths:

insertion loss in

| db =

reflection loss

plus attenuation
	-

Type

of nonloaded wire or cable
	Up
	to marimum

lengths shown: in-

sertion loss in db=

factor r length in

hundred feeta
	| For greater lengths:

insertion loss in

| db =reflection

loss

plus attenuation
	
	



	
	Mar.

length

(ft.)
	Factor
	Reflection loss,

two junctions (db)
	Mar.

length

(ft.)
	Factor
	Reflection loss,

two junctions (db)
	
	
	




	
	Frequency:
	1 kc
	
	Frequency:

kc

11



	16

ga.
	55,000
	|| 0.016
	1.3
	16

ga.
	6,100
	0.09
	3.9
	
	
	



	19

ga.
	90,000
	|| 0.021
	0.4
	19

ga.
	7,400
	0.09
	3.2
	
	
	



	WC-548
	35,000
	|| 0.030
	1.6
	WC-548
	3,900
	0.17
	4.7
	
	
	



	W-143
	18,000
	|| 0.044
	4.1
	W-143
	2,700
	| 0.30
	7.1
	
	
	



	W-110-B

(wet)
	24,000
	|| 0.055
	0.7
	W-110-B

(wet)
	2,800
	0.27
	3.9
	
	
	



	W-50

(wet)
	16,000
	0.055
	5.7
	W-50

(wet)
	2,700
	|| 0.33
	7.7
	
	
	



	
	8

Frequency:
	kc
	
	Frequency:
	87
	kc
	
	
	
	



	16

ga.
	8,200
	0.07
	3.7
	16

ga.
	2,200
	0.22
	4.2
	
	
	



	ga.

19
	9,900
	0.07
	2.6
	19

ga.
	2,400
	0.22
	4.0
	
	
	



	WC-548
	5,300
	0.13
	4.3
	WC-548
	1,500
	|| 0.41
	5.2
	
	
	



	W-143
	3,400
	0.24
	7.0
	W-143
	1,100
	0.74
	7.3
	
	
	



	W-110-B

(wet)
	3,500
	0.22
	3.4
	W-110-B

(wet)
	1,100
	0.67
	5.0
	
	
	



	W-50

(wet)
	3,400
	0.26
	7.6
	W-50

(wet)
	1,100
	0.81
	7.7
	
	
	





* See paragraph 538 for example of use.

Figure 5-42. Loss of cables inserted in open wire lines.









	Equipment
	rºw
	{;




	Repeating

coil.
	1
	0.8



	Composite

set.
	1
	0

1



	C

Low

pass

section, type

line filter.
	1
	0.5



	H

Low

section, type

pass

line filter.
	1
	0.1



	C

High

section, type

pass

line filter.
	27
	0.4



	H

High

section, type

pass

line filter.
	8
	2

0



	Switchboards.
	1
	





* Losses for various type of switchboards are given in TM 11-487.

Figure 5-43. Transmission losses in telephone equipment.














	Type
	º:
	
	Nonrepeatered talking range (miles) •
	
	
	*:::::::::::::::::::::
	



	
	*:::::::"
	tº

loss
	tº

loss
	ºf

loss
	º:

loss
	1:

loss
	*::::

loss




	
	
	Open
	wired
	-
	
	
	



	40%

080

C-S
	0.25
	24
	72
	120
	85
	130
	180



	40%

C-S

104
	0.18
	33
	100
	165
	115
	185
	250



	40%

C-S

128

"
	0.13
	46
	140
	230
	160
	255
	345



	080

Copper"
	0.13
	46
	140
	230
	160
	255
	345



	Copper

104
	0.083
	72
	215
	360
	255
	395
	540



	Copper

128
	0.061
	100
	300
	500
	345
	540
	740



	Copper

165
	0.042
	145
	435
	725
	500
	785
	1,070



	GI

083

•
	0.37
	16
	48
	80
	57
	90
	120



	GS

109
	0.31
	19
	57
	95
	68
	105
	145



	W-110-B

open

twin

pairf

wire
	0.46
	13
	39
	65
	-
	-
	-



	W-110-B

tree twin

pair
	1.1
	5
	16
	27
	-
	-
	-



	W-143

open

twin

wire

pair
	0.14
	43
	130
	215
	-
	-
	-



	
	
	Lead-covered
	cable
	
	
	
	



	ga. nonloaded"

16
	0.73
	8
	25
	41
	35
	50
	65



	16

ga. 6000-88
	0.19
	32
	95
	155
	110
	175
	235



	ga. nonloaded"

19
	1.08
	5.5
	16.5
	28
	24
	35
	45



	19

ga. 6000-88
	0.36
	17
	50
	85
	58
	90
	125





• Talking ranges are based on wet weather attenuations. They assume local or common battery telephones. The ranges for circuits with 30-db net loss and sound-powered telephones will be approximately 0.5 of the indicated distance for nonrepeatered circuits and 0.7 of the indicated distance for repeatered circuits.

covered cables the ranges will be about 5 miles less than those shown.

f Twin pair construction is described in figure 5–38 (note). The talking ranges apply where there are few contacts with foliage and trees, except at supports.

Figure 5-44. Talking ranges of voice-frequency circuits (continued on opposite page).

* The talking ranges are for one central or two terminal 22-type repeaters (par. 541). The figures apply to the 22-type packaged voice-frequency 2-wire repeater, and also to Telephone Repeater TP-14- ( ) except as indicated in notes e and f.

• The 21-type Telephone Repeater EE-89-A is not used for 6-db net loss circuits. It can be used at the range indicated for 18-db and 30-db net loss circuits on Wire W-110-B and on open wire lines if the lines are reasonably free from inpedance irregularities. Loaded circuits are not satisfactory. On Wire W-143 and nonloaded pairs in lead d Open wire lines are assumed to be constructed per TM 11-368 or TM 11-2253 and to be well maintained. Shorter spacings will be required on lines with irregularities or materially different weather conditions.

• For this facility no specific settings of the balancing network in TP-14- ( ) are available, but approximate settings may be obtained experimentally. The talking range will be reduced if adequate balance is not obtained. For nonloaded pairs in lead-covered cables the distances with Telephone Repeater TP-14- ( ) are about 3 miles less than those shown.














	
	1,000 cycle
	
	Nonrepeatered talking range (miles) *
	
	
	Repeatered talking ranges (miles) *

e central 2-wire repeaterb, *
	



	Type
	attenuation

wet weather

(db/mi)
	6-db

net

loss
	18-db

net

loss
	30-db

net

loss
	6-db

net

loss
	18-db

net

loss
	30-db

net

loss



	
	
	Rubber-covered
	and

wire

cable
	
	
	
	




	W-143d
	1.20
	5
	15
	25
	22
	32
	42



	W-1433300–88°
	0.32
	19
	56
	94
	65
	103
	140



	CC–358-(

)
	0.75
	8
	24
	40
	28
	44
	60



	W-110-B

nonloaded
	2.80
	2
	6
	11
	4
	9
	15



	W-110-B

5280–88
	1.60
	4
	11
	19
	8
	14
	25



	W-130-A
	6.5
	0.9
	3
	4.5
	-
	-
	-



	W-130–C
	4.5
	1.3
	4
	7
	-
	-
	-



	CC-345
	1.70
	3.5
	11
	18
	-
	-
	-



	CC–355-A
	1.70
	3.5
	11
	18
	-
	-
	-





• Talking ranges are based on wet weather attenuations. They assume local or common battery telephones. The ranges for circuits with 30-db net loss and sound-powered telephones will be approximately 0.5 of the indicated distance for nonrepeatered circuits and 0.7 of the indicated distance for repeatered circuits.

b The talking ranges are for one central or two terminal 22-type repeaters (par. 541). The figures apply to the 22-type packaged voice-frequency 2-wire repeater, and also to Telephone Repeater TP-14- ( ) except as indicated in notes e and f.

• The 21-type Telephone Repeater EE-89-A is not used for 6-db net loss circuits. It can be used at the range indicated for 18-db and 30-db net loss circuits on Wire W-110-B and on open wire lines if the lines are reasonably free from impedance irregularities. Loaded circuits are not satisfactory. On Wire W-143 and nonloaded pairs in lead covered cables the ranges will be about 5 miles less than those shown.

d For Wire W-143 the distances with Telephone Repeater TP-14- ( ) are about 2 miles less than those shown, as limited by available gain.

• For this facility no specific settings of the balancing network in TP-14- ( ) are available, but approximate settings may be obtained experimentally. The talking range will be reduced if adequate balance is not obtained. For nonloaded pairs in lead-covered cables the distances with Telephone Repeater TP-14- ( ) are about 3 miles less than those shown.

Figure 5-44. Talking ranges of voice-frequency circuits (continued).













	
	
	
	Circuit length (miles) a

(without repeaters)
	
	
	Repeater spacing (miles) •

(with repeaters)



	Type of circuit
	
	1 system

per line
	2
	systems

per line b
	1 system
	£ systems



	
	-

6-db

net

loss
	30-db

net

loss
	6-db

net

loss
	30-db

net

loss
	per line

with 6-db

net loss
	per line b

with 6-db

net loss




	
	Rubber-covered
	cable and
	wire
	
	
	



	CC–358-(

)
	45
	70
	-
	-
	25
	-



	W-143

nonloaded
	17
	28
	-
	-
	14
	-



	
	
	Open

wire
	
	
	
	



	40%

C-S

080
	110
	185
	50
	115
	70
	30



	40%

C-S

104
	170
	275
	70
	175
	95
	40



	40%

C-S

128
	230
	380
	95
	240
	170
	55



	080

Copper
	220
	365
	90
	230
	180
	55



	Copper

104
	300
	510
	130
	335
	245
	80



	Copper

128
	350
	600
	145
	390
	285
	85



	Copper

165
	425
	730
	180
	475
	345
	100





all except repeatered systems on Cable Assembly CC–358- in TM 11-368 or TM 11-2253, systems assigned as shown

• Figures assume that +10 db output level is used for crosstalk conditions applying to the construction described ( ) where 0 db output level is assumed. in figure 5–31, and crosstalk standards given in paragraph

Figure 5-45. Spiral-four carrier on cable and open wire, circuit lengths and repeater spacings för physical 4-wire systems.














	
	
	Circuit length (miles)

(without repeaters)
	Repeater spacing (miles)

(with repeaters)
	
	
	



	Type

of circuit
	
	25-db

balance a
	
	15-db

balance •
	25-db

balance •
	15-db

balance *
	



	
	6-db

net

loss
	30-db

net

loss
	6-db

net

loss
	30-db

net

loss
	with 6-db

net loss
	with 6-db

net loss




	
	Rubber-covered
	cable and
	wire
	-
	
	
	



	CC–358-(

)
	-
	-
	16
	42
	-
	7
	



	W-143

nonloaded
	12
	23
	7
	18
	8
	3
	





respectively, at all transmitted frequencies. Figures for 25-db mediate cables, etc.

• Balances of 25 db and 15 db mean that the line and net- balances are for well constructed lines; 15-db balances are work impedances can be matched within 11% and 36% for lines with moderately irregular construction, with inter

Figure 5-46. Carrier hybrid system, circuit lengths and repeater spacings (continued on opposite page).

b Figures for two systems on an open wire line assume 549 c.













	
	
	
	Circuit length (miles)

(without repeaters)
	
	
	Repeater spacing (miles)

(with repeaters)



	Type of circuit
	
	25-db

balances
	
	15-db

balances
	25-db
	15-db



	
	6-db

net

loss
	30-db

net

loss
	6-db

net

loss
	30-dt,

net

loss
	balance a

with 6-db

net loss
	balance •

with 6-db

net loss



	
	
	Open

wireb
	
	
	
	




	40%

080

C-S
	65

-
	135
	45
	115
	50
	20



	40%

C-S

104
	95
	200
	70
	175
	70
	30



	40%

C-S

128
	135
	285
	100
	250
	95
	45



	080

Copper
	130
	270
	95
	235
	95
	40



	Copper

104
	185
	380
	135
	335
	135
	60



	Copper

128
	210
	450
	160
	400
	150
	70



	Copper

165
	245
	535
	195
	480
	175
	85





• Balances of 25 db and 15 db mean that the line and net work impedances can be matched within 11% and 36% respectively, at all transmitted frequencies. Figures for 25-db balances are for well constructed lines; 15-db balances are for lines with moderately irregular construction, with inter mediate cables, etc.

Figure 5-46. Carrier hybrid system, circuit lengths and repeater spacings (continued).









	
	Circuit length (miles) *
	



	Type

of circuit
	18-db

net

loss
	80-db

net

loss




	40%

C-S

080
	25
	60



	40%

C-S

104
	40
	90



	40%

C-S

128
	55
	130



	080

Copper
	53
	125



	Copper

104
	75
	175



	Copper

128
	90
	210



	Copper

165
	110
	255



	CC–358-(

)
	9.5
	22





* The lengths for open wire circuits assume lines without inserted cable. Cable may be used in the line but the circuit lengths will be reduced substantially by the added loss.

Figure 5-47. Pair-per-system operation of Telephone Terminals CF-1-( ), circuit lengths.

* More than one carrier hybrid system can be worked on lines constructed as outlined in TM 11-368 or TM 11-2253, as discussed in paragraph 545.
















	
	
	
	*:::::::::::::)
	
	*::::::::::::::ſº

%."



	Type

of circuit
	
	9.
	C

Type
	H

Type
	c

| Type
	| Tºp H



	
	.#.
	ºil,
	.º.
	ºil,
	ºt.
	º,
	ºf
	nº.

I
	ºf,

1




	40%

C-S

080
	135
	200
	110
	190
	95
	165
	90
	100
	80



	40%

C-S

104
	195
	295
	165
	290
	145
	255
	120
	155
	125



	40%

C-S

128
	255
	390
	235
	375
	200
	350
	170
	210
	175



	080

Copper
	185
	280
	185
	290
	215
	375
	140
	160
	180



	Copper

104
	245
	380
	240
	375
	290
	510
	190
	205
	245



	Copper

128
	285
	440
	285
	440
	360
	635
	215
	245
	as



	Copper

165
	340
	535
	335
	520
	440
	780
	255
	295
	375





* Circuit lengths given for systems with no repeaters will require unequal levels at the output of the receiving term inal amplifier in some cases, but the net loss can be adjusted in the individual channels. Transmitting levels for open wire converter systems without repeaters are assumed 5 db higher than for systems with repeaters.

Figure 5-48. Open wire converter, type C, and type H systems, circuit lengths and repeater spacings.



545. LENGTHS OF ENTRANCE AND INTERMEDIATE CABLES.

q. General. Nonloaded rubber-insulated ca bles or wire, or nonloaded lead-covered paper insulated cables inserted in open wire lines may degrade transmission in three different ways, namely: added loss; increased crosstalk, par ticularly at carrier frequencies; and reduced repeater balance.

b. With Spiral-four System. With physical 4 wire operation of spiral-four equipment on open wire, the principal effect of nonloaded cable is to increase the transmission loss. A method of calculating the loss of a piece of nonloaded cable or wire inserted in an open wire line is described in paragraph 538. Where the inserts are long enough to cause excessive loss, Cable Assemblies CC–358–( ) should be used. A somewhat better impedance match will be obtained if a half-section termination is used at the open wire junctions; that is, with 660 feet of cable between the open wire and the end loading coils. The two sides of a spiral four quad should be used for the same system.



c. With Carrier Hybrid Systems.

(1) Cables in carrier hybrid systems have the effect of impairing the balance between the line and network, in addition to the added loss. Impairment of repeater balance reduces the allowable repeater gain, which has the effect of increasing the loss still further. To reduce this penalty, Carrier Hybrid CF–7 in cludes means for balancing nonloaded entrance cables for lengths up to about 60 percent of the values given in figure 5-49 for entrance cables on 2-wire voice-frequency circuits. Longer entrance cables would require capaci tances beyond the values available in the bal ancing capacitor of the network. Intermediate cables located near a hybrid, but not adjacent, cannot be balanced accurately and should normally be limited to 20 percent of the lengths given in figure 5-49 for intermediate cables on voice-frequency circuits, in cases where repeater gains and spacings are based on 25-db balances. Longer nonloaded lengths can be used if the systems are set up on the basis of 15-db balances, but it will generally be desir able to use loading to obtain better perform ance.

(2) A method for loading cables in car rier hybrid systems is illustrated in figure 5-50-A. Cable Assembly CC–358–( ) is used and the cable is cut so that there is 420 feet of

[image: Figure, page 200]

* Spacings assume line sections are entirely open wire and constructed in accordance with TM 11–368 or TM 11–2253. If there are entrance or intermediate cables, the line sec tions should be shortened enough to offset the loss in the cables, including the reflection losses at the junctions of the cable and open wire.















	
	
	
	
	
	Feet per length a
	
	
	



	
	
	Entrance or intermediate cable
	
	toic.#:cuits
	
	
	



	Type

of wire of cable
	Type
	C

carrier system
	
	Type
	H

carrier system
	Entrance

Intermediate



	
	1 length

per section
	2 lengths

per section
	8 lengths

per section
	1 length

per section
	2 lengths

per section
	8 lengths

per section
	cableb
	cableb




	19

16

or

ga."
	240
	170
	140
	720
	510
	420
	6,000
	1,100



	W-143
	80
	55
	45
	240
	165
	135
	2,000
	350



	WC-548d
	125
	90
	70
	375
	270
	210
	3,000
	600



	W-110-B
	80
	55
	45
	240
	165
	135
	200
	200



	W-50
	65
	45
	40
	200

º
	140
	110
	150
	150





* The lengths given in this table are for high-grade trans mission performance.

Figure 5.49. Maximum lengths for nonloaded cables and rubber-covered wires in open wire carrier and voice-frequency circuits, fixed plant systems.

[image: Figure, page 201]

Figure 5-50. Improvised loaded cable, 12-kc band, for inserting in open wire.

* For intermediate cables in voice-frequency circuits, longer lengths than those indicated can be used when cables are separated from the nearest repeater by more than 3-db line loss. At the center of a section the allowable length is about the same as for entrance cable.

* Lengths are for lead-covered paper-insulated pairs or quads of 0.062 mſ per mile capacitance. It is desirable to use one pair per quad in quads which are not adjacent in lead covered quadded cables, for carrier operation.

* Both side circuits of Cable WC–548 generally can be used, if these lengths are not exceeded. WC–548 is the spiral-four cable used in Cable Assembly CC–358–( ).

[image: Figure, page 202]

1. "w" indicates white or NEUTRAL INSULATION. "B" INDICATES BLACK OR COu ORED INSULATION, 2. THE LINE PROTEctoR will BE A TELEPHoNE LINE PROTECTOR, 5 PAIR (w.E. No. 83 A PROTECTOR Mounting. Equipped witH No. 26 AND 3o PROTECTOR BLocks, or THE Equival ENT). Tu- 547.99

Figure 5-51. Improvised loaded cable, 32-kc band, for inserting in open wire.

cable adjacent to each connector. This provides a cable loading section consisting of a 6-milli henry coil at the center of 840 feet of cable. It is suitable for transmission of frequencies up to 12 kc and has an impedance which closely matches the open wire impedance. If the distance to be spanned is shorter than 840 feet, the complete section should be used and the excess cable coiled up. For distances greater than 840 feet, loading sections can be con nected in tandem, as illustrated in figure 5–50-B. This provides a loaded cable with end sections of about 420 feet and distance between loading coils of 840 feet. Protectors should be provided at the junction of the cable and open wire if required in accordance with the information in chapter 10. Special care should be taken to make good splices with low series resistance and low leakage, in order to avoid excessive noise and crosstalk.

(3) An alternative to the loading arrange ment described in subparagraph (2) above is the use of Cable Assembly CC–358–( ), ter minated at half section at each end. This al ternative loading arrangement has the advan tage that it can be installed more rapidly, but the impedance matching performance is not as good and the useable repeater gains will be somewhat lower.



d. With Open Wire Converter Systems.

(1) Nonloaded cable in an open wire con verter system (CF–4) should be limited to the values given in figure 5-49 for type C systems when high-grade crosstalk results are desired. Considerably longer lengths (up to two times or even more) may be used in forward areas. It is desirable, however, to load cables exceed ing the limiting lengths given, as discussed below.


	(2) For lengths of 210 feet or under, the layout shown in figure 5-51 can be used for loading. This arrangement is satisfactory for transmission of frequencies up to about 30 kc. It can be obtained by using the two connectors of Cable Assembly CC–358–( ), with 105 feet of cable adjacent to each connector. The two pairs of the quad should be connected in par allel and then connected between the open wire pairs as shown, including short connecting wires at each end. An entire spiral-four quad is required for each open wire pair. If the dis tance is shorter than 210 feet, the excess wire should be coiled up and hung on the open wire pole. Protection should be provided in accord ance with information in chapter 10. Figure 5-51 shows protection for buried cable. The bypass conductor should be carried in close proximity to the cable. It is not necessary to provide a special ground connection.

	(3) For longer distances several sections may be connected in tandem. The additional sections may be made from Cable Assemblies CC–358–( ) by cutting out a part of the cable and splicing the conductors together to form 210-foot lengths with connectors at each end. Special care should be taken to make good



[image: Figure, page 203]
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*w- INDICATEs white or NEUTRAL insul-ATION. *B" INoicates BLAck OR COLORED INSULATION. TL 54800

Figure 5-52. Improvised loaded rubber-insulated wire or cable, 32-kc band, for inserting in open wire.

splices, with low series resistance and low leak age, in order to avoid excessive noise and cross talk. The additional section should be inserted between the connectors shown in figure 5-51. If protection is required in accordance with chapter 10, the bypass conductor should be extended the entire length of the cable or, as an alternative, protector grounds may be estab lished at each end and the bypass conductor omitted. Two loading sections will cover a dis tance up to about 420 feet and three sections up to 630 feet. Modulation effects are likely to be serious if large numbers of sections are used in tandem, or if the loss of the repeater Section exceeds about 30 db. It will be neces sary to operate d-c telegraph on a simplex basis over the loaded pairs to avoid modulation effects, which would be excessive with com posited operation.

(4) An alternative construction is possible which takes somewhat longer to install but which permits greater lengths of cable between the loading coils. This is illustrated in figure 5-52-A. The 3-millihenry inductance is ob tained by parallel connection of the loading coils in Cable Stubs CC–356. One pair of a 195 foot length of spiral-four quad is connected on each side of the loading coil, providing a total geographical length of 414 feet. A number of sections can be used in tandem as shown in figure 5-52-B. If desired, a 130-foot length of Wire W-143 can be used instead of the 195– foot length of spiral-four. Here also, special care should be taken to make good splices.



e. With Fixed Plant systems.

(1) Limits for nonloaded cable lengths for fixed plant systems are given in figure 5-49. These lengths assume the necessity for high grade transmission and crosstalk performance; if longer lengths are unavoidable, carrier loaded paper-insulated lead-covered cable should be used. Suitable types of commercial carrier load ing are listed in TM 11–487. The standard com mercial loading arrangements for 32-kc band transmission such as the Bell System C–4.1 loading, require the installation of the coils at intervals shorter than the theoretical spacing,

Q

:

< ºr.

and involve capacitance measurements and ca pacitance building-out adjustments of the in dividual carrier loading sections so that the capacitance of each loading section closely ap proximates the theoretical ideal value. Adjust able capacitors are used for building out cable capacitance. They correct for manufacturing deviations in cable capacitance and for geo graphical spacing irregularities, and ensure cable impedance characteristics close to the theoretical design values.

(2) In most situations where loaded in cidental cables are warranted in 32-kc band fixed plant carrier systems, the impedance matching requirements can be satisfied with a simplified form of the C–4.1 loading, without making capacitance measurements. This sim plified loading makes use of the loading appar atus designed for the C–4.1 system, installed at a geographical spacing of 930 feet of cable having a capacitance of 0.062 mſ per mile. The primary objective in the layout of the loading is to have the average loading section capaci tance approximate the theoretical design value. The usual manufacturing deviations in cable capacitance are tolerated, and building-out adjustments are made only to correct for ob jectionable departures from the desired load ing section length. These adjustments can be made in terms of distance measurements, and of the unit length or nominal capacitance values of the building-out devices. The simplest of the various available building-out procedures is to use cables. For example, when the distance between loading points is less than full section (930 ft. 0.062 mſ/mi. cable), a full-section length (930 ft.) may be used, with the excess length coiled up, or looped back and forth. The simplified loading layout and adjustment pro cedure may result in appreciable reflection crosstalk between different carrier systems on the same line. The magnitude of this crosstalk, however, should generally be satisfactory on Army lines that have been designed to have low near-end crosstalk. Detailed information regarding the loading apparatus, and the lay out and installation procedures can be obtained through Army Communications Service.

(3) Suitable commercial autotransformers can be used at junctions of open wire and cable for impedance matching purposes. They re strict the use of grounded d-c telegraph to one circuit per pair (on account of coupling be tween such telegraph circuits in the autotrans former) and result in low return losses at voice frequencies, so their use is in general limited to cases where these factors are not controlling, and to cases where loading is diffi cult to apply, for example, submarine cables that would require the use of submarine load ing coil cases. Such autotransformers are not stocked by the Signal Corps.

(4) Special allocation of pairs may be needed in lead-covered cables, especially small size cables, to provide low enough coupling to permit high-grade crosstalk performance. The cable should contain enough pairs so that the carrier pairs can be separated by other pairs, as described in paragraph 562.

[image: Figure, page 204]

NUMBERS IN CIRCLES ARE REPEATER GAINS PLAIN NUMBERS ARE LINE LOSSES

[image: Figure, page 204]
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Figure 5-53. Transmission level diagram.

[image: Figure, page 204]



546. REPEATER GAINS ON VOICE FREQUENCY CIRCUITS.


	a. The repeater gains in a voice-frequency circuit must be adjusted so that singing will not occur and there will not be excessive over loading, noise, or crosstalk. Within these limi tations, the overall circuit net loss should be adjusted as nearly as possible to the desired value and should be the same in both directions of transmission. Since repeaters will be located near towns or other convenient points, the distance between repeaters may not be uniform and the gains will therefore be different at dif ferent repeaters. For the same reason, the gains at any one repeater may be different in the two directions of transmission. General rules for assigning repeater gains on either 2 wire or 4-wire circuits are as follows.

	(1) The transmitting gain (in the direc tion transmitting away from the switchboard) of the first repeater in a circuit should provide a transmission level (ch. 12) at the repeater output of +6 db for 2-wire circuits and +10 db for 4-wire circuits.

	(2) The gain of an intermediate repeater in a given direction of transmission should not exceed the loss of the preceding line section. It may be made equal to the line section loss either on 4-wire circuits, or on 2-wire circuits if singing conditions permit. This will make the transmission level at the output of any of the intermediate repeaters not greater than +6 db on 2-wire circuits and +10 db on 4-wire circuits.

	(3) The receiving gain (in the direction receiving from the line) of the last repeater in a circuit should be adjusted to give the




	desired over-all circuit loss, assuming that sing ing is not a limitation. The over-all loss should be the same for the two directions of trans mission.

	(4) The gains used in a 2-wire repeater should not exceed the values allowable from a singing standpoint as discussed in paragraph 541d.

	b. If repeater gains are assigned in ac cordance with the general rules stated in sub paragraph a above, it may be possible to obtain an improvement in singing margins on 2-wire circuits by gain readjustments after the cir cuits are set up and tested. Such readjust ments will depend on the particular layout and the balances realized and will be necessary only if satisfactory performance cannot be obtained with the normal gain assignments.

	c. An example of the application of these rules to the assignment of repeater gains in 2-wire circuits is shown in figure 5-53. Singing considerations are assumed to limit the gain to a maximum of 15 db in each direction of transmission in this example. The repeaters at A and D have transmitting gains of 6 db and 10 db, respectively, which give transmis sion levels of plus 6 db at the outputs of the repeaters on the line side. The receiving gains of these repeaters at A and D are adjusted to give a circuit net loss of 6 db. The intermediate repeaters have gains equal to the loss of the preceding line section or 15 db, whichever is lower, in accordance with subparagraphs a (2) and (4) above.

	d. Preparation of circuit layout cards record ing the assigned gains and gain control ad justments of packaged voice-frequency re peaters is described in chapter 11,






Section VI. CROSSTALK


547. INTRODUCTION.



q. Conditions Close to the Front.

(1) Near the front, speed of installation is essential. While this does not justify care less construction methods, the required speed may result in degradation of the crosstalk standards practicable for construction in rear areas. The most lenient crosstalk criterion which can be tolerated is that the crosstalk be only faint enough so that a listener will not confuse it with the desired speech. This lenient criterion can be met with rubber-cov ered wires in good condition even if they are bunched together. For open wire voice-fre quency circuits on U. S. Army or on other lines, and for U. S. Army carrier circuits on the U. S. Army open wire lines, it can be met on pairs which pass the ordinary tests for wire troubles.

(2) On any existing open wire line it should be practicable to operate one CF-1 car rier system (assuming of course that there are no cable inserts with voice-frequency load ing). Possible difficulties on lines not trans posed for carrier are singing and absorption peaks. An absorption peak is an excessive transmission loss caused by crosstalk into the surrounding wires and back again in a phase which opposes the original transmission. This same phenomenon can cause crosstalk from the output of a high-gain repeater into its input and hence cause singing. On repeatered circuits, singing is apt to be the controlling limitation unless the repeater gain is quite low. The practical remedy for either trouble, in the areas in question, is to move the carrier System to other wires, if available. Pairs on which the transposition interval is not over about a quarter mile should not be subject to these troubles when the CF-1 carrier system is used.

(3) When more than one carrier system is operated on French or Italian open wire lines (par. 561c), it is desirable from the cross talk standpoint to assign only one carrier sys tem to any one group, or square, of four ad jacent wires. On other types of open wire line, if more than one CF-1 carrier system is used, the pair assignments should preferably be made so that transmission is in the same direc tion on adjacent pairs which carry different carrier systems, as shown in figure 5–31. It is desirable to observe the open wire repeater spacings given in paragraphs 543b and c. In creased repeater spacing results in increased amplification of crosstalk between CF–1 car rier systems or between CF–7 carrier systems. Since the crosstalk performance of lines in forward areas may be considerably poorer than in rear areas, increased amplification of the crosstalk might result in violating even the very lenient crosstalk criterion mentioned above. Where spiral-four cable is inserted in tandem with open wire, avoid the use of the same spiral-four cable for opposite directional channels of different CF–1 systems.

b. Other Conditions. The rest of this section applies primarily to areas, particularly those having open wire lines, where crosstalk per formance better than that described above is needed. Information is given on methods of transposing open wire lines and controlling crosstalk in entrance and intermediate cables. Transpositions for new U. S. Army open wire lines per TM 11–368 and TM 11–2253 are dis cussed. Some information on transposing short lines with 10-pin crossarms is included, and available information on lines existing in cer tain foreign countries is given. The problem of adding wire to captured plant may arise or it may be necessary to connect different types of lines in tandem. As an aid in such special problems, a discussion of crosstalk standards and principles of crosstalk control is included. -



548. TERMINOLOGY.

q. If a listener on one circuit hears the speech of a talker on another circuit, the lis tener is said to hear crosstalk. The listener's circuit and the talker's circuit are called the disturbed circuit and the disturbing circuit, re spectively. -- b. As indicated in figure 5-54, if crosstalk is heard on the disturbed circuit at the same end of the line at which the talker energizes
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FAR - END CROSSTALK COUPLING TL 54 802 Figure 5-54. Near-end and far-end crosstalk.

the disturbing circuit, the crosstalk is called ºnear-end crosstalk. If crosstalk from the same talker were heard at the opposite end of the disturbed circuit, we would call it far-end crosstalk, and the British would call it distant end crosstalk. If the same band of frequencies is transmitted in both directions over both dis turbing and disturbed circuits, as is the case with voice-frequency and certain carrier sys tems, both types of crosstalk may occur. With many carrier systems, the same frequency band is not sent in both directions on the circuits, thus preventing a listener from hear ing near-end crosstalk, but permitting him to hear far-end crosstalk. Crosstalk of the near end type may be a problem on the latter sys tems, however, as covered in paragraph 551.


	c. The crosstalk volume heard by a listener depends upon a number of factors, one of the controlling factors being the coupling between the disturbing and disturbed circuits. Since crosstalk coupling may be thought of as a transmission path of high loss between two circuits, crosstalk coupling may be called cross talk loss, and as such expressed in db. Crosstalk coupling may also be expressed in crosstalk units which are one million times the square root of the ratio of power received from the disturbed circuit to the power delivered to the disturbing circuit. For example, the power ratio for a loss of 60 db would be one-millionth. The square root of this power ratio is one thousandth, which multiplied by 1,000,000 would be 1,000. By definition therefore, the magnitude of this coupling may be expressed as equal to 1,000 crosstalk units, or 60-db crosstalk loss.

	d. Other terms, with which one studying crosstalk problems should become familar, are crosstalk amplification, equal level crosstalk, reflection crosstalk, interaction crosstalk, sig nal-to-crosstalk ratio, etc. These terms are explained at appropriate points in the text that follows.





549. CROSSTALK STANDARDS.


	c. Experiments have shown that a listener has difficulty in distinguishing between the main talker and a crosstalker unless the speech volume he receives from the main talker is at least 13 db higher than that from the cross talker. This ratio of received speech volume, that is, main talker to crosstalker, is called the signal-to-crosstalk ratio.

	b. The following discussion shows that the crosstalk loss should not be less than about 40 db in order to provide a signal-to-crosstalk ratio of at least 13 db. If the main talker talks at a volume of –5 vu over a circuit of 30 db loss (fig. 5-55), his received speech volume is —35 vu. If the crosstalker talks at a volume —5 vu his received speech volume through the indicated crosstalk loss of 43 db is —48 vu, or the signal-to-crosstalk ratio is 13 db. With circuit losses greater than 30 db (ch. 2), cross talk losses greater than 43 db are required to maintain a 13-db signal-to-crosstalk ratio. With circuit losses less than 30 db, crosstalk losses less than 43 db would maintain the ratio, assuming the main talker and the crosstalker deliver equal volumes. Since the volume of the



crosstalker may be considerably greater than that of the main talker, allowance must be made for volume difference. Hence the cross talk loss from the input of one circuit to the output of another circuit, called input-to-out put crosstalk loss, should not be less than about 40 db, even for circuits close to the front; and 50 db is a more desirable objective. With a 40 db crosstalk loss, an 18-db terminal circuit (ch. 2), and no volume difference, the signal-to crosstalk ratio would be 40 –18 = 22 db. This is a margin of 9 db over the minimum value of 13 db, thus permitting a 9-db volume differ ence. A 6-db terminal circuit would, on this basis, permit a 21-db volume difference. How ever, a 6-db end link in a built-up connection would permit only about the same volume dif ference as an 18-db terminal circuit, because of the losses preceding the end link.
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Figure 5-55. Crosstalk volume.


	c. On high-grade circuits in rear areas, speech should be easily distinguishable from crosstalk, and the chance of overhearing in telligible crosstalk should be kept small. A good objective for the latter purpose is an input-to output crosstalk loss of at least 60 db. This ap plies to terminal circuits or to via circuits of at least 6-db net loss.

	d. A 6-db smaller crosstalk loss is permis sible between carrier systems such as the CS and CU, which have frequency allocations dif fering enough to make crosstalk between them unintelligible, even though the crosstalk is just as loud as that between like carrier systems.





550. CROSSTALK AMPLIFICATION.

a. General. Suppose two paralleling circuits extend from A to D as shown on figure 5-56 and that there is a lumped crosstalk loss of 40 db between the two circuits at point A. The trans mission path between the two circuits at point A will, of course, be a 40-db loss. Now suppose that the crosstalk loss is located at point B and that the loss of each circuit between A and B is 5 db. The transmission path between the two circuits at point A is then 50 db., that is, the sum of three losses, namely: a 5-db loss in the disturbing circuit between A and the crosstalk coupling at B; a crosstalk loss of 40 db; and a transmission loss of 5 db from B to A on the disturbed circuit. Now, suppose that the crosstalk loss is located at point C and that there is an amplifier of 9-db gain in each circuit between B and C. Each circuit now has a 4-db gain between points A and C. The transmission path between the two circuits
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TL 54883 Figure 5-56. Loss or gain in crosstalk path.

at point A will then be a 32-db loss, that is, the sum of two 4-db gains and a 40-db cross talk loss. The sum of the two 4-db gains, that is, the gain from the sending terminal of the disturbing circuit to the point where the cross talk loss is given, plus the gain from this point on the disturbed circuit to its receiving ter minal, is called the crosstalk amplification. This amplification may, in particular cases, turn out to be a loss rather than again. If there is a known crosstalk loss between two circuits in a particular section of line or piece of ap paratus, it is necessary to know the crosstalk amplification in order to determine the cross talk loss from the sending terminal of the disturbing circuit to the receiving terminal of the disturbed circuit. It is this latter cross talk loss which is of interest in judging the crosstalk performance of the circuits. Cross talk losses between parts of two repeatered circuits at various points in their length can be brought to a common base by subtracting from each the proper crosstalk amplification Crosstalk losses, thus reduced to a common base, may be combined (par. 563) to obtain the total crosstalk loss. Crosstalk amplification values may be readily deduced from transmis sion level diagrams as discussed in the follow ing subparagraphs.

b. Near-end Case. Figure 5-57 indicates two paralleling 2-way circuits, equipped with terminal and intermediate repeaters, extend ing between points A and C. Level diagrams are shown for the disturbing circuit in the A to C direction and for the disturbed circuit in the C to A direction. In level diagrams, losses are taken as negative quantities and gains as positive quantities (ch. 12). Assume a cross talk loss of 40 db between the two circuits at point B as indicated. This crosstalk loss might be lumped or it might be the loss between the two circuits at point B due to crosstalk coup lings distributed along the length B to C. From the level diagram the loss in the disturb ing circuit from the input at A to the amplifier output at B is –4 db. On the disturbed circuit there is a gain of 21 – 6 = 15 db from the point of coupling at B to the output at A, since the level at A is higher than the level at B. The sum of the gains and losses in the trans mission path between the two circuits at point A is as follows:

–4–40 + (21–6) = —40 + 11 = —29 db Since the crosstalk coupling of 40 db at point B appears as a crosstalk coupling of 29 db at A the crosstalk amplification is 11 db. The above expression may be written as follows: L1 – X + (–L2 + N2) = —X + L1 — L2 + N2 where L1 indicates the level at point B on the disturbing circuit, Le the level at B on the dis turbed circuit, N2 the net loss of the disturbed

TRANSMission LEvel. DiaGRAM Aro C on Distureind circuit
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Figure 5-57. Near-end crosstalk amplification.

circuit, and X the crosstalk loss at point B. It is evident from the above that the crosstalk amplification equals L1 — L2 + N2. If the net loss of the disturbed circuit were zero, the crosstalk amplification would be simply L1-L2. The crosstalk loss plus Li – L2 is called the equal level crosstalk loss, that is, the crosstalk loss between circuit terminals when the levels of the two circuits at this point are alike. Couplings at various points may be reduced to a common base by computing the equal level crosstalk loss corresponding to each one. This merely involves noting the level difference on the level diagrams for each point of coupling and adding it to the corresponding crosstalk loss. The equal level crosstalk between circuit terminals plus the net loss of the disturbed circuit gives the crosstalk coupling between circuit terminals for any assumed or chosen net loss.

tRAnsmission LEVEL DIAGRAM ON DISTURBING CIRCUt"
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TRANSMission LEVEL DI AGRAM on DistureED circuit TL 5.4806 Figure 5-58. Far-end crosstalk amplification.

c. Far-end Case. Figure 5-58 indicates two paralleling circuits between points A and C transmitting in the same direction. These cir cuits are assumed to be alike and have the same level diagram. It is assumed that there is a crosstalk loss of 40 db at point C. Since this loss occurs at points of equal level the equal level crosstalk is 40 db and the cross talk between circuit terminals at point C is 40 db plus the net loss of the disturbed cir cuit, that is, 46 db. The crosstalk loss indi cated at point C might be due to a lumped coupling or might be the loss, measured at C, due to distributed couplings along the length B to C. A common method of measuring such coupling involves energizing the disturbing circuit at B and comparing the powers re ceived at C on the disturbed and disturbing circuits. The latter is called output-to-output or unamplified far-end crosstalk loss. Data in this form are often more convenient to obtain and analyze than input-to-output far-end crosstalk losses. In a more general case, the levels of the two circuits at point C would be different and the equal level crosstalk loss would not be equal to the unamplified far-end crosstalk loss.

d. Repeater Spacing. In figures 5-57 and 5-58 circuit net losses of —6 db and unamplified crosstalk losses of 40 db are assumed in both cases. The line section losses and repeater gains for the far-end case (fig. 5-58) and for the near-end case (fig. 5-57) are 37 db and 17 db, respectively. The repeater gains for the near-end case are thus 20 db smaller than those for the far-end case. With the same crosstalk loss and 20 db smaller repeater gains the input to-output near-end crosstalk, however, is 17 db poorer than the input-to-output far-end crosstalk. It is evident from this that the gain introduced by repeaters tends to increase the seriousness of near-end crosstalk. Hence near end crosstalk is a factor tending to limit re peater section lengths on voice-frequency cir cuits, and on carrier circuits transmitting the same frequencies in both directions, such as the carrier hybrid system. With systems like the type C carrier system, which use different frequency bands in opposite directions, far end crosstalk is normally the predominating type. An exception, as explained later, is inter action crosstalk around the repeaters. Since the transmission levels on disturbing and dis turbed circuits involved in far-end crosstalk coupling are equal for like types of circuits, these repeater gains do not increase the ser: ousness of far-end crosstalk and such gains are limited mainly by noise considerations.

e. Avoidance of Unusual level Differences. With repeatered circuits transmitting the same frequency in both directions, crosstalk amplification due to level differences is inevi table. The rules for repeater spacing given in section V of this chapter are intended to suit ably limit crosstalk amplification. With carrier systems such as type C, which transmit a given carrier frequency in only one direction, it is usually possible to avoid level differences, and it is important to do so. If one of two such systems has a relatively higher transmitting level, an unusual level difference is created, and the equal level crosstalk loss from the high-level to the low-level circuit will be less than if both circuits had the same transmitting levels. If a branch line joins a main line at an intermediate point in the main line repeater section, a level difference may be created and readjustment of the repeater output levels may be necessary to avoid it. If two circuits are repeatered at different points, differences in level will occur which will increase the am plified crosstalk from the higher-level to the lower-level circuit, and level adjustments to decrease these differences may be desirable. Where two circuits have the same repeater points but are of different loss per unit length, the best crosstalk results are obtained if the levels are so adjusted that they will be the same at the middle of the repeater section.



551. TRANSPOSITION THEORY.

q. If there were on a pole line, only a single pair of similar wires arranged in a horizontal plane and distant from sources of electrical disturbances, there would be little need for transpositions. Such sources would induce substantially equal voltages in the two wires and cause equal currents returning through the earth, and but little differential interfering current in the circuit composed of the two wires. Most of this differential current would be due to chance differences between the wires, that is, differences in sag, in diameter, in the quality of the joints, etc. Such chance irregu larities in construction would not be system atic and, therefore, the interfering current would not ordinarily be reduced by transposi tions.

b. When there are several telephone pairs on a pole line, the two wires of a pair can not be equally distant from all other wires on the line. Transpositions are necessary, therefore, to equalize the voltages induced in the two wires of a pair from transmission of speech, telegraph, or noise currents over various com binations of other wires on the line or over these wires with ground return.

c. To equalize the distance between two wires of a pair and a third paralleling wire it would only be necessary to transpose the pair once at the center of a long length. This would not be satisfactory from the crosstalk and noise standpoints because of the attenu ation in magnitude and change in phase of the transmission currents as they proceed along the line. In figure 5-59 two near-end crosstalk paths are indicated by dotted lines, one for each half of the circuit. The transposition re verses the direction of the crosstalk current due to the second half of the line and the two crosstalk currents tend to annul. The two crosstalk currents will be out of phase by twice the phase change in the distance from the crosstalker to the transposition. If the fre quency were 30 kc and the distance out to the transposition were 1% miles the phase change out and back would be about 180°, and the two crosstalk currents would tend to add rather than to subtract. Because the phase change per unit length increases about directly with frequency, the maximum permissible distance between transpositions depends upon the top frequency to be transmitted.

d. Since the far-end crosstalk paths indi cated by dash lines in figure 5-59 are alike in attenuation and phase change, it might be thought that far-end crosstalk would be neu tralized by a single transposition in a long length. Near-end crosstalk occurs, however, from the first pair to some other circuit and from this third circuit back to the second pair. If there are only two pairs on a line the impor tant tertiary (third) circuit is the phantom of the two pairs. In order to minimize near end crosstalk to all tertiary circuits and thus minimize the resulting far-end crosstalk com ponent, each pair must be transposed fre quently. Crosstalk involving coupling via ter tiary circuits is called interaction crosstalk.
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Figure 5-59. Crosstalk with a single transposition.

e. Interaction crosstalk is particularly im portant at carrier repeater points, since the crosstalk path is from high-level repeater out puts to the tertiary and from the tertiary to low-level repeater inputs. The crosstalk in this path is thus amplified by the gain of the repeater. A similar path at the middle of the repeater section would be at a point of approxi mately zero level difference. Interaction cross talk may occur from a repeater output to its own input and cause singing if the gain is large.

f. Various devices (TM 11–368) are used to suppress interaction crosstalk. To prevent re peater singing at frequencies above the oper ating range and consequent overloading of the repeater, Repeater CF-5 (carrier) is provided with a roof filter. Singing or crosstalk within the operating frequency range may require suppression measures. These measures are not needed when carrier systems restricted to a top frequency of about 12 kc are used on U. S.
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Figure 5-60. Reflection crosstalk.

Army lines (TM 11–368 and TM 11–2253) or on other lines designed for a top frequency of about 30 kc. When carrier systems with top frequencies of about 30 kc. are used on U. S. Army lines some of the following suppression measures may be necessary: insertion of sup pression coils in the other pairs and simplex legs; reduction of ground resistance at re peater points; and limitation of repeater sec tion lengths.

g. When a particular frequency band is sent in only one direction on a line, far-end cross talk is the controlling type. However, as indi cated in figure 5–60, unless the pairs have ter minating impedances which give a reasonably good match with the impedances of the open wire line, near-end crosstalk may be reflected and appear as an important component of the far-end crosstalk. For this reason it is im portant to avoid impedance mismatches either at repeater points or at points where cable or rubber-covered wire is inserted in open wire lines (par. 545).



552. TRANSPOSITION TYPES.

q. The American, and to a considerable ex tent the British, system of transposing in volves having all wires on a pole line normally parallel and transposing one or more of the pairs at suitable intervals. The transposition patterns used are called fundamental types and are shown in figure 5–61.

b. The letter designations are the conven tional shorthand method for describing the transpositions in a pair of wires. This may be useful in obtaining information from head quarters regarding additional pairs which it may be planned to string on an existing line. In such cases the transpositions in the existing pairs may be described by the letters. For ex ample, the set of transpositions for pair 1-2 of the U. S. Army line is type A, because this
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Figure 5-6. Fundamental types in 32 transposition intervals.

pair has 15 transpositions in 32 intervals (fig. 5-61). Similarly, the type for pair 3–4 is I, since in this pair there are seven transpositions in the 32 intervals. The transposition at the end of the last interval is not counted here, but is reckoned as an S-pole transposition (sub par. d). Since capital letters and small letters denote materially different types of transposi tions, great care must be used in transmitting the information by means of these letters. To properly use the shorthand method it is neces sary to specify the transposition types on the various pairs and the number of pole spans in volved or the length of line and average pole spacing. The types with relatively few trans positions can exist in shorter lengths of line than the types with more transpositions. For example, type M could exist in four transposi tion intervals, or a minimum of eight spans with rolling transpositions, which require two spans per transposition. Type A requires 32 transposition intervals or 64 pole spans.

c. Other patterns may be obtained by using more transposition poles. The usual method of designating patterns with more than 32 inter vals is to indicate additional transposition poles by subscripts; for example, aſ means that there are 32 additional transpositions at the mid-points of the 32 transposition intervals in figure 5-61, giving a total of 63 transposi tions for ai. The subscript 2 indicates two additional transpositions at the first and third quarter points of the transposition intervals in figure 5-61. Subscript 3 means transposi tions at all three quarter points.

d. It is convenient to divide a line into trans position sections. Within a transposition sec tion each pair is transposed using one of the fundamental types on one pair, a different fundamental type on a second pair, etc. The end of a section is sometimes called a balance point and is a suitable point for branching circuits or for junctions of lines with different transposition arrangements. The pole at the end of a transposition section is traditionally called the S pole. Transpositions in some of the pairs are often specified at S poles, since if the line consists of a succession of similar transposition sections the crosstalk coupling may be improved in this manner.

e. The crosstalk between two transposed pairs depends considerably upon the relative type, that is, the fundamental type on one pair relative to that on the other. To obtain the relative type, count the number of points within a transposition section where there are transpositions in one pair or the other but not in both. For example, consider pairs 1-2 and 13-14 of the U. S. Army line (figs. 5-63 and 5-64). Within the full transposition section there are 12 points where pair 1-2 is trans posed and pair 13-14 is not, and 16 points where pair 13-14 is transposed and pair 1-2 is not. Hence there are 28 relative transpositions; these correspond to type d (fig. 5-61). The relative P means that all transpositions in both pairs are alike, which is undesirable. To a lesser degree it is undesirable to use a regu lar succession of the same relative types such as O, M, I, A, a, ai, as. Of these relative types, O is least desirable; the desirability increas ing in the order named.

f. The maximum transposition pole spacing to properly control crosstalk is a function of the top frequency. For a 2-crossarm line the following rough rules may be used: Voice frequency. . . . . . . . 1 mile

12 kilocycles. . . . . . . . 1,300 feet 30 kilocycles. . . . . . . . . . 600 feet g. It may be desired to add wire to lines with French or Italian transpositions. If the spe cial hardware required is not available it may be necessary to transpose the new wire as per instructions for the U. S. Army line. In add ing wire transposed American style to a line whose transposition plan is not well under stood, it is best to transpose the new wire at points different from those used for the old wire, in order to avoid considerable parallels between old and new pairs which by chance are so transposed that the crosstalk coupling tends to accumulate. For example, French long distance lines (par. 561) have points four pole-spans (200 meters or 656 ft.) apart where the pairs may be rotated a quarter turn. If pairs are added under the American plan, it would be best to have the transposition poles three pole-spans apart, unless it is practical to make a careful study of both transposition plans.



553. NEW OPEN WIRE LINES.

q. A simple transposition scheme has been devised for use with U. S. Army open wire lines. The lines and the transpositions are de scribed in TM 11–368 and TM 11–2253; the transpositions are described herein and in TB Sig 73. They are suitable for carrier operation up to 30 kc on all pairs on two standard 4 pair 88-inch crossarms, thus permitting 32 telephone channels on a single pole line. Pair 7-8 of these lines is suitable for operation up to about 150 kc. Short 2-pair crossarms for light traffic routes can be obtained by sawing 88-inch crossarms in half.


	b. The expected crosstalk performance is that given in paragraph 549c for circuits up to 1,000 miles on the eight pairs, provided car rier systems like the CS and CU (par. 528c) are used. Equally good performance on 4,000 to 5,000 mile circuits is possible on selected pairs or channels. If equally good performance on all pairs of very long lines having two or more crossarms is required, information on suitable transpositions may be obtained through Army Communications Service.

	c. The transpositions are made by tying the two wires of a pair into two grooves in Insu lator IN–128, which is a special transposition insulator sometimes called TW. The two wires are tied on the same side of the insulator. This is known as a rolling type of transposition. Figure 5-62 shows a rolling type trans position using Insulator IN–128. It also shows a rolling type transposition on a drop bracket and a point type transposition. The point type transposition is completed over a few inches, while the rolling type requires two spans for completion. Point type transpositions using special hardware are worth while on long com mercial multiarm carrier lines. The design of the U. S. Army line is such that the system atic effect of rolling type transpositions on crosstalk is greatly reduced. For this reason use of Insulator IN–128 at transposition points on Army lines will result in crosstalk perform ance only slightly poorer than that with point type transpositions. If drop bracket transposi tions were used, the crosstalk for the worst pair combination would be about 6 db poorer than with Insulator IN–128, and the crosstalk, on the average, about 3 db poorer. While the use of drop brackets might be expedient for some of these lines, their use should obviously be avoided on long lines on which good cross talk performance is required.

	d. Figure 5–62 also indicates an improvised tandem transposition using two Insulators IN– 128. There has been concern about wire hits resulting from transposing on a single In sulator IN–128 when it is desired to use pole spacing around 200 feet, and when the avail able personnel cannot be expected to properly



equalize the sags of the two wires of a pair. The tandem transposition may be of interest in such situations as an alternative to the drop bracket transposition. The hardware re quired with the former is simpler, and the crosstalk characteristics are about like those for transpositions made with a single Insu
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Figure 5-62. Methods of transposing a pair of wires.

lator IN–128. Suitable spacings between the two Insulators IN–128 are 12 inches on straightaway line sections and 8% inches on corners up to 30 degrees away from the straightaway. For transpositions at corners with greater angles, it would be necessary to use two pole spans to make the turn. For the hardware, a break iron with four holes might be improvised and short shank steel pins with wooden cobs similar to those used with drop brackets could be used. The tandem transposition could also be made by mounting wooden pins on a wooden support such as a section of crossarm. The horizontal spacing between the two wires of a pair at one of the Insulators IN–128 is about 2% inches. Tie wires at the two insulators are not necessary.

The line wires may be easily sprung into the grooves of the two insulators. However, this reduces the sag in the two adjacent spans by 2 to 3 inches for spans between 200 and 150 feet in length. In stringing wires the tensions should be adjusted as far as practicable to obtain normal sag after transposing.
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2. TIE WIRES ..TO SIDES OF INSULATORS AWAY FROM THE POLE.

+ 1N TACTICAL construction, THESE POLES ARE DESIGNATED "C" Pol-Es on ONE-CROSSARM LINEs. TL 54.809

Figure 5-63. U. S. Army line, transpositions for first 4-pair crossarm.

Pin spacing



TRANsPosition POLES

[image: Figure, page 214]

1. For TRANsPositions AT *s" Poles SEE FIGURE 5-65. 2.space crossaRMs 3 FEET.

3.FOR TRANSPost Tions IN PARs 1-2 To 9-10 SEE FIGURE 5 - 63. NoMINAL DISTANcE BETweeN TRANSPOSITION POLES (S 600 FEET TL 548 to

Figure 5-64. U. S. Army line, transpositions for second 4-pair crossarm.

[image: Figure, page 215]

Figure 5-65. U.S. Army line, transpositions at S poles.



554. U. S. ARMY LINE, NORMAL TRANSPOSITION SECTIONS.

The transposition arrangements are shown on figures 5-63 to 5-65 inclusive. Figures 5-63 and 5-64 indicate a succession of similar trans position sections each about 3.6 miles in length and ending in an S pole. Transpositions at S poles for pairs on both the first and second crossarms are shown on figure 5-65. For the first crossarm the transpositions are alike at all S poles. The drawings also show the spac ing of the wires and of the transposition poles.



555. U. S. ARMY LINE, SHORT SECTIONS.

q. General. In addition to the nominal 3.6 mile transposition sections indicated on the above figures, it may be necessary to use short transposition sections because of unavoidable discontinuities in a uniform succession of long sections. On a line where crosstalk standards are relaxed, a short section may consist of any part of a long section. Special short sections for better grade lines are described in subpara graphs b and c below. On the best lines, the number of discontinuities requiring short sec tions is reduced to a practical minimum. The short sections discussed in TM 11–368 (tactical lines) are usually parts of long sections. The short sections of TM 11–2253 (fixed plant lines) have, in most cases, different transposition arrangements than a part of a long section with the same number of transposition poles. The planning for the short sections specified for tactical lines is simpler but the short sections specified for fixed plant lines give better cross talk results. In any short section of a line, the transpositions in all the pairs should follow the same short section scheme.



b. Short Sections for Tactical Lines.

(1) A suitable short section consists of any whole number of eighths of a full trans position section, but short sections of lesser length may be created. A normal one-eighth section is 2,400-feet long, but a length having not less than eight spans of wire may be used

[image: Figure, page 215]


	L ATS POLES TRANSPOSE PER FIG5-65(ExCEPT SEE NOTE 4). O POLE BEGINS A LONG SECTION.

	2. WIRE A ON THE FIRST POLE BEYOND THE O POLE SHOULD BE ON THE SAME PIN AS IT IS ON THE FIRST POLE BEYOND THE PRECEDING S POLE.

	3. SHORT SECTIONS CONSIST OF ONE OR MORE / 8 THS OF FullL SECTION. ON TWO CROSS ARM LINE THE TRANSPOSITION POLES ARE SPACED 450' OR LESS. ANY I/8 TH MAY BE SHORTENED TO AS FEW AS 8 SPANS, IN 3 T O 7 SPANS USE END SECTION. ONE OR TWO SPAN END SECTIONS ARE LEFT UNTRANSPOSED.

	4. IN END SECTIONs TRANsPose PAIRs 3-4, 9–10, 11-12, 17-18. For A PAIR TRANSPOSED witHIN A 3-span END SECTION, IF DRAwings call FoR TRANs PoSITIONS AT BOTH C (or S) AND O Poules, omit Both; For A TRANSPosition AT O POLE AND NONE AT C (ORS), LOCATE THE TRANSPOSITION witHIN END SECTION TWO SPANS BEFORE THE O POLE.



T L 54812

Figure 5-66. U. S. Army line, transpositions at junctions between long and short transposition sections.

as an eighth section. This eighth section limi tation is desirable to minimize the number of spans on a one-arm line in which the two wires of a pair are abnormally spaced because they are pulled together at Insulator IN–128. In the case of a 2-arm line the limitation is neces sary in order to avoid transpositions on adja cent poles in some pairs on the second arm.

(2) On one-arm lines, if seven spans or less are to be treated, the length is regarded as an END section. An END section consisting of one or two spans is left untransposed. In an END section of three to seven spans, cer tain of the pairs are transposed at approxi mately the middle as indicated by note 4 of figure 5–66. This figure is an illustration of the use of short sections, It shows but a single pair of wires which requires a transposition as per figure 5-65 at an S pole completing a long section, and at which a short section or series of short sections starts. While the trans positions as per figures 5-63 to 5–65 are not shown on figure 5-66, except for the transpo sition at the S pole, such transpositions should be installed at all transposition poles except in the special case covered by note 4 of figure 5-66. In a 3-span END section, it is not pos sible to transpose a pair within the section and at both terminal poles of the END section, because the transpositions require two spans for completion. For this reason certain trans positions which would normally be placed at the terminal poles of END sections as per fig ures 5-63 to 5-65, must be omitted with 3-span



SHORT SECTION-64 SPANS
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	I. SHORT SECTIONS SHOULD BE COMBINED . AS SHOWN IN FIGURE 5 - 69.

	2 when short sections ARE comeined THE END POLE OF ONE SECTION SERVES As THE FIRST POLE OF THE ADJACENT SECTION.

	NO OTHER SHORT SECTION FOLLOWS, OR AT THE END OF A COMBINATION OF SHORT SECTIONS, TRANSPOSE AT THE END POLE SO THAT THE WIRES ON THIS AT THE END OF A short SECTION WHEN 4. POLE OCCUPY THE SAME PIN POSITIONs As THEY HAD UPON LEAVING THE S. POLE TL 54.813



AT THE END OF THE LAST FULL TRANSPOSITION SECTION. THIS WILL RESULT IN THE WIREs EnTERING THE NExT FULL SECTION IN THE SAME PIN POSITIONS THEY WOULD HAVE Occupied IF THE SHORT SEC TION OR SECTIONS DID NOT Exist.

NoMINAL DISTANCE BETWEEN TRANS POSITION POLES IN SHORT SECTIONS is 300 FEET (2 SPANs), ExceFT IN 2 TO 7 SPANS WHERE THE DISTANCE WILL BE FROM I TO 4 SPANS.

Figure 5-67. Transpositions for first crossarm, U. S. Army fixed plant short sections.

END sections. The standard S-pole transposi tions are placed at the S pole preceding a short transposition section or succession of short sections. The transpositions at the last pole of such a short section arrangement are so made that each wire has the same pin posi tion just beyond this pole as it has just beyond the preceding S pole which terminated a long section. Thus, the full transposition sections will have the wires of each pair connected together in the same way as if the short trans position sections and any associated insulated wire or cable inserts did not exist.

(3) Short transposition sections for a 2 crossarm line are handled in a similar fashion except that the transposition interval should be reduced from 600 feet to not more than 450 feet in an eighth section. Any whole number of eighth sections or shortened eighth sections may be used to transpose a special length. The END section is handled in the same way as with a one-crossarm line. One transposition is placed in each of pairs 3-4, 9–10, 11-12, and 17-18.

c. Short Sections for Fixed Plant lines. Figures 5-67 and 5-68 (taken from TM 11–2253) show the transposition arrangements. Short sections for 8, 16, 32, and 64 spans are shown, the transposition pole spacing being two spans (nominally 300 feet). The 2-7 span section is the same as the END section discussed above except that TM 11–2253 (unlike TM 11–368) specifies transpositions on Insulator IN–128 at the midpoint of a 2-span END section.

[image: Figure, page 217]

[image: Figure, page 217]

[image: Figure, page 217]


	
	AS SHOWN IN FIGURE 5-6-9. THEY HAD UPON LEAVING THE S




	THE END POLE OF ONE SECTION SERVES AS THE FIRST POLE OF THE ADJACENT SECTION. AT THIS POLE TRANSPOSE PAIR 19-20.




	No OTHER SHORT SECTION FOLLOWS, OR 4. NOMINAL DISTANCE BETWEEN TRANS AT THE END OF A combination of SHORT SECTIONS, TRANSPOSE AT THE END POLE so THAT THE WIRES ON THis POLE

	I. SHORT SECTIONS SHOULD BE COMBINED OCCUPY THE SAME PIN POSITIONS: As POLE AT THE END OF THE LAST FULL 2. WHEN SHORT SECTIONS ARE combined, TRANSPOSITION SECTION. THIS WILL RESULT IN THE WIRES ENTERING THE nEXT FULL SECTION IN THE SAME PIN POSITIONS THEY WOULD HAVE OCCUPIED IF THE SHORT SECTION OR SECTIONS DID NOT Exist. 3. AT THE END OF A short secTION when

	POSITION POLES IN SHORT SECTIONS IS 300 FEET (2 SPANS), ExCEPT IN 2 TO 7 SPANs where: THE DISTANCE WILL BE FROM I TO 4 SPANs.
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Figure 5-68. Transpositions for second crossarm, U.S. Army fixed plant short sections
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* No transpositions made in last span.

Figure 5-69. Combinations of U. S. Army fixed plant short transposition sections.

Figure 5-69 (from TM 11–2253) shows how to lay out short sections for lengths from 2 to 127 spans. Note 3 of figures 5-67 and 5-68 gives instructions similar to those of note 2 of figure 5–66. These instructions require trans positions in some cases at one or both of the S and Opoles which are at the ends of a short section or series of short sections. Whilé TM 11–2253 does not specifically cover this point, it should be noted that when a 2- or 3 span END section terminates at an O pole (start of long section), or has an S pole (end of long section) on one end and 0 pole on the other, the rules of TM 11–2253 may call for transpositions in certain pairs on adjacent poles. Since this is impossible with rolling type transpositions, proceed in the following man ner. If the drawings call for transpositions in a pair at both ends of and within a 2- or 3-span END section omit the transpositions at the ends. If the drawings call for transpositions in a pair at one end of and within a 2-span END section omit both transpositions. For the same situation with a 3-span END section, space the two transpositions two poles apart. It should be noted that the transposition ar rangements at A, B, C, or D poles in short sections may not be the same as those used on similarly designated poles in full sections. Con fusion may be avoided by associating some modifying symbol with the pole letters for short sections. For example, small letters or a circle around the capital letters might be used.



556. U. S. ARMY LINE, TRANSPOSITION POLE AND WIRE SPACING DEVIATIONS.

a. The following standards regarding devia tions apply to rear area plant. For construc tion close to the front and relaxed crosstalk standards, small pole and wire spacing devia tions are not important.


	b. The actual spacing between any two suc cessive transposition poles minus the intended average transposition pole spacing (600 ft., etc.) is called the deviation. The following are suitable standards: the maximum deviation should not exceed 100 feet; only a very small percentage of the deviations should approach 100 feet; the sum of all deviations (regardless of signs) divided by the total number of devi ations should not exceed about 33 feet. A more precise rule, which permits a few very large deviations when necessary, is as follows: the sum of the squares of the deviations (in feet) in a given length of line (not longer than a repeater section nor shorter than a transposi tion section) should not exceed three times the given length of line (feet). However, any single deviation greater than about 400 feet should be avoided. In order to take care of local con ditions when necessary, the intended average spacing may be changed at an S pole, but should not be changed between S poles.

	c. The distance between the highest and low est wires on a given crossarm, as measured at the lowest point in a span, is called the sag difference. For a one-crossarm line a maxi mum sag difference of 5 inches is permissible. For a 2-crossarm line the maximum sag dif ference should not exceed 31% inches and only a very small percentage of the differences should approach 3% inches. The average sag of the first crossarm wires in a given span should be as nearly as practicable the same as the average sag of the second crossarm wires in the same span.





557. U. S. ARMY LINE, ARRANGEMENTS FOR JOINT ENTRANCE OF TWO LINES.

a. Situations may arise where it is imprac ticable to avoid joining two U. S. Army lines for a short distance; for example, it might be necessary to bring two 2-arm lines into a sta tion over a 4-arm line. Where 3-arm or 4-arm joint line sections are unavoidable they should be constructed to give the necessary physical clearance and strength, and certain precau tions are necessary to obtain suitable carrier frequency crosstalk performance (par. 549c). The joint sections should not ordinarily be more than 3.6 miles long (one full transposi tion section); the pole where the two lines join should be at or within about two spans of an S pole or the terminal pole of a fixed plant or tactical short section; and transposi tion arrangements, pair assignments, and


	avoidance of transmission level differences, as discussed in the following subparagraphs, are required. It is assumed that standard 88-inch crossarms spaced.3 feet apart are used; if the spacing is 2 instead of 3 feet, the coupling loss will be 3 to 6 db less. The combining of two lines more than once is undesirable for cross talk reasons.

	b. To avoid the complication of additional transposition patterns, it is recommended that pairs on the third arm be transposed like those on the first arm and pairs on the fourth arm be transposed like those on the second arm. This results in transposing pairs alike on alternate arms. To obtain the maximum separation and crosstalk loss between such like-transposed pairs, it is recommended that pair 29–30 be transposed like pair 1-2, 27-28 like pair 3–4, 39-40 like pair 11-12, etc. The order of the transposition patterns on the third and fourth crossarms is reversed with respect to the order on the first two arms; that is, the patterns are allocated from right to left instead of from left to right. The cross talk improvement resulting from this reversal is about 6 db at 30 kc and as much as 15 db at 11 kc.

	c. The minimum output-to-output far-end crosstalk loss would be about 60 db at 30 kc. The far-end crosstalk loss between circuit ter minals is greater than this by an amount equal to the net loss of the disturbed circuit and less by any level difference existing at the office end of the joint line. Unless there is an unusual level difference, the far-end crosstalk loss between circuit terminals should be above 60 db, the allowable value for fixed plant con struction. Since a coupling loss as little as 60 db may exist in one joint section, several such sections in a telephone line are obviously un desirable.

	d. As noted in TM 11–2022, a serious cross talk problem occurs if it is attempted to oper ate carrier systems of maximum frequency of about 30 kc in opposite directions over the same pole line in entering an office. Such opera tion should be avoided except under extraor dinary circumstances, since the repeater spac ings given in paragraph 543 involve near-end crosstalk amplification of from about 25 to 40 db and it is difficult to find two pairs on the same line which would give satisfactory cross talk loss between circuit terminals. For ex ample, 80-db unamplified crosstalk loss would result in only 45-db loss after 35-db crosstalk



amplification. However, with a 3- or 4- cross arm line it might be practical to operate two opposite directional carrier systems for about 2 miles or less, provided these systems util ized pairs on opposite sides of the poles with at least one intervening crossarm and provided the pairs had at least three relative transpo sitions per mile (such as pairs 7-8 and 21-22 of the U. S. Army line). The crosstalk coup ling before amplification might be expected to lie between 85 and 90 db. Under such circum stances the use of dissimilar systems such as CS and CU is desirable since these involve only unintelligible crosstalk, for which a 6 db smaller crosstalk loss is permissible. Omitting the proviso for an intervening crossarm would probably decrease the crosstalk coupling loss by about 6 db, with a 4-, 3-, or 2-arm joint line section.

e. If CF–1 or CF–7 carrier systems are to be routed over a joint line section, fixed plant transpositions should be used within the joint section on all pairs. Suitable pair assignments for CF–1 and CF–7 systems on a 2-arm line are given in figure 5-31; the same assignments are recommended for the third and fourth crossarms of a joint line section. For example, CF–7 systems could suitably go on pairs 1-2, 7-8, 13-14, and 19-20; and on pairs 21-22, 27–28, 33-34, and 39-40. With these assignments, the unamplified near-end crosstalk loss at 11 kc (approximate midband frequency for top channel) is not likely to be less than about 75 db. The crosstalk amplification, for the re peater spacings given in paragraph 543, amounts to around 12 to 17 db; hence the crosstalk loss after amplification is expected to be not poorer than about 60 db.

f. If the above pair assignments are not ad hered to and if the joint line is transposed to fixed plant short sections, the 11 kc near end crosstalk between vertically adjacent pairs on the second and third arms may be 3 to 10 db poorer than the crosstalk with the above pair assignments. If the joint line is trans posed to a 3.6-mile transposition section, the 11 kc near-end crosstalk between pairs 11-12 and 21-22 and between pairs 13-14 and 23–24 will be about 20 db poorer than the crosstalk with the above pair assignments. This is about as bad as the crosstalk in a repeater section between horizontally adjacent pairs.

g. I, for some reason it becomes necessary to use joint lines for several 3.6-mile sections, the S-pole transpositions shown in figure 5-70 are recommended. The purpose of S-pole trans positions is to adjust the relative phases of the crosstalk contributions from several 3.6 mile sections so that they will tend to cancel at the repeater input. S-pole transpositions do not reduce crosstalk resulting from irregulari ties in construction, but are effective in re ducing crosstalk controlled by transposition types when the line consists of a succession of full transposition sections uninterrupted by
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Figure 5-70. S-pole transpositions for third and fourth cross arms on poles carrying two U. S. Army lines.

intermediate short sections, lengths of inserted cable, or other discontinuities. When the line is well constructed and free from discontinui ties, and the S-pole transpositions of figure 5–70 are used, it is estimated that on the worst pair combinations the crosstalk in one repeater section will be little poorer than in a single 3.6-mile joint line; under other circumstances the crosstalk in a repeater section or a line several transposition sections long may be considerably poorer than in 3.6 miles.



558. USE OF 10-FOOT CROSSARM.

q. A 10-foot, 10-pin crossarm often used in the Bell System is known as the type A. Stocks of such crossarms may be available abroad. The pin spacing of the type A crossarm, in

—= no transposition

* Transpositions within 3.6-mile sections on third and fourth crossarms have patterns reversed from those on first two arms; that is, pair 21–22 is transposed like pair 9–10, etc. After eight S poles, repeat the S-pole trans positions shown above.

inches, is as follows: 12, 12, 12, 12, 16, 12, 12, 12, 12. A one- or 2-crossarm line using type A crossarms and drop brackets, and U. S. Army line transpositions and crossarm spac ing, would have crosstalk about 9 db worse than that of the standard U. S. Army line. Of this increase, about 6 db is chargeable to the pin spacing and about 3 db to the drop brack ets. A further increase of about 3 db would be brought about by 2-foot spacing between crossarms instead of 3-foot spacing.


	b. The alternatives listed in subparagraphs (1) to (4) below are available for improving the crosstalk with the type A crossarm.

	(1) Convert the type A arm to a 4-pair, 88-inch arm by boring four new holes and cut ting off the excess length on each end.

	(2) Convert the type A arm to a 4-pair, 10-foot arm by boring four new holes to give the following pin spacing, in inches: 8, 28, 8, 24, 8, 28, 8.

	(3) Convert the type A arm to a 4-pair, 10-foot arm by using all the existing pins ex cept Nos. 3 and 8, to give the following pin spacing, in inches: 12, 24, 12, 16, 12, 24, 12.

	(4) Convert the type A arm to a 5-pair, 10-foot arm with 8-inch spacing between wires of each nonpole pair by boring four new holes and thus obtaining the following pin spacing in inches: 8, 16, 8, 16, 16, 16, 8, 16, 8. Type CW (wood pins) and type CS (steel pins) 10-foot arms are already bored in this manner.

	(5) These alternatives rank in the follow ing order of merit: (2), (4), (1), (3), as re gards the improvement in crosstalk between nonpole pairs. Use of standard Bell System transposition types instead of the U. S. Army types would not give enough crosstalk improve ment on a one- or 2-crossarm line to warrant the additional complexity and increased num ber of transpositions required. If 10-foot cross arms are used, the type of construction must be made sturdy enough to withstand the in creased stresses as compared to those with 88-inch crossarms.

	c. If for some reason pole pairs must be used on the type A crossarm, the transposi tion types given in figure 5-71 are suggested for pole pairs when the U. S. Army transposi tions are used on the nonpole pairs; the pole pairs should be used for voice-frequency opera tion only. The information for pole pairs on



the third and fourth crossarms assumes that the nonpole pairs on the third and fourth arms have reversed transposition patterns as com pared to those on the first and second arms (par. 557). The crosstalk between nonpole pairs with type. A crossarms and such usage will, of course, be substantially poorer than that stated for 88-inch crossarms in paragraph 557.
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* Types of transpositions are shown in figure 5–61.

Figure 5-71. Transpositions for pole pairs for short voice-frequency circuits.

d. When the type A crossarm is used in com mercial circuits, carrier-frequency crosstalk can be reduced by the use of four different frequency allocations for type C carrier, in stead of the two allocations (CS and CU) available with packaged type C systems, or the single allocation used with tactical carrier systems.



559. BRITISH ARMY LINES.


	q. Two 4-way or 8-way Arms. The British Army has a transposition system and short crossarm very similar to those used in the U. S. Army line. (Four-way in this connection means four conductors per crossarm.) This system is indicated in figure 5-72. The trans positions are arranged somewhat differently in the British and the American systems. The wire numbering is different and the British system does not contemplate the use of car lier systems on the two outside pairs of the second arm. Pair 5–6 of the British system is suitable for operation of carrier frequencies up to about 150 kilocycles.

	b. Multi-airline (MAL). In some theaters, the British have used a light and rapid tactical con struction known as multi-airline (par. 505d).
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Figure 5-72. British Army line transpositions (rearrangement of British Signals drawing).
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Figure 5-73. British flat transposition system (rearrangement of British Signals drawing).

The most common arrangement involves two 12-inch spaced pairs on two crossarms 12 inches apart. The two pairs are usually not trans posed. The far-end crosstalk is apt to be unim portant except when wire sag differences are very marked. The near-end crosstalk makes it difficult to use both pairs simultaneously for voice-frequency circuits or for carrier systems using the same carrier frequencies for both directions of transmission. Less difficulty would be expected with carrier systems such as type C which uses different carrier frequen cies in the two directions. This assumes, how ever, that large impedance mismatches do not exist at the terminals or at intermediate points since such mismatches would cause serious re flections of near-end crosstalk. Sometimes 4 pin crossarms are used on the multi-airlines. Horizontally adjacent wires are used as pairs. Point-type transpositions are used. Suitable transpositions for voice-frequency operation are given in figure 5-73 which is a rearrange ment of a British Signals drawing.

c. Line with Rotating Pairs. The British have also used a more substantial line construction involving two short crossarms one foot apart. Each crossarm has a 12-inch spaced pair on each side of the pole and therefore there are four wires arranged on the corners of a square on each side of the pole. Diagonally opposite wires in a square are used for the two wires of a pair. Each square is rotated a quarter of a revolution in one span at specified intervals. For example, one square might be rotated at intervals of 5 spans and the second square might be similarly treated except that every fourth rotation would be omitted in order to reduce crosstalk between pairs in different squares. While experience has shown that the crosstalk with such an arrangement is rather poor, it might be expedient to use this con struction for moderate distances (about 100 miles) for voice or even for carrier operation. An advantage is that no special hardware or insulators are required. A disadvantage is that wires with only one 1-foot vertical separation cross at the center of each span, with conse quent chances of wire hits.



560. DIFFERENT LINES IN TANDEM.

It may be necessary to use sections of line in tandem, some of which are transposed to the American system and others to a British system. If the type of transposition system changes between repeaters, a full transposi tion section of one type of transposition system should be completed (with the aid of inter vening short sections, if necessary) before starting in with a full section of the other type of system.



561. EXISTING LINES.

a. Existing lines will be found which are not transposed according to TM 11–368 or TM 11–2253. They may be transposed by the British method (par. 559) or by the French and Italian methods shown in figures 5-74 to 5–79, inclusive. If it is desired to use such lines
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Figure 5-74. S.E.T. Italian 9-group telephone line.

or fragments of them and to add wire to them, and the special hardware required for the foreign type of construction is not available, it may be desired to fill in gaps with American construction. In such a case the best way is to terminate the American construction in an S pole of a long section or in a complete short section and to terminate the foreign line at a balance point. Filling in gaps in existing lines may involve connecting together pairs of dif ferent conductivity or gauge. Reflections occur at such junctions but these are not apt to affect
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Figure 5-75. CIRCOLO Italian State 4-group telephone line.

crosstalk seriously. They may have a notice able effect on the balance at a 22-type repeater point. The poorest return loss due to such a junction would be about 23 to 26 db. If it is desired to add wire with the American type of construction to such lines the most practical procedure is given in paragraph 552g.
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Figure 5-76. TIMO Italian 4-group telephone line (rearrangement of British Signals drawing).

b. With both French and Italian construc tion the four wires of a group are arranged on the corners of a square. Diagonally opposite wires in a square are used for a pair. With the Italian 9-group line construction (fig. 5-74), the squares are rotated rather continuously, there being a 90° twist in each span. There are certain omissions of these twists, presumably to reduce crosstalk between different squares. The Italian 4-group line of figure 5-75 has 180° rotations in two spans at intervals of 500 meters (1,640 feet) or more. The 4-group line of figure 5-76 has 90° twists in one span at intervals of 6 or 12 spans. With the French plan of figures 5-77 and 5–78, there is usually a 90° twist in two spans at each fifth pole. This requires special hardware at the center of the two spans. There is sometimes a 180° twist in four spans as indicated on figure 5-78. The French plan of figure 5-79 uses a 90° twist in two spans at intervals of 0.25 to 1 kilometer as indicated by arrangements A to D. When there are more than four groups on a line 180° twists in four spans are superposed at 4-kilo
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1. THE DISTANCE (d) IN THIS DIAGRAM = 30 CENTIMETERS (11.8 INCHES).


	2. DIAGONALLY OPPOSITE conductors of A GROUP constitute A PAIR.

	3. NORMAL POLE SPACING IS 50 METERS (164 FEET) (20 POLES PER KM.)

	4. THIS CONSTRuction is kNowN. As "Double LiNE." AND EMPLOYS H FIXTURES THROUGH out.

	5. CONDUCTORS ARE USUALLY 3 MM. . 1 18") coPPER. (ABOUT

	6. 1 NSULATORS ARE SUPPORTED ON METAL BRACKETs Hung on THE CROSSARM. TL 548.21



Figure 5-77. French telephone lines in North Africa; pole, crossarm, and wire arrangements.
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Figure 5-78. French telephone lines in North Africa, transposition arrangements.

meter (2.35-mile) intervals to improve cross talk between groups designated by the same letters A to D. If a line has more than four crossarms or if a crossarm has more than four groups, then the fifth, sixth, etc., are treated like the first, second, etc. Carrier systems may be worked on selected pairs according to some reports. The two pairs in a square are in planes . at right angles and tend to be noninductive to each other. Measurements in the United States have indicated that this tendency may be off set to a considerable extent by irregularities in wire or pole spacing. Not all the pairs in different squares are, in principle, noninduc tive to each other and therefore not all the squares are rotated alike.

c. Figure 5-80-A gives a rough method of estimating the far-end crosstalk loss of the French and Italian lines for like carrier chan nels of 6-db net loss. The data in this figure were obtained from measurements made on a short length of line in the United States on which the wires had been arranged in squares with 90° rotations in each span, and from a field trial of the U. S. Army line. The table in dicates that the crosstalk loss between pairs in the same square is especially low and that the crosstalk loss between pairs in adjacent squares may be higher, although not so high
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Figure 5-79. French rotation transposition system (rearrangement of British Signals drawing).
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* The crosstalk loss figures assume that any systematic coupling between pairs in different squares is sufficiently reduced by rotations. This assumption is dubious at carrier frequencies particularly above 12 kc when the rotations are more than about 500 meters (1,640 feet) apart.

* For double the length subtract 3 db and for half the length add 3 db etc., that is subtract 10 log (L-4-100).

Figure 5-80. Crosstalk estimates, U. S. Army versus French or Italian lines.

as for the American system. As noted in the table, the estimates assume that systematic coupling between pairs in different squares is made negligible by rotations. In cases where the transposition intervals are large compared with those recommended in paragraph 552f, or where transposition pole spacing irregu larities are large, the coupling between such pairs may be poorer than shown in the table. Experience with rehabilitated lines in one theater was, that because of difficulty in estab lishing sufficiently exact transposition inter vals the crosstalk between pairs in adjacent squares was poorer than between pairs in the same square. Where the crosstalk standards of paragraph 549c are to be met, it is advisable to avoid using the same or adjacent squares for two carrier systems of the 2-wire or equivalent

4-wire types and to place such systems as far apart on the line as feasible. If carrier systems are to be placed on adjacent pairs on the U. S. Army line or on pairs in the same square or adjacent squares in a rotated square line, it is desirable to use unlike carrier systems such as the CS and CU (par. 528c). The crosstalk between such systems is unintelligible and the tolerable crosstalk loss is about 6 db less than that for like carrier systems. Figure 5-80-B gives some coupling figures for unamplified near-end crosstalk. The tabular values may be translated to crosstalk loss between circuitter minals as per paragraph 550. Voice-frequency coupling losses will be about 10 db more than those listed for 12 kilocycles in figure 5-80. Since the performance at carrier frequencies on these foreign lines is dubious, crosstalk
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* Definitions of multiple-twin and spiral-four are given in paragraph 506b.

Formulas for 1 mile of cable or less:

Nonloaded cable; minimum crosstalk loss db=120–20 log ICFV101 (1–0.028 FL)]

Loaded cable; minimum crosstalk loss db=120–20 log (CFV10 L)

C =root mean square (rms) capacitance unbalance (mmf per 0.1 mile)

F=frequency (kc)

L =length (miles)

Values and formulas apply particularly to equal level far-end crosstalk but are sufficiently accurate to estimate unamplified near-end crosstalk.

Figure 5-81. Minimum crosstalk loss due to capacitance unbalance.

measurements may be necessary to obtain suitable pairs. Improvised methods of measur ing crosstalk are described in paragraph 564.



562. CROSSTALK IN ENTRANCE AND INTERMEDIATE CABLES.

q. Low crosstalk loss between paper-insu lated cable pairs used in open wire carrier cir cuits must be avoided. For this reason it is generally necessary to avoid using both sides of the same cable quad, two pairs in adjacent multiple-twin quads, or pairs in adjacent layers containing fewer than about 15 multiple-twin quads.

b. Figure 5–81 gives estimates of the mini mum crosstalk losses (equal level far-end cross talk) for such pairs in one mile of cable. The formulas in figure 5-81 may be used where esti mates of crosstalk losses are needed for other frequencies, shorter lengths, or other capaci tance unbalances. The estimates and formulas also apply with fair accuracy to unamplified near-end crosstalk in one-mile or shorter cables since attenuation may be neglected in such short lengths. It is assumed that the cable pairs are directly connected to the open wire or to terminal apparatus having an impedance of about 600 ohms, because impedance match ing devices will probably not be used at such junctions. If loaded cables are used, their cut off frequency must be sufficiently high to per mit satisfactory transmission of the top fre quency of the carrier system.

c. To determine the crosstalk loss between circuit terminals corresponding to the figure 5-81 values, follow the methods in paragraph 550. This loss may then be compared with the estimated crosstalk loss (between circuit ter minals) in the open wire to determine whether the over-all performance will be materially de graded by use of the cable. If there are several cables in a carrier repeater section, the total crosstalk loss for all cables should be computed as per paragraph 563.



563. COMBINATION OF CROSSTALK LOSSES.

Figure 5-82 indicates a method of combining two crosstalk losses (between circuit termi nals or on some other comparable basis) to determine the total loss when the crosstalk currents are expected to combine at random. The difference between two losses is used to determine a value in db to be subtracted from the smaller of the two to get the total effect. The chart may be used for combining any num ber of crosstalk losses taking two at a time.
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A =arithmetic difference in db

B =number of db to subtract from smaller loss

Figure 5-82. Method of combining two crosstalk losses.



564. IMPROVISED METHODS OF MEASURING CROSSTALK.

q. General. Since apparatus specifically de signed for measuring crosstalk is usually not available in the Army, improvised measuring methods with apparatus more generally avail able are described below. Figure 5-83 gives several arrangements for measuring near-end and far-end crosstalk coupling, in terms of db crosstalk loss, using apparatus of the types listed in figure 5–84. In these arrangements the wiring should be carefully laid out to avoid crosstalk in the test apparatus, by preserving pairing and by separating high-level from low level circuits. The arrangement should be tested with 600-ohm resistors replacing the telephone lines shown in the figure, to deter mine whether the crosstalk in the test appara tus is insignificant. The circuit arrangements for near-end crosstalk are devised to measure the insertion loss between 600-ohm resistances, that is, the loss caused by connecting the input of the disturbing circuit to a 600-ohm trans mitting circuit and the output of the disturbed circuit to a 600-ohm receiving circuit instead of connecting the transmitting circuit directly to the receiving circuit. Far-end crosstalk as usually measured (including the arrangements shown in figure 5-83) is the crosstalk loss be tween the far ends of the disturbing and dis turbed circuits (here assumed to be co-termin ous); that is, measured far-end crosstalk. The loss measured is the input-to-output insertion loss between 600-ohm resistances less the in sertion loss of the disturbing circuit between 600-ohm resistances. Corrections to measured far-end or near-end crosstalk, to express them in terms of equal level crosstalk, can be made in accordance with the principles in paragraph 550. In measuring crosstalk on carrier or re peatered circuits, the output of the testing oscillator must be limited so as not to overload the repeaters or terminal equipment. An input of zero dbm (1 milliwatt) at zero transmission level is safe.

b. Types of Apparatus and Methods. Figure 5-84 lists some portable apparatus which can be used in the testing arrangements given in figure 5–83. The oscillators, detectors, and at tenuator listed in figure 5-84 are designed for a 600-ohm impedance. They may be used di rectly on lines of approximately this impe dance, as indicated in figure 5–83. For meas urements of crosstalk on other circuits, these testing arrangements should preferably be modified by using impedance matching ar rangements to match the lines to the measur ing apparatus, and the lines should be properly terminated in approximately their character istic impedances. In measuring far-end cross talk, if the oscillator-end termination of the disturbed circuit, or the detector-end termina tion of the disturbing circuit, badly mis matches the line, there will be a reflected near end-crosstalk component in the far-end cross talk measurement. Crosstalk measurements with the apparatus shown in figure 5–84 should be made at several frequencies, except for far-end crosstalk on voice-frequency cir cuits, where a 1,000-cycle measurement is suf ficient. Otherwise, on voice-frequency systems and at voice frequencies on channels of car rier systems, measurements should be made at 500, 1,000, and 2,000 cycles; and on carrier systems, at carrier frequencies corresponding to 500, 1,000, and 2,000 cycles in the voice channels of the disturbing circuit; and the rms (root mean square) value taken. This is obtained by averaging the power ratios (less than unity) corresponding to the db of cross talk loss measured (ch. 12) and taking the db value corresponding to this average ratio.
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Figure 5-83. Circuit arrangements for measuring crosstalk loss.

2O3


	c. Ear Balance and Meter Methods. Figure 5-83 gives two types of set-ups for measuring crosstalk: an ear balance method (diagrams A to C) and arrangements using meter in dicating measuring sets (diagrams D to G). The ear balance arrangements are necessarily confined to measurements on voice-frequency circuits or at voice frequencies on channels of carrier systems. The meter method may be used for measuring crosstalk at voice or car rier frequencies, the limitations depending on the frequency and sensitivity range of the particular apparatus used.

	d. Ear Balance Methods. Diagrams A, B, and C show three testing arrangements for meas uring crosstalk using the ear balance method. This method consists of listening to the test ing tone on the disturbed circuit via the cross talk path, then switching to the oscillator cir cuit and adjusting the attenuator until the tone is of equal intensity. The number of db inserted in the attenuator may then be read as the crosstalk loss. Resistors R should be chosen so that the resistive component of the impedance of the receiver plus 2R is about 600 ohms at 1,000 cycles. The two resistors should be as nearly alike as practicable, pref erably within 2 percent and a difference of more than 10 percent should be avoided. Suit able approximate values of R are given below for various receivers available in the Army.
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Diagrams A and B are for near-end crosstalk measurements. Diagram A, the simplest ar rangement may be used satisfactorily in the absence of high circuit noise. Diagram B uses an arrangement which allows noise, present on the disturbed circuit, to be heard in both positions of the oscillator. This arrangement permits a more accurate balance to be made in the presence of high noise than is possible with the arrangement in diagram A. The 300 ohm resistors prevent error in measuring the crosstalk insertion loss when the impedance of the disturbed circuit is quite different from a 600-ohm resistance. For example, without the resistors and for a line impedance of 1,200 ohms resistance, the measured crosstalk loss would be 2.5 db too great. Evidently the resis tors can be considerably below 300 ohms with out causing large errors. The two resistors in different wires and on the same side of the receiver should be alike, however, and pref erably within 2 percent. No padding resistors in series with the receiver are necessary. In diagram C (the arrangement for far-end tests) at least 10 db should be left in the at tenuator so that the disturbing line may be properly terminated when listening is done on the disturbed circuit.



e. Meter Methods.

(1) Diagrams D, E, F, and G give cross talk testing arrangements using meter indi cating detectors. The measuring method for diagrams D and F consists of obtaining a meas urement of the oscillator output power on the measuring set, then switching and measuring the power of the test frequency on the dis turbed circuit. The difference in the two read ings in db is a measure of the crosstalk loss. The method for diagrams E and G is to adjust the attenuator, with the switch in the oscil lator position, until a meter deflection is ob tained on the detector. Then switch to the dis turbed circuit and again adjust the attenuator until the same meter deflection is obtained. The difference in the attenuator settings will be a measure of the crosstalk loss in db. A pre caution must be taken to be certain that the detector or measuring set on the disturbed circuit is measuring the testing frequency and not noise. This should be checked by switching the oscillator on and off. If the received power with the oscillator off is at least 9 db less than that with the oscillator on, the error intro duced by the noise is less than 0.5 db. By ap plying a correction, crosstalk may be measured in the presence of somewhat higher noise. Measure on the disturbed circuit with the os cillator on, and again with it turned off. Com pute the apparent crosstalk loss with the oscil lator on; make a similar computation using the disturbed circuit reading with the oscillator off and the same oscillator power reading. Find the db difference between these apparent cross talk losses, and use it in the table below to obtain a db correction. Add the correction to the apparent crosstalk loss with the oscillator turned on, to obtain the real crosstalk loss.
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Figure 5-84. Apparatus usable in improvised crosstalk measurements.

For example, if the apparent crosstalk loss de termined with the oscillator on is 50 db and with the oscillator off is 52 db, the difference is 2 db. From the table below, the correction to be applied to the 50 db reading is 4 db giv ing a true crosstalk loss of 50 + 4 or 54 db.
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(2) Diagrams D and F are crosstalk meas uring arrangements for use where a Western Electric Company 2B noise measuring set is available; or for measuring small crosstalk losses with a Western Electric Company 13A or 32A transmission measuring set at fre quencies indicated in figure 5-84. For an oscil lator output of 0 dbm (1 milliwatt) a maxi mum coupling loss of 45 or 35 db may be measured using the 13A or 32A set respec tively. The Western Electric Company 2B noise measuring set may be used for measur ing considerably greater values of crosstalk loss at frequencies up to around 12,000 cycles. For measurements on pairs without repeaters or terminal apparatus, larger values of cross talk loss may be measured by using higher oscillator outputs.

(3) Diagrams E and G give crosstalk measuring arrangements to permit measure ment of higher values of crosstalk loss. A repeater or amplifier, such as Telephone Re peaters EE–99–A or TP-14–( ) for voice fre quencies, is used ahead of the detector to increase its sensitivity. In using Telephone Repeater EE-99—A in this measuring set-up, at least 6 db must always remain in the atten uator ahead of it to avoid inaccuracies due to the mismatch between its 300-ohm input and the rest of the measuring circuit. The equalizer networks in the repeater may be switched in, when necessary, to provide low- and high-fre quency noise reduction.



f. Use of Telephone Terminal CF-1-( ).

(1) Telephone Terminal CF–1–( ) can also be used to measure crosstalk at the fre quencies which are obtained when the 1,000 cycle test tone is sent on one or more of the four telephone channels. For measuring near end crosstalk, the transmitting portion of the terminal is connected to the disturbing cir cuit, and the receiving portion to the disturbed circuit; the crosstalk is amplified by the re ceiving portion of the terminal and read on the db meter associated with the terminal;

* Dbm = db referred to 1 milliwatt.

* Use 135:600 ohm coil in 32A transmission measuring set

* At least 6 db should be left in the attenuator when placed at the input of this repeater, to avoid errors due to mismatch ing.

and the nominal gain in the terminal is al lowed for in converting the measurement into crosstalk loss.

(2) The procedure is as follows. Send normal testing power into the channel chosen for test. Set the OUTPUT key, where pro vided, in the NORMAL position. In the case of Carrier Terminal CF–1–B, set the channel 2 WIRE-4 WIRE key to the 2 WIRE position. Set REC LEV key in the operated position. Set MILES dial on step 0, dial 1 on step 30, dial 2 on step 4, dial 4 on step 14. Set the switch on the MEAS panel to measure the 2 wire output of the channel under test. Adjust the GAIN dial so as to obtain a deflection on the db meter. Add the setting of the GAIN dial, the reading of the db meter (upper scale, neglecting the minus sign), and the appropri ate constant from the following table, to ob tain the approximate crosstalk loss in db.
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For example, if channel 4 is used, and the GAIN dial is on 30, and the meter reads —20, the crosstalk loss is 30+-20+-21=71 db. If the GAIN dial is set on its top step (step 45), the gain may vary by about +3 db from its nominal value on account of the small amount of feedback in the receiving amplifier with this setting; and there will be a corresponding un certainty in the crosstalk measurement.

(3) When this method is used to measure the side-to-side crosstalk in a single Cable Assembly CC–358–( ), the cable assembly should normally be connected to Telephone Terminal CF–1–( ) through a Cable Stub

CC–356 which has low crosstalk, as deter mined by a separate test. If the far end of the cable assembly or cable stub is left untermi nated for simplicity in testing, and the cross talk is due to capacitance unbalance, the meter reading will be approximately 12 db higher in the test condition than with the cable in service and therefore terminated, and 12 db should be added to the crosstalk loss as determined in subparagraph (2) above. Also, when the disturbing pair is unterminated, the normal meter reading will not be obtained at the output of the transmitting amplifier; this is unimportant since the proper oscillator out put adjustment is not determined by this meter reading. The connectors should be dry and clean, when making the measurement and when in service.


	(4) The nominal impedance of Telephone Terminal CF–1–( ) is about 470 ohms, but fairly sizable departures from this value occur, particularly at the higher frequencies; hence there will be some unwanted reflection effects, producing minor errors in the measured cross talk, if the terminal is used to test other than spiral-four cable.

	(5) Two Telephone Terminals CF–1–( ) could be used in a generally similar fashion to test far-end crosstalk, sending from one end at a time.

	(6) In terminals provided with an OUT PUT key, by using + 10 db instead of NOR MAL output where this is permissible, 10 db greater crosstalk loss can be measured. Cross talk at other frequencies can be obtained by using an oscillator other than the test oscil lator in the carrier terminal, and allowing for its sending level, set low enough not to over load the terminal; the transmitting portion of a v-f carrier telegraph channel might be used. If other test frequencies are used, the additive constant in the table in subparagraph (3) above should be adjusted, by interpolation, for the test frequency used.






Section VII. REHABILITATION OF CAPTURED LONG DISTANCE CABLE CIRCUITS


565. GENERAL.

a. Long distance cables in captured terri tory provide a means of establishing large numbers of long haul circuits with a minimum expenditure of material. Some sections of these cables and a substantial part of the loading ap paratus may be damaged by the enemy and will need to be rehabilitated or replaced to make the circuits usable.

b. It is important that the cable sections rehabilitated initially be made capable of a good grade of transmission because with the passage of time the circuits will have to be extended in length and will ultimately become part of the rear area communication network. This will require careful planning and engi neering and personnel skilled in all phases of the work. It is essential to have cable splicers and testers trained in the technique of splicing and testing quadded cables. Rehabilitation done without skilled personnel and without sufficient regard to transmission performance is likely to prove unsatisfactory in the long run. Of course temporary expedients can be employed to establish circuits needed during the initial phase of rehabilitaton.


	c. If need for rehabilitating a cable can be foreseen in advance it will be desirable to take steps to have the proper kind of cable, sleeves, loading apparatus, cable terminals, and mis cellaneous material on hand for replacement purposes. This will greatly simplify rehabili tation and will give the best transmission re sults. The offices frequently will be destroyed by the enemy, so it is important to provide means for terminating the cable pairs in new offices. Sealed cable terminals are best for this purpose; for example, cable terminal having stock No. 5C2502 is suitable for terminating a 102 pair cable. Distributing frames, such as the one having stock No. 4E2523G, may be used also. If these are used, a short length of silk and cotton covered tip cable (par. 506) should be provided between the frame and the lead-covered cable. In many cases it will not be possible to duplicate apparatus or to antici pate requirements, especially as to the extent of damage. A search for material available locally will be necessary under these conditions. Replacement cable lengths may be found locally as it is the practice in some countries to store such cable in a safe place near the repeater stations. As a substitute for sleeves, lead sheet may be procurable and cut and formed to size.

	d. Complete information on the cable and loading apparatus involved is essential. Some of this information can be obtained in ad vance, some may be obtained on the spot from local records or local inhabitants, and some can be determined by physical inspection and tests on the job. Important items are: the number of wires and wire sizes; whether the cable is paired, or has multiple-twin or spiral four quads; cable lay-up and method of segre gating 4-wire circuits; capacitance of the cable;




	and inductance of the various types of loading coils and physical characteristics of loading apparatus. The extent of damage must also be known, including the length and locations of cable sections to be replaced, the number and locations of loading points requiring new load ing apparatus, and the number and types of loading units required.

	e. Care must be taken at all splices to keep the pairs and quads intact, since a split pair or phantom would probably be so susceptible to noise and crosstalk as to make the circuits useless. It is desirable also to restore the orig inal continuity of each wire through a loading section in order to minimize the degradation in crosstalk (par. 568). It is not necessary to restore the original continuity of conductors at loading coil splices but it is important that a given pair or quad have the same loading throughout a repeater section (par. 569). As a preliminary to splicing it is necessary to know the code identification of the insulation. The paper may be colored or it may be plain and marked with printed numerals or sym bols. The quads may have identifying thread binders. It is preferable to secure information in advance as to these codes from manufac turers records or from the local telephone ad ministration. When this is not possible, the cable should be examined in the vicinity of a cable terminal and the cable coding determined by test. A spare or partially damaged cable terminal with some cable attached may serve the same purpose. If necessary, the sheath can be removed from the cable and very care ful examination made of the cable layer by layer and quad by quad. To avoid displacing the wires during examination, the core should be bound at both ends of the exposed section, layer by layer, as they are uncovered and the quads released and bent back only as each is identified.

	f. In Europe, cables with spiral-four con struction (star quads) will be found, as well as multiple-twin quadded construction com monly used in the United States. The type of construction should be determined before splicing. In spiral-four cables the four wires are twisted together as a group so that each wire occupies a corner of the square thus formed. The wires in diagonally opposite cor ners of the square form a pair. It is difficult to distinguish between multiple-twin and spiral four construction if the exposed wires have



been disturbed. When there is doubt as to the type of construction and records are not avail able, a length of sheath should be removed and careful inspection made of the construction used.

g. Other outside plant considerations, such as special tools and equipment required, are covered in chapter 9.

h. A suggested organization of personnel for cable rehabilitation consists of a supervisor, two cable testers, and 8 to 10 splicing teams each consisting of a splicer and helper. Sepa rate transportation for each tester and each splicing team is desirable.

i. Selection of suitable buildings for hous ing repeaters and other equipment is im portant for operation of the communication system. Factors to be considered in this con nection are: adequacy of protection from weather, floor space in relation to future re quirements, floor strength, living quarters for personnel, etc. (ch. 11).



566. FOUR-WIRE OPERATION.

a. It is advisable to plan on the operation of any repeatered circuits on a 4-wire basis. Two-wire repeatered circuits are much more subject to trouble from impedance irregu larities caused by misplaced or damaged load ing coils, etc. Irregularities of this nature merely increase the loss and introduce irregu larities in the transmission-frequency charac teristics of 4-wire circuits, whereas on 2-wire circuits they are likely to cause singing and require greatly reduced repeater gains. Non repeatered 2-wire circuits can, of course, be used for short lengths, as limited by their loss. If damage to the cable is small, and the dam aged loading coils can be replaced by coils having the same inductance, it may be feasible to operate 2-wire circuits on a repeatered basis. - b. The packaged voice-frequency repeaters (par. 518) are suitable for use on cable cir cuits. When these repeaters are not available, Repeater EE-99—A may be used. Repeater TP–14–( ) is a 2-wire repeater but two of them can be used if necessary to make a 4-wire repeater. In this case, the gain controls of the unused amplifier of each of the two repeaters should be turned to the step which gives no transmission.



567. SEGREGATION FOR 4-WIRE OPERATION.

a. In 4-wire circuit operation, pairs in the cable normally are divided into two groups, one for each direction of transmission. This is done to obtain a 10- to 20-db increase in the near-end crosstalk loss between opposite direc tional circuits; this is desirable because of the large crosstalk amplification involved (par. 550). Examples of American practice in segre gating the 4-wire groups in multiple-twin cables are shown in figures 5-85-A, -B, and -C. These methods may be used also in some foreign cable installations.

b. Figure 5–85-A illustrates concentric seg regation, in which inner layers are used for one direction of transmission and outer layers for the other direction. Quads for 2-wire cir cuits are used to separate oppositely bound 4-wire groups in the same layer. The 2-wire group may utilize a complete layer and may include quads in the center of the cable. Where oppositely bound 4-wire quads are in touching layers, dependence is placed on the opposite direction of stranding lay for these layers, and on splicing planned (in commercial in stallations) to minimize crosstalk coupling between groups.

c. Figure 5–85-B illustrates split-layer seg regation, in which the oppositely bound 4-wire groups are diametrically opposite in each layer and separated by one or more quads of the 2-wire group. The 2-wire group may include the center quads. Figure 5-85-C is a special case of split-layer segregation, in which two diametrically opposite quads in each layer are used as separators; these separator quads are used for 2-wire circuits. Since figures 5-85-B and -C are idealized, the cross section of the cable will agree with the sketches at only a few points, because the stranding lay is clock wise for one layer and counterclockwise for the adjacent layer. However, considering each layer separately, the oppositely bound groups are diametrically opposite and separated by diametrically opposite quads of the 2-wire group.

d. Figure 5-85-D shows the 4-wire groups separated by a diametric shield. Figure 5-85-E shows them separated by a concentric shield (layer shield). Such shields may be found in some foreign cables.

e. In reconditioning a cable for 4-wire oper ation, it will be desirable to maintain the segregation between the 4-wire groups. Seg regation is necessary because, unlike 2-wire circuits in the same group, there may be a
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*The 2-wire group May be absent of a second 2-wire GROUP MAY BE IN THE CENTER OF THE CABLE TL 54625

Figure 5-85. Typical segregation methods for long distance cables.

large number of repeater sections in tandem, all contributing to the crosstalk. Two repeater sections are 3 db worse than one, 4 sections 6 db worse, 8 sections 9 db worse, etc. Also the near-end crosstalk amplification for 4-wire circuits is usually much greater than that for 2-wire circuits. If segregation in a cable can not be restored, the crosstalk degradation will depend on the number and location of the nonsegregated sections, and will approach 10 to 20 db in extreme cases of damage. The - greatest benefit from segregation is obtained in cable sections close to the ends of the re peater sections because it is at these points that the greatest differences in level occur between oppositely bound pairs. Near the middle of the repeater section segregation is not so essential because the level differences are small.

f. To maintain segregation through undam aged lengths and replacing lengths, the two 4-wire groups must be identified. This may be a difficult problem. If a length extending out from a repeater station is undamaged and the 4-wire groups can be identified at the repeater station, the cable segregation can be deter mined by buzzer or other suitable identification tests from the office to the end of the undam aged portion. If the cable cannot be identified in this way either of the following methods can be tried: consult local records regarding color codes of quads, quad :ount, size of con ductors, type of 4-wire circuit loading, etc.; or inspect one or two undamaged splices with in a loading section or an undamaged loading splice, since the groups may be indicated in splices. If identification is not possible, segre gation through undamaged lengths can be maintained by a quad-for-quad substitution provided at least one wire of each quad is con tinuous. Such substitution requires identifica tion of the same quad at both ends of the dam aged length, disconnection of this quad, and splicing a quad in the new length in its place.


	g. If more than one cable is available on a route, opposite directional circuits can be placed in separate cables. Circuits employing different loading systems may be used in oppo site directions provided both loading systems are satisfactory for the circuit length required.

	h. If quads in a 2-wire group must be used to establish 4-wire circuits, there will be no segregation between opposite directional 4 wire quads. If the 4-wire repeaters are placed at the same location as the original 2-wire repeaters, and if the circuit lengths are re stricted to the lengths normally used for 2 wire operation, crosstalk results should be satisfactory.

	i. Segregation in replacement lengths can be accomplished by using one of the segrega tion methods illustrated in figures 5-85-A, -B, or -C or by using a separate cable for each direction.





568. CAPACITANCE UNBALANCE.

a. Side-to-side and phantom-to-side capaci tance unbalances in cable quads are important sources of side-to-side and phantom-to-side crosstalk, respectively. The capacitances in volved are those between each wire of one side circuit and the two wires of the other side circuit, in the same quad, and also the capaci tances between each wire of the quad and all other conductors in the cable as well as the sheath. If certain conditions of equality are met in the values of these capacitances, the capacitance unbalances, and hence the within quad crosstalk will be a minimum. In normal civilian cable installations, the capacitance unbalances are reduced as much as possible in order that crosstalk will not be excessive. This is usually done by measuring unbalances at one or more splices in the loading sections, selecting quads with approximately equal un balances, and splicing these selected quads, with or without transpositions, as required to obtain minimum over-all loading section un balances. On a few residual quads, the unbal ances may not match satisfactorily and small condensers are connected between appropriate wires of the quad for further unbalance reduc tion. Another method, used on some cables installed by the Germans, involves splicing the cable without regard to capacitance unbalance, and applying capacitors at one point in a loading section on all quads having excess capacitance unbalances.

b. Restoration of a cable to its original crosstalk performance, requires capacitance unbalance tests and correction in each loading section affected. Since this requires special testing apparatus and techniques, and con siderable time, it may not be practicable in most military situations. An alternative is to recondition the cable without capacitance un balance testing, but to maintain the original continuity of the conductors to the greatest extent practicable. The resulting degradation in phantom-to-side crosstalk would be zero with no replacements and reach a maximum of about 20 db if the capacitance unbalance correction were upset in every loading section. If high crosstalk should develop as the 4-wire circuits are extended to longer lengths, it would be feasible to improve the crosstalk by use of within-quad balancing capacitors at the ends of reconditioned 4-wire repeater sec tions. This requires special techniques and equipment but by the time such a procedure is required it should be possible to make arrange ments for these and plan the work so as to cause minimum circuit interruption. Methods of making such localized capacitance unbal ance corrections, and measuring crosstalk coupling, are described in Section G72.225 and Section E36.105, issue 2 of Bell System Prac tices. A large reduction in side-to-side cross talk (15 to 20 db) may be obtained in this way. The reduction in phantom-to-side crosstalk is limited to 6 to 8 db by the differences in at tenuation and velocity of propagation of the side and phantom circuits.


	c. Loading section capacitance unbalances after rehabilitation depend upon the number of replaced sections, their lengths, their loca tions relative to loading coils or capacitance unbalance corrective splices, and whether or not the original continuity of the conductors has been restored. If the original continuity of the conductors has not been restored, the capacitance unbalance may be much greater than that of the replacement cables alone.

	d. Approximate rms values of capacitance unbalances (mmſ) of lead-covered multiple twin quadded cables are given in the following table. A comparison of the capacitance unbal ance figures indicates the advantage of mak ing test splices, when practicable, in which capacitance unbalance corrections are made.












	
	-

Capacitance unbalance

(mmſ)



	Length
	Phantom-

to-side
	Side

to-side
	




	1,500-foot

reel
	75
	30
	



	no

reels) with

6,000

feet (1,500-foot

test splices
	150
	60
	



	feet with

6,000

three

test splices
	15
	15
	



	one

feet with

6,000

test splice
	40
	30
	





The minimum crosstalk loss due to capacitance un balances may be estimated from the following formulas:

Minimum crosstalk loss (db) (equal level far-end at 1,000 cycles),

Phantom-to-side=180–20 log (4CVNVIZTIZ.) Side-to-side = 180–2010g (2CVN |Z.)

Where C=appropriate rms capacitance unbal ance (mmſ) for a loading section.

N=number of loading sections.

|Z, -magnitude of nominal impedance of side circuit (par. 571)

|Z, =magnitude of nominal impedance of phantom circuit (par. 571)

Substitution in these formulas shows that the estimated minimum crosstalk losses are about 69-db phantom-to-side and 73-db side-to-side for a 50-mile section (N=44) having 3 test splices per loading section and using the 6000 88-50 loading system (par. 571). The rms crosstalk losses may be estimated by adding 8 db to the minimum losses. Because of cross talk in loading units, these minimum crosstalk losses might be reduced about 3 db. An addi tional reduction in the phantom-to-side mini mum crosstalk loss will be caused by crosstalk coupling resulting from differences in the re sistances of the two wires of the side circuit. Unless the wire joints at splices are properly soldered the latter reduction may be large and the crosstalk loss may be extremely variable.

e. Phantoms are not generally used on spiral-four quads because of the high crosstalk between side and phantom circuits in the same quad. -



569. LOADING CONSIDERATIONS, 4-WIRE CIRCUITS.


	a. When it is impossible to duplicate the loading apparatus which must be replaced, it will be necessary to use the nearest available equivalent as substitutes. Paragraph 571 dis cusses the loading systems likely to be encoun tered and lists a number of American loading units and loading coils wheh can be used for replacement work. When the phantom will be used, it will generally be necessary to use phantom loading units which consist of two loading coils for the side circuits and one load ing coil for the phantom. When phantoms are not involved, 88-mh loading coils from Signal Corps stocks may be used. These units or coils may be used singly, or two in series or in parallel to obtain close to the desired induc tance.

	b. Parallel or series connection of phan tom loading units or coils increases the cross talk contributed by the loading coils because of the increased number of coils on the circuit. In addition, phantom loading units of Amer ican manufacture are adjusted in the factory for minimum crosstalk in circuits having the impedance for which the loading is designed. Because of the change in circuit impedance when series or parallel connection is used, the side-to-phantom crosstalk will be increased and to a lesser extent the side-to-side cross talk. With loading units in parallel or in series, the phantom-to-side crosstalk per loading sec tion may be as important as an rms capaci tance unbalance of 30 to 50 mm.f. The relation between mmf and crosstalk loss is discussed in paragraph 568d. Phantom loading units have a fixed ratio of side-to-phantom induc



tance, which may not be the same as that of the units which they replace, so it will not always be possible to duplicate both the side and phantom inductance.


	c. When the inductance of a replacement coil is not the same as that of the coil replaced, an increase in attenuation generally results. If a number of such replacements must be made the penalty will be less if the replace ments can be located at consecutive loading points so as to make a homogeneous section of circuit. If a number of the existing loading coil cases are removed for repair, it may be possible to relocate them so that the new cases can be grouped consecutively.

	d. The introduction of loading coils of the wrong inductance at scattered points in a loaded circuit causes irregularities in the transmission-frequency characteristic of the circuit as well as excess loss. These effects in crease with the amount of the inductance de parture from normal, the number of such loading points in a repeater section, and the number of repeater sections affected. Irregu larities in the transmission-frequency char acteristics make it difficult to equalize the circuit and are undesirable from the stand point of voice-frequency telegraph transmis sion and operation of telephone circuits at low net loss.
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TL 53250 Figure 5-86. Loss caused by a departure from average inductance at a single loading point.

e. Figure 5–86 gives data for estimating the approximate increase in line loss which will occur when a loading coil with an inductance excess or deficiency is inserted at a single loading point. For example, if an 88-mh coil is used in place of a 177-mh coil at one loading point of a circuit having 177-mh loading at 6,000 feet spacing, the increased loss would be 0.9 db at 2,000 cycles. This is obtained by reading the curve for a loading departure of lſº = 0.5 and for a fraction of the cut-off

2,000 frequency of 2,900 T 0.7. The value of 2,900 cycles, for the cut-off frequency of 6000-177 loading, is obtained from figure 5–89. A simi lar use of figure 5–86 gives an excess loss of 0.2 db at 1,000 cycles, for this example.


	f. Loading coils with equal inductance de partures at two or more widely separated points will cause an increase in loss roughly proportional to the number of coils. Continu ing the example of subparagraph e above, the effect of substituting 88 mh for 177-mh coils at five well separated points in a circuit would be in the order of 5 db at 2,000 cycles and 1 db at 1,000 cycles. This represents a considerable narrowing of the useful frequency band. If similar irregularities occurred at 10 loading points the effect would be twice as great as for 5 points, provided the 10 points were scattered over two or more repeater sections. If scat tered over only one repeater section, the ex cess loss probably would not be as large as that estimated by this method because a con siderable separation between the loading irregularities is necessary for figure 5-86 to apply. However, the transmission-frequency characteristic would tend to have large irregu larities in this case, as discussed in subpara graph d above.

	g. When coils having the wrong inductance are used at consecutive loading points instead of being widely scattered, the loss increase will be at a slower rate than the increase in number of coils; if the number of such points is large, the transmission loss of the complete section approaches the sum of the attenua tions of the original and repaired sections plus a small (usually negligible) reflection loss at the junctions. When this condition is reached, if the replacement coils have a lower inductance than the original, the loss of the complete section will have increased; if they have a higher inductance, the loss at low and medium frequencies will have decreased but the cut-off frequency will have been lowered. This is illustrated by the results of computa tions made by exact methods which show that



if half of a normal repeater section were 6000-88 loaded and the other half 6000-177 loaded, the repeater section loss at 1,000 cycles would be about 1.5 db more than if the whole repeater section were 6000-177 loaded. The cut-off frequency would be that of the 6000-177 loading. A similar type of computa tion indicates that the substitution of 88-mh for 177-mh coils at five consecutive loading points in a 6000-177 loaded circuit would in crease the loss 1.1 db at 2,000 cycles. This, of course, is much less than the effect of substi tution at five widely separated points, as esti mated in subparagraph f above.

h. Incorrect loading section capacitance is also a cause of impedance irregularity. This may result from replacing portions of the cable with cables having different pair capaci tance per mile from that of the original. Mili tary stocks of lead-covered cable have a nominal pair capacitance of 0.062 mſ and phantom capacitance of 0.102 mf per mile. The nominal capacitances per mile of com mercial long distance multiple-twin quad cables are expected to lie in the range from about 0.054 to 0.62 mſ for side circuits and 0.087 to 0.102 mf for phantoms. Lead-covered cable with spiral-four quads usually have a capacitance of 0.062 mf per mile for the side circuits and about three times as high for the phantom. The effect"of a capacitance excess or deficiency, expressed as a fraction of nor mal loading section capacitance, is approxi mately the same as for an equal fractional excess or deficiency in loading coil inductance. This can be estimated from figure 5-86.

i. The end section of a loaded cable is the distance from the office to the first loading point in the repeater section, expressed as a fraction of the normal distance between load ing points. Loaded cables are usually termi nated at about 0.5 end section. Some loading systems are designed for midcoil termination, in which case there is a coil of half the normal inductance at the office and a full section of cable between the office loading coil and the next loading point. If the cable has to be re routed, or the office relocated, it may not be feasible to restore the original end section or termination of the cable. This will not be seri ous in the case of four-wire operation as the principal effect will be to make it somewhat more difficult to equalize long circuits. The effect of end sections on 2-wire circuits is dis cussed in paragraph 570b (6).

i. Foreign cables of the Krarup type have conductors which are continuously loaded by means of iron wire wrapped spirally around each conductor. If sections of this type of cable must be replaced, probably the only practi cable expedient will be to use ordinary non loaded lead-covered cable. This will increase the loss and introduce impedance irregulari ties but the effects should be tolerable for 4 wire circuit operation if the replacement lengths do not total more than about a mile per repeater section. More extensive repair would require special engineering, including consideration of applying coil loading to any long lengths of the replacement cable.



570. TWO-WIRE CIRCUITS.

a. Capacitance Unbalance. Near-end cross talk is amplified by repeaters on either 4-wire or 2-wire circuits. On 4-wire circuits suitable near-end crosstalk performance is obtained by segregation (par. 567). On 2-wire circuits suit able near-end crosstalk performance for cir cuits in the same quad cannot be obtained even though the repeater gains are less and the circuits are shorter, unless the capacitance unbalances are low. Therefore, capacitance unbalances within quads carrying 2-wire cir cuits, if near a repeater, are very much more serious than they are in 4-wire circuits. Un balances near the middle of a 2-wire repeater section are not so important because of the smaller level differences at such points.



b. Loading Considerations.

(1) In rehabilitating 2-wire cable circuits the loading considerations discussed in para graph 569 apply. It is highly desirable to du plicate the original loading units or else select units having the right inductance. Selections may be made from the American loading units discussed in paragraph 571.

(2) Any deviation from uniformity in loading coil inductance or loading section capacitance will cause impedance irregulari ties in a loaded circuit. These irregularities will affect the balance of 2-wire repeaters used on the circuit. The effects on balance may be estimated by using figure 5–87. This figure shows the approximate return loss caused by inserting a loading coil of incorrect inductance at one loading point. If the loading point is at a distance from the repeater, the actual return loss at the repeater will be approximately (R -H 2A) db where R is the return loss obtained from figure 5-87, and A is the loss between the repeater and the loading irregu larity. Hence, an irregularity will have the least effect on balance if it is located at the center of a repeater section. If there is more than one loading irregularity in the repeater section, the return loss at the repeater will be the combined return loss of each irregularity computed separately. The separate return losses should be converted to power ratios, added, and reconverted to db, to secure the combined return loss. The method of convert ing db to power ratio and vice versa is de scribed in chapter 12. Return losses in db are considered to be negative when using chapter 12. Return loss computations should be made using the frequency at which the repeater is most likely to sing. This frequency will depend on the type of filter used in the repeater, but, in the absence of other information, a fre quency of 2,500 cycles per second may be used.
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Figure 5-87. Return loss caused by a departure from average inductance at a single loading point.

(3) The procedure described in subpara graph (2) above, is illustrated in the following example. Assume that a repeatered, 2-wire, 19-gauge circuit with 6000-177 loading has an 88-mh loading coil substituted for a 177-mh coil at one loading point. Let this loading point be so located that there is a loss of 3.5 db be tween it and the 2-wire repeater. The loading 177-88 coil inductance departure is 177 = 0.5 and the fraction of the cut-off frequency is ; ~

0.86. Figure 5–87 indicates that the return loss of this irregularity will be 4 db at the loading point. The return loss at the repeater will be 4 + (2 × 3.5) = 11 db. If there were another similar loading irregularity located 6.5 db away from the repeater, the return loss of this second irregularity would be 4 + (2 × 6.5) = 17 db at the repeater. The power ratios correspond ing to 11 db and 17 db are 0.08 and 0.02, respec tively. The sum is 0.10 which corresponds to about 10 db. This is the combined return loss of the loading irregularities at the repeater. A re turn loss of 10 db would be too low in the usual case, as it would permit the repeater to have only about 5-db gain. Under conditions of smaller inductance departures located further away from the repeater, computations of this sort might indicate that satisfactory repeater gains could be used.

(4) Although figure 5–87 is drawn in terms of loading coil inductance departure, it may be used to determine the effect of capaci tance deviations, as described in subparagraph 569h. Such deviations will most often occur when a loading section is too long or too short. For example, if the normal loading coil spac ing is 6,000 feet, a section only 4,500 feet long 6,000-4,500 0.25 6,000 -- ". The curve marked 0.25 in figure 5-87 would apply in this case. The geographical location of an irregularity due to a capacitance devia tion may be assumed as being located at the midpoint of the affected loading section. would have a deficiency of (5) The foregoing discussion indicates that 2-wire operation with repeaters is likely to be unsatisfactory unless the cable can be
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• fe is the cut-off frequency of the section using the higher loading inductance. The reflection loss at the junction will seldom exceed 0.1 db at 1,000 cycles.

Figure 5-68. Junction return losses between two loaded circuits having different loading inductances.

restored practically to its original condition. However, if the cable is practically intact and the replacement loading units can be grouped, 2-wire operation may be feasible with reduced repeater gains even if the inductance differs somewhat from the desired value. Figure 5–88 gives the approximate junction return losses between two electrically long sections of cable loaded at the same spacing with coils of some what different inductances. To get the effect on repeater balance, twice the loss between the repeater and the junction should be added.

(6) It will be necessary to readjust the building-out capacitors in the balancing net works of the repeaters to compensate for any change from the normal length of end-section (par. 569i). Some networks are designed to balance any end section above about 0.2 if the building-out capacitors are properly adjusted. Other types of networks may be designed for a particular end section. When the loading points cannot be located to give the desired loading section or end-section capacitance, it may be possible to arrange the loading so that there will be a capacitance deficiency in the sections involved. Then the equivalent of nor mal capacitance can be obtained by building out the capacitance with the proper length of building-out cable which may be connected in series or as a bridge on the main cable. Use of building-out cables for this purpose is cov ered in Bell . System Practice, Section AB23.195.



571. LOADING SYSTEMS AND APPARATUS

a. Foreign loading Systems. Figure 5–89 gives the loading systems which have been approved by the International Consulting Committee, Telephony (CCIF) for international circuits. These and others listed in TM 11–487 may be encountered. TM 11–487 gives a method for estimating the 1,000-cycle loss per mile with these loadings and the usual sizes of wire.

b. Loading Units. Some of the American types of loading units which can be used for repairing CCIF standard loading systems are given in figure 5–90. These units are designed for loading the two sides and the phantom of a phantom group. Except for the MF11 load ing unit, they are not stocked by the Signal Corps. The units not carried in stock may be obtained on special order through Army Com munications Service, specifying the number of units per loading point and the number of loading points. If necessary, two of these units may be connected in series or parallel to obtain approximately the correct load ng in
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Figure 5–89. Loading systems approved by the CCIF for international circuits.
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	MF4
	31
	18
	3. 1 ||
	3.4
	| 1.5
	| 1.7
	
	





Figure 5-90. American loading units.

ductance. The increased phantom-to-side crosstalk, is discussed in paragraph 569b.

c. Nonphantom loading Coils. It may some times be expedient to use nonphantom type coils (88 mh) from Signal Corps stocks in the theater to restore a nonphantom circuit to operating condition. Two coils may be con nected in tandem to obtain 176 mh or two coils may be connected in parallel to obtain 44 mh. Loading Coil C–114—A (88 mh) should not be used for loading of paper-insulated cables except as a very temporary expedient because of the difficulty of making the instal lation moistureproof.



572. IDENTIFYING LOADED CIRCUITS.

a. General. In cable restoration work it is necessary to know the cable lay-up; 4-wire segregation method; side and phantom circuit capacitance per unit length of the cable; load ing coil inductance, spacing, and pair assign ments; and the identification of the loading coils in any loading coil cases which need to be inserted, either in new cases, cases severed from the cable as the result of sabotage, or cases disconnected for repair. If local records are not available giving the desired data, it will be necessary to resort to other means for acquiring this knowledge. The cable lay-up and 4-wire segregation methods may be found by inspection as discussed in paragraph 567. The loading coil spacing may be determined by linear measurement after locating two adjacent loading points. The capacitance per unit length can usually be measured. Where this is impossible, it will be necessary to as sume values, such as 0.062 mſ and 0.102 mſ per mile, for side circuit and phantom, respec tively, (par. 569h). The loading coil induc tance and loading spacing identifies the load ing system. However, on a given circuit group, the capacitance per loading section must be known if it is necessary to resort to transmis sion measurements in order to determine the loading coil inductance. The capacitance C per loading section equals the spacing times the capacitance per unit length.



b. Determination of loading Coil Inductance.

(1) Several methods of determining the inductance of loading coils are given in the following paragraphs. These methods depend on the relation between the capacitance per loading section, assumed to be known, and other factors which may be determined by transmission or impedance measurements. The choice of method to use depends upon the available testing apparatus and the length of undamaged cable section.

(2) The loading coil inductance may be calculated from the capacitance per loading section and the cut-off frequency. When the
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Figure 5-91. Transmission loss of loaded cables.

undamaged section of cable is several loading sections long, the cut-off frequency may be determined approximately by measuring the loss at a number of frequencies and then as suming the cut-off frequency to be about 15 percent higher than the frequency at which the loss is 1.5 times the loss at 1,000 cycles. Figure 5-91, illustrates the shapes of typical attenuation-frequency characteristics for cir cuits with several loading inductances and spacings. The inductance of the loading coil can be calculated by substituting known values in the formula

L=1π2fc2C L = \frac{1}{\pi^2 f_c^2 C} 

Where fe = cut-off frequency in cycles

L = loading coil inductance in henries C =loading section capacitance in farads (3) If the section is too long to be within the range of the transmission measuring set, the inductance may be calculated from the loading section capacitance and the nominal impedance. The nominal impedance, Z, may be estimated roughly by measuring the loss caused at 1,000 cycles by bridging the circuit terminal across the output of an oscillator sending into a transmission measuring set, both of known impedances. The bridged or nominal impedance Z can be calculated from the formula

Z=Z∘2(r−1) Z = \frac{Z_{\circ}}{2(r-1)} 

where Zo is the oscillator or the measuring set impedance, (the two are here assumed to be equal) and r is the current ratio correspond ing to the measured loss in db (ch. 12). The inductance can then be calculated by substitut ing known values in the formula.

L=Z2C L = Z^2C 

Where L = loading coil inductance in henries C = loading section capacitance in farads (4) If an impedance bridge is available the loading coil inductance, L, can be deter mined from measured values of short-circuit impedance, Z, and open-circuit impedance, Zo. The impedance of the circuit is measured with the far end of the line short-circuited and is repeated with the far end open, using the same frequency setting of the oscillator for both measurements. The frequency should be approximately 1,000 cycles. Best results will be obtained when the distance from each end of the section under test to the nearest loading coil is 0.5 of a loading section. Under this condition, the inductance of the loading coil in henries is equal to the product of the absolute magnitudes of the short-circuit im pedance and the open-circuit impedance di vided by the capacitance of the loading sec tion in farads. This may be expressed by the formula

L=ZbZoC L = \frac{Z_b Z_o}{C}  henries

If the cable does not terminate with 0.5 load ing section at each end, the multiplier (1 +. should be added to the formula, where n is the number of loading coils and x is the alge braic sum of the departures from 0.5 end sec tion at the two ends of the cable. In this case the formula becomes

L=ZoZoC(1+xn) henries L = \frac{Z_{o}Z_{o}}{C}(1 + \frac{x}{n}) \text{ henries} 

The actual loading coil inductance will be slightly lower than the value estimated from this formula because the estimated value in cludes the inductance of a loading section length of the cable. This may be estimated by assuming the inductance of the cable to be about one millihenry per mile.

(5) If an impedance bridge is not avail able and the section of cable is too short to identify the cut-off frequency, the loading coil inductance may be determined by disconnect ing a loading coil case and measuring the coil inductances. A record of how coils were con nected to the cable pairs should be kept so that, by tracing the circuits through the sec tion of cable, the inductance measurements of the coils in a single loading coil case can be used to determine the loading system used on the various pairs of the cable. The inductance of a loading coil can be measured by connect
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Figure 5-92. Loading coil identification, resonant frequencies.

ing the coil and a series capacitor as a shunt across the output of a variable-frequency oscillator sending into a transmission measur ing set. The oscillator frequency is varied to determine the resonant frequency which is the frequency at which maximum loss occurs. The inductance of the coil can be calculated from the known values of the resonant frequency and the capacitance of the auxiliary capacitor. For phantom group units, the side and phan tom inductances can be measured separately. Resonant frequencies for typical loading units are given in figure 5-92.

(6) To identify the loading coils in an isolated loading coil case, the coil inductances may be measured by means of an impedance bridge if a suitable one is available. Otherwise the method given in subparagraph (5) above, may be used.



573. TELEGRAPH OPERATION.


	a. D-c telegraph circuits can be established over the simplex circuits of the cable pairs of rehabilitated cable. It is not desirable to oper ate U. S. Army telegraph equipment on a composited basis over cable pairs because the telegraph distortion and the telegraph thump in the telephone circuits would be excessive. Composited operation on cables will be pos sible if civilian equipment designed for this purpose is found intact.

	b. It is possible that some foreign installa tions will have repeating coils permanently inserted in each pair at the splice where the cable enters the building. If these coils do not have simplex taps brought out, it will be nec essary to remove the coils and provide other repeating coils with simplex taps. It is desir able to have the junction point of the cable pairs and office equipment accessible so that d-c tests can be made to locate troubles on the pairs.

	c. Voice-frequency carrier telegraph sys tems can be applied to the telephone circuits in the cable. The number of usable telegraph channels will depend on the band width of the telephone circuits and whether the circuits are 2-wire or 4-wire, as discussed in chapter 3.






Section I. GENERAL FACTORs


601. SCOPE.


	a. This chapter covers primarily the trans mission aspects of radio circuits. General back ground considerations are in section I. V-h-f transmission is covered in section II, which contains methods for estimating communica tion performance over various types of terrain and over sea water, a summary of the prin ciples of proper v-h-f antenna siting, and in formation on radio relay systems. V-h-f an tenna types are described in section III. H-f transmission information, including estimates of ground-wave and sky-wave communication ranges, is given in section IV. H-f antenna types and general transmission line data are covered in section V. Types of mutual inter ference are described and methods for esti mating the likelihood of mutual interference between different radio sets in the same vicin ity are discussed in section VI. Information on remote control units, which are used when the talker or the signal center is at some distance from the radio set, is found in section VII. A brief summary of the characteristics of the chief Signal Corps radio sets used for ground communication and of a number of U.S. Navy and British radio sets is in section VIII.

	b. A general discussion of the fields of use of miltary radio and wire circuits is in chap ter 1. While the radio propagation data given in this chapter apply both to telephone and telegraph, the information on radio telegraph systems from the telegraph point of view is covered in chapter 3, which includes, in par ticular, radio teletypewriter systems. Data on c-w telegraph communication ranges, however, are in section IV. Information relating to radio traffic, radio plant layout, and radio mainte nance is given in chapter 11. More detailed in formation on Signal Corps ground radio equip ment is in TM 11–487.

	c. This manual does not cover v-h-f fighter control, radio direction finding, or radar. It gives only incidental information on aircraft



radio transmission, and on radio sets used in service between ground and aircraft which are also useful for ground radio communica tion.



602. GENERAL.


	a. Selection of Equipment. Radio equipment for use by the Army is available in a wide variety of types covering nearly any situation apt to be encountered. The solution of theater radio problems involves the evaluation of a number of factors relating to radio transmis sion under the particular conditions involved and the selection of proper equipment through knowledge of the types and capabilities of fa cilities at hand or available by procurement.

	b. Service Requirements and Physical Condi tions. The major factors to be considered be fore selection of equipment can be undertaken are :

	(1) Maximum distance over which com munication is required.

	(2) Amount of traffic to be handled.




	(3) Availability of frequency assign ments.

	(4) Degree of reliability desired.




	(5) Degree of security desired.




	(6) Degree of portability desired.




	(7) Time available for installation.




	(8) Type of intervening terrain, that is, whether the radio path is over sea or land; whether the land is flat or mountainous, jungle or relatively open.

	(9) Type of facilities required, that is, telephone, teletypewriter, facsimile, or hand telegraph. This is influenced by other require ments, such as security and traffic load.

	(10) Type of service, such as fixed ground communication to mobile stations, ground to aircraft, etc. Also, whether point-to point only, or switchable facilities are required.

	(11) Type of power supply available, for example, engine generators, commercial power, or batteries.




	c. Electrical Requirements. With the above factors known, reference to sections II to VIII of this chapter, supplemented by additional information on radio sets and associated equip ment given in TM 11–487, permits the deter mination of the following equipment require ments:

	(1) General type of facility required. Fixed plant or tactical, single-channel or multi channel equipment are available.

	(2) Frequency range of set to be used. Radio sets available now or in the near future cover frequencies from about 10 kilocycles to at least 300 megacycles.

	(3) Radiated power required. Radio sets for tactical use have outputs ranging from a fraction of a watt to several hundred watts. Transmitters rated from 300 watts to 40 kilo watts are available for fixed point-to-point communication.

	(4) Type of antenna required. Antennas range from the small whips used on handy talkies to large rhombic and diversity antenna systems used on the powerful fixed station in stallations. The type is influenced by the trans mission requirements and space available for proper siting.

	(5) Power supply requirement. Power supplies range from dry batteries for small portable sets to gasoline or diesel engine-driven alternators or commercial power supply for the larger installations.

	(6) Remote control requirements. These are influenced by antenna siting arrangements and service requirements.





603. GENERAL TYPES OF FACILITIES.

q. General types of radio facilities which are available for use include the tactical sets issued as standard equipment to the various field units, which incorporate features making them desirable for portable and mobile use; and the fixed plant installations which are made available through the Army Communi cations Service." The type best suited to the particular needs in a given situation depends largely upon the time available for installa tion. This may involve the use of tactical equip ment as a stop-gap solution for a problem which ultimately should utilize equipment in the fixed plant category. On the other hand, when the need for circuits can be foreseen and planned for in advance, time may permit a better solution, involving procurement of suit able fixed plant apparatus, if needed, and the technical assistance of the Army Communica tions Service. Such procedure is essential in meeting theater requirements for the more permanent long distance circuits, because tac tical sets of sufficient power and operating in the proper frequency bands are not available or suitable for many such purposes. For ex ample, long-distance circuits involving the use of frequencies as low as 100 kilocycles or pow ers as high as 40 kilowatts are available only through the Army Communications Service.

b. In the h-f band, tactical radio sets are frequently equipped to provide either contin uous-wave radiotelegraph (c-w), tone modu lation" telegraph, or voice modulation; the de sired mode of operation being selected by means of control switches. The long range heavy traffic administrative installations, gen erally engineered by Army Communications Service, also provide for high speed Morse and radioteletype operation. Chapter 3 discusses the various types of modulation which can be used for radiotelegraph operation.

c. In the v-h-f band, most of the Signal Corps tactical radio sets are designed for voice operation only and use frequency modulation (fm). Amplitude modulation (am) is used in all radio sets equipped for voice communica tion with aircraft. Amplitude modulation is also used in practically all similar types of U. S. Navy and British radio equipment.

d. V-h-f multichannel radio relay systems may be used in the same manner as wire car rier circuits to form a part of the regular tele phone network, provided security rules for radio are observed. Such systems have impor tant advantages in speed of installation and in weight and bulk of equipment, and have

* Tone modulation may be of either of two types. In the first type, which is the one described in chapter 3 as single-tone modulation, the radio carrier is modulated with an audio-frequency tone when the telegraph key is closed and is transmitted without modulation when the key is open. The second type differs from this in that when the key is open, neither the carrier nor the modu lation is transmitted. The second type is the one gener ally furnished with tactical radio sets operating in the h-f band. The terms mcw and A-2 emission which appear as modulation characteristics associated with some of the radio sets listed in section VIII, are usually equivalent to tone modulation. The terms A-1 emission and A-3 emission are equivalent to cw and voice modu lation, respectively. A-0 emission is steady carrier alone.

[image: Figure, page 246]

1 Refer to TM 11–487 which gives descriptive, tech nical, and logistical data for Signal Corps tactical and fixed plant radio equipment for ground use. Requests for further information on fixed plant equipment should be addressed to Office of the Chief Signal Officer, SPSLP.

many tactical uses, such as in a rapid advance, or for spanning short island-to-island jumps. They are described in paragraph 622.

e. Means of obtaining multichannel tele typewriter operation, or simultaneous teletype writer and voice operation (speech plus du plex) on various types of radio sets are dis cussed in chapter 3.



604. CHOICE OF FREQUENCY BAND.



q. General Considerations. -

(1) The signal system in an active the ater of operations may include several hundred radio nets and communication circuits. The operation of such a large number of radio sta tions without serious interference requires the highest order of supervision and control. The allocation of frequency assignments in each theater is usually controlled by a central au thority with due regard for type of equipment, mode of operation, power output, and method of tactical employment. From a transmission standpoint the choice of frequency band suit able for use in a given situation depends pri marily upon the distance involved, the nature of the terrain in the transmission path, and the noise and interference conditions prevail ing at the receiving stations. In practice, other factors must also be considered, such as: type of message traffic to be handled, desired reli ability of service, availability of equipment and frequency assignments, and the prevailing tactical situation. Because of the relatively larger number of radio sets used in the h-f band, where both ground-wave and sky-wave propagation are used, communication in this band may be subject to severe interference from both local and distant radio stations, as discussed in subparagraph b below. For this reason every effort should be made to avoid use of the h-f band whenever practicable, that is, the v-h-f band should be used for communi cation over short or moderate distances.

(2) For purposes of uniformity and con venience in the terminology used in designating the various bands or ranges into which the radio-frequency spectrum may be divided, the terms listed in the following table have been adopted by the Armed Forces." Sections II to V of this chapter conform approximately to these designations.
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3.0

to
	Medium

frequency
	mf



	3.0
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b. Transmission Characteristics at Various Fre quencies.

(1) Radio transmission between two points takes place by means of ground waves or sky waves. Sky waves are radio waves which reach the receiver after reflection from the ionosphere. Ground waves reach the re ceiver through the earth's lower atmosphere. These modes of transmission and properties pertaining thereto are discussed more fully in sections II and IV.

(2) Frequencies in the 0.03- to 0.3-mc band are used for ground-wave transmission over long distances, primarily in northern latitudes, as an alternative to h-f sky-wave transmission which is subject to blackouts be cause of auroral disturbances prevalent at lati tudes above 60° N. Frequencies from 0.1 to 3 mc are used mainly for ground-wave trans mission for moderately long circuits over water and for moderate to short distances over land. Frequencies from about 1 to 3 me are generally suitable for night-time sky-wave transmission over relatively short distances (0 to 200 miles) and frequencies from about 3 to 8 mc are generally satisfactory for day time use over such distances, provided anten nas are used which radiate well in a nearly vertical direction. Long-distance sky-wave transmission at night generally utilizes from 3 to 12 me, while during the day 6 to 25 mc is usually the preferred range. Frequencies from 3 to 30 mc are also used for ground-wave transmission for relatively short distances over land or moderate distances over water. Fre quencies from 30 to 300 mc are used for ground-wave transmission over short dis tances; sky-wave transmission in this fre frequency band is absent or sporadic. At these frequencies, transmission is not necessarily confined to line-of-sight, but may extend to

* These terms are the same as those used by the Fed eral Communications Commission.

somewhat greater distances because of the bending (diffraction) of waves over obstacles, and to considerably greater distances where certain meteorological conditions are favor able.

(3) In evaluating the relative perform ance of radio sets utilizing the various por tions of the frequency spectrum, antenna effi ciency is an important item. The short anten nas used on many tactical radio sets in the h-f band, in order to meet mobility require ments, are very inefficient at the lower fre quencies. For example, a transmitter rated at 500 watts output may radiate as little as 5 watts at some frequencies when standard whip antennas are used. On the other hand, anten nas in the v-h-f range are very efficient, that is, practically all of the rated output power is radiated. However, as discussed in section V, relatively efficient h-f antennas can sometimes be substituted for whips on tactical sets when operating conditions permit semifixed instal lations.



c. U.S. Army Allocation of Frequencies.

(1) The frequencies from about 1.5 to 8 mc are widely used at present by all services for both short- and long-haul communication.

(2) Long-haul administrative and spe cial service traffic via skywave in the 100-kc to 25-mc frequency band is generally handled by Army Communications Service equipment with more elaborate antenna installations than are involved in tactical networks.

(3) Some of the principal U. S. Army tactical frequency assignments above 20 mega cycles are:

20 to 27.9 mc, armored forces, mechanized cavalry.

27 to 38.9 mc, field artillery, tank destroyers.

27 to 40 mc, air warning (temporary).

40 to 48 mc, infantry.

70 to 100 mc, air forces, ground forces.

100 to 156 me, ground-to-aircraft and air craft-to-aircraft.

These assignments may not be rigorously ad hered to in all cases, but should be followed whenever practicable in order to avoid inter ference and resulting confusion.

d. Frequency Control. One of the most impor tant prerequisites to the successful operation of radio communication systems is the accu racy with which assigned operating frequen cies are adjusted and maintained. Although accurate control of operating frequencies of most radio sets is assured by the use of appro priate crystal control units, a considerable number of tactical ground and aircraft radio sets use self-excited oscillators which are inherently less stable than crystal-controlled oscillators. Many of these latter radio sets in corporate built-in crystal calibrators which are used in conjunction with a calibrated tun ing dial to adjust the radio set to the required operating frequency. Other radio sets, how ever, are adjusted to frequency by means of tuning dials, the calibration of which must be frequently checked against an external fre quency standard.

605. FACTORS PERTAINING TO USE OF FREQUENCY MODULATION AND AMPLITUDE MODULATION FOR TELEPHONY.

q. In this chapter no distinction is made be tween amplitude modulation and frequency modulation in giving v-h-f distance ranges of point-to-point radio circuits. This is because these distance ranges are based on signal-to noise ratios for radio telephone circuits which are operating at or near the limit for the trans mission of intelligible speech. At this limit, the difference between a-m and f-m commu nication ranges, while favoring frequency modulation, is quite small, assuming equal unmodulated transmitting powers. However, frequency modulation has the ability to re duce noise in the presence of a strong r—f sig nal, whereas in amplitude modulation the only improvement lies in the increased radio-fre quency signal, the noise remaining constant. Hence, where received field intensities are higher than the minimum required, as at short distances or with favorable antenna siting, frequency modulation provides a substantially better signal-to-noise ratio than amplitude modulation. Furthermore, f-m transmitters are substantially lighter in weight and require less power supply than a-m transmitters hav ing the same unmodulated power output. Ac cordingly, f-m sets are widely used in the v-h-f band, where sufficient frequency space is available to obtain a relatively wide swing. Frequency modulation has not as yet been used by the U. S. Army for telephone trans mission in the frequency region below 20 mc. However, the frequency-shift teletypewriter service provided for h-f circuits, as discussed in chapter 3, may be considered a form of narrow-band frequency modulation.

b. The characteristic of an f-m receiver which permits the stronger of two signals to take control or capture the set is advantageous in the usual case where the desired signal is the stronger. In situations where several transmitters and receivers are in close prox imity, however, a receiver may be captured by spurious transmitter radiations which are stronger than the desired signal. To avoid mutual interference under these circum stances requires careful selection of frequen cies, as discussed in section VI.



606. RELIABILITY CONSIDERATIONS.


	ca. The reliability of a radio circuit is gen erally defined as the percentage of the total service time that communication is satisfac tory. Satisfactory communication exists when the signal-to-noise ratio is sufficient to meet requirements for the type of facilities in volved, that is, voice, hand telegraph, tele typewriter, etc.

	b. On important routes it may be essential that the radio circuits operate satisfactorily at practically all times, that is, that perform ance should approach 100 percent reliability on the basis of 24-hour service. In other cases, satisfactory communication over the entire 24-hour period may not be essential, or fre quent repeats may be tolerable. The problem confronting a Signal Officer is that of choos



ing specific sets which will provide the grade of service required in a given situation, or of recognizing the limitations of available equip ment so that all concerned will understand the degree of reliability to be expected.


	c. For reasonable distance ranges, reliabil ity of v-h-f systems is largely determined by equipment failures rather than by transmis sion difficulties. H-f reliability in the ground wave range is affected largely by static, and in the case of sky-wave transmission, by the variability of the sky-wave signals. H-f re liability is also considerably affected by inter ference from other stations, especially at night.

	d. In the event of enemy jamming or ex cessive interference, the use of c-w hand tele graph rather than voice or tone modulation is the more effective way to increase reliability. The advantage gained is sufficient in many cases to provide a high percentage of relia bility on circuits where tone or voice modula tion is practically unintelligible. Another alternative is to increase the power which is transmitted. This may be accomplished either by use of a set having higher power, the use of a more efficient antenna, or the use of an antenna which is directive and, therefore, transmits more power in the desired direction. Receiving directivity is also advantageous in improving the signal-to-noise ratio.






Section II. V-H-F TRANSMISSION


607. GENERAL.

ca. V-h-f (30–300 mc) radio communication of the sort which is reliable 24 hours of the day is confined to ground waves, that is, waves which travel near the earth's surface. Only this type of propagation is considered in this section. Sky-wave transmission (via reflection from the ionosphere) sometimes occurs, par ticularly at frequencies near the lower end of the band, but such instances are likely to be infrequent and generally unpredictable. Since ground waves attenuate rapidly, useful v-h-f transmission is generally limited to relatively short distances unless exceptional antenna sites on high hills are available at both ends of the path. Transmission distances can be extended by means of automatic radio relay Sets.

b. The distance range and performance es timates given herein are based entirely on standard propagation. Recent experience in war theaters and elsewhere has indicated that meteorological conditions (temperature and humidity of the troposphere, that is, the lower atmosphere) sometimes give rise to what is termed guided propagation, which may have the effect of greatly extending the distance over which usable field intensities are re ceived. Such conditions are most frequently encountered where stations are located near the shore of an ocean or other large body of water, and may be present for either long or short periods of time. It is believed that meteorological effects are most pronounced at frequencies above 30 mc, although some ex perience indicates a substantial influence be low this frequency. Sufficient information is not available on guided propagation to permit the inclusion of this factor in estimating transmission ranges or performance.


	c. In this section the limitations and ad vantages of v-h-f transmission are reviewed first, followed by a brief summary of trans mission ranges generally experienced under various field conditions (pars. 608, 609, and 610). After a brief discussion of the char acteristics of v-h-f radio wave propagation over smooth and hilly terrain, computed dis tance-range curves for single-channel voice communication over flat land and over sea water are given to illustrate the effects of transmitter r-f output power and moderate antenna elevations on distance-range (pars. 611, 612, and 613). Generalized distance range curves cannot be plotted for hilly or mountainous terrain, since here the particular topography of the path between stations is a controlling factor with respect to the intens ity of received signals.

	d. To compute distance ranges such as given above, or performance over any sort of ter rain for a particular set of conditions, it is necessary to estimate the received field in tensity between specific station sites and then to compare this value with the required field intensity. Minimum operating field intensities required for various types of radio circuits are given in paragraph 614. Two sets of nom ograms for use in making field intensity es timates are given next. One set is for use with antennas at moderate elevations for transmission over smooth land or sea water, or in terrain where hills intervene between stations (par. 615); the other set applies to situations in which the antennas are sited on aircraft or on mountainsides well above the intervening terrain (par. 617). Both sets of nomograms are based on certain specified con ditions regarding radiated power, antenna gain, etc.; corrections for other conditions are given in paragraph 616.

	e. The important factors involved in anten na siting and in choice of polarization are summarized next, followed by a discussion of miscellaneous transmission considerations (pars. 618, 619, and 620). The section con cludes with a description of methods for set ting up v-h-f single-channel and multichannel radio relay systems, including a discussion of



their fields of use and their limitations (pars. 621 and 622).



608. OPERATIONAL ADVANTAGES OF VHF.

Several advantages to be gained by using the v-h-f band for communication require ments over short to moderate distances are as follows:

a. Congestion in the h-f range is relieved.


	b. The general absence of sky waves per mits v-h-f assignments to be duplicated in adjacent areas with less likelihood of inter ference, and tends to reduce the chance of interception at a distance by the enemy. How ever, freedom from interception cannot be safely assumed.

	c. When a satisfactory v-h-f radio circuit is once established, a high percentage reliability is assured even in areas where high atmos pheric static prevails.





609. FACTORS AFFECTING V-H-F TRANSMISSION.


	a. V-h-f transmission, in contrast with h-f (3–30 mc), is favored by a number of factors, which are:

	(1) Frequencies in the v-h-f band are usually free from atmospheric static noise ex cept during local storms.

	(2) There are no seasonal or diurnal variations in the transmission path of the magnitude encountered in h-f sky-wave trans mission via the ionosphere. Signals are there fore solid except when affected by changes in meteorological conditions.

	(3) Quarter wavelength or half wave length antennas in the v-h-f band are small and are much more efficient than h-f antennas of comparable physical size.

	(4) Performance of v-h-f circuits may be improved substantially, except under certain conditions, by raising antennas to moderate elevations above ground. Thus, masts of a height practical for tactical work may be used to good advantage. Greater elevations, ob tainable by utilizing hills for antenna sites, provide further improvement.

	(5) Directional antennas for improving transmission in the desired direction are of relatively small dimensions in the upper part of the v-h-f band and directivity gains equiv alent to raising the transmitting power by four times or more are not hard to attain.

	(6) Good ground connections for the an tennas are usually not essential, unlike the case for some h-f antenna types.




	b. Other factors tending to counteract the advantages listed above are as follows:

	(1) Shadow losses introduced by the earth's curvature and by intervening hills are greater than with h-f radio waves.

	(2) Trees or dense jungles in the vicinity of the antennas cause more loss than at lower frequencies.

	(3) Fading occurs at times in the v-h-f band, especially at extended distances. Re flections from airplanes in or near the trans mission path may also cause severe signal var iations on occasion.





610. V-H-F TRANSMISSION RANGES GENERALLY EXPERIENCED.


	(1) The problem of determining the maximum usable communication range of a given type of radio set is complicated by the fact that performance depends not only on such factors as the r-f power output, fre quency, and type of antennas used, but also on a variety of external factors. Among these are the manner in which antennas are sited with respect to elevation and proximity to hills, buildings, vegetation, and sources of electrical noise; as well as the nature of the terrain along the transmission path. Terrain characteristics are classified below as flat, jungle, mountainous, and sea water. The max imum permissible distance between two sta tions also depends on the type of circuit, since the minimum required field intensity is greater for multichannel than for single channel operation, and may also be greater when the section involved is one of several in tandem rather than a single section (par. 614d).

	(2) An indication of the transmission distance ranges generally experienced with available Signal Corps v-h-f apparatus during maneuvers and in the war theaters is given below. This experience has involved mainly single-channel f-m sets operating in the 20-to 40-mc band, but theoretical considerations in dicate that similar distances are to be ex pected from 20 to 100 mc and possibly higher if suitably elevated antennas are used and if directional types are provided at the higher frequencies. The information immediately fol lowing is merely a summary to indicate roughly the distance limitations for single channel point-to-point operation with no in



termediate radio relay sets. Detailed methods for estimating performance for specific situ ations are given later, including multichannel systems and circuits using automatic radio relay sets.



b. Flat Terrain.


	(1) In so-called flat country (exclusive of jungles), reasonably satisfactory v-h-f single-channel radio-telephone transmission results on the average for distances of 30 to 35 miles, using 50-watt transmitters and half wave dipole antennas centered at heights of 40 to 50 feet above the earth.*

	(2) The use of antennas on masts im plies fixed or semifixed installations. For mo bile or portable service with vertical whip antennas near the ground, the distance range in the 20- to 40-mc band for 30-watt sets such as Radio Sets SCR-508 and SCR-608 is re duced to about 10 to 15 miles, and to about 5



[image: Figure, page 251]

Figure 6-1. Radio Set SCR-300 in walkie-talkie operation.

miles for 2-watt sets such as Radio Sets SCR-509 or SCR-510 and SCR-609 or SCR-610. Radio Set SCR-300 (0.5 watts) has a range of about 3 miles. Figures 6–1 to 6-5, inclusive, show some of these sets under vari ous field operating conditions.

* For tactical purposes, masts exceeding 40 feet are considered impractical although in some ºases provision is made for extending the heights to 50 feet.

[image: Figure, page 252]

Figure 6-2. Radio Set SCR-508 installed in Tank, Medium, M3A1 (showing its two radio receivers, interphone control box, and a part of its radio transmitter).

c. Jungles. In dense humid jungles, with an tennas located in and well below the top of the jungle growth, transmission with any or dinary amount of power is sometimes limited

[image: Figure, page 252]

%—ton, 4 x 4.
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Figure 6-4. Radio Set SCR-608 in Chest CH-74 installed in Truck, Command, 34-ton, 4 x 4.

to distances of only 1 mile or less. The range can be improved materially if the antennas are placed in open clearings 100 yards or so across or, better still, supported high enough to protrude above the jungle growth.

d. Mountainous Terrain. In mountainous country, unless measures can be taken to site antennas properly, it may be impossible to transmit more than 5 to 10 miles without in termediate radio relays even with 50-watt sets and antennas on masts. For low-powered sets with whip antennas, the range will naturally be much shorter. Such poor performance oc curs if the transmitting and receiving anten nas are located close to the base of high intervening hills. However, when antennas
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Figure 6-5. Radio Set SCR-609 in use reporting artillery hits.

are sited favorably, satisfactory transmission in hilly country, exclusive of jungles, is com mon for distances of 40 to 50 miles with 50 watt sets. Under favorable conditions where line-of-sight paths can be approximated by using high mountains for antenna sites, it has been found possible to operate 50-watt sets over paths 70 miles or more in length. In other instances, using 250-watt sets and directional antennas, distances slightly over 100 miles have been covered successfully using fre quencies between 30 and 40 mc. Greater dis tance ranges than these are possible if antenna sites elevated 500 feet or more above intervening terrain are available. On such long circuits, fading, caused by changes in meteorological conditions, may present a prob lem.

e. Sea Water. Distance ranges over sea water may be considerably greater than over land when using frequencies in the lower part of the v-h-f band with antennas centered at normal mast heights. Limited observations in dicate ranges in the order of 150 miles at 30 to 100 mc, with directional antennas elevated on hills or cliffs along the seacoasts and using a power output of 250 watts. In the higher part of the v-h-f band, flat land and sea dis tance ranges should be generally much alike for comparable siting conditions.

[image: Figure, page 253]

Figure 6-6. V-h-f propagation over smooth land.



611. PROPAGATION OF V-H-F RADIO WAVES.



c. Over Smooth Earth or Water.

(1) Under the ideal condition of smooth earth, the intensity of the transmitted signal, beyond the first mile or so, diminishes in a regular and uninterrupted manner as the dis tance from the transmitter is increased. Simi lar propagation characteristics are found in so-called flat country and over water, since here the surface is smooth enough to approach the ideal.

(2) Figure 6-6 illustrates this theoretical relationship between field intensity and dis tance over smooth land for either horizontal or vertical polarization (par. 619) and 40-foot antenna elevations. (These curves also apply for sea water when using horizontal polariza tion.) The field intensities obtained in prac tice, using this power and these antenna elevations, generally will be less than shown, because of irregularities in terrain, the pres ence of trees, and possibly other factors which cause the actual conditions to differ from the theoretical. With allowance for these factors, it is possible to calculate the distance ranges to be expected with radio transmitters of various power outputs. Such ranges are de scribed for smooth earth and sea water in paragraphs 612 and 613, respectively.



b. Over Irregular Terrain.

(1) Propagation characteristics over ir regular terrain are in marked contrast with those for smooth earth or sea water. Here, the variation of field intensity with distance depends largely on the profile of the terrain be tween transmitting and receiving antennas. An increase in distance may result in either de creased or increased field intensity, depending on the particular topography involved. Sub stantial changes in field intensity may result
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Figure 6-7. V-h-f propagation in hilly terrain, illustration of the character of field intensity variations to be expected.

from relocating stations, even without any change in the distance between them.

(2) This is illustrated by figure 6-7 which shows, in profile, an assumed transmis sion path over hills, together with values of field intensity likely to be received at various points along the path. This emphasizes two facts regarding transmission in hilly country; first, that the choice of antenna sites is very important, and second, that there is no satis factory basis for calculating general distance ranges. Instead, the received field intensity may be estimated for a given site involving a path of known profile, and thus the selection of antenna sites may be based on the circuit performance estimated for various available locations. A detailed method for determining received field intensities, in such terrain, and also over smooth earth and sea water, is given in paragraphs 615 and 616, and a general summary of siting considerations is presented in paragraph 618.



612. TYPICAL V-H-F DISTANCE RANGES IN FLAT COUNTRY.

a. Distance ranges typical of operation in flat country for various antenna elevations and transmitter powers are given in figure 6-8 for general reference purposes. These cal culated curves are based on operating condi tions explained below and serve to illustrate the effects of changes in antenna elevation or power on distance range in flat country. Meth ods for computing distance ranges for situa tions differing from those illustrated by the curves are given in paragraphs 615 and 616.

b. The distances indicated are those at which the estimated field intensity reaches the minimum operating values which are defined later in paragraph 614 as satisfactory for single-channel use. The curves are computed for smooth earth propagation with nominal allowances (4, 7, and 10 db for 30, 85, and 140 mc) for transmission line losses and losses caused by trees and small topographical ir regularities. The distances shown are in gen eral agreement with experience. - c. For frequencies between 70 and 160 mc, directional antennas commonly used have gains of the order of 6 db as compared with conventional half-wave dipole antennas, and the distance ranges shown in figure 6–8 are based on this amount of gain at each end, ex cept as noted thereon, d. Figure 6-8 distinguishes between vertical and horizontal polarization (par. 619) and between poor and good soil at antenna ele vations and frequencies for which these fac tors have a significant effect on the range." Equal elevations are assumed for both trans mitting and receiving antennas; however, for elevations above 40 feet with a frequency
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FOR 500 AND 50 watts, RESPEctively, with DIPOLEs.

Tu-5494

Figure 6-8. Tyical v-h-f distance ranges in flat country.

below 100 mc or for any elevation with higher frequencies, the ranges shown apply if the product of the two antenna elevations is un changed. For example, the range with one an tenna at 200 feet and the other at 50 feet is the same as that with both at 100 feet.

* The terms poor soil and good soil as used throughout this section are defined as follows. Poor soil means soil of relatively low conductivity and dielectric constant, such as that consisting largely of rocks, gravel, sand, or coral. Good soil means soil of relatively high conduc tivity and dielectric constant, such as clay, loam, marsh or swamp, and alkali soil.

[image: Figure, page 254]



613. TYPICAL V-H-F DISTANCE RANGES OVER SEA-WATER.

ca. General reference curves for distance ranges over sea water are given in figure 6-9 for both horizontal and vertical polarization. With horizontal polarization the curves are identical with those given for land in figure 6-8. The operating conditions assumed are ex plained below. General methods for computing distance range over sea water with antennas at moderate elevations are given in para graphs 615 and 616. For antennas at great elevations see paragraph 617.

b. The basis for the typical ranges shown is identical to that outlined in paragraph 612 in connection with the over-land ranges of figure 6-8; that is, nominal allowances are included
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Figure 6-9. Typical v-h-f distance ranges over sea water.

-

TL54913 for transmission line losses and miscellaneous effects. The ranges shown are those at which the estimated field intensity reaches the min imum operating values which are defined as satisfactory for single-channel operation in paragraph 614. Equal effective antenna ele vations are assumed for the transmitting and receiving antennas, but with vertical polari zation, this may be disregarded in many cases, as discússed in subparagraph c below.

c. For vertical polarization over sea water, distance range at a given frequency is not much affected by changes in antenna elevation until certain elevations are exceeded. These elevations are about 300, 60, and 25 feet in the 20 to 40, 70 to 100, and 120 to 160 me bands, respectively. Above these elevations, distance range is about the same for horizontal and vertical polarization. Below these elevations vertical polarization is preferable, and the low heights are advantageous from the standpoint of convenience and concealment.

d. It is apparent from figure 6-9 that hori zontal polarization should not be used with low antennas over sea water in the lower part of the v-h-f band. This disadvantage disap pears as the antenna is raised above the ele vations indicated in subparagraph c above.



614. REQUIRED V-H-F FIELD INTENSITIES.

(1) Before discussing general methods for estimating distance ranges and transmis sion performance it is necessary to establish values for the minimum signal intensities re quired for satisfactory reception. For this purpose, the reference circuit used here is a single-channel a-m or f-m (par. 605) point to-point circuit without automatic radio relay sets, and the minimum required signal is that required to give a signal-to-noise ratio which is at or near the limit for the reception of in telligible speech. It should not be inferred from this that radio systems should always be engineered to operate under this limiting con dition. Stronger field intensities are always desirable and will be needed when eacternal interference is present.

(2) Signals required for other types of circuits, such as in multichannel systems or in circuits using radio relay sets, are greater than those required for the reference single channel circuit. These requirements are dis cussed later.

b. Minimum Operating Field Intensities, Sin gle-channel Point-to-point Circuit with No Auto matic Radio Relay Sets.

(1) Experience indicates that for prac tical single-channel voice operation in the v-h-f band under field conditions, a minimum signal of about 1 to 2 microvolts across the receiver input is required in the absence of external interference. (With some sets and with good lineup of the receiver stages, lower signals may give comparable results; con versely, with other sets or with poorer line up, greater signals are sometimes required.) Assuming a half-wave dipole receiving an tenna working into a matched receiver through a transmission line of negligible loss, the required field intensities to produce this minimum input signal are approximately as given in figure 6-10.
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Figure 6-10. Minimum operating field intensities, voice transmission using single-channel sets for point-to-point communication.


	(2) The reason that the required values of field intensity increase with frequency is because at higher frequencies the half-wave receiving dipoles are shorter and a given field intensity in microvolts per meter therefore converts to fewer microvolts across the re ceiver (ch. 12).

	(3) In situations where man-made inter ference, static, jamming, or other interference over-rides normal set noise, stronger field in tensities will, of course, be required for satis factory voice operation.

	c. Classification of Estimated Field Intensities. Performance of a proposed radio circuit gen erally has to be estimated from preliminary studies of the terrain involved and the an tenna sites available. Estimated field intensi ties for a given path may differ from the field intensity actually obtained after installation, since it is not possible to take all factors into account in the initial computations. Con sequently, if an estimated intensity is near a minimum value required for single-channel operation given in figure 6–10, the actual circuit may or may not work. For estimated field intensities, therefore, the range + 5 db from the values given in figure 6–10 is termed questionable. If the estimated field intensity exceeds the values in figure 6-10 by a margin



of more than 5 db, the performance will prob ably be satisfactory, that is, it will probably meet the minimum requirements for single channel voice operation as defined in subpara graph a (1) above; if it is poorer by more than 5 db the performance will probably be un satisfactory. These performance classifications are summarized in figure 6–11.



d. Requirements for Other Types of Circuits.

(1) The received field intensities re quired for satisfactory performance given in figure 6-11 are for a single-channel single radio-section voice circuit used for point-to point traffic. Requirements for each radio section under other conditions are given in figure 6-12. These requirements are explained in paragraphs 621e, 622e, and f. For 4-chan nel f-m systems, the values shown indicate minimum field intensities required to produce performance in channel No. 4 equal to that assumed for single-channel operation, that is, a signal-to-noise ratio near the limit for in telligible speech. The lower channels will then have better signal-to-noise ratios than chan nel No. 4. For higher signal-to-noise ratios, the received fields must be further increased. Cases where more than one trunk in the over all circuit is specified in figure 6-12 refer to the telephone transmission plan shown in chapter 2.
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Figure 6-11. Expected performance versus estimated field intensity, (based on figure 6-10, minimum operating field intensities for voice transmission, using single-channel sets for point-to-point communication).

(2) When multichannel v-f telegraph (Telegraph Terminal CF–2–( )) is applied to 4-channel radio relay systems, the required field intensities given in figure 6-12 will suf fice. However, when multichannel radio-tele typewriter arrangements for tactical use are applied to single-telephone-channel radio relay systems, the required field is somewhat greater than given in the top line of figure 6-12. This is discussed in chapter 3.

e. Use in Performance Estimates. The tabu lated values in figures 6-11 and 6-12 assume half-wave dipole receiving antennas. The use
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* When two values, are given, the lower value is the estimated field intensity required in the poorestradio section when the estimated intensities in all other radio sections are 10 db or more stronger. The higher value is the estimated field intensity required per radio section when the estimated intensities in all sections are nearly equal (pars. 622e and f). For other conditions, interpolate.

b For f-m sets in the 30 to 40 mc band, the corresponding single-channel value is +5 db.

Figure 6-12. Required minimum values of estimated field intensity for satisfactory performance for various circuit types.

of a directional receiving antenna having gain (with reference to the performance of a di pole) reduces the required field intensity. How ever, in making performance estimates as out lined later in paragraphs 615, 616, and 617, it is convenient to use figures 6-11 and 6-12 as they stand, and to consider receiving antenna gain as equivalent to a gain in received field intensity. In these transmission performance estimates, allowances are made for transmis sion line losses, losses caused by tree foliage, and gains arising from antenna elevation; but no allowance is made for external interference or man-made noise.

615. METHOD FOR ESTIMATING RECEIVED FIELD INTENSITIES, ANTENNAS AT MODERATE ELEVATIONS.

(1) The information given in this para graph, together with other data in paragraph 616, furnishes means for estimating received field intensity in the usual ground station sit uation where the effective antenna elevations (defined in paragraph 616b (2)) do not ex ceed 500 feet. Methods for estimating received field intensity when the antennas are at great elevations with respect to the terrain along the transmission path, as when on aircraft or on high mountainsides, are given in para graph 617.

(2) The method given here permits esti mates of the field intensity received over Smooth land or sea water paths, and also over paths in hilly or mountainous country where line-of-sight is blocked by intervening hills which cause a shadow loss. For the latter paths, it is necessary that the profile (that is, a side or cross-sectional view) of the hills and valleys between transmitting and receiving antennas can be reasonably approximated.

(3) The method results in estimated field intensities received over smooth terrain which are in general agreement with experience, and sufficient agreement has been found with measured results in mountainous country to indicate that the information will serve as a useful guide in laying out v-h-f circuits in such terrain. These field comparisons have been confined to frequencies below about 150 InC.



b. Nomograms for Use in Estimating Field In tensity.

(1) The nomograms on figures 6-14 to 6–17, inclusive, provide a basis from which field intensity may be estimated in the 20–40, 70–100, 120–160, and 220–260 mc bands, using either horizontal or vertical polarization (par. 619) over land Or sea.

(2) These nomograms apply specifically to the field intensity arriving at a receiving antenna which is elevated 40 feet above the earth. They are based on 50 watts of power radiated from a half-wave dipole transmitting antenna which is also centered 40 feet above the earth; no allowance is made for losses caused by trees in the vicinity of either an tenna. In the v-h-f band the radiated power may be taken as the rated transmitter output power minus the antenna transmission line loss. When actual conditions differ from the above reference conditions, the field intensity as read from the nomograms must be cor rected. The correction factors are those enum erated below, all of which are expressed in db and evaluated in paragraph 616.

H, = antenna elevation correction (par. 616b)

P = transmitter output power correction (par. 616c)

Li = transmission line loss correction (par. 616d)

G = directional antenna gain correction (par. 616e)

Lt = tree loss correction (par. 616f) Thus,

Nomogram reading + H2 + P -Li + G —L = Estimated field intensity in db from 1 microvolt per meter.

The plus and minus signs indicate that G is always added, Li and Lt are always sub tracted, and H, and P are either added or sub tracted, as determined from figures 6-18 and

6–20 and discussed in paragraph 616. Since G -Li -Li usually tends to be small for antenna types ordinarily used, and since rated transmitter output powers of 50 watts and an tenna elevations of at least 40 feet are nor mally used in v-h-f point-to-point and radio relay operation, the values of field intensity read from the nomograms may often be com pared directly with the required values in fig ure 6-12 to roughly estimate performance. If a 10-db margin or so is indicated, detailed computations need not be made. However, the complete solution of a typical problem, making allowance for all factors, is a simple process, as illustrated step-by-step in figure 6–22.

c. Procedure for Using the Nomograms (figs. 6-14 to 6-17).

(1) The procedure outlined in subpara graphs (2) to (7) below applies to transmis sion paths which involve obstructing hills between stations. For paths over flat country or sea water the procedure is much simpler, and is described in subparagraph (8).

(2) Draw an approximate profile of the terrain involved in the straight line path be
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Figure 6-13. Example: Use of field intensity nomograms.
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Figure 6-14. Nomogram for estimating field intensity, 20 to 40 mc.
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Figure 6-15. Nomogram for estimating field intensity, 70 to 100 m.c.
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Figure 6-16. Nomogram for estimating field intensity, 120 to 160 me.

[image: Figure, page 262]

Figure 6-17. Nomogram for estimating field intensity, 220 to 200 m.c.

tween the proposed locations of the two radio terminals, using the elevations obtained from contour maps. In doing this, it is usually de sirable to magnify changes in elevation by drawing these to a scale which is greatly en larged as compared to the distance scale. The result gives an exaggerated impression of the profile, but aids in following the steps given below.


	(3) On this profile, draw a triangle simi lar to the ones drawn for the examples in fig ure 6–13. This triangle is formed by a line joining the base of the transmitting antenna mast with the base of the receiving antenna mast and a line from each mast base tangent to the hill or hills that block line-of-sight transmission.

	(4) From this triangle note three quan tities, namely: the distance D between the ra dio terminals, the distance D1 from the projec tion of the apex of the triangle to the nearer terminal, and the height H from the baseline of the triangle to the apex.

	(5) Next select figure 6–14, 6–15, 6–16, or 6–17, depending on the frequency of the radio system. Draw a straight line through the point representing the distance D1 on scale 1 and the point representing the height H on scale 2, and extend it to cross scale 3 (the plain vertical line). Draw a second straight line through the point where the first line crossed scale 3 and the point representing the total distance D on the appropriate side of scale 4, extending it to cross scale 5. The in tersection of this second line with scale 5 indi cates the estimated field intensity in db above 1 microvolt per meter for the reference con dition.

	(6) For large values of D1 and small values of H, a straight line through these points may fall below the lower end of scale 3. This means that the profile is smooth enough for the effect of intervening hills to be neg ligible insofar as this method is concerned. In this case the field intensity is estimated by drawing the second straight line from the lower end (marked zero) of scale 3 through the appropriate value on scale 4 and over to scale 5, from which the estimated intensity is obtained as before.

	(7) As an example of the above proce dure, assume the profile given for example A on figure 6-13 and the frequency between 70 and 100 mc. The total distance D is 20 miles,



D1 is 8 miles, and H is 2,000 feet. Referring to the chart in figure 6-13, which is the same as figure 6-15, the estimated field intensity is shown by the dashed lines constructed to illus trate this example to be 4 db above 1 microvolt per meter. Example B on figure 6-13 is dis cussed in paragraph 616b (3).


	(8) For smooth land or sea water, or in the absence of any obstructing hill along the transmission path, scales 1 and 2 may be dis regarded and a straight line drawn from scale 3 across scale 4 to scale 5, hinged on the 0 point at the lower end of scale 3. For a given field intensity on scale 5, the two distance scales on scale 4 of figure 6-14 indicate the substantial advantage of using vertical rather than hori zontal polarization for sea-water transmission at frequencies in the lower part of the v-h-f band with antenna elevations as low as 40 feet.

	(9) If the conditions for which the field intensity is to be estimated differ in any way from the reference conditions specified in sub paragraph b (2) above, as will very frequently be the case, make the necessary corrections as outlined in paragraph 616.





616. CORRECTION FACTORS FOR USE WITH FIGURES 6-14 TO 6-17.


	q. General. The correction factors given in this paragraph are the same for single-chan nel and multichannel operation. However, as stated in paragraph 6.14d, the required field intensities for various types of circuits differ, and the estimated values must be compared with the proper required values on figure 6-12 in order to evaluate expected performance.

	b. Correction for Antenna Elevation: Factor H.




	(1) When the antennas have effective elevations (defined in subparagraph (2), be low) other than the reference elevation of 40 feet, the field intensity obtained from the nom ograms should be corrected by the sum of the amounts shown in figure 6-18 corresponding with the effective antenna elevations at the transmitter and receiver. This corrected value of field intensity is subject, however, to the limitation noted under subparagraph (4) be low, which prevents the corrected field inten sity from exceeding the free space value.

	(2) The effective elevation of an anten na at the top of a mast is usually equal to the mast height, provided that the ground is level for a half-mile or more in the direction of the distant station. The effective elevation of an



antenna on the edge of a precipice (falling off in the direction of the other antenna) can usu ally be taken as the difference in elevation between the center of the antenna and the bot tom of the precipice. In the intermediate case where the mast is placed on a hill sloping downward in the direction of the distant ter minal, the effective elevation of the antenna depends on the steepness and uniformity of this slope. A rough, general purpose rule for field use in connection with the nomograms of figures 6-14 to 6-17 is to assume that the effective elevation is the mast height plus 1% of the difference in elevation between the mast base and the ground level 1/3-mile distant in the foreground. This rule is limited princi pally to the case of antennas sited below or only slightly above the elevation of interven ing land. When high mountains exceeding the maximum elevation of the intervening terrain are available for antenna sites, reference should be made to the information in para graph 617. For transmission paths over sea water, island-to-island for example, the effec tive elevation of antennas situated on hillsides with an unobstructed view of the sea is usu ally the full elevation of the antenna above sea level. Paragraph 617 should be consulted for such cases also. For other cases, such as the back slope of a hill, see paragraph 618d (3).

(3) To illustrate use of the general pur pose rule, consider example B of figure 6-13 which is identical to example A except that one antenna has been moved to point B. For this situation D is 22% miles, Di is 10 miles, and the height H is 1,600 feet. The estimated field intensity obtained as illustrated by the dotted lines on the chart of figure 6-13 is 5 db above 1 microvolt per meter. However, the antenna in example B is not at reference elevation, but instead is on a hill which slopes away 100 feet in the first half mile. The effective elevation of the antenna is now, 40 (mast height) + 100 90 feet, and figure 6–18 indicates a 2 gain of about 7 db. Consequently, the total estimated field for a frequency in the 70 to 100 mc band is 5 + 7 = 12 db. The improve ment over the 4 db value of example A (par. 615c (7)) is due to moving the antenna to a location where its effective elevation is .in creased and the height of the intervening hill is effectively less.

(4) The corrections of figure 6–18 may be in error at the greater antenna elevations. If the nomogram value corrected by values in figure 6-18 exceeds the free space field in tensity given in figure 6-19 for the same distance D, the field intensity from figure 6–19 should be used instead. Having observed this precaution, the other corrections from sub paragraphs c to f below may be made regard less of whether figure 6-19 was or was not limiting.
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Figure 6-18. Corrections for antenna elevation, transmission over land or sea.

* See paragraph 617 for antennas at great elevations.
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Figure 6-19. Free space field intensity curve.

c. Correction for Transmitter Power: Factor P. When the transmitter power differs from the reference value of 50 watts, an appropriate correction from the table of figure 6–20 must be made.
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Figure 6-20. Corrections for transmitter power.



d. Corrections for Transmission Line loss: Fac tor Lt.

(1) Antenna transmission lines of ap preciable length introduce a significant loss, particularly at the higher frequencies of the v-h-f band. Typical losses per hundred feet for flexible coaxial cable of the type in general use are given in figure 6-21. These values should
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Figure 6-21. Corrections for transmission line loss.

be assumed unless other information is avail able relating to the specific type of line used. Some information on coaxial cables is given in figures 6-146 and 6–147; detailed informa tion on all standard types is given in TM 11–487.

(2) A transmission line loss should al Ways be included for the transmitting antenna, since this loss represents a reduction in radi ated power. For receiving antennas, inclusion of a line loss is also necessary in the usual case when set noise, rather than external noise, is controlling.



e. Correction for Directional Antenna Gain: Factor G.

(1) Field intensities indicated on the nomograms of figures 6-14 to 6–17 are those obtained with a vertical or horizontal dipole antenna in a direction perpendicular to the antenna elements. When any other type of antenna or some other direction of propaga tion is involved, a correction should be made for the gain or loss of the actual antenna relative to this reference condition. For ex ample, when an antenna having a 6 db gain in the forward direction is used at each end of a circuit and each antenna is properly ori ented, the estimated field intensity should be increased by 6 + 6 = 12 db, assuming set noise is the controlling noise.

(2) Actually, as discussed in paragraph 614e, the received field intensity in the above example is increased only 6 db, which is obtained from the directional transmitting antenna, but at the same time the field intensity required is decreased 6 db because of the gain of the receiving antenna. Treatment of re ceiving antenna gain as a gain in field inten sity is a matter of convenience in using the procedure given herein in conjunction with the required field intensities of figures 6-11 and 6-12.

(3) In situations where external noise or radio interference is present to such an ex tent that it would predominate over set noise when receiving on a nondirectional antenna, the effect of substituting a directional antenna will depend on whether or not this improves reception of the noise as well as the signal. When the noise source lies in the same direc tion from the receiver as the distant trans mitter, a directional receiving antenna in creases the received noise as well as the re ceived signal and there is no net gain in sig nal-to-noise ratio. When the external noise source is in some other direction, the improve ment in signal-to-noise ratio depends on the relation of the efficiency of the antenna in the
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- Examine figure 6–19 before proceeding further to be assured that the free space field exceeds this value (par. 616b (4). Figure 6-22. Sample v-h-f performance estimates.
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direction of the signal to its efficiency in the direction of the noise, that is, on the horizon tal directional pattern of the receiving an tenna (par. 624c).



f. Correction for Loses Caused by Trees: Factor it.


	(1) Trees in close proximity to an an tenna ordinarily cause some loss in field in tensity and it may be necessary to include an allowance for this in arriving at the resultant estimated field intensity. Present information merely indicates the approximate magnitude of loss to be expected.

	(2) Recent measurements using anten nas somewhat below treetop level in densely wooded areas - indicate that with both the transmitting and receiving antennas so situat ed, the loss when using vertical polarization is about 3 or 4 db for frequencies in the 20- to 40-mc band, and 10 db in the 70- to 100-mc band. With horizontal polarization, losses are negligible at 20 to 40 mc and quite small at 70 to 100 mc. Higher losses occur in the higher frequency bands. For scattered trees these losses are not as severe but are usually pres ent in some degree. In dense humid jungles with antennas located well down in the jungle growth, losses are very high and seriously limit v-h-f transmission with either horizontal or vertical polarization.

	g. Sample Performance Estimates Showing Use of Correction Factors. The upper portion of fig ure 6-22 states conditions assumed for two examples. The lower portion of figure 6-22 shows, step-by-step, the calculations involved in estimating performance for each of the examples. The procedure is a straightforward application of the equation given in paragraph 615b (2) for estimating field intensity. The estimated value is then compared with values in figures 6-11 and 6-12, from which the per formance classification is determined as satis factory, questionable, or unsatisfactory for the type of circuit involved.





617. V-H-F TRANSMISSION WITH ANTENNAS AT GREAT ELEVATIONS.



ci. General.

(1) The foregoing information and the nomograms of figures 6-14 to 6-17 relate to v-h-f transmission with antennas at effective elevations of 500 feet or less. The correspond ing distance ranges are generally limited to less than 100 miles over smooth earth or sea water and frequently to much less than 50 miles when intervening hills are present. How ever, greater distance ranges are possible when one or both antennas are raised to consider able heights as on an aircraft or on moun tains.


	(2) General experience indicates that with antennas at great elevations the useful v-h-f communication range is approximately the line-of-sight distance (fig. 6-23) or some what beyond for transmitter powers of the order of 5 to 50 watts." Most of this experience has been obtained with antennas on aircraft. The nomograms in figures 6-24 and 6-25, which are discussed in the following subpara graphs, give field intensity data for transmis sion from an aircraft to a ground station and from one aircraft to another, over smooth earth or water with either horizontal or verti cal polarization.

	(3) Limited experience with antennas lo cated on mountains indicates that under favor able conditions, defined in subparagraph d, below, the transmission performance is simi lar to what would be expected for antennas on aircraft at the same elevation above the intervening terrain. The nomograms in figures 6-24 and 6-25 can therefore be used as guides in estimating the communication possibilities of mountain-to-mountain transmission, where the mountain sites are well above the inter vening terrain as in island-to-island paths, but should be used with caution until more experi ence indicates their degree of reliability.

	(4) The nomograms in figures 6-24 and 6-25 indicate usable field intensities at dis tances sometimes well beyond line-of-sight. On such circuits fading becomes serious and the circuits may be inoperative part of the time (subpar. e below). Circuits should not be overea:tended to distances greater than indi cated by the momograms; instead, h-f facili ties should be used.



D0=2H1+2H2 D_0 = \sqrt{2H_1} + \sqrt{2H_2} 

where Do is in miles and H1 and H2 are the antenna elevations in feet above ground at the two ends of the circuit. This equa tion includes the effect of a gradual change in the dielectric constant of the earth's atmosphere which, for standard con ditions, causes a refracting effect equivalent to increasing the earth's radius by one-third.

& quot;The line-of-sight distance, Do, is defined by the following equation for standard propagation over smooth earth:

[image: Figure, page 268]

NOTE: THE DASHED LINE ILLUSTRATES USE OF THE CHART FOR THE CASE OF A 10,000-FOOT ELE VATION AT ONE END OF THE PATH AND A 3,000-FOOT ELEVATION AT THE OTHER END, FOR WHICH THE LINE-OF-SIGHT DISTANCE IS 220 MILES.

Figure 6-23. Maximum distance for line-of-sight path.

º
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Figure 6-24. Nomogram for estimating field intensity, one antenna at elevations exceeding 500 feet (other antenna at 40 feet. 50 watts radiated from half-wave dipole).

b. Method for Estimating Received Field In- tained from figure 6–24. The values shown as tensity, One Antenna Higher Than 500 Feet. sume that the lower antenna is on a 40-foot is more than 500 feet, the estimated field in- A straight line connecting the elevation of the (1) When the elevation of one antenna mast and that the radiated power is 50 watts. tensity over smooth earth or water can be ob- higher antenna on scale 1 with the distance

[image: Figure, page 270]

Figure 6-25. Nomogram for estimating field intensity, both antennas at elevations exceeding 500 feet, 50 watts radiated from half-wave dipole.

between antennas on scale 2 determines values on scales 3, 4, and 5. The estimated field inten sity at 85 mc, for example, is equal to the read ing on scale 3 less the value on scale 4. In a similar manner, the estimated field intensity at 250 mc is equal to the value on scale 3 less the reading on scale 5. The field intensity at 150 mc is approximately midway between the val ues for 85 and 250 me. When the effective ele vation of the lower antenna lies between 40 and 500 feet, the field intensity obtained from the nomogram should be corrected by adding 3, 8, 13, or 22 db for elevations of 60, 100, 200, or 500 feet, respectively. These are average values, applicable to either horizontal or ver tical polarization within the precision of the nomogram method. If the addition of such height-gain corrections should cause the re sultant field intensity to exceed the free-space value as read on scale 3 of the nomogram on figure 6-24, the free space value should be used. Corrections for transmitter power, direc tional antenna gain, transmission line losses, etc., should also be made as in paragraph 616. When the effective elevation of the lower an tenna exceeds 500 feet, figure 6-25 should be used, as explained in subparagraph c, below.

(2) The example indicated on figure 6-24 shows that for antenna elevations of 40 and 3,000 feet the estimated field intensity at 85 mc at a distance of 100 miles is 50 —37 = 13 db above 1 microvolt per meter for 50 watts radiated power. The corresponding field inten sity for 250 mc is 50 —38 = 12 db. This value can be compared with the required value on figure 6-11 or 6-12 to estimate performance.

(3) For distances within line-of-sight the line drawn from scale 1 through scale 2 may fall below a value of 10 on scales 4 or 5. In such cases it is sufficient to know that the esti mated field is within 10 db of the free space value on scale 3.

c. Method for Estimating Received Field In tensity, Both Antennas Higher than 500 Feet.

(1) When both antennas are at eleva tions greater than 500 feet, the field intensity over smooth earth or water can be estimated from figure 6–25. A straight line connecting the antenna elevations H1 and H2 on scales 1 and 2, determines a point on scale 3. A second straight line through this point on scale 3 and the distance on scale 4 indicates values on scales 5, 6, and 7. The estimated field intensity at 85 mc is the value on scale 5 less the value on scale 6; similarly, the field intensity at 250 mc is the value on scale 5 less the value on scale 7. Corrections from paragraph 616 for other transmitter powers, directional antenna gains, etc., should be applied to the values read from this nomogram.

(2) The example shown in figure 6-25 indicates that for antenna elevations of 3,000 and 2,000 feet the estimated field intensity at 150 miles for 50 watts radiated power is 46 —25 = 21 db above 1 microvolt per meter for 85 me and 46 —30 = 16 db for 250 mc.

(3) For some combinations of high an tenna elevations, such as may exist from air craft-to-aircraft, figure 6-25 cannot be used; that is, the lines drawn will fall outside the range of one or more of the scales. For such conditions, the line-of-sight distance obtained from figure 6-23 is a good approximation for distance range with v-h-fsets in the 100- to 156 mc band ordinarily used in aircraft.



d. Effective Antenna Elevations for Use with Figures 6-24 and 6-25.

(1) The nomograms in figures 6-24 and 6–25 are computed on the basis of propagation over smooth earth or water. Under such con ditions, the antenna elevation to use in the nomograms is easily defined. For example, the effective antenna elevation of an antenna on an aircraft is the height of the aircraft above the land or water. Similarly, if the antenna is located on a mountain side, with only smooth earth or water between it and the distant sta tion, the effective antenna elevation is the dif ference between the elevation at the antenna site and the elevation of the smooth terrain or water; provided, that the antenna is centered at the top of a mast at least one or two wave lengths high and that the foreground looking toward the distant station from the base of the antenna mast slopes downward toward the level terrain or water at a rate of at least 10 feet in 100 feet (about 5 degrees). These conditions are usually met with in island-to-island trans mission, with antennas on the forward sides of hills, not on the summits.

(2) When the terrain between stations is mountainous, rather than smooth, effective an tenna elevations cannot be defined as clearly as above. However, it is reasonable to assume that the effective antenna elevation of an an tenna on an aircraft, or on a mountain side, equals the difference between the elevation at the antenna site and the average elevation of the terrain between stations (or between the one station and the horizon, if the distant sta tion is beyond the line-of-sight distance limit ed by earth curvature). This relationship should hold approximately, provided, in this case, that the top of any mountain along the path between stations, or to the horizon, is be low a line sloping downward from the base of the antenna mast at an angle of about 5 de grees with the horizontal.

(3) When the above conditions are not met, the effective elevation of an antenna is less than defined above in the subparagraphs (1) and (2), and becomes equal to the mast height only, as the downward slope of the fore ground approaches zero.



e. Variations of Field Intensity with Weather Conditions.


	(1) Some variations of field intensity with meteorological (weather) conditions are to be expected, particularly at the longer dis tances made possible with high antenna eleva tions. Under some conditions, stronger field intensities than indicated by use of figures 6-24 and 6-25 will be received; under other conditions the received field intensities will be less. The range of variation in field intensity to be expected may be determined from the nomograms by means of the considerations given in subparagraph (2), below.

	(2) Assume that the effective antenna elevations have been determined for a given transmission path. Now, for one kind of weather deviation from standard, the effect on field intensity may be regarded as roughly equivalent to doubling these antenna eleva tions, while with changes of an opposite vari ety, the effect on field intensity is equivalent to halving the antenna elevations. The range between the maximum and minimum field in tensities obtained from nomograms for these equivalent antenna elevations represents the range in received field intensity likely to be encountered on a given circuit.





618. V-H-F ANTENNA SITING.

a. General. Factors concerning antenna sit ing are discussed throughout the foregoing material. The importance of proper location of antenna sites in v-h-f radio circuits can hardly be overemphasized. Unless this fact is appre ciated by field personnel, communication relia bility of these circuits may be greatly im paired. The choice of an antenna site will de pend largely on the nature of the local and in tervening terrain, and the tactical situation. The longer circuits, especially those over diffi cult terrain, will require better siting at each end than a circuit which is to operate over a more favorable path. Similarly, multichannel circuits require better antenna siting than sin gle-channel circuits, for a given distance be tween stations. For these reasons, planning of v-h-f radio circuits and the selection of sites for installation of the radio sets should always be preceded by a careful study of terrain maps and, wherever possible, by reconnaissance in order to obtain detailed information concern ing the nature of the terrain and the accessi bility of desirable sites. This is particularly important when the proposed circuit requires the installation of intermediate radio relay stations in isolated areas or where several radio circuits in diverse directions must be terminated at one location. Although terrain characteristics and their effect on radio trans mission vary, careful consideration of the factors summarized below should enable field personnel to select suitable antenna sites and establish satisfactory v-h-f radio circuits in any theater.



b. Woods and Jungles.


	(1) The following rules apply regardless of the topography: -

	(a) Avoid dense woods, particularly when using the higher frequencies in the v-h-f band. If this is impossible, locate antennas in sizable clearings.



[image: Figure, page 272]

Figure 6-26. V-h-f antenna siting in trees or jungle.

(b) When in proximity to woods or scattered trees, if vertical polarization is to be used, try several sites a short distance apart, and select the one which gives the best re sults.


	(c) In jungles, support antennas on c. Flat Terrain. masts extending above the jungle growth, or locate in clearings at least 100 yards in diame ter and use the highest mast available. Trans mission over open paths across a river or along open river valleys is recommended, where feasible.

	(2) Figures 6-26 and 6-27 illustrate good and bad siting in the presence of trees.



[image: Figure, page 273]

Figure 6-27. V-h-f antenna siting near scattered woods.

[image: Figure, page 273]

Figure 6-28. Gain in field intensity obtained by raising one antenna from a low elevation (10 feet).


	(1) In flat country, best performance will result if these rules are followed:

	(a) Place the antennas as high above ground as practicable, using masts or tall trees.

	(b) Avoid depressions; select any slight rise of terrain in the vicinity.

	(2) Increasing the antenna elevation is often the simplest way to improve circuit per formance. The gain in field intensity when a dipole antenna is raised from a low elevation is shown in figure 6-28. These gains apply to both the transmitting and receiving antennas, and the sum for both antennas represents the gain in r-f signal-to-noise ratio as long as set noise is controlling. When external noise is controlling, the gain in signal intensity ob tained by raising the receiving antenna may be ineffective in improving the r-f signal-to noise ratio since the received noise may be increased along with the signal. At 30 mc, for example, over poor soil with vertical polariza tion, raising both transmitting and receiving antennas from 25 feet to 50 feet increases the received signal by (10-5) x 2 = 10 db, which is equivalent to increasing the transmitter power 10 times. The corresponding r-f signal to-noise ratio will be increased 10 db when set noise is controlling, but it may be increased only 5 db (by raising the transmitting an tenna) when external noise is controlling. With f-m sets, an improvement in the r-f sig nal-to-noise ratio should provide at least a corresponding improvement in audio signal to-noise, and more in some cases.





d. Mountainous Terrain.


	(1) The following rules are useful guides to good siting in mountainous terrain:

	(a) Locate the antennas on the for ward sides of hills high enough to provide line-of-sight paths, if possible.

	(b) If line-of-sight locations are not available, choose antenna sites at each end so that the least bending of the radio wave is in volved in clearing an obstructing hill. Avoid sites at the base of high intervening hills.

	(c) The presence of river valleys and gaps between mountains should not be over looked as means of obtaining transmission paths devoid of high intervening hills.

	(2) The above rules are probably best demonstrated by means of the example shown in figure 6-29. Location 1 is obviously the best
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Figure 6-29. V-h f antenna siting in hilly country.

of the five sites shown, and is quite probably the best available, since experience has shown that sites directly on the summit of a hill are frequently inferior to those on the brow. Lo cation 2 is usually preferable to any shown be hind the hill. The worst choice would be loca tion 5. Location 4 is better than 5 in spite of the fact that the antenna is farther away from the distant station because the angle through which the wave bends is reduced appreciably. Location 3 is much better than any of the others back of the hill because the antenna is located on another hill, a condition which not only reduces the angle of bend (thus com ing a little closer to line-of-sight) but also increases the effective antenna elevation, thereby improving the received field intensity as indicated earlier in figure 6–18.

(3) There are some kinds of antenna sites where the signal improvements arising from increased antenna elevation given in fig ure 6–18 are not always applicable. Such sites include locations on the back slope of a hill, or in a narrow river valley between ridges, one of which blocks transmission, or on an ex tended level plain behind an intervening hill but close to its base (less than a half mile away), as in the case of location 5 of figure 6–29. All such sites are undesirable but are sometimes unavoidable. In such situations the field intensity may vary considerably from one location to another nearby, and may be stronger for antennas located on low masts than for antennas located on high masts. The best location and antenna elevation is deter mined by trial and error, an increase in r-f signal intensity being observed either by not ing improved audio signal-to-noise ratio on reception or by observing changes in squelch control settings or in limiter grid current (fm), when the radio receivers are provided with such facilities. The more positive indica tions of r-f signal change obtained by the latter methods are to be preferred, since a set may not show much audio signal-to-noise improvement in rough listening tests when the field intensity is increased by a change in loca tion. However, the improvement may be of considerable value should interference or jam ming develop.


	(4) On several occasions, when using a directional antenna in mountainous terrain, it has been found that in situations where the straight-line path between stations crosses the peak of a nearby hill, best results are ob tained with the antenna oriented so that it points at a small angle off to the side of the straight-line course, rather than directly to wards the distant station, particularly if the off-course direction involves lower terrain such as a mountain pass. Presumably more signal energy is reflected from the sides of neighbor ing hills than is diffracted over the top of the obstructing hill. On the basis of this experi ence, it appears desirable to experiment with the aiming of directional antennas when es tablishing circuits over irregular terrain.

	e. Sea Water. In transmitting or receiving over sea water using vertical polarization, in creased antenna elevation, up to several hun dred feet, is of no advantage with frequencies in the lower portion of the v-h-f band, as shown by figure 6–28. Thus, antenna sites on the beach, using low masts if desired for con cealment purposes, are as good as any obtain able unless high hills are available a short dis tance inland. For higher frequencies, there is an advantage in raising an antenna even a



small amount above beach level, and even small hills provide better sites. With horizon tal polarization, the higher the hill or mast, the better, regardless of frequency.



619. POLARIZATION.


	(1) Transmission characteristics for hor izontal and vertical polarization have been outlined in various places throughout this section, and are collected and reviewed here.

	(2) For practical purposes, in the v-h-f band, radio waves transmitted from a verti cal antenna are usually regarded as being ver tically polarized, and those from a horizontal antenna are normally regarded as being hori zontally polarized." Either type of polarization may be used for v-h-f transmission, but the performance will be different under certain situations. In all cases, the orientation of the receiving antenna, that is, horizontal or verti cal, should be the same as that of the trans mitting antenna at the distant station.

	b. Advantages of Vertical Polarization. Ad vantageous characteristics of vertical polari zation for v-h-f transmission are as follows:

	(1) Simple vertical dipole or whip an tennas are nondirectional in a horizontal plane. This feature is advantageous when good com munication is desired in several directions from a station.

	(2) Where antenna elevations are lim ited to 10 feet or less, as for motor vehicle ap plications in transmitting over land, vertical polarization results in a signal at least twice as strong in the 20- to 40-mc band as would be obtained with horizontal polarization using antennas at the same elevation. This difference is less pronounced with frequencies in the 70 to 100-mc band and is negligible when using higher frequencies.

	(3) For transmission over sea water, vertical polarization is decidedly better than horizontal when antennas are below a certain elevation. This elevation is about 300 feet at 30 mc, but only 50 feet at 85 me and still lower at the higher frequencies. This means that with ordinary antenna mast heights of 40 feet, vertical polarization is advantageous at fre quencies less than about 100 mc. At higher frequencies there is little if any difference.

	(4) From limited observations it ap






pears that vertical polarization is less subject than horizontal to variations in received field intensity caused by reflections from aircraft flying over the transmission path. This may be of importance in locations where aircraft traffic is heavy, as at air fields.


	c. Advantages of Horizontal Polarization. Ad vantageous characteristics of horizontal polar ization are:

	(1) A simple horizontal antenna point ed east and west, for example, transmits and receives best in north and south directions and performs poorly by comparison, in east and west directions. This inherent directivity is sometimes of advantage as a means of mini mizing interference.

	(2) Horizontal antennas are less apt to pick up man-made interference, which is or dinarily vertically polarized.

	(3) Indications are that when anten nas are located in fairly dense forests, hori zontally polarized waves usually suffer lower losses than vertically polarized waves, espe cially in the higher portion of the v-h-f band. Also, standing wave effects which cause rela tively large changes in the field intensity of vertically polarized waves for small changes in antenna location among trees or near the edge of a forest are not nearly so pronounced with horizontal polarization. In very dense jungles, performance is poor and probably not much affected by polarization.





620. MISCELLANEOUS TRANSMISSION CONSIDERATIONS.



a. Security.


	(1) Any radio transmission is subject to enemy interception. However, several meas ures may be used which contribute toward making interception of signals by the enemy more difficult. These measures are also of value in reducing the possibility of causing interference with the reception of friendly signals.

	(2) When received signals are well above the required values, the transmitting antenna should be lowered in elevation and the trans mitter power reduced when feasible. This will impair reception by the enemy without mate rially affecting performance on circuits oper ating with considerable transmission margin. Also, lowering the antenna may afford some degree of concealment of radio sets from enemy observation, and lessen the danger of antenna breakage during stormy weather.



: A more technical definition of polarization is given in chapter 12.


	(3) Advantage may be taken of the shadow loss caused by hills obstructing a transmission path when it is possible to locate the transmitting station so that hills will in tervene in the direction of the enemy but not in the desired path. The effectiveness of this measure in a given situation may be estimated from the charts of figures 6–14 to 6-17.

	(4) The use of directional transmitting antennas ordinarily provides higher signal in tensities in the forward direction than would be obtained with nondirectional types. In other directions, in back or off to the side, intercep tion is made more difficult because the trans mitted signals are relatively weak. It is some times practical to orient the antenna so as to obtain a very weak signal in a particular direction where transmission is unwanted, at a fairly small cost to transmission over the wanted path.





b. Noise and Interference.

(1) General. The radio communication range is inversely related to the amount of noise or radio interference at the receiving antenna location. In other words, the more noise or interference present, the shorter the distance over which satisfactory communica tion can be established, assuming other fac tors remain the same. High noise will cause errors in superimposed voice-frequency tele graph (teletypewriter) circuits; and on chan nels used for voice communication, it will re duce intelligibility and make the channel more difficult to use satisfactorily. Common sources of noise are industrial plants using electrical equipment, radio transmitting stations, power lines, motor ignition systems, etc. In addition to these sources, spurious radiation from asso ciated transmitters may cause considerable interference, as discussed in section VI. Every reasonable effort should be made to select in stallation sites in quiet country locations, away from industrial or concentration areas and repair stations or heavily travelled highways. Remote control facilities may be used to ob tain separation between the radio terminal and the signal center, which is often in a congested area. In general, the use of horizontal polari zation will considerably reduce the effect of man-made interference, since usually such in terference is. predominantly vertically polar ized. Suitable chokes or filters in power leads will reduce direct noise pick-up in the receiver from motor-generator sets or power lines. The importance of using all of the power available on a marginal circuit should not be minimized. If, because of faulty line-up, damaged trans mission lines, or incorrect adjustment of an tenna elements, a radio set rated at 50 watts only radiates half that amount, the resulting loss of power may cause failure of the circuit.


	(2) Static Noise. Available data on the effect of atmospheric static interference on telephone transmission in the v-h-f band indi cates that the problem is not serious in many parts of the world during most of the year. The worst static occurs during local thunder storms, and causes most trouble on circuits: which are operating with only marginal field intensities. In such cases there may be in stances where the message will have to be re peated.

	(3) Ignition, Teletypewriter, and Cipher Machine Noise. A fairly common type of inter ference is ignition interference from motor ve hicles or gasoline-driven motor-generator sets. It is believed that such noise sources in military equipment in good condition will be sufficiently suppressed. In cases where shielding and sup pression measures prove inadequate, the source should be physically separated from the re ceivers affected. Interference from the spark ing of contacts in teletypewriter equipment and from cipher machines is of a similar na ture.

	(4) Tube and Contact Noise. Perhaps the most common source of noise is that due to poor maintenance, that is, noisy tubes and poor contacts in radio receivers. Another source of noise on radio telephone circuits is burning noise between carbon granules in a defective microphone at the radio transmitter. Unless these troubles are located and cleared, performance may be considerably impaired. Noisy tubes in the receiver input stages will cause more trouble than elsewhere in the cir cuit.

	(5) Noise Reduction. Some further gen eral suggestions on noise reduction are in para graph 654.
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621. SINGLE-CHANNEL AUTOMATIC AND MANUAL RADIO' RELAYS TO EXTEND THE V-H-F DISTANCE RANGE.

r q. General. Frequently communication at very high frequencies is required over dis tances greater than can be spanned by a single radio jump over the particular terrain en countered in a given situation. In such cases radio relays can be used. Several standard radio sets have been designed to provide such oper ation automatically, including Radio Sets AN/TRC-1 (70 to 100 mc), AN/TRC–8 (230 to 250 mc), and AN/CRC–3 and AN/CRC–3A (30 to 40 mc)." When any of these sets is used as a single-channel radio relay set for push-to talk operation, the transmitter and receiver are connected together in such a way that the transmitter carrier is automatically controlled by a relay in the radio receiver which is actu ated by the received signal. Several radio relay arrangements requiring no modification of these standard radio sets are described in the
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Figure 6.30. Two-section radio communication system for simplex operation with automatic radio relay set.

following paragraphs. Other arrangements have been improvised in the field, but such schemes usually involve set modifications or auxiliary apparatus and will not be covered here.



b. Single Automatic Radio Relay, Simplex Op eration.

(1) Where only two radio sections are to be worked in tandem, a simple form of auto matic radio relay may be used as shown in figure 6-30. Such a system requires only one transmitter and one receiver (each with its own antenna and mast) at the automatic radio relay station. Because of the simultaneous operation of the transmitter and receiver at the radio relay, different frequencies are re quired for the two directions of transmission. The system operates in the following manner. Frequency f1 is assigned to the radio trans mitter at each terminal and also to the receiver at the automatic radio relay. Frequency f2 is assigned to the transmitter at the automatic radio relay and to the receivers at the two radio terminals. At the radio relay set, the output of the radio receiver is connected to the input of the radio transmitter. At both terminals and also at the radio relay the transmitters are normally not radiating. When a person de sires to talk from one of the terminals, he operates the push-to-talk button on his micro phone which puts his radio transmitter on the air and makes his radio receiver inoperative. His speech will then be transmitted at radio frequency f1 to the receiver at the automatic radio relay point, applied to the radio trans mitter at that point and delivered by that transmitter at frequency f2 to the radio re ceiver at the distant station.

(2) The frequencies fi and f2 must be so chosen that the transmitter at the radio relay station cannot capture the receiver at that point because of spurious transmitter radiations or spurious receiver responses (sec. VI). With present sets such as Radio Relay Set AN/TRC-4 and with convenient antenna spacing, such interference is more easily avoided if f and f2 are at opposite ends of the operating frequency band. Because of the desirability of this frequency separation, in dividual receiving and transmitting antennas are shown for the terminals also, although a common antenna might be used if the received signals are strong enough to compensate for the fact that the single antenna cannot be ad justed for optimum performance at "both f, and f2.



c. Several Radio Relay Sets in Tandem.

(1) When more than one radio relay is required, the arrangement shown in figure 6-31 may be used. Two transmitters and two receivers, each with its own antenna, are re quired at each radio relay point. In order to avoid interference from the transmitters of adjacent sections, which might cause the sys

* The AN/TRC–1 consists of the basic radio compo ments of multichannel radio sets AN/TRC–3 and AN/TRC-4, differing only in that spare transmitters, receivers, and power units are omitted and only the minimum apparatus necessary for single-channel com munication is provided. Similarly, the AN/TRC-8 con sists of the basic radio components of multichannel radio set AN/TRC-11 and AN/TRC-12.
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Figure 6-31. Four-section radio communication system for operation with automatic radio relay sets.

tem to lock up, different frequencies must be used in the different sections. However, sub ject to the distance between radio sets and their disposition within the system, operating frequencies may usually be repeated after the second section, as illustrated in figure 6-31, especially if directional antennas having good front-to-back ratios are used. Four frequen cies, as shown, would therefore be sufficient for proper operation if it were not for mutual interference between transmitters and re ceivers at the radio relay points. With present sets, such as Radio Relay Set AN/TRC–4, it is difficult to avoid such interference unless transmitters and receivers operate in widely different portions of the 70- to 100-mc band, or are separated physically more than is usu ally convenient (sec. VI). In such cases six frequencies may be required, as indicated by the bracketed values on figure 6-31, where fi, fa, and f, are at one end of the frequency band and f2, fa, and fa are at the other end. The number of sections probably can be increased beyond four without increasing the number of frequency assignments beyond six by using the sequence in this manner:

f1−f2−f3−f4−f5−f6−f1−f2 f_1 - f_2 - f_3 - f_4 - f_5 - f_6 - f_1 - f_2  , etc.

f4−f5−f6−f1−f2−f3−f4−f5 f_4-f_5-f_6-f_1-f_2-f_3-f_4-f_5  , etc.

where the upper and lower series correspond with the upper and lower directions of trans mission indicated in figure 6-31. The arrange ment shown can be used push-to-talk and also permits full duplex operation (both directions simultancously); the latter is a requirement for multichannel operation. If used for multi channel operation the radio sets must be capable of continuous operation without over heating.

(2) With this full duplex arrangement using different frequencies for the two direc tions of transmission, Telegraph Terminals CF–2–( ) and CF–6 can be used directly on some single-channel radio sets to provide 4 to 12 2-way voice-frequency telegraph cir cuits (ch. 3).



d. Combination of Automatic and Manual Res dio Relays.

(1) Another method which requires less equipment is to break the circuit into two or more parts, with each part limited to two sec tions, and to relay the message by means of
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Figure 6-32. Four-section radio communication system, one manual and two automatic radio relay sets.
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Figure 6-33. Four section radio communication system for light traffic, one manual and two automatic radio relay sets.

operators. For spanning a length of 100 miles over terrain permitting jumps of only 25 miles, the circuit would be broken into two parts with manual relaying at the middle point. The number of frequencies required will de pend on the quantity of traffic which the cir cuit is required to handle.


	(2) Figure 6-32 shows a 3-frequency ar rangement such as might be used at an air warning system operations center for hand ling heavy traffic incoming from a radar. Fre quencies fi and fº, also fi and fa, must be chosen to avoid capture of the radio receiver by its associated transmitter at the automatic radio relay stations (sec. VI). It is believed that most satisfactory operation would be secured by using two operators. In the direc tion from a radar to the operations center, one of the operators at the manual relay sta tion can continuously receive information from the radar, while the other operator can con tinuously transmit to the operations center the information written down by the first operator. Thus, the manual relay operation does not impede the traffic flow although it does introduce a small time lag. If the direction of traffic flow should reverse, a frequency f, would have to be used, as shown in brackets in figure 6–32; otherwise interference would result at the manual relay point unless special operating procedures were used.

	(3) Figure 6-33 shows the 2-frequency arrangement for handling light traffic. Fre quencies fi and fe must be so chosen as to avoid capture of the radio receiver by its as sociated transmitter at the automatic radio relay station (sec. VI). In this case the oper ator at the manual relay point would no longer



be able to receive and send at the same time. This arrangement, therefore, appears unsuit able for general use where speed is required, although it might be satisfactory in some emer gencies. It should be noted that this method of manual relaying requires only one radio trans mitter and one radio receiver at the manual point, but one operator would be able to handle the traffic without undue fatigue for only limited periods.

e. Received Field Intensities Required for Sev eral Single-channel Radio Relay Sections in Tan dem.


	(1) For f-m systems, when the field in tensity is close to the minimum permissible for single-channel point-to-point telephone cir cuits, a small increase in field intensity will produce a large increase in audio signal-to noise ratio. For this reason and for reasons outlined in subparagraph (2) below, the in crease in received field necessary for such cir cuits to allow for several radio relay sections, or jumps, in tandem, is generally negligible. Single-channel v-h-f radio telephone systems are generally operated on a point-to-point basis or on a basis equivalent to this from the stand point of required signal-to-noise ratio.

	(2) When there are several jumps it is frequently the case that one of the jumps will contribute a controlling amount to the noise at the terminal. In this case, the allowance for the contribution of the other jumps is negli gible, whether the transmission is amplitude modulation or frequency modulation.

	(3) For amplitude-modulated systems, when a number of jumps contribute an ap proximately equal amount to the noise at the terminal, the required received field intensity



at each radio receiver is increased, the amount of increase in db being 10 log N, where N is the number of jumps. The necessary increase for particular values of N is as follows:
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622. V-H-F MULTICHANNEL SYSTEMS.

(1) Radio systems, like wire circuits, can be designed to transmit several telephone con versations simultaneously by the addition of carrier equipment. Such radio systems must be in operation continuously rather than on a push-to-talk basis and must use different fre quencies for the two directions. Telephone cir cuits obtained in this way may be connected to a switchboard in the same manner as wire cir cuits and thus form a part of the regular tele phone network. Such radio systems may be used in tandem with wire circuits, with the carrier frequencies passing over both the wire and radio sections. In such cases security rules for radio rather than for wire lines must be observed by users. Such a system may be used as an adjunct to wire in order to span some difficult terrain, such as a water crossing, or it may be used as a complete unit in order to obtain long-distance trunks which are pri marily radio. The discussion below relates pri marily to the latter type of use.

(2) The use of 4-channel radio relay sys tems instead of wire systems provides sub stantial savings in installation time and weight and bulk of equipment, including outside plant, required for a given number of communication channels. The radio relay systems have been found very advantageous for use during a rapid advance. A comparison between them and wire systems is given in TM 11-487. A general comparison between wire and radio is in chapter 1 of this manual.



b. System Using Radio Terminal Sets AN/TRC-3 and Radio Relay Sets AN/TRC–4.

(1) An available 4-channel radio relay communication system consists of Radio Ter minal Sets AN/TRC–3 and Radio Relay Sets AN/TRC–4, together with Telephone Terminal Sets TC–21 and Ringer Sets TC–24 for obtain ing four telephone channels, and Telegraph Terminal Sets TC–22 if it is desired to super pose voice-frequency telegraph on one or two of the telephone channels (preferably on chan nel 3). The system operates with frequency modulation in the frequency band 70 to 100 megacycles, with a nominal power output of 50 watts. The modulating frequencies range from about 200 to 12,000 cycles. A schematic illustration of a system is given in figure 6-34. The radio relay sets and radio terminal sets are described in TM 11–2601. Photographs of these sets are in figures 6-35 and 6–36. System line-up procedures are described in TB SIG 78.

(2) The nominal spacing between radio sets is 25 miles, but the actual spacing will de pend considerably on the type of terrain, an
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Figure 6-34. Schematic illustration of 4-channel radio relay communication system.
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operation in Truck, Weapons Carrier, 4-ton, 4 x 4.

tenna siting, and method of using the circuit, as discussed earlier in this section and in fol lowing subparagraphs. A 250-watt ampli fier designated as Amplifier Equipment AN/TRA–1, described in TM 11–2601, gives a nominal transmitting gain of 7 db. In gen eral, four or more radio frequencies are re quired for radio relay operation, as discussed in paragraph 621c. These frequencies must be very carefully chosen to prevent mutual inter ference between the various radio transmitters and receivers (sec. VI). Because of the use of different operating frequencies in the two directions of transmission, four antenna sys tems are required at each radio relay set and two at each radio terminal set.

(3) Channel 1, which is the voice chan nel of the spiral-four carrier system using Telephone Terminal Sets TC–21, is the only channel which is brought down to voice fre quency at radio relay points, and is therefore the only one available for use as an order wire between these points and the radio terminal sets. When channel 1 is also used as a tele phone circuit connected into switchboards, routines for message priority between switch board and order wire must be established. Channel 1 is normally not used to provide fac simile or voice-frequency telegraph circuits.

(4) In order to permit advantageous sit ing of radio terminal sets, provision is made for separating them from the telephone ter minals by as much as five miles of spiral-four cable (Cable Assemblies CC–358–( )). In such cases, local order wire circuits between telephone and radio terminals are provided over the phantom of the spiral-four cable.

c. System. Using Radio Terminal Sets AN/TRC-11 and Radio Relay Sets AN/TRC-12. Another 4-channel radio relay system consists of Radio Terminal Sets AN/TRC–11 and Radio Relay Sets AN/TRC–12, used together
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Figure 636. Radio terminal station of 4-channel radio relay system, (showing Telephone Terminal CF-1-( ), Telegraph Terminal CF–2–( ), and Radio Terminal Set AN/TRC–3).

with Telephone Terminal Sets TC–21 and Ringer Sets TC–24 to derive the telephone channels and with Telegraph Terminal Sets TC–22 for superposed voice-frequency tele graph. This system operates with frequency modulation in the frequency band 230 to 250 megacycles with a nominal output power of 12 watts. Further details are in TM 11–618.

d. Multichannel Versus Single-channel Opera tion. When several radio circuits are required between two given points, multichannel oper ation will result in a considerable saving in required equipment and personnel, and in the number of radio frequency assignments, as compared to what would be needed for single channel operation. The advantage is not, how ever, as great as might be expected on first thought, since the percentage modulation of each channel must be substantially less than would be permissible for single-channel opera tion; otherwise the total modulation resulting from signals on the different channels would exceed 100 percent, thus overloading the sys tem and causing excessive interference from one channel into another. The required lower ing of modulation level per channel, for the 4-channel systems discussed above, is of the order of 12 db. As a result of this, together with the higher noise on the top channel of a multichannel f-m system, the received field intensity must be higher for multichannel than for single-channel operation, by an amount depending on the quieting action of the f-m receiver under the particular circumstances. It is thought that on the average a 10-db in crease in received field intensity, for 4-chan nel compared to single-channel operation, will suffice to make the signal-to-noise ratio on channel No. 4 as good as that for single-chan nel operation. (Channels 1 to 3 will be better than channel 4 by various amounts. Effects of imperfect equalization are considered sep arately in subparagraph h below.) Hence the allowable distance between relay points, and the total distance which can be satisfactorily spanned with a given number of sets, is less for 4-channel than for single-channel opera tion. Also a 4-channel system requires more careful maintenance than a single-channel sys tem.



e. Received Field Intensities Needed for Multi channel Multijump Operation.

(1) With the received field intensity re quired for satisfactory 4-channel operation with existing sets, it is thought that further increases in received field intensity will result in roughly equal increases in audio signal-to noise ratio in the upper channels. With more than one relay section or jump per system, if all of N jumps have the same received field intensity, the required db increase in received field intensity for each jump is 10 log N, while if one of the jumps controls the received audio noise, which is more apt to be the case, no in crease is necessary. For values of 10 log N, see paragraph 621e (3).

(2) When a trunk consists of one or more radio relay sections (jumps) in tandem with one or more wire repeater sections, each wire repeater section can be considered as the equivalent of a radio jump in finding the re quired received field intensity on the radio por tion of the circuit.



f. Operation as Via Trunks.

(1) When radio relay systems form a part of the regular telephone network and are used as via trunks for switched telephone serv ice, a further increase in received field in tensity is necessary in order to provide an adequate speech-to-noise ratio when the trunks are operated in tandem. When the trunk in question is the end trunk in the circuit, the speech from the distant talker is attenuated by the loss of the intervening trunks. In the typical arrangement shown in the transmission plan in chapter 2, there are three 6-db trunks in tandem, and the distant talker's speech would be lowered by the loss of two intervening trunks, or 12 db, before reaching the trunk in question. In order to compensate for this loss, the noise on this trunk must be lowered 12 db. That is, in order to provide a just tolerable ratio of received speech-to-noise on the built up connection, the last trunk must be designed such that its noise contribution is 12 db lower than if it were not designed for use in tan dem with two other trunks. In general, if the trunk is designed for use as an end trunk in tandem with other trunks whose net losses total X db, the noise requirement on the end trunk is stiffened by X db. In the above, the contribution of trunks other than the end trunk to the noise received by the listener is small and has been disregarded. To obtain a 12-db improvement in audio signal-to-noise ratio on a given multichannel radio system, the received field intensity should be increased by about 12 db. The resulting required field intensities are high enough to require excel lent antenna siting in order to obtain radio relay systems as long as 100 miles and capable of operating as via trunks in the regular tele phone network.


	(2) When V-f telegraph is used on One or two of the four telephone channels, the above requirements are not changed.

	g. Interchannel Crosstalk, General. In the ex isting multichannel radio relay systems, the interference from one channel into another (interchannel crosstalk) is relatively high compared to that on comparable wire sys tems. This depends on the linearity of the system; it is approximately independent of the length of radio relay sections, but in creases with the number of relay sections. Overloading of the transmitters increases the interchannel crosstalk. On this account it is very important to carry out the line-up pro cedures given in TB SIG 78.



h. Equalization Limitations. Another limita tion of these systems is equalization of the transmission of different frequencies. If the gain in a particular channel is greater than that at the line-up frequency of 4,900 cycles (which corresponds to 1,000 cycles at voice frequency in channel 2), signals in the chan nel in question tend to overload the system. If the gain in a particular channel is lower than that at the line-up frequency, the gain deficiency can be made up only at the receiv ing end if standard arrangements are em ployed, and when it is made up, the noise and interchannel crosstalk are increased about as much as the received speech. Frequency char acteristics of individual radio relay and radio terminal sets vary; but there is a general tend ency for channel 3 to have higher gain, and channels 1 and 4 lower gain, than that at the line-up frequency. On the basis of early pro duction models it has been estimated that chan nel 4 of AN/TRC–3 and —4 should not be used for more than three jumps between ter minals (later models may do somewhat better than this) and that channels 1 to 3 should not be used for more than seven jumps between terminals. Comparable data on AN/TRC–11 and –12 were not available at the time when this manual was prepared.


	i. Methods of Improving Equalization or Inter channel Crosstalk.

	(1) The first steps to take are careful maintenance procedures: to see that the circuit



is kept carefully lined-up (per TB SIG 78 in the case of Radio Terminal Set AN/TRC–3 and Radio Relay Set AN/TRC–4); that adequate signal voltages are being received, through proper siting, careful adjustment and orien tation of antennas, and careful alignment of individual receiver stages; and that vacuum tubes and line voltages have been carefully checked.


	(2) If interchannel crosstalk is objection ably high after the above steps have been taken, and if other noise is relatively low (for example, if this noise is mainly set noise and if the received field intensity is safely above the required minimum values given in figure 6-12), then an improvement can be obtained by lowering the degree of modulation. It has been found that if the audio signals fed into the radio system are lowered in level by 5 db the interchannel crosstalk will be reduced by about 10 db, and thus the ratio of speech to in terchannel crosstalk will be improved by about 5 db. In order to keep the net loss of the cir cuit unchanged, the audio gain at the receiv ing radio terminal is increased by the same amount (5 db) that the audio transmitting level is lowered. This produces a 5-db increase in the noise (other than interchannel crosstalk) on the radio channel; however, if this noise was small to begin with, there is a net improvement in the circuit. Methods of lowering the audio signal level fed into the radio system are as follows. Where there is sufficient spiral-four cable be tween carrier terminal and radio terminal, the levels on the system may be lowered by setting the cable compensator in the transmitting radio terminal at an increased loss (that is, on a lower step). When the cable compensator is on the lowest step and still more loss is required, a balanced pad (ch. 12) may be inserted just ahead of the transmitting radio terminal.

	(3) The 0 dbm mark on the panel meter on some Radio Receivers R–19/TRC–1 may be as much as 2 db in error. If this condition oc curs the radio transmitters may be inadver tently overmodulated. This can be avoided by making an accurate recalibration of the panel meters.

	(4) Channel 4 can be discarded if the number of jumps is too great to permit its use.

	(5) With a large number of jumps, the equalization can be improved by inserting, at the relay station nearest the middle, two Tele phone Terminals CF–1-( ), back to back,



that is, with their voice-frequency sides con nected together. This permits the level at the 1,000-cycle point of each telephone channel to be adjusted independently. The telephone ter minals should be connected on a 4-wire basis (ch. 5); or if temporarily connected on a 2-wire basis they should be mounted close to each other and connected directly to each other with no bridged apparatus, and the monitor ing jacks of the two Telephone Terminals CF–1–( ) should not be used, so as to pre vent singing of the telephone circuits. The transmission levels should be adjusted so that each jump except the last is operating at 0-db nominal net loss and the last is operating at 6-db net loss. In some cases it may be possible to use, instead of the two Telephone Termi nals CF–1–( ), a single Telephone Repeater CF–3–A; the adequacy of this expedient will depend on the transmission-frequency charac teristics of the particular radio relay and ter minal sets which happen to be included in a given system, and can be determined only by trial.


	(6) Where traffic conditions warrant, it may be practicable to arrange radio relay sys tems so as to provide direct rather than switched connections between long-distance centrals, thus avoiding the 6-db loss in re ceived speech volume produced by each added tandem trunk.

	(7) Where very many jumps are re quired, it may be practicable to employ v-f telegraph instead of speech transmission. For this purpose, Telegraph Terminal Sets TC–22 can be used directly into Radio Terminal Sets AN/TRC–3. By using two telegraph terminal sets at each radio terminal, eight 2-way tele graph channels can be used for about ten jumps. Further information on the use of car rier telegraph over radio circuits is in chap ter 3.






Section Ill. V-H-F ANTENNAS


623. GENERAL.

a. Antennas for use in the v-h-f band may be classified as either directional or nondirec tional. Nondirectional antennas transmit and receive equally well in all horizontal directions. Directional antennas transmit and receive bet ter in some horizontal directions than in others, and are usually more efficient in the desired direction than a nondirectional an tenna at the same elevation. (The word direc tional is used with a different meaning in the h—f band, where vertical directivity for sky waves is important.) Directional antennas which consist of multiple elements are some times called arrays.

b. The nondirectional types are used in sit uations where communication is required in a variety of compass directions. This require ment, plus mechanical advantages, is the rea son for using vertical whip antennas on mobile and portable radio sets where the tactical sit uation is apt to involve communication in any direction. The directional types provide more efficient transmission over fixed paths.

c. Antennas are available for transmitting and receiving either horizontally or vertically polarized waves (par. 619). In areas where numerous v-h-f sets must operate with little separation between antennas, the use of ver tical polarization on some circuits and hori zontal polarization on others is one measure which may be used to reduce mutual inter ference. In all cases, however, antennas capa ble of utilizing the same type of polarization should be used at both ends of a radio circuit, or serious loss in transmission will result.

d. In this section, the advantages of direc tional antennas are summarized briefly before discussing specific antenna types. Descriptions of a number of the more common antenna types are then given, including some monstandard types which might be used in an emergency. The nondirectional types are discussed in para graphs 626 to 631, and paragraphs 632 to 636 cover the directional types. General informa tion on v-h-f antenna dimensions follows, and the section concludes with data on r-f trans mission lines, including a line which may be improvised from field wire (pars. 637 and 638). Further information on antennas and antenna coupling arrangements is available in TM 11–314 and TM 11–487.



624. ADVANTAGES OF DIRECTIONAL ANTENNAS.

a. General. For communication between fixed or semifixed installations, directional an tennas may be used to increase the distance range. Such antennas can be obtained in con venient size for the middle and upper portions of the v-h-f band.

b. Signal Gain. As transmitting antennas, the directional types radiate stronger fields in the desired direction than simple dipole an tennas at the same effective elevation above the earth, and as receiving antennas they ex tract more energy from the passing field. These gains amount to from 6 to 10 db at each end of the circuit for some of the types illustrated in later paragraphs.



c. Signal-to-noise and Signal-to-interference Ratio.

(1) General. The gain of a directional receiving antenna provides an equivalent im provement in r-f signal-to-noise ratio when set noise is the controlling source of noise. When external random noise coming in from all directions is controlling, the use of a direc tional antenna may also improve the r-f sig nal-to-noise ratio by as much as 10 db, by rejecting noise from many directions. When radio interference exists, directional receiv ing antennas are of no advantage if the inter fering source is in the same direction as the distant transmitter. However, large improve ments in signal-to-interference are possible if the interfering source is localized in a given direction and the antenna can be oriented so that this direction corresponds with a mini mum in the directional pattern.

(2) Effect of Umbalanced R-f Transmis sion Line. Some tactical v-h-f balanced an tennas are fed through directly-connected un balanced coaxial transmission lines. With such unbalanced connections, currents will tend to flow on the outer surface of the coaxial lines, and undesired radiation (or response) will take place. This radiation may not seri ously affect the major lobes in the directional pattern of an antenna, but will tend to fill in the nulls. For example, if the antenna is hori zontal and the coaxial down lead is vertical, measurements of the horizontally polarized directional pattern will probably indicate little difference from that obtained using a well balanced transmission line. The down lead, however, may be radiating relatively strong vertically polarized waves. Thus, in situations where directivity is a means utilized to reduce mutual interference between nearby sets, ori entation of antennas to take advantage of ex pected nulls in the antenna patterns may be ineffective, since the major coupling may be between the down leads, the radiation patterns of which are nondirectional. Also, with sets in close proximity in the same building, stray currents on the transmission lines may cause direct coupling at the sets, independent of that . caused by radiation. Balancing arrangements which reduce current flow on the outer surface of the coaxial line are standard with some an tenna types described below, and are recom mended for use in the above situations.

d. Security. The use of a directional antenna does not guarantee security. However, direc tivity of a transmitting antenna is desirable, since the energy may be concentrated in a given direction, thus reducing the chances of inter ception.



625. TACTICAL V-H-F ANTENNAS.

q. There are a variety of v-h-f antennas wheh are used both for transmitting and re ceiving. In many applications the antenna associated with a set is switched from receiver to transmitter on a push-to-talk basis.
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Typical whip antennas. Figure 6-37.

º b. Tactical radio sets are equipped with spe cific antennas for which the output circuits were designed. The use of a different antenna in an effort to improve transmission may make matters worse, unless proper leads and coupling units are used to match the new an tenna impedance. Standard antenna couplers have been provided for some sets which per mit the use of antennas other than those for which the sets were designed. These arrange ments are briefly discussed in connection with the antenna types involved.



626. WHIP ANTENNA.

The whip antenna illustrated in figure 6-37 is the most commonly used v-h-f antenna where the distances to be covered are rela

MiGH IMPEDANCE BALANCED circurr ſ SCHEMATIC *—RADIATING ELEMENT COAXIAL TRANSMISSION LINE – BAKELITE HOUSING connector (TO COAXIAL CABLE) RADIATING ELEMENT

TL 53404 Figure 638. Balanced half-wave dipole antenna (part of Antenna Equipment RC–81).

tively short, and where portable or mobile operation is of primary importance. Since a considerable portion of tactical radio com munication comes within this category, the whip antenna finds wide application. This an tenna should be used in a vertical position, and is then nondirectional. As commonly used, the antenna length may lie between quarter wave and half wavelength for frequencies in the neighborhood of 30 megacycles, and half wavelength for frequencies above about 40 megacycles. (Half-wave whips have a gain in horizontal directions, of about 2 db over a quarter-wave whip at all frequencies, but are of prohibitive size at the lower frequencies.) If a standard whip is broken, a piece of wire of equal length supported vertically may be used.

[image: Figure, page 286]

Figure 6-39. Antenna Mast AN-56—A supporting two Antenna Equipments RC–81.



627. HALF-WAVE DIPOLE ANTENNA.

q. The vertical half-wave dipole antenna il lustrated in figure 6-38 is fed at the center with a low impedance (50 to 70 ohms) co axial cable through a balancing section illus trated more clearly in the schematic. The balancing section is approximately one quar ter wave in length shorted at the point where

[image: Figure, page 287]

the flexible transmission line connects, thus presenting a high balanced impedance as seen from the dipole. Such construction minimizes current flow on the outer surface of the trans- U-—MoUNTING STAFF mission line. This antenna is supplied as An- eRackets - tenna Equipment RC–81 with Radio Trans- ºn N | 3 ||3 mitting Equipment RC–257 operating in the º NTT3CH3 100- to 156-mc band. Figure 6-39 illustrates two such antennas mounted on Antenna Mast rºle AN–56–A.

b. Dipole antennas may be improvised for emergency use, using materials found in the field. Such antennas are shown in figures 6-40 and 6–68. When used vertically, this antenna type should be provided with a wooden sup port to the feed cable (as illustrated), ex tended out at right angles to the antenna for a distance of a quarter wavelength or so. This

H -T- spacing is to reduce the effect of the vertical transmission cable on the radiation field of the antenna. The total length of the antenna º should be adjusted to 95 percent of half wave tºº º length for the operating frequency, but this length is not crictical of adjustment and may vary + 5 percent without adverse effects on transmitting or receiving, provided that the transmitter will load properly. When used vertically, the antenna is nondirectional in a STAND OFF § horizontal plane. When used horizontally, the insul-ATORS 35 antenna has directional characteristics, the Nº. *# optimum direction being at right angles to the

[image: Figure, page 287]

Tu- 5340s Figure 6-41. Adjustable vertical coaxial antenna.

antenna wire on either side. The pattern width is 90 degrees at points 3 db down from maximum and 120 degrees at points 6 db down from maximum.



628. VERTICAL COAXIAL ANTENNA.

q. The type of antenna illustrated in figure 6-41 is provided in P-8212 antenna kit (Galvin Manufacturing Company nomenclature, Signal Corps stock No. 2A1640) as part of the equip ment associated with Radio Sets AN/CRC–3 and AN/CRC–3A (30 to 40 mc); similar anten nas type 1509 (F. M. Link Company nomencla ture, Signal Corps stock No. 2A272–3) are also used with type 1498 and 1505 radio trans mitter-receivers (70 to 100 mc). It is essen tially a vertical half-wave dipole antenna constructed so as to provide a convenient mechancial feed arrangement by means of a 50-ohm flexible coaxial cable transmission line which runs up through the supporting staff. The skirt, when adjusted in accordance with instructions, acts as the lower half of the radiator and also minimizes current flow on the outer surface of the transmission cable. For optimum performance, this antenna re quires readjustment of the whip and skirt lengths when the frequency is changed more than + 1 percent from that for which the antenna was previously tuned; the skirt length adjustment is more critical than that of the whip. Complete instructions for these adjust ments are packed with each antenna, and the elements of the P-8212 antenna kit are marked at quarter-megacycle intervals. These adjust ments are approximately 95 percent of a quar
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Figure 6.42. Coupling unit, used to match Radio Set SCR-609 transmitter output impedance to 50-ohm coaxial transmission cable.

ter wave for the whip and about 100 to 103 percent of a quarter wave for the skirt. The latter dimension is measured from the bottom of the shorting ring, and if a calibration is not available or is illegible, a cut and try procedure in the 100 to 103 percent range to obtain an optimum adjustment may be worthwhile on a marginal circuit. Although constructed for ver tical operation, this antenna may be operated horizontally, at some inconvenience in mount ing, if horizontal polarization is required.

b. If this antenna is used with sets designed to operate into high impedance antennas, an impedance matching transformer should be
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Figure 6-43. Improvised vertical "J" antenna.

used between the set and the 50-ohm antenna r—f transmission line. For example, such a coupling unit is included in P-8212 antenna kit (Galvin Manufacturing Company nomencla ture) for use with Radio Set SCR-609, as illus trated in figure 6-42.

[image: Figure, page 288]



629. VERTICAL "J". ANTENNA.

The nondirectional antenna illustrated in figure 6–43 consists of a vertical half-wave an tenna with a quarter-wave matching stub di rectly connected to the lower end. This stub acts as a transformer for matching the im pedance of the transmission line to the antenna. The transmission line may be an open wire line or coaxial cable. For low-impedance transmis sion lines, the connection for optimum impe dance matching will be close to the metallic strap, and for cables of 70-ohm impedance or less it will usually be necessary to remove the strap and connect directly to the lower end of the matching stub. The location of the trans mission line on the stub, the length of the stub, and the length of the half-wave radiator all re quire adjustment when the operating frequency is changed. The antenna illustrated in figure
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Figure 6-44. Ground-plane antenna (antenna of Antenna Equipment RC-291).

6–43 is one which may be improvised. An ad justable antenna of this general type is used with Radio Set SCR-624–A.



630. GROUND-PLANE ANTENNAS.

a. The antenna illustrated in figure 6-44 consists of a quarter-wave vertical whip working against a rod structure simulating a ground plane (Antenna Equipment RC-291).
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Figure 645. Coupling unit (Terminal Box TM-217), used to match Radio Set SCR-300 transmitter output impedance to a 50-ohm coaxial transmission cable.

This antenna is nondirectional and is to be used with Radio Set SCR-300 (40 to 48 mc) in applications where elevated antennas rather than whips are especially desired, as in a jun gle. It is assumed that a suitable support will be found available in the field. The antenna is fed through a 50-ohm flexible coaxial cable, and the equipment includes an impedance-matching coupling unit (Terminal Box TM-217) for con nection between the set and the coaxial trans mission line, as shown in figure 6-45.

[image: Figure, page 289]

Figure 646. Antenna Equipment RC-292 (for use in fixed installations of Radio Sets SCR-508 and SCR-608).

b. The antenna illustrated in figure 6–46 is a nondirectional vertical antenna designed for use in the 20- to 40-mc band with Radio Sets SCR-508, SCR-528, SCR-608, and SCR-628 in fixed locations where elevated antennas can be used to advantage. It is directly connected to these sets through a flexible coaxial cable and is supported on a 30-foot mast. While classified as a ground-plane antenna, radiation also takes place from the lower elements as well as the whip. The model shown is known' as Antenna Equipment RC–292; a similar antenna coded Antenna Equipment RC–296 is under develop ment for use with Radio Set SCR-300 and will include a coupling unit (Terminal Box

[image: Figure, page 290]

Figure 6-47. Antenna of Antenna Assembly AS-110—( )/TRC-7 (used with Radio Set AN/TRC–7).

[image: Figure, page 290]

Figure 648. Improvised flexible dipole antenna.

TM-217) between the set and the coaxial trans mission line.

c. The antenna illustrated in figure 6–47 is a broad-band, light-weight, nondirectional an– tenna for use in the frequency band of 100 to 156 me. It is classified as a ground-plane an tenna, but in this construction the lower ele ments contribute to the radiation as well as the upper elements. Antenna Assembly AS–110–( )/TRC–7, normally furnished as a part of Radio Set AN/TRC–7, includes an an tenna of this type. The antenna is fed through a 50-ohm solid dielectric flexible r-f cable.



631. FLEXIBLE DIPOLE ANTENNAS.

q. The flexible dipole or limp antenna, illus trated in figure 6–48, is a nonstandard antenna similar to the coaxial type in that the feed is introduced up through the lower half of the antenna. The illustration is for an antenna de signed to operate in the 27- to 40-megacycle band. The coil which is wound in the coaxial transmission line provides a tuned circuit con sisting of inductance and distributed capaci tance, and as such introduces a high impedance which forms the base of the skirt and reduces undesirable radiation from the transmission line below the coil. The input impedance is simi lar to that of a half-wave dipole.

b. This antenna is not a production item, but is described here because it provides an antenna which can be improvised in the field in an emergency, with material which is fre quently available.

c. For the 27- to 40-mc antenna, the coil con sists of eacactly four turns of coaxial cable close ly wound on an X-frame consisting of two 5-inch boards at right angles to each other (or on a cylindrical nonmetallic form 5 inches in diameter). The coil remains fixed at four turns and the whip wire and skirt lengths are adjusted to appropriate values over the fre quency band, as shown in figure 6-49.
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Figure 6-49. Dimensions of 27– to 40–mc flexible dipole antenna.

d. For the 40- to 48-mc antenna, the coil is wound on a 3-inch cylindrical form (or X frame of equivalent diameter). In this more recent design, the skirt length remains fixed at 57.5 inches, the whip length is adjusted to

95 percent of a quarter wave, and the number of coil turns are varied. The coil turn adjust ment is much simpler to make in the field than the skirt length adjustment outlined above for the 27- to 40-mc antenna. The calibration over the frequency band is given in figure 6-50.
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	40

-
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	5





Figure 6-50. Dimensions of 40- to 48–mc flexible dipole antenna.

e. For the 70- to 100-mc antenna, the coil is wound on a 2-inch cylindrical form (or X-frame of equivalent diameter). The skirt length is fixed at 29.5 inches and the whip length and number of coil turns are varied over the frequency band as shown in figure 6–51.




	70
	40
	12



	75
	37.5
	8



	80
	35
	6



	85
	33
	5



	90
	31
	4



	95
	29.5
	3.5



	100
	28
	3





Figure 6-51. Dimensions of 70- to 100—me flexible dipole antenna.

f. The main advantage of this emergency an tenna over a simple half-wave dipole made of two pieces of wire is that the coaxial feed line does not require a yard arm support when the antenna is hung vertically; also, radiation from the coaxial transmission line may be some what less. At some sacrifice of convenience in mounting, it may be used horizontally, if re quired.



632. THREE-ELEMENT DIRECTIONAL ARRAY.

q. The type of antenna illustrated in figure 6-52 consists of a half-wave dipole radiator plus a parasitically excited director and reflec

[image: Figure, page 292]

Figure 6-52. Three-element horizontal directional array (part of Antenna System AS–19/TRC-1).

tor, each a quarter-wave away from the radi ator. Antenna AS–20/TRC–1, part of Antenna System AS–19/TRC–1 (used with Radio Sets AN/TRC-1, -3, and —4) is of this type. Figure 6-53 shows the complete antenna system in the process of erection. All elements are calibrated and should be adjusted for each operating fre quency. The dipole elements are all inter changeable and the parasitic support members are demountable in such a manner that the an tenna may be used as a one-, 2-, or 3-element system. The complete antenna array has a for ward gain (in the direction of the director, or

[image: Figure, page 292]

Figure 6-53. Antenna System AS-19/TRC-1 in precess of erection (part of Radio Sets AN/TRC-1, -3, and —4).

shorter element) of approximately 6 db above that of a half-wave dipole alone, and a front to-back ratio of about 6 to 8 db. The antenna array has a beam width of 55 degrees between points 3 db down from maximum, and a width of 80 degrees between points6db down from maxi mum. The antenna system is connected to the radio set by means of a 50-ohm solid dielectric flexible coaxial transmission line. No balancing section is provided between the dipole radiator and the unbalanced coaxial transmission line, hence undesired currents probably flow on the outer surface of the transmission line. To reduce this effect when it is responsible for mu tual interference between nearby sets, a quar ter-wave conducting sleeve may be placed coaxially around the coaxial transmission line at the antenna, with the sleeve insulated at the end adjacent to the antenna and shorted to the coaxial outer conductor at the other end.

b. Other varieties of this antenna type may be constructed having the spacing between ra diator and director and reflector equal to about 0.1 to 0.15 wavelength. With these reduced di mensions the input resistance is lower, and the adjustment of the element lengths in order to obtain optimum radiation is more critical. Be cause of the reduced dimensions, this antenna occupies less space, which may be of some im portance from a structural standpoint in the lower part of the v-h-f band.

c. In cases where interference between cir cuits makes desirable a greater front-to back ratio than the 8 db afforded by the standard length adjustments for Antenna AS–20/TRC–1, spacings between the radiator and the director and reflector can be reduced. If these spacings are reduced to the minimum permitted by the physical construction of the antenna, and if the director length is short ened and the reflector length is increased by the amounts shown below, the expected front-to back ratio is around 30 db at the lower end of the 70- to 100-mc band and around 20 db at the upper end of this band. When these ad
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• Shorten the director length and increase the reflector length by this amount, as compared to the standard settings.
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Figure 6-54. Vertical half-rhombic antenna (inverted vee), (similar to Antenna Equipment RC-63).

justments have been made, the impedance at the antenna terminals will be lowered, as noted in subparagraph b above, and the transmitter tuning adjustments will need to be changed, the amount of change depending on the length of transmission line between transmitter and antenna. The forward gain of the antenna will not be appreciably changed, according to avail able measurements.

d. In some applications, nondirectional an tennas are needed and in the absence of a standard antenna for this purpose, resort has sometimes been made to improvised vertical half-wave dipoles such as described in para graphs 627b and 631. To avoid such improvi sation and to get the benefit of directivity when desired, a vertical 3-element directional array (AS–99/TRC–1) is under development for use with radio sets AN/TRC–1, -3, and —4. In this antenna the radiator is an adjustable coaxial antenna similar to that shown in figure 6-41; when used without director and reflector, this provides nondirectional operation. With this coaxial construction, undesired radiation due to current flow on the outer surface of the transmission line will probably be small.



633. VERTICAL HALF-RHOMBIC ANTENNA (INVERTED VEE).

q. The vertical half-rhombic antenna, an improvised version of which is illustrated in figure 6-54, is typical of the antenna supplied with Antenna Equipment RC-63 (TM11—2616) for use with various radio sets operating in the 20- to 40-mc band, when directivity of verti cally-polarized signals is required. Such anten nas may be improvised readily in the field, using copper antenna wire when available, Wire W–110–B, or other field wire, if necessary. Only one mast is required for a center support. An tennas of this sort can be used over a 2 to 1 fre quency range without adjustment, where a loss in efficiency of several db is tolerable in the lower part of the range. As the frequency is increased the beam width becomes narrower and the efficiency in the direction of the beam is improved. Above about 60 mc, the full-rhom bic antenna is usually preferable, as discussed in paragraph 634.


	b. When limited to a fixed length of wire per leg, the optimum rhombic construction is ob tained when the apex height is chosen so that the projection of the wire on the ground (di mension D of figure 6-54) is a half wavelength shorter than the leg length (dimension L) at about the midfrequency of the band under con sideration. This is the rule-of-thumb method usually quoted for dimensioning such antennas.

	c. In practice, however, it is the height of the apex which often is limited by available mast heights and the requirement is to choose -a wire length for each leg which will give opti mum gain. For this situation, the rule to follow is to use a length of wire (minimum of two wavelengths) such that its projection (dimen sion D) is 0.371 wavelength less than the leg length at the midfrequency of the band under consideration. This rule may be followed by using the equation:



L=H2F730+183F L = \frac{H^2F}{730} + \frac{183}{F} 

where L is the optimum leg length in feet, for use with a pole H feet high and a frequency of F megacycles.

d. The optimum dimensions to be used and the computed gain over a half-wave vertical dipole centered at the apex of the rhombic and assuming flat terrain are tabulated in figure 6-55 for several mast heights and a frequency of 30 mc. If these designs are used over a band of frequencies, the gains will be affected, par ticularly at lower frequencies. For example, at 20 mc, gains are 3 to 4 db less overland and 5 db less over sea. At 40 mc, gains are 1 to 2db higher than at 30 mc.
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* L/A =ratio of leg length to wavelength.

Figure 6-55. Dimensions and estimated gains of 30–mc vertical half-rhombic antenna over smooth terrain and over sea water.


	e. The tabulation in figure 6-55 indicates that over flat land the gain of the half-rhombic antenna is not large. The computed gain over sea water is probably not fully realized unless the antenna is right on the beach. However, if the antenna is installed facing out over the edge of a steep precipice, gains as large as those shown in the "sea water" column are probably realized, whether over land or sea.

	f. The horizontal directional pattern of this antenna depends on the dimensions and fre quency, and to some extent on whether it is used over poor earth, good earth, or sea water. In general, as the leg length measured in wave lengths is increased, either by using the longer lengths of wire which go with the higher mast heights or by using a higher frequency, the width of the forward beam is narrowed. Fig ure 6-56-A shows the computed horizontal pat tern, for vertically polarized waves, of the 30 mc antenna listed in figure 6–55 for a 50-foot mast, when used at 20, 30, and 40 mc over good earth. This illustrates the reduction in beam



width which occurs when the frequency is in creased and the antenna dimensions remain un changed. Figure 6-56-B shows the change in the 30-mc pattern when this antenna is placed over
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Figure 6-56. Horizontal directional patterns of vertical half-rhombic antenna using 50-foot mast.

poor earth or sea water, rather than good earth. It is noted that over sea water, which ap proaches a perfect earth, the computed pat terns exhibit deep minima and prominent secondary lobes, similar to those shown for the full rhombic in figure 6–62. Over land, particu larly poor soil, the computations indicate that these features tend to disappear with the half rhombic. Portions of the patterns which are more than 25 db below the efficiency in the for ward direction are omitted from figure 6-56.

g. These computed patterns assume the an tenna to be terminated in characteristic im pedance, about 400 ohms. In practice, the loca tion of sharp minima and the magnitude and location of minor lobes may vary from those il lustrated, and the best terminating impedance to use for maximum front-to-back ratio may be determined experimentally. When unterminat ed, the radiation and response in the forward direction is not materially affected, but a simi lar lobe in the pattern appears in the rear, with the maximum gain to the rear about 3 db less than in the forward direction. When used un terminated, it may be difficult to load the trans mitter properly because of standing waves (ch. 12). Even when terminated, this antenna will not operate satisfactorily with certain sets designed to operate into a low-resistance load such as the impedance of a half-wave dipole an tenna, unless steps are taken to match impe dances by means of a transformer, a trans forming line section, or a matching stub. Radio Sets AN/CRC-3 and —3A, for example, are equipped with the antenna coupling unit shown in figure 6-57. Among the radio sets listed in
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Figure 6-57. Coupling unit to match half-rhombic antenna to 50-ohm coaxial transmission line (used with Radio Sets AN/CRC-3 and -3A).

TM 11–2616 (Antenna Equipment RC–63) to which the vertical half-rhombic Antenna RC–63 may be directly connected without any external matching networks are Radio Sets SCR-300, SCR-508, SCR-528, SCR-608, SCR-609, SCR-610, and SCR-628.

h. Since there is less radiation or response to vertical fields broadside to these antennas, or to the rear when terminated, proper orienta tions, when the antenna is used for receiving, will minimize interference from sources emit ting vertically polarized waves. For example, vertical half-wave dipole transmitting antennas in the vicinity should be placed at positions falling in or near null points in the patterns of receiving rhombics.



634. FULL-RHOMBIC ANTENNAS.

q. General. The full-rhombic antenna is a diamond-shaped configuration of wires, sup ported in either a vertical or a horizontal posi tion as illustrated in figures 6-58 and 6-59, re spectively. Dimensions of 4 or 5 wavelengths per leg, or side, are required in order to obtain a substantial part of the signal gain and direc tive capabilities of this type of antenna. This requirement generally precludes the use of these antennas, for tactical applications, at fre quencies below about 50 mc. A full rhombic has an impedance of 600 to 800 ohms, and should be fed by a balanced transmission line from a transmitter having a balanced output circuit, or if used as a receiving antenna should be connected through a balanced line to a balanced receiver.



b. Construction Details and General Character istics.

(1) The dimensions and construction details for rhombics intended ultimately to be standardized for use with radio sets AN/TRC-1, -3, and –4 are shown in figures 6–58 and 6-59. The output circuit of these sets is unbalanced, and the balancing arrangement il lustrated in more detail in figure 6-60 is there fore provided to feed either the horizontal or vertical rhombic. The folded coaxial cable shown is one-half wave long at 85 mc, and pro vides a transformation from the 50-ohm un balanced coaxial cable to a 200-ohm balanced output. It is used over the 70- to 100-mc band without change in dimensions. The tapered line section then provides a balanced matching sec tion between this 200-ohm output impedance and the 600- to 800-ohm rhombic antenna im pedance.

(2) The vertical rhombic shown in figure 6-58 may be expected to have gain and direc tivity characteristics comparable to those de scribed in subparagraph c below, which gives general design and performance data for an
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Figure 6-58. Full vertical rhombic antenna (for use with radio sets AN/TRC-1, -3, and —4).

tration, the antenna is shown supported on steel for the antenna as illustrated. masts. Wooden masts are ordinarily to be pre- (3) The horizontal full rhombic shown the wire itself, has a detrimental effect. No data forward direction should be about 11 db for the antenna of comparable design. In this illus- are available on the seriousness of these effects ferred in order that induced currents in and in figure 6-59 has leg lengths comparable to consequent radiation from the masts will not those described for the vertical but requires alter the antenna pattern. There is some evi- four short poles instead of one long and two dence that any metal near the apex, other than short ones. The gain of this antenna in the

[image: Figure, page 296]

Figure 6.59, Full horizontal rhombic antenna (for use with radio sets AN/TRC-1, -3, and -4).

[image: Figure, page 297]

Figure 6-60. Balancing and impedance matching arrangement (used between unbalanced 50-ohm coaxial cable and balanced 600– to 800–ohm rhombic antenna).

4 wavelengths-per-side design, and 12 db for the 5 wavelengths-per-side design, referred to a half-wave horizontal dipole antenna at the height of the rhombic supporting masts. Cor responding gains referred to the standard hori zontal 3-element directional array (par. 632a), are 11 – 6 = 5 and 12 – 6 = 6 db, with the 3-element array at the height of the rhom bic masts. The directional pattern of the hori zontal rhombic differs materially from that of the vertical, in that the beam of the forward lobe is narrower, having a width of about half, or less, of that of the vertical rhombic.

(4) In flatterrain or from beach-to-beach over sea water, it should be noted that the hori zontal rhombic would have practically no gain over the 3-element horizontal array if the latter were mounted at the top of the 40-foot mast normally supplied for its use, rather than at the 25-foot elevation of the masts used for the rhombic. This is because a gain of about 4 db is obtained by raising the 3-element array from 25feet to 40 feet (fig. 6-18). On the other hand, the gain resulting from increasing the height of the mast supporting the 3-element array would be negligible if the antenna were sited on a precipice, since the antenna is already at a high-effective elevation; hence, the rhom bic gain of 4 to 5 db over the array might be expected to apply at such a site.



c. Design and Performance of Vertical Rhcm bics.

(1) The dimensioning of vertical rhombic antennas to obtain optimum signal gain in the forward direction may be described quite sim ply if it is assumed that the size of the pole which supports the apex is a controlling factor. This will generally be the case where these an tennas are constructed locally from materials at hand. The rule is as follows: make the length of each leg such that the horizontal distance from either end of the antenna to the center pole is 0.371 wavelength less than the leg length. With the further assumption that it will be desirable to have the lower apex about 10 feet off the ground, to give clearance for personnel and vehicles, solution of this rule may be ob tained from the following equation:

L=(H−10)2F2920+183F L = \frac{(H-10)^2 F}{2920} + \frac{183}{F} 

where F is the frequency in megacycles, H the pole height in feet, and L the resulting optimum leg length in feet.

(2) In figure 6-61 optimum leg lengths are tabulated for center poles ranging from 30 feet to 60 feet in height, together with calcu lated gains for the resulting rhombic antenna. These gains are with respect to a half-wave ver tical dipole centered at the top of the center mast, at a frequency of 85 me. At 70 mc, gains are about 2 db less than shown, and at 100 mc they are about 1 db greater, assuming no change in the antenna design. The 50-foot case is closely representative of the rhombic shown in figure 6–58.
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Figure 6-61. Dimensions and estimated gains of 85-mc full vertical rhombic antennas over smooth terrain and sea totiter.


	(3) The data in figure 6-61 indicate appre ciable gains over a vertical half-wave dipole over both land and sea water for realizable mast heights. At these frequencies, however, it is also feasible to build directional arrays such as described in paragraph 632d having gains of about 6 db over a half-wave dipole. Such standardized arrays are usually more flexible in their applicability, that is, take up less space and are less trouble to install under the various field conditions encountered. However, for fixed locations, the extra gain of the full vertical rhombic antenna may be used to advantage to increase range, especially over sea water.

	(4) As in the case of the half-rhombic antenna, gains as large as indicated in the sea water column (fig. 6-61) are probably realized when the antenna faces out over a steep preci pice, whether over land or sea.

	(5) Figure 6-62 shows the computed hori zontal directional patterns of the vertically polarized field of the four antennas tabulated in figure 6-61. These patterns illustrate the sharp ening of the forward lobe as higher masts per mitting longer wire lengths are used, and also the effect on the main lobe of using frequencies



at the top and bottom of the 70- to 100-mc band. These drawings omit portions of the patterns for which the efficiency is more than 25 db be low that in the forward direction.

d. Choice Between Vertical and Horizontral Rhombics. Rhombic gains, in the forward di
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Figure 6-62. Horizontal directional patterns of vertical rhombic antenna having the dimensions given in figure 6-61.

rection, with respect to dipoles supported at the height of the horizontal axis of the rhombic, are independent of the position of the rhombic, that is, whether horizontal or vertical, and the type of soil, and are determined solely by the rhombic dimensions. (The gain of 7 db listed in figure 6-61 for a vertical rhombic of ap proximately 4 wavelengths per leg would be come 11 db were it referred to a dipole at a height of 30 feet, which is the height of the rhombic's axis. This agrees with the gain given in subparagraph b (3), above, for a horizontal rhombic of comparable dimensions.) In situa tions where a high pole for supporting the cen ter of a vertical rhombic is not available, best results will be obtained if a horizontal rhombic is constructed, since the leg length will not be limited as it would be for a vertical. The hori zontal antenna will of course require more ground area. Also, more care in properly point ing the horizontal antenna toward the distant station is required than with the vertical rhom bic, because of the narrower beam width of the forward lobe of the former. With a horizontal rhombic, a substantial impairment in trans mission may result if it points as little as 10 degrees off course. A horizontal rhombic at a transmitter should be used in conjunction with a horizontal antenna at the distant receiver, and a vertical rhombic should be used in con junction with a vertical antenna at the distant station.



635. HALF-WAVE DIPOLE ANTENNA WITH CORNER REFLECTOR.

a. The antenna type illustrated in figure 6-63 is a directional antenna associated with radio sets AN/TRC–8, -11, and –12, operating in the 230- to 250-mc band (TM 11–618). The antenna assembly consists of a driven dipole antenna, adjusted and mounted in front of a 90-degree corner reflector in such a manner that practically uniform gain is obtained over this complete frequency band. The entire assembly is supported on a 40-foot steel mast made up of 5-foot tubular steel sections which are as sembled and mounted on a mast base in such a manner that the complete antenna system may be rotated to orient the antenna in the desired direction of transmission. The antenna is con nected to the radio set by means of coaxial solid dielectric flexible r-f transmission cable. The antenna has a forward gain of approximately 7 db over that of a half-wave dipole and the front-to-back ratio is usually 20 db or better." - b. The antenna pattern has a width of about 78 degrees between points 3 db down from maximum, a width of 100 degrees between points 5 db down from maximum, and a width of 138 degrees between points 12 db down from maximum.

[image: Figure, page 299]

Figure 6-63. Dipole antenna with corner reflector (Antenna Assembly AS–52/TRC–8 mounted horizontally on portable 40-foot mast).



636. IMPROVISED ANTI-INTERFERENCE ANTENNA.

a. A directional antenna which has been used successfully in the field to minimize in terference between nearby v-h-f radio sets is shown in figure 6-64. With dimension A ad justed to half wavelength, vertically polar ized signals arriving along the line of the sup porting poles will cancel in the two equal par allel vertical wires, while at other angles they will combine to give a resultant antenna volt age which reaches a maximum when the signal arrives from a direction perpendicular to the line of the supporting poles. The response pat tern is similar to that of a loop antenna, that is, a broad maximum and a fairly sharp mini mum, and thus some position, found by rotat ing the antenna, will give an optimum signal to-interference ratio.

b. The antenna may be constructed of Wire W-110-B or other field wire at hand. In any case, the wires are brought to the center point, as shown, and knotted to hold them in posi tion. The wires are then extended to the set, skinned, wrapped together, and connected to the antenna binding post, thus paralleling the two halves of the antenna.

[image: Figure, page 300]

TL 54922 Figure 6-64. Improvised anti-interference antenna.

c. This antenna has been used specifically with Radio Sets SCR-509 and SCR-510, in which case dimension B was made 12 feet and dimension A made 24 feet, representing quar ter-wave and half wavelengths, respectively, at 20 mc. Theoretically, dimension A should equal half wavelength at each operating fre quency, but satisfactory minimum points were obtainable over the band of 20 to 27.9 mc. A similar antenna could probably be used with Radio Sets SCR-609 and SCR-610 by making dimension A about 18 feet and adjusting di mension B experimentally to permit proper loading of the transmitter.



637. ANTENNA DIMENSIONAL DATA.


	q. The curves in figure 6-65 indicate dimen sions for various v-h-f antenna elements. The dimensions plotted are approximate values; exact dimensions given in instructions accom panying specific antenna assemblies should be used in preference.

	b. As a further aid in antenna computations, the following expressions are useful:
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Figure 6-65. Approximate antenna dimensions versus - frequency.

One wavelength (feet) = 984megacycles \frac{984}{\text{megacycles}} 

The above expression is useful in rhombic an tenna computations.

One wavelength (feet) = 984megacycles \frac{984}{\text{megacycles}}  The above expression is useful in rhombic antenna computations. 0.95 of one quarter-wave (inches) = 2,800megacycles\frac{2,800}{\text{megacycles}}

This expression is the one used to determine the length of each half of a half-wave dipole, the factor 0.95 allowing approximately for end effect. Frequency (megacycles) Wavelength = —

The above expression is useful in rhombic antenna computations. 0.95 0.95  of one quarter-wave (inches) = 2,800megacycles\frac{2,800}{\text{megacycles}} This expression is the one used to determine the length of each half of a half-wave dipole, the factor 0.950.95 allowing approximately for end effect. Frequency (megacycles) = 300Wavelength in meters\frac{300}{\text{Wavelength in meters}} Wavelength (meters) = 300Frequency in megacycles\frac{300}{\text{Frequency in megacycles}}

These expressions are useful in converting from wave length to frequency, or vice versa.

c. For further information on v-h-f antenna dimensions, consult TM 11–314.



638. ANTENNA R-F TRANSMISSION LINES.

a. Coaxial Cables. Both tactical and fixed plant radio equipment usually include a suit able type and length of r-f transmission line with which to feed the antenna associated with the set. Losses for several types of lines are given in paragraph 676. In the v-h-f band, 50– to 70-ohm solid dielectric flexible coaxial cable having relatively low loss is ordinarily used to feed elevated antennas. If such lines are dam aged and cannot be replaced, the damaged coaxial cable may be used on an emergency basis if the parts in trouble are cut out and the center wire and braid respliced, using tape (preferably rubber) as insulation. It is not necessary to retain the coaxial construction of the braid at the splice; but the two braids should be connected with a short piece of wire. Such splices introduce slight impedance irregulari ties and some loss, but the performance will usually be better than with other improvised feeders.

b. Losses in Field Wire. The attenuation of field wires ordinarily available is very great in the v-h-f band, as shown in figure 6–146. For example, the present type of Wire W-143 has an attenuation of 7, 18, and 25 db per 100 feet at frequencies of 30, 100, and 150 mc, re spectively. Wire W-110–B has still higher loss, especially when wet. In general, therefore, field wires are poor substitutes for coacial cable and should be used as emergency r-f trans mission lines only when the signals are suffi ciently strong to withstand appreciable loss. The chances of successful operation with such wires are greatest in the lower part of the v-h—f band and with the line made as short as possible. It is much better to use spaced leads, as indicated below.

c. Improvised Spaced-wire line. (1) When coaxial cable cannot be sal vaged, a spaced line such as shown in figure 6-66 may be improvised in an emergency for use with half-wave dipole or coaxial antennas. Figure 6-67 shows the constructional details and figure 6–68 shows several improvised hori zontal and vertical antenna mountings, in case the standard dipole antenna as well as the coaxial cable is lost or damaged. The transmis sion line uses two conductors of any available type of insulated wire, separated by wood blocks (or better insulating material, if avail able) at about 2-foot intervals. Paired wire such as Wire W-110–B or Wire W-143 may be used, in which case the two conductors of each pair are connected together and used as one side of the spaced line. The wire can be fast ened to the blocks with staples, tape, string, or WIre.
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Figure 6-66. Improvised spaced line and horizontal half wave dipole antenna.

(2) The impedance matching line sec tions shown are made from one pair of Wire W–110–B cut to the dimensions indicated for B in the table of figure 6-67, which are approxi mately quarter wavelengths for this wire. Wire W-110–B has a characteristic impe dance, Zo, of about 150 ohms, which is about the correct value (Zo =v2, Z) for a quarter wave matching section between the spaced-line impedance (Z1 = 400 to 500 ohms) and the impedance of a dipole (Z2 = 50 to 70 ohms). When the line is used for transmitting, the lower matching section may not be required if the transmitter will load into a 400- to 500 ohm impedance; similarly, it should not be used if the receiver has a high impedance input. When the lower matching section is used and the transmitter does not load properly, the length of the section may be altered slightly to

[image: Figure, page 302]

Figure 6-67. Construction of improvised transmission line and antenna.

provide the impedance required to permit loading.

d. Performance of Improvised lines. Tests using AN/TRC–1 and AN/CRC-3 transmit ters indicate that the impedance matching line sections need not be adjusted for each operat
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Figure 6-68. Installation of improvised transmission line and antenna.

ing frequency. For example, using a 100-foot spaced line constructed with Wire W-110–B, the AN/TRC–1 transmitter could be loaded to full output at all frequencies tested in the 70- to 100-mc band with the matching sections cut to 24-inch lengths, corresponding with the 85 me value shown in figure 6-67. The radiated field with the line dry was only 3 to 6 db less than with a 100-foot length of coaxial cable. With the line wet the loss increased another 1 to 3 db. With the AN/CRC–3 transmitter, full loading was obtained over the 30- to 40-mc band with the matching sections cut to lengths corresponding to 30, 35, or 40 mc. The radiated field with the line dry was 2 to 4 db less than with a 100-foot length of coaxial cable, and with the line wet the loss increased another 1 or 2 db. Notests were made with input powers exceeding 50 watts; the maximum power which the line can handle without overheating and breakdown is not known.




Section IV. H-F TRANSMISSION


639. GENERAL.

ca. The main factors relating to ground wave and sky-wave radio transmission in the h—f band (3 to 30 mc), including information on expected performance and on general meth ods for making performance estimates, are given in this section.

b. Important differences in the transmis sion characteristics of frequencies in the h-f band, as compared with those in the v-h-f band, are described first, followed by a gen eral introduction to the subject of sky-wave propagation and a discussion of the fields of use of ground waves and sky waves (pars. 640, 641, and 642). The importance of mak ing the proper choice of operating frequencies for h-f sky-wave transmission is emphasized, and reference is made to published periodic predictions of frequencies suitable for sky wave use (par. 643). Estimated ground-wave transmission distance ranges, and sky-wave performance over distances of 0 to 200 miles are given next, assuming certain reasonably typical conditions. Attention is called to pub lished periodic predictions of h-f ground-wave and sky-wave performance for particular tac tical radio sets for different theaters of oper ation (par. 644).

c. Subsequent paragraphs (pars. 645 to 653) deal with the general methods used in making ground-wave and sky-wave perform ance estimates, including much of the back ground data required. This information is use ful when the published periodic estimates for the particular area in question are unavailable and when the conditions differ materially from those assumed herein for the typical cases re ferred to above. Step-by-step solutions of rep resentative problems are given.

d. The section continues with a brief de scription of measures which may be taken to reduce radio noise in receiving areas, and a short discussion of long-distance sky-wave re liability (pars. 654 and 655).



640. COMPARISON OF H-F AND V-H-F TRANSMISSION.

a. In the h-f band, the presence of useful sky-wave transmission makes it possible to provide communication over distances far be yond either the h-for v-h-f ground-wave dis tance ranges. These same sky-wave effects also permit undesired signals from distant trans mitters to interfere with the reception of de sired h-f signals.

b. Atmospheric noise is important much of the time over a large part of the h-f band, un like the situation in the v-h-f band where set noise is usually controlling. Ordinarily this static is due to sky-wave propagaton of the ef fects of storms in the tropics. During the sum mer months, effects propagated from storms in certain regions of the temperate zone, or nearby thunderstorms, may be controlling. In high latitudes, atmospheric static field inten sities are generally low, but auroral disturb ances affecting the reflecting properties of the ionosphere sometimes cause radio blackouts and force the use of high-powered l-f sets for ground wave (par. 641d (3) ) in place of h-f sky-wave transmission.

c. The short antennas used on mobile h-f transmitters are relatively inefficient in the lower part of the h-f band where their physical length is only a small fraction of a wave length. V-h-f antennas of comparable physical size are relatively efficient.

d. Since the h-f band is usually crowded, proper assignment of frequencies is of great importance. Considerable increase in the total traffic capacity of the h-f band can be obtained by carefully coordinating the assignment of frequencies, transmitting powers, and type of propagation to the various users in a theater, giving due weight to the frequency limitations inherent in sky-wave transmission. When this is done and transmitters are maintained close ly on their assigned frequencies, it has been found practicable to maintain a separation of as little as 4 kc between military radio-fre quency assignments in the h-f band, when most of the channels use c-w telegraph.



641. SKY-WAVE TRANSMISSION, GENERAL.

a. Ionosphere layers. Sky waves are waves which have been returned to the earth after being transmitted upward to one of several electrically conducting layers or regions (called the ionosphere) located from about 60 to 300 miles above the earth's surface. Waves are re turned because of refraction in the ionosphere which bends them back towards earth. The effect is similar to a reflection from the iono sphere, and is commonly referred to as such. *

Figure 6-69 shows an ionosphere consisting of a single layer, as is generally the case at night. The layer is then known as the F2 layer, and lies about 150 to 200 miles above the earth." In the daytime, however, three layers gener ally appear, known as the E, F1 and F2 layers. The E layer is located 60 to 70 miles above the earth; the height of the F1 and F2 layers is somewhat more variable, lying in general from about 125 to 300 miles above the earth. The T1 layer, which is below the F2 layer, is of minor practical importance.
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Figure 6-69. General representation of ground-wave and sky-wave transmission.

b. Maximum Usable Frequency and Optimum Working Frequency.

(1) The highest frequency which is re flected without much loss from a given layer of the ionosphere and returned to earth at a given distance, is known as the mazimum usa ble frequency (muf) for that distance. The muf depends on the condition of the ionosphere, which, in turn, is a function of sunspot cycle, geographic region, and time of day and year. As defined above, the muf is independent of radiated power, type of antenna, and noise level. Predictions of maximum usable frequen cies are made in advance and are available in publications referred to in paragraph 643. The term muf is ordinarily applied to the monthly average value; that is, the value of muf which is exceeded during about 15 days of the month in question, for a particular place, time of day, and transmission distance.

(2) For F2-layer transmission, the opti mum working frequency (owf) is taken as 85 percent of the estimated muf. In the absence of ionosphere disturbances (subpar. d below),

10 This night layer was formerly called the F layer.

the actual maximum useful frequency will probably equal or exceed the owf about 95 per cent of the time, and the use of the owf, rather than the muf, should thereby greatly increase the reliability of transmission. For transmis sion via the E layer, the owf is practically equal to the muf. A general idea of the numerical magnitudes of maximum usable frequencies is given in paragraph 643.

c. Skip Zone. A simplified picture of ground wave and sky-wave propagation for a relative ly high frequency in the h-f band is shown in figure 6-69. This figure shows a skip zone where no useful signal is received. The skip zone is the region between the maximum distance for which ground wave transmission is useful and the minimum distance (called the skip dis tance) at which sky waves of a given frequency are returned to the earth with useful field in tensity. As the frequency decreases the skip distance decreases, and at sufficiently low fre quencies in the h-f band there is no skip zone, provided antennas suitable for high-angle radi ation are used.

d. Variations in Ionosphere Conditions.

(1) General. Besides the normal day-to day deviations from average referred to above, and short-time variations which produce one type of fading, there are factors causing other irregularities in the characteristics of the ion osphere. Some of these aid and others hinder sky-wave transmission. A more complete de scription of these effects than is given below appears in TM 11–499.

(2) Sporadic E. Due to irregularities in the ionization of the E layer, the value of the highest frequency which may be reflected from this layer is sometimes raised much above normal. In certain areas this effect may occur for a large fraction of the time in a given month, but it is usually spotty in geographic extent and time duration. It often results in excellent transmission within the normal skip zone, and over long distances on frequencies much higher than those normally propagated by sky waves, occasionally even above 60 me. Periodic predictions of sporadic E-layer trans mission are given in publications of the TB 11–499–( ) series, entitled Basic Radio Propagation Conditions, which are issued through the Adjutant General's office.

(3) Iomosphere Storms. Periods of dis turbed conditions in the ionosphere, developing in from a few minutes to several hours, and dying away gradually in a few days, tend to reduce the number of frequencies in the h-f band which can be used for sky-wave trans mission. Such ionosphere storms are most prevalent in the zones near the magnetic poles, where they are sometimes known as auroral disturbances. They cause radio black outs which frequently make it advisable to use l-f instead of h-f, as indicated in paragraph 640, for radio paths which cross the auroral zones. Weekly predictions of ionospheric storminess are in Radio Propagation Fore casts reports, obtainable through the Office of the Chief Signal Officer, Plans and Operations Division, Communications Liaison Branch, Washington 25, D. C. -
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	(4) Sudden Ionosphere Disturbances. Sudden complete cessation of sky-wave trans mission at frequencies usually above one me for periods of from a few minutes to an hour or more, sometimes occurs throughout the hemisphere illuminated by the sun. Both at mospheric static and signals disappear, and radio sets may appear to go dead. These sud den ionosphere disturbances are relatively rare and are frequently associated with magnetic storms. It is sometimes possible to communi cate during such disturbances by raising the working frequency above normal. Somewhat longer periods of excessive absorption of sig nals occasionally occur, resulting in weak re ceived fields but not in such severe effects as those caused by sudden ionospheric disturb ances.

	(5) Scattered Reflections. Irregular re flections caused by scattering of the radio waves in the ionosphere occur at all times, but are apt to be stronger during ionosphere storms. They may produce signals at unex pected places and frequencies and from unex pected directions. Such signals are often weak and are apt to fade rapidly,

	e. Use of Predictions. Reasonably accurate predictions of which frequencies are good for sky-wave use under given conditions, and which frequencies will skip, are now available (par. 643d). Failure to use such information has in the past given rise to instances of failure of radio communication at critical times.





642, FIELD OF USE OF GROUND-WAVE AND SKY-WAVE TRANSMISSION.

es. Ground-wave field intensities decrease rapidly with increasing distance from the transmitter but are ordinarily steady, that is, do not fade or vary with time of day or season. Sky-wave field intensities decrease more slowly with increasing, distance, but vary consider ably with time of day, season of year, etc., and may not even exist at a given distance unless a proper frequency is used. In addition, sky waves are subject to fading (short-time vari ation). On this account, special apparatus is required to permit the use of teletypewriters on sky-wave circuits (ch. 3). Fading may be caused by interference between signal com ponents arriving by different sky-wave paths, or between ground-wave and sky-wave com ponents in the area in which the ground-wave and sky-wave field intensities are about equal; or it may be due to short-time changes in one path in the ionosphere, in which case it is apt to be less rapid than when due to inter ference between different components.


	b. Ground waves can be used at frequencies in the h-f band for only relatively short dis tances over land or for moderate distances over sea water before the signals get lost in noise. However, at distances where ground wave transmission is adequate, plans should be based on using it rather than sky-wave transmission, since ground-wave signals are steady and ground-wave frequencies may be chosen without reference to conditions of the ionosphere.

	c. Sky waves can be used to increase the dis tance range provided certain principles as to choice of frequency, antenna, etc., are followed.

	d. In dense jungle, the ground-wave range is eactremely short, and sky waves must be wsed to a great eactent in order to provide use ful radio communication.

	e. In the lower part of the h-f band, the precautions necessary for siting antennas to awoid losses are much more simple than those required in the v-h-f band. However, experi ence has shown that in mountainous regions the adverse effects of shadow loss on ground wave transmission are often sufficient to war rant the use of sky waves.

	f. Sky waves also can be used to advantage in cases where the directional properties of antennas suited to sky-wave transmission will reduce excessive noise or interference from other stations.

	g. Large transmission benefits are obtain able by using antennas suited to the type of transmission. For ground waves, whip, in



verted-L, or long wire antennas may be used. For short-distance sky waves, half-wave hori zontal or low-sloping wire antennas are rec ommended. For long-distance sky-wave trans mission, rhombic antennas are advantageous and are commonly used. Section V gives fur ther information on h-f antennas. - h. A chart illustrating the general order of distance ranges obtainable with ground-wave and sky-wave transmission for a set of the general capabilities of Radio Set SCR-399, and in a subtropical region, is shown in figure 6-70. This figure is given for illustrative pur poses rather than for specific use, and shows
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Figure 6-70. Illustration of frequency versus distance relationship for reliable communication.

the applicability of ground waves over the shorter distances and sky waves over longer distances for the particular terrain and noise conditions assumed. In the few instances where both ground-wave and sky-wave signals would be received, ground-wave signals are indicated on the figure. Both voice and c-w transmission ranges are shown in figure 6-70. In this figure and elsewhere throughout chapter 6, c-w trans mission is taken to imply manual sending, with reception by ear." The use of teletypewriter on c-w circuits is covered in chapter 3.

i. The efficient use of frequencies in the h-f band in a theater requires rigid adherence to assigned frequencies. Off-frequency operation of transmitters may cause a variety of diffi culties. To insure proper operation, Frequency Meter Set SCR-211, shown in figure 6–71, is widely used as a portable frequency standard for calibrating m-f and h-f radio transmitters and receivers in the field. It is also used at

[image: Figure, page 306]

TFigure 6.71. Frequency Meter Set SCR-211–F.

monitoring and intercept stations for measur ing the frequencies received from distant sta tions.

11 Ranges for tone modulation (par. 603, footnote 2) are not specifically covered. In the type of tone modula tion where both carrier and sidebands are interrupted simultaneously, with reception by ear using a beating oscillator in the radio receiver in the same way as for c-w reception, the ranges will be of the same order of magnitude as for c-w reception; in other methods of tone modulation transmission or reception with a single modulating tone, stronger received fields will be neces sary. For methods of modulation suitable for teletype writer operation over radio see chapter 3.

[image: Figure, page 307]

Figure 6-72. Sample chart from a TB 11–499–( ) series report, showing F2 muf, in me, for transmission vertically upward; predicted for December, 1944, for the zone of longitude in which Europe lies.



643. CHOICE of FREQUENCIES FOR SKY WAVE TRANSMISSION.

a. A knowledge of the optimum working frequency (owf) for the conditions involved is perhaps the most useful single piece. of information required for successful sky-wave transmission. In the absence of all other data, the choice of an operating frequency at or slightly below the owf, the selection of the best available types of radio sets, and the installation of antennas suitable for sky-wave use, are the major rules to follow. - b. The owf is lower at night than in the daytime, and is lower for short than for long distances. In general it is advisable to have a day frequency and a night frequency, each adapted to the conditions in question, and to change from one frequency to the other on a definite time schedule. Every reasonable effort should be made to obtain frequencies which are satisfactory for sky-wave trans mission under the particular conditions; how ever, if a frequency is assigned which exceeds the muf, transmission at this frequency may be practical for a part of the time, because of the ionosphere variations described in para graph 641.

c. At night, all frequencies in the h-f band below the muf which are radiated from a given transmitting station are returned to earth at the distant station with about equal intensities, assuming one reflection from the ionosphere and equal radiated powers. However, since at mospheric noise is higher at lower frequencies, it is always desirable to operate near the owf. For night operation over relatively short dis tances, the use of a frequency of half the muf will degrade the signal-to-noise ratio by about 10 db. In the daytime, ionospheric absorption causes more loss at the lower frequencies, hence it is again desirable to operate near the owf. For daylight operation over short or moderate distances, a 10-db degradation in signal-to-noise ratio will result if the operat ing frequency is roughly 2 or 3 megacycles below the muf.

d. Periodic predictions of owf and muf, three months in advance, are contained in publications of the TB 11–499–( ) series, entitled Basic Radio Propagation Conditions, which are issued through the Adjutant Gen eral's Office. Requests for these publications should state the month or months for which predictions are desired.


	e. A rough idea of the value of the owf in several cases can be obtained by looking at the curves which form the top boundaries of the transmission charts shown in figures 6–87, 6–88, and 6-89, since these curves represent the op timum working frequencies for the conditions stated in the figure. In general, however, it is meaningless to attempt any interpolation be tween June and December values (such as those shown in the charts for 1944) to obtain opti mum working frequencies for other months. In addition to seasonal trends, muf and owf values are subject to an 11-year cyclic vari ation; in 1948 or 1949 they are expected to reach a maximum, probably in the order of about twice what they were in 1944.

	f. A sample muf chart from the TB 11–499–( ) series of reports is reproduced in figure 6-72 (preceding page), to illustrate the type of information available in these re ports. The muf depends on local time and on latitude; it also varies somewhat with longi tude and is given separately, in the reports, for three zones of longitude. Figure 6–72 applies to the zone in which the European war theater lies and gives the values of muf for F2 layer reflection (this layer gives the highest muf at short distances) for a radio wave trans mitted vertically upward. For distances up to 200 miles between ground stations, this type of chart can be used with little error. Approxi mate corrections for longer distances are given in subparagraph g below; and detailed direc tions for using the charts are given in the TB 11–499–( ) series reports. The particu lar chart reproduced in figure 6–72 shows, for example, that for the month and the zone of longitude represented, the F2 zero-distance muf at latitude 10 degrees North varies from 7.5 megacycles at noon up to 7.9 megacycles at 1600 hours and then down to 5.3 megacycles at midnight and 3.4 megacycles at 0530 hours. This variation in muf suggests the use of different day and night frequencies. In the illustration above, assuming an owf of 85 per cent of the muf (par. 641b), a frequency of 5 megacycles could be used from 0800 to 1600 hours, and 2.5 megacycles could be used from 0 to 0800 and 1600 to 2400 hours for a 0 to 200-mile sky-wave circuit. In planning the as



signment of frequencies, it is wise to assign those near the owf for sky-wave use on cir cuits which are not expected to have much transmission margin, and to assign frequencies lower than this, where necessary, for sky-wave use on circuits which are expected to have some margin. Frequencies above the muf can be used for ground-wave transmission.

g. The muf is greater for long distances than for short distances. A rough idea of the ratio of the muf at various distances to that at zero distance is given in figure 6-73. Be cause of the ratios indicated, a frequency which is optimum for short-distance transmis sion at a given time is apt to be poor for long distance transmission at the same time. This makes it unwise to set up a net including long-distance and short-distance paths operat ing at the same frequency. On this account, also, it may be necessary to change the fre quencies assigned to a given organization when the circuit lengths which it uses change markedly from one military operation to the next.




	Distance (miles)
	
	4;º.º."



	
	F2–layer transmission
	E-layer transmission




	0
	1.0
	1.0



	100
	1.01
	1.13



	200
	1.03
	1.5



	300
	1.07
	1.9



	400
	1.13
	2.4



	600
	1.3
	3.3



	soo
	1.5
	4.0



	1,000
	1.8
	4.5



	1,500
	2.4
	4.8



	2,000
	2.7
	4.8



	2,500
	2.9
	4.8





Figure 6-73. Approximate relations between maximum usable frequencies at various distances.

h. Further information concerning the de tailed procedure for predicting suitable fre quencies is in the TB 11–499–( ) series re ports and in TM 11–499.



644. ESTIMATED GROUND-WAVE TRANSMIS SION RANGES AND SKY-WAVE PERFORMANCE.


	q. General.

	(1) This paragraph contains approxi






mate ground-wave transmission ranges, esti mated for a number of reasonably typical con ditions. For sky-wave transmission, the infor mation is given in terms of the hours during which various frequencies below the muf will provide satisfactory communication, under the conditions assumed, over distances of O to 200 miles. The performance data given here may be used where the actual conditions approximate those specified and where more detailed information is not available. Refer ence is made to similar information on pre dicted performance which is now available in publications issued periodically by the Office of the Chief Signal Officer, as covered in sub paragraph e below.


	(2) Computations of transmission ranges are in general based on estimates of the dis tance at which the signal-to-noise ratio is just satisfactory. While the noise actually present may be atmospheric static, local man-made radio noise, set noise, or interference from friendly or enemy transmissions, the only in terferences which can be estimated in advance are static and set noise; and these, particularly static, are subject to considerable variation and are not accurately known. Moreover, the com putations of received signal intensities involve estimates of propagation via a varying ion ospheric path in the case of sky-wave trans mission, and they also involve judgment of the characteristics of the terrain in the case of ground-wave transmission. Predictions of transmission ranges are therefore necessarily inexact. This applies both to the information given in the present paragraph and to any other similar predictions. Such predictions can, how ever, be a valuable guide in planning if their limitations are recognized.

	(3) The distance range and performance estimates given in this paragraph are for cir cuits over which communication should be reliable except for a small percent of the time in the period indicated, assuming that the equipment is functioning properly and that local noise and interference from friendly or enemy transmissions are negligible. Greater ranges could be obtained if operation is re quired during only a portion of the time.

	b. Sample Ground-wave Distance Ranges. Figure 6-74 gives estimated ground-wave distance ranges for a number of tactical radio sets with specified antennas over smooth poor earth, good earth, and sea water, and with



atmospheric noise conditions corresponding with noise grade areas 2 and 4 of figures 6-90 and 6-91. Illustrations of most of these radio sets and of a few other common tactical sets are in figures 6-75 to 6-85 inclusive. Tac tical sets range from the small Radio Set SCR-536 (handie-talkie) with a rated power of 0.02 watt, to the large vehicular sets such as Radio Set SCR-399, with a rated power of 400-watts cw.



c. Limitations on Ground-wave Range Data.

(1) In the jungle, ground-wave ranges are much less than for the poor earth condition in figure 6–74. A rough approximation is that ground-wave ranges through dense jungle are of the order of one-tenth as great as over poor earth. Over sea water they are of the order of ten times as great as over poor earth.

(2) In the higher part of the h-f band, antenna siting precautions similar to those de scribed for v-h-f (par. 618) are necessary in order to attain the estimated range. Such pre cautions are less important in the lower end of the h-f band.


	(3) An estimate of the effect of hilly country in reducing ground-wave transmis sion range is shown in figure 6-86. To use this figure, obtain a profile of the proposed trans mission path, draw the triangle as shown in the figure, and read the reduction factor. An example is shown for the case of D1 = 10 miles, H = 2,000 feet and an operating fre quency of 7 megacycles, the resulting reduc tion factor being 0.58. Multiply the expected ground-wave distance range, previously de termined on the basis of smooth earth, by this reduction factor. If the product is greater than the actual distance between antennas, the siting is expected to be satisfactory. This shadow chart applies for distances up to about 100 miles; for greater distances the reduction in range is somewhat less than given by the chart. It is based on the assumption that the field intensity in the absence of hills would vary inversely as the square of the distance; this is a reasonable approximation for h-f transmission over land.

	(4) Computed distance ranges for sea water apply when transmitting and receiving antennas are practically at the water's edge. There is evidence that considerable losses occur if they are inland more than a few hundred feet, except in marshy terrain. If inland sites must be used, placing the antenna on the for

























	
	
	
	
	
	
	
	
	
	
	
	typical of middle latitudes •
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	Type

of set
	
	Rated power (watts)
	Type

of

fernºrari
	Frequency

(mc.)
	
	Poor soilb
	
	
	
	Good
	soilb
	
	
	Sea waters
	
	



	
	
	
	
	
	
	Midmorning
	Midnight
	
	
	Midmorning
	| Midnight
	
	
	Midmorning
	Midnight
	



	
	Voice | Cuy
	
	
	
	Voice
	CW
	Voice
	CW
	| Voice | CW
	
	| Voice
	CW
	| Voice
	CW
	| Voice
	CW




	SCR-177–(
	
	
	
	1.5
	60
	| 125
	6
	|| 14
	|| 180
	300
	28
	65
	550
	|| 750
	80
	250



	),

SCR-188—A
	75

||
	75
	|| Inverted

L

as
	4.5
	22
	55
	6
	16
	70
	| 125
	22
	50
	380
	|| 500
	200
	i 330



	
	
	
	furnished
	12.5d
	8
	21
	9
	24
	21
	50
	24
	55
	170
	240
	|| 175
	|| 250



	
	
	
	
	1.5"
	12

|
	30
	3

||
	|| 7
	| 60
	| 120

|
	12
	|| 35
	| 220
	420

|
	20
	| 100



	SCR-193—(

)
	75
	75
	| 15' whip
	4.5
	18
	45
	5
	|| 13
	65
	110
	17
	|| 45
	350
	|| 480
	| 160
	300



	
	
	
	
	3.8
	13
	40
	3
	10
	45
	110

||
	T2
	35
	|| 300
	500
	90
	260



	SCR-284–A
	8
	20
	whip

|| 25'
	5.8
	9
	28
	4
	|| 12
	28
	75
	T2
	35 || 230
	
	|| 370
	|| 130
	270



	
	
	
	
	2.0"
	23
	60
	5
	|| 13
	90
	170
	23
	55
	|| 400
	600
	|| 100
	280



	~
	
	
	
	4.5
	30
	70
	8
	|| 23
	85
	150
	30
	|| 70
	|| 420
	|| 550
	|| 240
	|| 380



	SCR-299–(

),

SCR-399–(

),
	300
	| 400
	| 15' whip
	8.0
	16
	40

||
	||
	-

11 || 30
	45

||
	90
	30
	|| 70
	|280
	|| 380
	240
	340



	SCR-499–(

)
	
	
	
	12.5"
	| 13
	35
	| 15
	|40
	35
	| 70
	35
	
	|75|200|280
	
	|200|280
	



	
	
	
	
	T8

e
	20
	45
	25
	|| 55
	45
	80
	50
	90
	180
	|| 240
	|| 200
	250



	
	
	
	Inverted"
	|| 2.0
	70
	140
	8
	|| 20
	| 180
	300

||
	35
	| 80
	| 600
	|| 800
	| 160
	|| 370



	
	
	
	L
	4.5
	35
	75
	10
	|| 26
	90
	| 160
	35
	| 75
	440
	|| 550
	|| 250
	| 400



	
	
	
	
	2.0h
	10
	35
	2
	7
	45
	|| 115
	9
	|| 35
	| 220
	|| 470
	22
	|| 160



	SCR-506

-
	20
	80
	| 15' whip
	4.5
	13
	45
	4
	|| 13
	45
	|| 115
	13
	|| 45
	300
	|| 480
	| 120
	300



	
	
	
	
	2.0h
	8
	24

||
	2
	5

||
	|| 35
	90

|
	7
	|| 24
	|| 170
	|| 400
	14
	|| 100



	SCR-694–C,
	7
	20
	15' whip
	3.8
	11
	35
	2
	8
	40
	|| 100
	10

||
	30
	280
	|| 470
	70
	225



	AN/TRC–2
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	



	
	
	
	
	6.5
	7
	23
	3
	|| 12
	22
	60
	11

|
	|| 35
	| 200
	|| 340
	| 125
	250





* Noise grade 2 assumed for middle latitudes (figs. 6-90 and 6–91).

Figure 6-74. Estimated ground-wave distance ranges for specific radio sets (continued on opposite page).

* Applies to flat or gently see paragraph 644c. rolling country; for hilly country

* Ranges for sea water assume that transmitter and re ceiver are at the water's edge; otherwise ranges may be ma terially shortened.

.* Upper frequency limit of SCR-177 is 4.5 m.c. Rated power of SCR-188-A is less than listed value at frequencies above 4.5 m.c.

* Upper frequency limit of SCR-299 is 8.0 me. Rated power of SCR-399 and SCR-499 is less than the listed value at frequencies above 8.0 mc.

* Lower frequency limit of SCR-694–C is 3.8 mc.

* Ranges assume 65' total antenna length for 2 me., 35' for 4.5 mc., with 20' vertical portion in each case.

& quot;Set noise, rather than atmospheric noise, assumed to be controlling at receiver during midmorning in these cases.
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	Midmorning
	Midnight
	
	
	Midmorning
	| Midnight
	
	
	Midmorning
	|
	Midnight



	
	Voice |
	Cuſ
	
	
	
	Voice | CW
	| Voice | CW
	
	| Voice | CW
	
	| Voice | CW
	
	| Voice | CW
	
	| Voice | CW
	




	SCR-177–(
	75
	75
	| Inverted
	1.5
	24
	60

||
	3
	-

7
	|| 100
	|| 180
	14
	35

||
	| 360
	| 550
	25

||
	| 120



	),

SCR-188—A
	
	||
	L

as
	4.5
	18
	45
	4
	10
	60
	110
	14
	35

||
	| 350
	|| 480
	| 125
	|| 250



	
	
	
	furnished
	12.5d
	9
	24
	7
	| 19

||
	24
	55
	20
	45
	175
	|| 250
	| 160
	225



	
	
	
	
	1.5h
	11
	27
	2
	4
	55
	110
	4
	16
	|| 200
	| 400
	5
	-

35



	SCR-193—(

)
	75
	75
	15' whip
	4.5
	14

||
	35
	3
	8

||
	50

||
	100
	11
	28
	320
	450

||
	95
	225



	
	
	
	
	3.8
	10
	32

||
	2
	6

||
	35

||
	| 100
	7
	22
	260
	450

|
	40
	| 180



	SCR-284–A
	8
	20
	whip

25'
	5.8
	8
	27
	2

||
	8
	26

||
	70
	8
	25
	225
	370
	90
	225



	
	
	
	
	2.0"
	22
	60

||
	3
	7

||
	85

||
	170
	12
	|| 35
	| 400
	|| 600
	|| 35
	| 160



	
	
	
	
	4.5
	23

||
	60
	5
	14
	70
	|| 130
	17

||
	-

45
	| 400
	|| 530
	| 160
	300



	SCR-299–(

),

SCR-399–(

),
	300
	| 400
	15' whip
	8.0
	17
	45

||
	8
	22

||
	45
	90

||
	23

||
	55
	300
	|| 400
	|| 200

||
	300



	SCR-499–(

)
	
	
	
	12.5°
	15
	35
	11
	|| 30
	35

||
	75

||
	23
	|| 65
	|| 200
	|| 280
	| 200
	270



	
	
	
	
	18

c
	14
	35

||
	16

||
	40
	35

|

||
	65
	35
	| 70
	170
	225
	170
	225
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|
	2.0
	35

|
	85
	4
	|| 11
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||
	20
	50
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	|| 650

||
	75
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	L
	4.5
	27

||
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||
	80
	|| 150

|
	20
	|| 50
	| 400
	|| 550
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	2.0h
	9
	30

||
	1
	4
	|| 45
	|| 115
	4
	18
	|| 200
	|| 450
	6

||
	70



	SCR-506
	80

20
	15' whip
	4.5
	10
	35
	2
	8
	35

||
	| 100
	8
	28
	|| 270
	450
	65
	225
	



	
	
	
	
	2.0h
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	23
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	35

|
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	90
	3
	|| 13
	| 160
	| 400
	4
	40

||



	SCR-694–C,

AN/TRC–2
	7
	20
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	3.8

-
	8
	27

||

||
	2
	5

||
	30

||
	85

o

||
	6

||
	20
	240
	430

||
	30
	50

|| 1



	
	
	
	
	6.5
	7
	23
	2
	8
	20
	60
	7
	|| 24
	200
	340
	85
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	||
	||
	||
	||
	||
	
	
	
	
	
	
	





6–91).

Figure 6-74. Estimated ground-wave distance ranges for specific radio sets (continued).

b Applies to flat or gently rolling country; for hilly country see paragraph 644c.

• Ranges for sea water assume that transmitter and re ceiver are at the water's edge; otherwise ranges may be ma terially shortened.

d Upper frequency limit of SCR-177 is 4.5 me. Rated power of SCR-188-A is less than listed value at frequencies above 4.5 m.c. -

• Noise grade 4 assumed for tropical areas (figs. 6-90 and * Upper frequency limit of SCR-299 is 8.0 me. Rated power of SCR-399 and SCR-499 is less than the listed value at frequencies above 8.0 me.

* Lower frequency limit of SCR-694–C is 3.8 m.c.

* Ranges assume 65' total antenna length for 2 me., 35' for 4.5 m.c., with 20' vertical portion in each case.

* Set noise, rather than atmospheric noise, assumed to be controlling at receiver during midmorning in these cases.

[image: Figure, page 312]

Figure 6.75, Radio set scr 399 installed in Truck, cargo, 2%-ton, 6 × 6.

[image: Figure, page 312]

Figure 6-76. Vehicular Radio Set SCR-193 in Truck, Command, 54-ton, 4 x 4.
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Figure 6-78. Hºf radio station consisting of transmitting and receiving components of Radio Set SCR-188.

[image: Figure, page 312]

Figure 6-79, Radio Set SCR-511 in operation.

[image: Figure, page 312]

Figure 6-80. Radio Set SCR-506 installed in Truck, Figure 6-77. Field operation of Radio Set SCR-284, A-ton 4 x 4 phibian, 2%-ton, 6 x 6. Figure 6-81. Radio Set SCR-399 installed in Truck, Am.

[image: Figure, page 313]
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Figure 6-82. Handie-talkie Radio Set SCR-536 in operation.

[image: Figure, page 313]

Figure 6-83. Radio Set SCR-543 and Switchboard BD-72 in operation.

[image: Figure, page 313]

Figure 6-84. Radio Set SCR-593 (receiver only) in use at an automatic gun site.

[image: Figure, page 313]

Figure 685. Radio Set SCR-694–C installed in Truck, %-ton, 4 x 4.

ward slope of a hill will tend to compensate for such losses.

d. Sample Estimated Sky-wave Performance. (1) Figures 6–87, 6–88, and 6-89 give esti mated sky-wave performance with half-wave horizontal or nearly horizontal antennas, for several tactical radio sets for distances in the 0- to 200-mile range. With such antennas, the received sky-wave signal is roughly the same at all distances up to about 200 miles. The figures show the frequencies at which reliable

[image: Figure, page 314]

Figure 6-86. Nomogram for determining decrease in ground-wave range over land because of shadow effect.

point-to-point sky-wave transmission is ex pected at these distances at various hours of the day. The top curve on each graph is a plot of the optimum working frequency. Different kinds of cross-hatching indicate conditions which are good for phone and c-w transmission or for c-w transmission only. Areas below the owf but not cross-hatched indicate regions of poor signal-to-atmospheric-noise ratio. Each figure is for a separate locality, the upper and lower graphs in each case corresponding with two general types of radio sets rated at about

20 and 400 watts, cw, respectively. The per formance is indicated for two times of the year 1944, June and December. In future years up to 1948 or 1949 the values of owf will tend to increase, as noted in paragraph 643e.

(2) It is assumed that both the transmit ting and receiving antennas are horizontal. The use of horizontal receiving antennas is important for sky-wave transmission at these distances in order to favor reception of the high-angle signal and to discriminate against lower-angle atmospheric static.

[image: Figure, page 315]

RADIO SETS AN/TRC-2, ScR-284-A, SCR-694-c (NOTE FREQUENCY RANGE OF SETs)

[image: Figure, page 315]

RADIo sets scR-299, scr-399, scr-499

HALF-WAVE HORIZONTAL ANTENNAS, 30 FEET HIGH DistANcE: loo MILEs (TRANsMission APPROxIMATELY THE SAME, O-200 MILEs)

TL 54.944

Figure 6–87. Sky-wave performance chart, location: Germany, 1944.

[image: Figure, page 315]

HALF-wave HoRIzoNTAL ANTENNAS, 30 FEET HIGH DistANCE loo MILEs (TRANSMission APPROxIMATELY THE SAME, o- 200 MILES)

TL 54.945.

Figure 6-88. Sky-wave performance chart, location: Japan, 1944.

[image: Figure, page 316]

RADIO SETS AN/TRC-2, ScR-284-A, scr-694-c (NotE FREouency RANGE of sets)
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RADio sets scr-299, scr-399, scR-499

HALF-wave HoRIzoNTAL ANTENNAs, 30 FEET High DISTANCE: IOO MILES (TRANSMISSION APPROxIMATELY THE SAME, O-200 MILEs)

Tu- 549.46

Figure 6-89. Sky-wave performance chart, location: Philippines, 1944.

e. Periodic Estimates of Transmission Range for Specific Radio Sets. Periodic estimates of ground-wave and sky-wave transmission for particular radio sets and antennas, and for specified theaters of operation, are given in special reports on Ground and Sky-wave Dis tance Ranges of Selected Army Radio Sets for Tactical Use in the –Theater of Op erations, obtainable from the Office of the Chief Signal Officer, Plans and Operations Division, Communication Liaison Branch, Washington 25, D. C. The particular month and theater of operations for which informa tion is desired should be specified. These pre dictions are based on current estimates of sky wave conditions and upon current revisions of other data bearing on h-f transmission. They give ground-wave estimates over sea water and ground of types appropriate to the particu lar area, including jungle where applicable. The sky-wave estimates apply for distances up to about 200 miles. This information also con tains estimates of ground conductivity (good, poor, or jungle) for particular areas. The sky wave estimates are, at the time of writing this manual, based on the assumption that the re ceiving antenna is equally efficient for signal and noise. For transmission distances up to 200 miles, horizontal half-wave antennas favor the signal as against the noise and therefore will give better performance, while vertical whips favor the noise as against the signal and will therefore give poorer performance than the receiving antenna assumed in the special reports.



645. CALCULATION OF GROUND-WAVE AND SKY-WAVE TRANSMISSION PERFORMANCE.

(1) Estimates of performance with either ground-wave or sky-wave transmission re quire the evaluation of a number of factors which are described in subsequent paragraphs. The information given below on these factors can be used to make transmission calculations in situations where the less detailed data de scribed in paragraph 644 are unavailable or are insufficient or are not applicable to the case at hand. This information, moreover, provides a background for a general understanding of transmission characteristics and problems.

[image: Figure, page 317]

Figure 6-90. Noise grade areas, May through September.

(2) Basically, the question as to whether radio transmission in a given case is satisfac tory can be answered by comparing two quan tities, namely: the field intensity actually re cieved, and the field intensity (at the radio receiver) required to over-ride atmospheric or other noise. Subparagraph b below, gives data relating to the required field intensities, as suming that certain conditions apply at the receiving end. Corrections to cover other con ditions are given further on. The actual re ceived field intensity is discussed in paragraph 646 for ground wave and in paragraph 648 for sky wave. A short-cut in ground-wave calcula tions can be taken in the case of certain par ticular noise conditions by using the informa tion in paragraph 647, instead of that in paragraphs 645b and 646. Data given in paragraphs 649 to 652 relative to the charac teristics of transmitting and receiving anten nas must be used in conjunction with the other material. Examples of the use of all this material, in itemized step-by-step form, are given in paragraph 653.

b. Required Field Intensities for Various Noise Areas.

(1) Estimated values of signal required to override atmospheric noise can be obtained from figures 6-90, 6–91, and 6-92. These figures are based on available information regarding atmospheric static, and it is expected that they will be revised when additional information becomes available. These data refer to intensi ties which would over-ride static perhaps 95 percent of the time. With somewhat lower re ceived field intensities, transmission would be practicable part of the time, insofar as atmos pheric static is concerned.


	(2) Figures 6-90 and 6-91 show the world as divided for convenience into five static noise areas. This is done separately for the periods from May through September and from November through March. The atmos pheric noise level is low in area 1 and high in area 5.

	(3) Estimated values of signal field in tensity required to over-ride the atmospheric noise in each of these areas are shown in figure 6-92 for various frequencies at different times of the day. These values are for voice communication; for manual cw the required field intensities are taken to be about 17 db less. The difference of 17 db makes a small allowance for conditions under which the talker does not produce full modulation of the radio transmitter.
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Figure 6-91. Noise grade areas, November through March.


	(4) In the portions of these curves in dicating low required field intensities, atmos pheric static may be so low that limitations produced by other kinds of noise must be allowed for. The field intensity required to override set noise is not indicated on the curves, on account of the wide range of effi ciencies of tactical antennas and receiving-set input coupling arrangements. The likelihood is that set noise will be limiting during part of the time in the lower noise grade areas, but not often in the higher noise grade areas.

	(5) The data on which figure 6-92 is based were obtained by measurements of noise in short vertical receiving antennas. Re ceiving antenna corrections for use in sky wave propagation computations are discussed in paragraph 652.





646. GROUND-WAVE SIGNAL FIELD INTENSITIES.

q. Transmission Over land and Sea Water. Computed curves of ground-wave field intens ity over smooth earth and sea water are given in figures 6-93, 6-94, and 6-95. Over land, the field decreases rapidly as the distance is in creased. At moderate or great distances, loss due to the curvature of the earth becomes important, and the rate of attenuation over land or sea becomes increasingly large. The field intensity values given in these figures are expressed in terms of power radiated from a short vertical antenna and apply with sufficient accuracy also to a vertical antenna up to a half wave long. They do not apply to the rated power of the radio set. Corrections to relate rated power to radiated power are given for vertical whip and half-wave horizontal an tennas in paragraphs 650 and 651, respec tively. These corrections are particularly important in the case of the short whips fre quently used for h-f transmission. In the lower end of the h-f band, the radiated power from such antennas is only a small fraction of the rated transmitter power. The qualifications noted in paragraph 644c should also be borne in mind when using figures 6–93 to 6-95. Esti mates of ground conductivity for particular theaters of operations are given in the publi cations referred to in paragraph 644e.

b. Transmission Through Jungle. The atten uation of ground waves through heavy jungle

[image: Figure, page 319]

Figure 6-92. Field intensity required to override atmospheric static in various areas, for voice transmission. noise grade is extremely great. The effect of this high at tenuation, combined with losses due to foliage in the immediate vicinity of the antennas and with the high atmospheric noise characteristic

[image: Figure, page 320]

Figure 6-93. Ground-wave field intensity versus distance over poor soil, I watt radiated, short vertical antenna.

of such regions, has limited the h-f ground wave distance ranges obtainable with tactical radio sets in heavy jungle in the stormy sea son to distances of the order of 1/3 to 5 miles. In light jungle somewhat greater ranges can be obtained, and if antennas can be located on hillsides providing a line-of-sight path, or in large clearings, the ground-wave range is ma terially increased. Approximately straight-line transmission over the surface of a river may
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Figure 6-94. Ground-wave field intensity versus distance over good soil, I watt radiated, short vertical antenna.

also afford a suitable path. Another possibil ity is the use of long horizontal antennas, which may work even when lying on the ground (pars. 666 and 667). The use of sky wave transmission is often the best solution. Estimates of jungle ground-wave ranges are given in some of the published information re ferred to in paragraph 644e.

c. Example of Use. As an example of the use of figures 6-93 to 6-95, suppose that a certain radio circuit is observed to give just tolerable voice transmission at 20 miles over level ground on a frequency of 3 me, and that, moreover, it is observed that the signals are steady and therefore presumably ground waves. How far can the circuit be used for cw on ground-waves? Solution: The required field intensity for cw is about 17 db less than for voice transmission (par. 645b). On figure 6-93, the distance at which the 3-mc signal in tensity is 17 db weaker than it is at 20 miles is found to be 50 miles for poor soil, and for good soil (fig. 6-94) the result is about the same. Hence cw could probably be used out to 50 miles.
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Figure 6-95. Ground-wave field intensity versus distance over sea water, I watt radiated, short vertical antenna.

d. Step-by-step Procedure. Detailed procedure is given in paragraph 653 for the use of fig ures 6-93 to 6-95 together with other informa tion in this chapter, to obtain an estimate of ground-wave performance of a particular radio set.

647. GROUND-WAVE DISTANCE RANGE VERSUS RADIATED POWER FOR SPECIFIC NOISE CONDITIONS.

(1) Figures 6-96 to 6-101 inclusive give estimated ground-wave ranges over poor soil, good soil, and sea water, for various values of radiated power, assuming that the transmit ting and receiving antennas are vertical and not exceeding a half wave in length. The ranges shown assume that the earth is smooth, hence they are subject to the qualifications
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Figure 6-96. Ground-wave distance range over poor soil, noise grade 2, vertical antennas.

given in paragraph 644. The relation between radiated power and the rated output power of the radio transmitter is discussed in para graphs 649 to 651. Separate curves are given for noise grades 2 and 4 (figs. 6-90 and 6–91);
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Figure 6-97. Ground-wave distance range over good soil, noise grade 2, vertical antennas.

[image: Figure, page 321]

Figure 6-98. Ground-wave distance range over sea water, noise grade 2, vertical antennas.

these correspond roughly to conditions in the middle latitudes and in tropical areas, respec tively. These curves may be used directly for the specific conditions to which they apply. For other conditions, interpolation may be resorted to; or better, the method given in paragraph 646 may be used instead. The mid
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Figure 6-99. Ground-wave distance range over poor soil, noise grade 4, vertical antennas.

[image: Figure, page 322]

Figure 6-100. Ground-wave distance range over good soil, noise grade 4, vertical antennas.

night curves apply fairly well throughout the hours of darkness; the midmorning (not noon) curves represent conditions when at mospheric static is at its lowest intensity at frequencies in the lower part of the h-f band (fig. 6-92).

(2) When atmospheric static is of low intensity, and when only a small fraction of the voltage picked up in the receiving antenna is delivered to the radio receiver (as in the case of a short whip), the controlling noise at
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Figure 6-101. Ground-wave distance range over sea water, the radio receiver output is apt to be set noise rather than static. It is estimated that this will occur for noise grade 2, midmorning, for 16-foot whips at frequencies below 4 mega cycles. This tends to reduce the range to dis tances less than would be predicted for static noise alone. Such reductions in range, are shown by separate branches of the daytime curves on figures 6-96 to 6-98. The branches of these curves which do not show these re ductions apply to longer antennas; for exam ple, at 2 mc a length of about 35 feet would be required to avoid a reduction in range.

b. Step-by-step Procedure. Detailed procedure is given in paragraph 653 for the use of figures 6-96 to 6-101 together with other in formation in this chapter, to obtain an esti mate of the ground-wave performance of a particular radio set.



648. SKY-WAVE SIGNAL FIELD INTENSITIES.

q. General. Sky waves are subject to fading, and to various kinds of other variations, as outlined above. Hence sky-wave field intensi ties are predictable only on an average basis. Estimates of sky-wave field intensities, based on information available at present, are given in this paragraph.

b. Estimated Values. Figure 6–102 shows estimates of sky-wave field intensity for vari ous frequencies and distances, for maximum and minimum absorption in the ionosphere. At night the absorption is minimum (absorp tion constant K = 0), and a single curve serves for all the frequencies indicated. The other curves are for K = 1, which occurs when the
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Figure 6-102. Sky-wave field intensity versus distance be: noise grade 4, vertical antennas. tween ground stations for limiting values of K.

sun is at the zenith (directly overhead). For other cases the value of K varies as shown approximately in figure 6-103. (Monthly values of K are given in the TB 11–499 series reports.) To illustrate, figure 6-103 shows that at latitude 25° at noon in winter, K = 0.72. To estimate the received field intensity for this
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Figure 6-103. Typical values of K for use in conjunction with figure 6-102.

or any other fractional value of K, prorate the difference between the K = 0 and K = 1 curves on figure 6–102. For example, at 2 me and 150 miles, the received field intensity (fig. 6-102) is about 21 db above 1 microvolt per meter for K = 0, and –23 db for K = 1; 0.72 times the difference between these values is 0.72 (21 +23) = about 32 db, and the received field intensity for K = 0.72 is 21–32 = –11 db from 1 microvolt per meter.

c. Qualifications. The values of received field intensities in figure 6-102 are for 1 watt of radiated power, determined as described in paragraphs 650 to 652. The values apply to the incident, or arriving field intensities, and not necessarily to field intensities in line with a particular antenna; hence they are subject to the receiving antenna corrections described in paragraph 652. Figure 6-102 applies only when the frequency is below the muf for the conditions in question, and a separate check must be made to see whether this condition is satisfied before using the curves. Further more, figure 6-102 is based on normal absorp tion, not including auroral absorption near the magnetic poles, or effects of sporadic-E or other variant conditions. An additional ab sorption effect not included in figure 6–102 occurs when the frequency in question is very close to the muf. Absorption close to the E layer muf produces the rainbow-shaped re gions of relatively poor transmission shown in some parts of figures 6–87 to 6-89 (see par ticularly figs. 6–87 and 6–88, June, Radio Set AN/TRC–2).


	d. Effect of Path Length on K. For distances up to 2,500 miles, the value of K should be determined for the midpoint of the transmis sion path. For greater distances the process is more complicated, and may be handled by use of TM 11–499 Radio Propagation Hand book and the TB 11–499– ( ) series reports, or by referring the problem to Communication Liaison Branch, Plans and Operations Divi sion, Office of the Chief Signal Officer, Wash ington 25, D. C. TM 11–499 contains a considerable fund of additional information on sky-wave propagation.

	e. Step-by-step Procedure. Detailed procedure for the use of figure 6–102, together with other information in this chapter, to obtain an es timate of sky-wave performance of a particu lar radio set, is given in paragraph 653.





649. DETERMINATION OF RADIATED POWER.

q. The term radiated power has been used in the sense used in other Signal Corps publi cations on sky-wave transmission. This radi afed power is a quantity proportional to the square of the field radiated in the desired di rection by a transmitter." If ground-wave transmission is being used, the direction in question is that along the ground toward the distant station. If sky-wave transmission is being used, the desired direction is upward

12 In general, the radiated power as used in this and other Signal Corps publications is not the true total power radiated, but is a quantity convenient to use in transmission calculations. It includes a correction for. radiation pattern of the transmitting antenna.

toward the ionosphere in such a direction that it will ultimately arrive at the distant re ceiver. In practice, the field intensity in the desired direction, for a given transmitter and antenna, may be considerably smaller than would be computed by assuming that the radi afed power would be equal to the rated power of the transmitter. This is particularly true with short vertical antennas in the lower part of the h-f band. Antennas used with fixed plant h-f radio sets may be considerably more efficient, since they can be built with dimen sions which are optimum for use between well defined points.

b. In order to convert rated power into radiated power it is necessary to apply a cor rection which is largely a function of the an tenna type used. In the case of whip antennas it is convenient to consider this correction as consisting of three parts, namely; No. 1, the transfer efficiency of the combination of radio transmitter, coupling unit and antenna used, that is, the proportion of the rated transmit ter power which reaches the antenna-ground circuit; No. 2, the radiation efficiency of the antenna, that is, the proportion of the power fed into the antenna-ground circuit which is actually radiated; and No. 3, the patterm effi ciency, that is, a correction to take into ac count the fact that any antenna radiates bet ter in some vertical directions than in others. For ground-wave transmission using short whips, correction No. 3 is 0 db when used in conjunction with figures 6-93 to 6-101. In the case of sky-wave transmission using a half wave horizontal antenna, correction No. 1 is usually taken as negligible, and corrections Nos. 2 and 3 are combined for convenience.



650. POWER CORRECTIONS FOR WHIP ANTENNAS.

a. Transfer Efficiency. The transfer efficiency correction for a whip antenna used for trans mitting varies with the radio transmitter used. For four types of tactical transmitters tested, the correction varied from –10 to —2 db at 2 to 3 megacycles, and improved with increasing frequency until it reached –4 to about 0 db at 6 to 8 megacycles. These values probably indicate the range in magnitude of correction No. 1 of paragraph 649 for tactical sets using whips. Since such information on specific sets is not generally available, this correction may be approximated by assuming

–6 db at 2 me, –2 db at 8 me, and 0 db above 10 mc.

b. Radiation Efficiency. Figure 6-104 gives estimated radiation efficiency corrections for 16-foot and 4-foot whip antennas as a func
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Figure 6-104. Radiation efficiency correction for vertical whip antennas.

tion of frequency. It is believed that the cor rections for a 16-foot vertical whip will apply approximately when it is mounted on a vehicle or when used with a radio transmitter placed on the earth together with a good counter poise, such as Counterpoises : CP—12 and CP—13, or 8 radial wires about 25-feet long laid on the ground and connected together at
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Figure 6-105. Sky-wave radiation pattern corrections fºr vertical whip transmitting antennas.

the ground terminal of the radio set. If the counterpoise or other good ground is not used, much greater losses may be experienced. The corrections shown in figure 6-104 correspond to correction No. 2 of paragraph 649.

c. Pattern Efficiency. Figure 6-105 gives esti mated sky-wave pattern efficiency corrections for a vertical whip antenna, as a function of distance between transmitting and receiving sites. Two distance scales are given on this figure. The F2-layer distance scale is for use when sky-wave transmission occurs via the F2 layer, as will be true at night and also in the daytime unless the operating frequency is well below the maximum usable frequency." These curves give values for correction No. 3 of paragraph 649. In practice, the pattern effi ciency can probably be improved a little (pos sibly 3 or 4 db) for short distance sky-wave transmission by tilting the antenna somewhat from the vertical in a direction away from the distant station (fig. 6-106-A). Further improvement might be obtained by placing the antenna on a steep slope such as the side of a mountain and erecting it perpendicular to the slope (fig. 6-106-B). Another possibility of improvement arises when the antenna is in a valley, in such a position that waves radiated sideward from the antenna reflect from the side of the valley and up to the ionosphere at Such an angle as to return to earth at the dis tant receiver (fig. 6-106-C). For such pur
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Figure 6-106. Use of whip for short distance sky-wave transmission.

* Reports in the TB 11–499–( ) series give 2,000-km E-layer muf predictions; for other distances the E layer muf can be obtained by multiplying the 2,000-km values by the following factors: Distance -1–1—H–1–––
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If the E-layer muf for the distance in question is above the operating frequency, use the E-layer scale on figure 6-105; otherwise use the F2-layer scale.

-- -- poses the ionosphere can be imagined as an approximately horizontal mirror at a great height. Also, a whip antenna mounted on a large unsymmetrical metal object (such as a truck with trailer) which may serve as a horizontal radiating surface raised off the ground, may have a better pattern efficiency for short distances than shown by the figure.



d. Use of Corrections.

(1) As an example of the use of the above power corrections, assume that a trans mitter rated at 75 watts output is to be used on a 100-mile sky-wave circuit at a frequency of 2 megacycles, with F2-layer transmission. Assume further that a 16-foot whip is to be used and that correction No. 1, the transfer effi ciency correction, amounts to —6 db for the av erage combination of transmitter and antenna (par. 650a). From figure 6–104, the radiation efficiency correction, No. 2, is —15 db ; and from figure 6-105, the pattern efficiency cor rection, No. 3, is –12 db. The total correction to be applied to the rated power is therefore –6–15–12 = —33db, corresponding to a power ratio of 0.0005. Hence, a transmitter rated at 75 watts would in this instance yield a radiated power of only 75 × 0.0005 = 0.04 watt. This is the power to be used in estima ting received sky-wave field intensity from figure. 6-102.

(2) For ground waves, correction No. 3 is 0 db and the total correction is —21 db, that is, the radiated power is 75 × 0.008 = 0.6 watt. This is the power to be used in estima ting received ground-wave field intensity from figures 6–93 to 6-95, or ground-wave distance range from figures 6-96 to 6-101.

e. Effect of Multiple-hop Transmission. In com puting figure 6-105 one-hop transmission was assumed, that is, a single reflection from the ionosphere. At the longer distances, multiple hop transmission will often contribute mate rially to the received field. This is equivalent to improving the pattern efficiency; that is, equivalent to moving the long-distance values closer to 0 db (fig. 6-105).



651. POWER CORRECTIONS FOR A HALF WAVE HORIZONTAL ANTENNA.

a. Limited data indicate that with properly fed half-wave horizontal antennas the trans fer efficiency correction is negligible.

b. Computed values of radiation plus pat tern efficiency correction for such antennas
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Figure 6-107. Sky-wave radiation efficiency and pattern corrections for half-wave horizontal transmitting antennas.

are given in figure 6-107. The values given are for the case when the sending and receiving antennas are broadside to each other, a condition advisable for long-distance transmission. At short distances, values for the case when the antennas are end-on to each other would be approximately the same as shown. The curves indicate the effects of changing the height of the transmitting an tenna, for various frequencies and transmis sion distances. In general, for short- or medium-distance transmission between hori zontal half-wave antennas, the antennas should be not greater than about one quarter wavelength above the ground; while for long distance transmission, heights approaching half-wave will result in increased efficiency, since a greater part of the radiation in this case is at low vertical angles.

c. At long distances, in cases where poor efficiency is shown in figure 6-107, multiple-hop transmission will tend to improve the pattern efficiency.



652. RECEIVING ANTENNA PATTERN CORRECTIONS.

a. Sky-wave signals at the receiving site arrive at various vertical angles, depending on the distance between stations. The amount of signal picked up and delivered to the re ceiver therefore depends on the vertical pat tern of the receiving antenna, that is, its re sponse to a signal arriving at the vertical angle or angles involved. The amount of static interference delivered to the receiver is also a function of the vertical directional pattern of the receiving antenna and the angle of arrival of the static. The signal-to-noise ratio at the receiver input will therefore be independent of the antenna used if the signals and external noise arrive at the receiving antenna over the same sky-wave path. However, if the signal arrives at a high angle while the noise arrives at a low angle, or vice versa, the signal-to noise ratio at the receiver input will depend on the relative response of the antenna at the two angles.
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Figure 6-108. Sky-wave pattern corrections for vertical whip receiving antennas.

b. Approximate corrections to take into account the relative response of the receiving antenna to signal and to noise, for various distances of signal transmission by sky wave, are given in figure 6–108 for a short vertical an
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Figure 6-109. Sky-wave pattern corrections for half-wave horizontal receiving antennas.

tenna and in figure 6-109 for a half-wave hori zontal antenna. These corrections are added to the estimated incoming signal field, and the re sult compared with the field required to over ride atmospheric static as given by figure

6–92. For example, at 2 mc, 100 miles, and F2– layer transmission, the receiving antenna pat tern correction for a vertical whip is about —6 db and for a half-wave horizontal is about +9 db. (For information indicating when to use the F2-layer scale and when to use the E layer scale, see paragraph 650c.)

c. With a directional receiving antenna, such as a horizontal rhombic on long-range circuits, considerable discrimination against noise is possible, especially when the direction of transmission is appreciably different from the direction of the controlling noise sources in the tropics.



653. PERFORMANCE ESTIMATES.

(1) Step-by-step procedures for calculat ing ground-wave and sky-wave performance, and examples using the information in para graphs 645 to 652, are given below.

(2) In considering whether a sky-wave calculation or a ground-wave calculation, or both, should be made in a particular problem, it may be clear from the nature of the prob lem which kind of transmission will predomi nate, and if so, only this kind need be calcu lated. For example, for 100-mile transmission in jungle, only sky waves need be considered; and for frequencies well above the muf, only ground waves need be considered. If there is doubt, both calculations can be made, and if either calculation indicates satisfactory trans mission, the result can be considered satisfac tory. A possible exception to the latter conclu sion occurs when the estimated received ground-wave and sky-wave field intensities are practically equal, in which case there may be severe fading.

(3) In determining whether the ground wave computation should be made with the aid of figures 6-93 to 6-95 (ground-wave field intensity versus distance), or of figures 6-96 to 6–101 (ground-wave range versus radiated power), use the information in paragraph 647a (1).

b. Step-by-step Procedure, Using Figures 6-93 to 6-95 (Ground Wave Field Versus Distance).

(1) Find required field intensity from figures 6-90, 6-91, and 6-92 (correcting for c-w versus voice transmission when appropriate) and from any additional data, gained from ex perience in the particular locality, on other sources of noise or interference.


	(2) If the transmission path is over earth, estimate the type of ground; good, poor, or jungle. See the information referred to in paragraph 644e. In the absence of this infor mation, loamy, clay, marshy, or alkali soil can be considered good; rocky, sandy, or gravelly soil and coral can be considered poor.

	(3) Find the rated power of the trans mitter, from section VIII of this chapter or otherwise. Express in db above 1 watt (fig. 6-110).

	(4) Find from paragraphs 649 and 650, or otherwise, the relation between rated and radiated power. Hence find the radiated power in db above 1 watt.

	(5) Find from figures 6-93, 6-94, or 6-95 the expected field intensity at a given distance, for the particular radiated power, as described in the above example, and compare with the required field; or find the distance at which the required field intensity is reached.

	(6) If the country is hilly or mountain ous, make the shadow correction described in paragraph 644c.

	(7) If the transmission is through dense jungle, divide the expected range for poor earth by approximately 10.

	c. Example of Use. Problem: Find the esti mated ground-wave c-w distance range of Radio Set SCR-193 at 2 me over sea water, using a 16-foot whip, for the month of Decem ber, in Formosa. The steps in the solution are . numbered as in the preceding subparagraph.

	(1) From figure 6–91 the noise grade is 2. From figure 6–92 night-time noise controls and midnight may be taken as representative, the required field at this time being 40 db above 1 microvolt per meter. This is for voice trans mission; for cw, 40–17 = 23 db is required.

	(2) Not involved in this problem.




	(3) Rated power is 75 watts, or about 19 db above 1 watt (fig. 6-110).

	(4) Transfer efficiency correction is —6 db (par. 650a).

	Radiation efficiency correction is -15 db (par. 650b).

	Total transmitting corrections are —6 –15 = –21 db.

	Radiated power is 19–21 = –2 db with re spect to 1 watt.

	(5) Figure 6-95 gives received field in tensities over sea water at various distances with 1 watt radiated power. The required field is +23 db, from step (1), with a radiated



power of 2 db below 1 watt, from step (4). This would correspond to a required field of +25 db. if 1 watt were radiated. Therefore, to find the range in the present example, note from figure 6-95 the distance at which the field intensity for 1 watt radiated falls to +25 db. This distance is about 150 miles. (As noted previously, the sea water curves of figure 6-95 are applicable only when antennas are close to the water's edge.)
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Figure 6-110. Approximate relation between watts and db above 1 watt.


	d. Step-by-step Procedure for Using Figures 6-96 to 6-101 (Ground-Wave Range Versus Radi cated Power). -

	(1) If the transmission path is over earth, estimate the type of ground; good, poor, or jungle. See the information referred to in paragraph 644e; or in the absence of this in formation, loamy, marshy, or swampy soil can be considered good; rocky, sandy, or gravelly soil and coral can be considered poor.

	(2) Find rated power of the transmitter, •from section VIII of this chapter or otherwise.

	(3) Find from paragraphs 649 and 650, or otherwise, the relation, in db, between rated and radiated power. Find the corresponding power ratio, less than unity, from chapter 12, and multiply by the rated power to obtain the estimated radiated power in watts.

	(4) From the appropriate one of figures 6-96 to 6-101, find the estimated range (inter polating if necessary).




	(5) If the country is hilly or mountain ous, make the shadow correction described in paragraph 644c.

	(6) If transmission is through dense jungle, divide the expected range for poor earth by approximately 10.

	e. Example of Use. Take the problem of sub paragraph c above, and use the numbered steps of subparagraph d.

	(1) Not involved in this problem.




	(2) Rated power is 75 watts.




	(3) As in step (4) of subparagraph c : total transmitting corrections are –21 db. Hence the radiated power is 21 db below the rated power. From chapter 12, the corre sponding power ratio is 0.008; hence, radiated power is 75 × 0.008 = 0.6 watts.

	(4) The appropriate one of figures 6-96 to 6-101 is figure 6-98, which applies to sea water and noise grade 2. (The noise grade is determined by consulting figure 6-91 for the given conditions, namely Formosa in Decem ber.) On figure 6-98, at 2 mc, the range for 0.2-watt cw is about 110 miles, and for 2– watts cw it is about 200 miles; hence, by a rough interpolation process the range for 0.6 watt cw is about 150 miles. Steps (5) and (6) do not apply to this problem.

	f. Step-by-step Procedure for Sky-wave Trans mission.

	(1) Determine whether the proposed fre quency is above the muf (par. 643). If it is, do not make these computations since the mag nitude of any signal which may be received is not obtainable from such computations. In stead, follow the instructions given in para graph 643.

	(2) Find the required field intensity from figures 6-90, 6–91, and 6-92 (correcting for cw versus voice when appropriate) and from any additional data, gained from expe rience in the particular locality, on other sources of noise or interference.

	(3) Find the rated power of the transmit ter, from section VIII of this chapter or other wise. Express in db above 1 watt (fig. 6-110).

	(4) Find from paragraphs 649 to 651, or otherwise, the relation between rated power and radiated power. Hence, find the radiated power in db above 1 watt.

	(5) Find from figure 6-102 the expected incident field intensity at the given distance, for the particular radiated power, as described in the above example.




	(6) Find the receiving antenna pattern correction (par. 652) and add it to the ex pected incident field intensity.

	(7) Compare the result of step (6) with the required field intensity of step (2).

	g. Example of Use. Problem: Find whether Radio Set AN/TRC–2 with half-wave hori zontal transmitting and receiving antennas 30 feet high, will give acceptable c-w sky wave transmission under the conditions of the problem stated in subparagraph c. December, Formosa, 150-mile distance (land or sea in this case), 2 mc.

	(1) The frequency is below the muf at all hours, from the information described in paragraph 643.

	(2) The required field intensity at mid night is +23 db above 1 microvolt per meter, and at noon it is —21 db referred to 1 micro volt per meter (figs. 6-91 and 6-92 together with the correction for cw versus voice). The value for noon is quite low; its use would as sume little or no man-made interference and interference from other radio stations. Sky wave interference from distant stations would be small at noon on this frequency.

	(3) The rated power is 20 watts, or 13 db above 1 watt (fig. 6-110).

	(4) At night, with F2-layer transmis sion, the correction for rated versus radiated power at 150 miles is –2 db (fig. 6-107). Hence the radiated power is 13–2 = 11 db above 1 watt. At noon, with E-layer transmission, the correction is –4 db and the radiated power is 13–4 = 9 db above 1 watt.

	(5) From figure 6-102 and step (4), the received incident field at night is 21-H11=32 db above 1 microvolt per meter. At noon, for Formosa (latitude about 25°) in December, the absorption coefficient K = 0.72; and as worked out in paragraph 648b, the received incident field for 1 watt radiated is -11 db with respect to 1 microvolt per meter. Hence for the radiated power determined in step (4), the received incident field is –11 + 9 = -2 db with respect to 1 microvolt per meter.

	(6) The receiving antenna pattern cor rection (fig. 6-109) is +8 db at night (F2 layer transmission) and +6 db at noon (E layer transmission). The sum of the incident field and the receiving antenna correction is 32-HS=40 db above 1 microvolt per meter at night, and –2 + 6 = 4 db above 1 microvolt per meter at noon.



(7) Night: required, +23 db ; expected, +40 db; satisfactory. Noon: required, –21 db; expected, +4 db. Satisfactory. A check at other hours of the day would reach the same conclusion.



654. RADIO NOISE REDUCTION AT RECEIVING LOCATIONS.


	(1) Man-made noise of various types, and measures for reducing its effects on radio receivers at ground installations, are discussed briefly in this paragraph. Much of the infor mation given is general, and suggests princi ples to be followed in the layout of installa tions where radio receivers must be located in close proximity to other electrical equip ment. The applications of the principles will vary depending on the conditions found in particular cases. The measures discussed are for application on a trial basis in specific cases. If one alternative does not succeed, an other may; in many cases large noise reduc tions can be achieved only by drastic changes.

	(2) Common sources of noise are electric sparks such as those produced in commutator type motors, the ignition systems of motor vehicles, gasoline-engine-driven generators, etc., and any equipment in which current flow is abruptly interrupted, thus generating r-f wave components. Examples of the latter are contacts in d-c circuits, a-c power switches, and radio telegraph transmitters (which pro duce key clicks). In some instances it may be necessary to first identify the disturbing noise source; simple means for doing this are de scribed in subparagraph e below.





b. Noise Suppression at the Source.


	(1) Reduction of noise at the source in volves either circuit modification to prevent the formation of large r—f components, or the provision of filters or shielding to confine such waves to a restricted area. The former treat ment is more direct and is to be preferred whenever practicable. Standard filters are available for some equipment, and these fre quently constitute the most convenient reme dy. It may be found that later models of some equipment (teletypewriters, for example) have filters incorporated, whereas earlier ones did not.

	(2) For d-c telegraph or keying circuits, including those for operating remote control devices, and for other similar circuits, bridg ing a 1-mf capacitor in series with a 100-ohm



resistor across the relay or key contacts will often be effective as a spark killer. The con necting leads must be short, otherwise they may act as radiators. The resistor is includ ed in order to prevent pitting of contacts. For motors or generators, a small capacitor, on the order of 1,000 mmf (noninductive) bridged from each lead to the frame of the machine will act as a radio-frequency shunt if the con necting leads are made very short (less than 1 inch). In applying any improvised arrange ment, care must be taken to insure that its wse does not impair the operation of the equip "ment to which it is attached, and to see that its current and voltage ratings are consistent with the applied current and voltage. The mu merical constants given above are first ap proximations for trial.


	(3) In some instances it may be expedi dient to place a shield around the noise-pro ducing equipment and to insert filters in all leads entering or leaving the equipment. A completely enclosing screen or mesh shield is more effective than a partly enclosing solid shield. Sometimes a considerable number of disturbing sources can be placed in a shielded room, with filters in all wires leaving the r00m.

	(4) Where practicable, the influence of a source can be markedly decreased by forcing it to operate only in a metallic circuit which is balanced to ground at radio frequencies.





c. Reduction of Coupling Between Noise Source and Receiving Equipment.


	(1) Noise may enter the receiving equip ment either by coupling through space (by radiation or by magnetic or electric induc tion) or through a common impedance; that is, an impedance which forms a part both of the receiver circuit and of the noise-source circuit.

	(2) Coupling through space may take place into the receiving antenna, the lead-in, the ground lead, or apparatus or wiring in the receiver itself. This may be reduced by in creasing the physical separation between these circuits and the disturbing equipment and associated wiring. The practice of bunch ing together various wires and leads is a com mon source of unwanted coupling, particularly since unrelated wiring may act as a carrier of noise currents. For example, wiring which nominally carries only d-c or 60-cycle power may be coupled, at different points perhaps,
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both to disturbing and disturbed circuits, and thereby serve as an intermediary. The presence of incidental resonance or standing wave conditions in the wiring may increase this coupling.

(3) The ground connection of a radio re ceiver operating with one side of its input grounded is a common means of noise enter ing the receiver. Noise may result either by inductive coupling, as described above, or by conductive coupling arising from the common impedance of the noise source and radio re ceiver ground circuits. The best remedy is to provide short, direct, and independent ground connections from the receiver and from the noise source to a low-impedance ground. (Sev eral good grounds are described in chapter 10.) At frequencies in the h-f or v-h-f band, any large metallic body on or close to the earth may be a satisfactory ground. To mini mize inductive coupling between ground leads, avoid running the ground connection wire in the same form, that is, tied in the same group, with the ground connection wires of disturbing circuits, such as d-c telegraph circuits. If a low-impedance ground cannot be obtained, it may be necessary to use sep arate grounds for radio, and for other elec trical equipment. In this case a protector should be connected between the two grounds in areas where thunderstorms occur, in order to reduce the chance of hazardous voltages between the grounds.



d. Remedial Measures Applicable to Receiver Equipment.

(1) Balanced horizontal antennas are apt to pick up less local man-made noise than other types, provided that the rest of the radio receiver input system is balanced to ground. Freedom from noise will not be in sured when a coaxial lead-in from such an antenna to a grounded receiver is used. This is particularly true when the lead-in length is an odd multiple of a quarter-wave length in the circuit which is formed by the coaxial sheath and ground. A wavelength in this cir cuit is apt to be materially shorter than one in free space. Information on balanced lead ins is given in paragraph 676. Many fixed plant radio sets have balanced inputs (sec. VIII). Radio Receiver BC–779, or its com mercial counterpart the Hammarlund super pro, which may be available in some theaters, has a well-balanced input.


	(2) Some radio receivers have power supply filtering which fails to adequately block high r—f noise voltage on the power sup ply leads. With such a set, an external radio noise filter of suitable voltage and current rating can be used, mounted at the set.

	(3) Some radio receivers have insuffi cient shielding for use near sources of mag netic induction. It may be possible to orient such a receiver to minimize pick-up from a particular source, but not from the many Sources which may exist in a large headquar ters. Physical separation or room shielding can be considered.





e. Identification of Noise Sources.


	(1) Oftentimes the source of a noise can be identified by listening to its character, or by observing when the noise starts and stops and correlating these times with the times when various possible disturbing sources are operating, or by deliberately starting and stopping various possible sources. Where these methods do not suffice, listening tests can be made with the simple exploring de vices described in subparagraphs (2) and (3) below.

	(2) As an exploring device to trace the source of local high magnetic fields, a small hand-made loop consisting of a few turns of wire an inch or so in diameter can be con nected to a well shielded, battery-operated re ceiver with its automatic volume control (avc) disabled. The connection between loop and receiver should be shielded and connect ed to the receiver ground post. Listen at the receiver output as the loop is moved around. If only the magnetic field is wanted, the input system including loop should be shielded and balanced, and the shield of the loop should be split as in a direction finding loop, to prevent the flow of large circulating currents in the shield.

	(3) An exploring device to trace the source of local high electrostatic field inten sities can be constructed by baring an inch or so of the center conductor of a piece of coaxial cable, and connecting the other end of the center conductor to the antenna post, and the outer conductor of the coaxial cable to the ground post of the radio receiver men tioned above, operating the receiver with one side grounded. The bare portion of the center conductor serves as the electrostatic probe.

	f. Precipitation Static. Noise arising from






precipitation static (dust or snow static) can be reduced, but not eliminated, by providing a d-c path from antenna to ground external to the radio receiver. This may be accom plished by connecting a suitable r-f choke or high resistance from an unbalanced antenna to earth, or, if the antenna is balanced to ground, by bridging across it a balanced r-f drainage coil and grounding the midpoint of the coil. -



655. LONG-DISTANCE RELIABILITY CURVE.

The reliability of a radio circuit is here taken to mean the percentage of usable circuit time, counting as unusable only that lost be cause of poor signal-to-noise ratio. The effect of changes in transmitter power on reliability of long-distance h-f radio circuits is indicated
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Figure 6-111. Long distance sky-wave reliability curve.

by figure 6-111, which is a generalized curve obtained from tests on commercial trans oceanic circuits. As an example, assume that in a given situation, communication turns out to be only 40 percent reliable with the appar atus involved. It is desired to increase the re liability to 90 percent, that is, permit only 10 per cent lost circuit time. Under the 10 per cent point on the curve, the value on the bottom scale indicates a required improve ment of 19 db. The corresponding db value for 40 percent reliability is –3 db. Hence to change from 40 to 90 percent reliability, the radiated power must be increased by 19– (–3) = 22 db (to about 160 times as much power) by using a set with higher out put rating or a transmitting antenna having more efficiency, or a receiving antenna which discriminates against the noise source must be used, or a combination of the three. There is no other alternative except to review the procedure used in the choice of frequency in order to insure that the best choice has been made for each time of day.



656. FIXED PLANT RADIO SETS. -

In general, long transoceanic circuits are handled by fixed plant equipment, with trans mitting powers ranging up to about 40 kilo watts. A few of the great variety of fixed plant transmitters and receivers are shown in figures 6-112 to 6-116 inclusive. Others are shown in TM 11–487.
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Figure 6-112. AACS transmitting station (showing two. Radio Transmitters BC–401 and one Western Electric Company D-151249 or Pan American Airways 4WTFA transmitter).
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Figure 6-113. Army Communications Service 10-kw trans mitting equipment (showing Power Amplifier BC-340 and Radio Transmitter BC–339).
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Figure 6-115. Radio Transmitter BC–610 in administrative communications network.
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Figure 6-114. Transmitting station (showing Radio Trans mitters BC–447, BC–339, and part of 15-kw transmitting equipment, Press Wireless PW-15).
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Figure 6-116. Receiving and operating position at AACS radio station (showing 10 Hammarlund super-pro receivers and two transmitter remote control panels).




Section V. H-F ANTENNAS


657. GENERAL.

a. From an operational standpoint, h-f an tennas are primarily of two classifications, tactical and fixed plant. Tactical antennas are relatively simple and can be readily set up with a minimum of manpower. Fixed plant antennas are similar to commercial installa tions and require more time and effort to erect. Some antennas are of intermediate character and may be used for either fixed or tactical purposes.

b. Another general classification of h-f an tennas relates to the type of transmission em ployed, namely, ground wave, short-distance sky wave, or long-distance sky wave. Any an tenna will give some transmission of all three kinds, but particular antennas are primarily adapted for certain types of transmission, de pending on their vertical and horizontal radi ation patterns.

c. The short antennas often used on the tac tical radio sets for reasons of size, mobility, and simplicity are inefficient radiators in the lower part of the h-f band. Fixed plant trans mitting antennas can be made relatively ef ficient because they can be of larger size. For example, horizontal rhombic antennas may employ 70-foot masts with wires 300 to 400 feet long on the sides.

d. For best radiation efficiency, end-fed transmitting antennas of lengths up to a quarter wave, or odd multiples of a quarter wave at the operating frequency, should be placed in an area where low-impedance ground connections are available; or alterna tively, a low-impedance counterpoise should be used such as described in paragraph 663a (1). This is especially true at the lower end of the h—f band, but is not so important above about 15 me. With balanced center-fed antennas, and end-fed antennas of a total length of a half wave, grounding conditions are not important.

e. For receiving, losses in ground connec tions or losses which arise from mismatch be tween antenna and receiver input impedances generally are not of major importance in the lower part of the h-f band. This is because in most cases, except when the antenna trans mission line loss is large, external interference rather than set noise controls the percentage of reliability of the circuit over a 24-hour pe riod. Under these conditions, an improvement in receiving efficiency increases noise in about the same proportion as signal. However, a low impedance ground connection is advisable in order to reduce the effects of local noise SOurces.

f. Directivity is important in both receiving and transmitting antennas. For receiving, the best antenna is one which favors reception of the signal and discriminates against other signals and atmospheric or other radio noise. The improvement in signal-to-noise ratio over that with a nondirectional antenna may be considerable if the major source of noise is in a direction corresponding to a minimum in the antenna pattern. For transmitting, a di rectional antenna results in the radiated power being concentrated in the desired direc tion. In fixed plant applications, antennas of relatively sharp horizontal directivity can often be used. In tactical work, horizontal directivity can be used on point-to-point cir cuits, but generally must be avoided in net operations involving a number of scattered stations operating on a common frequency.

g. Types of antennas in general use for tactical purposes, and other antennas which can be used to improve ground-wave or sky wave transmission with tactical sets are de scribed briefly in paragraphs 658 to 668, in clusive. When an antenna is used with a set not originally designed to work with it, proper coupling arrangements are import ant. Specific arrangements are given in appro priate places below. Additional information on antennas and coupling arrangements is given in TM 11–314.

h. Several antenna types for use in the more permanent radio installations are described briefly in paragraphs 669 to 672, inclusive. Additional types are shown in TM 11–487. Since h-f sky-wave operation requires the use of more than one frequency for optimum 24 hour reliability, antennas for use in large fixed plant installations are often of types suitable for operation over a fairly wide frequency band without changes in antenna dimensions. The more elaborate fixed plant receiving sta tions use a diversity antenna system to mini mize the effects of sky-wave fading on tele graph reception (par. 674).

i. Information on antennas suitable for fre quencies below 800 kc, which are used for transmission in high latitudes, is given in paragraph 673. Methods of grouping antennas at locations where a large number of radio circuits terminate, are described in paragraph 675. Data on radio frequency transmission lines, covering both hiſ and whiſ, are given in paragraph 676. Information on h-f and v-h-f phantom antennas (dummy or artificial an tennas) is given in paragraph 677.



658. WHIP ANTENNA.

a. Whip antennas, such as illustrated in fig ure 6-117, are used in the h-f band to a great extent where portable and mobile operation is
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Figure 6-117. Whip antenna.

required with equipment such as Radio Sets SCR-399, SCR-506, and SCR-193. This an tenna type is suitable primarily for ground wave use, although with a set having the transmitting power of the SCR-399, long-dis tance sky-wave transmission can often be ob tained. Antenna Tuning Unit BC–939–A, which is used to couple a 15-foot whip to the output of the transmitter of Radio Set SCR-399, is shown in figure 6-118.

b. The whip antennas used in the h-f band are essentially of the same mechanical design as those used for v-h-f operation, although of somewhat longer physical length. Electrically,
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Figure 6-118. Antenna Tuning Unit BC–939–A.

however, their length is only a small fraction of a wavelength at frequencies in the lower part of the h-f band, and consequently their radiation efficiency at these frequencies is low, as discussed in paragraph 650. To help in crease the range of communication, the whip may be extended by adding sections or by connecting a wire between the end of the whip and any convenient tree or other support to increase the total height; this height should not exceed about one-half wave. If such an antenna is used, the transmitter output plate tuning and antenna tuning controls should be readjusted to obtain optimum results and to prevent overloading of the output tube. Some sets may be incapable of being tuned for an antenna as long as a half wave.



659. INVERTED-L ANTENNA.

c. An inverted-L antenna with counterpoise, illustrated in figure 6-119 and used with equipment such as Radio Sets SCR-177 and SCR-188, is designed to operate with a total length of antenna plus down lead of roughly one-quarter wavelength or three-quarter wave length. At frequencies in the lower part of the h-f band, this results in the horizontal portion of this antenna being only a small fraction of a wavelength. The counterpoise serves to establish a low-impedance ground for the antenna circuit. This antenna is best suited to ground-wave transmission, although it is a better sky-wave antenna than a short whip. With the dimensions shown in figure 6–119, it should be used with a transmitter capable of matching a low impedance load.

b. An inverted-L antenna with a horizontal portion approximately a half-wave long will be good for sky-wave transmission under suit able circumstances (par. 663).

[image: Figure, page 336]

Figure 6-119. Inverted-L_antenna for use with Radio Sets. SCR-177 and SCR-188.



660. SLOPING-WIRE ANTENNA.

The sloping-wire antenna illustrated in figure 6-120 is an end-fed antenna which may be strung up hurriedly between two trees, or between one tree or other support and a post driven in the ground near the radio set. When used for short- or moderate-distance sky-wave
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Figure 6-120. Sloping-wire antenna.

transmission, this antenna works best if made approximately a half wavelength at the oper ating frequency and sloped at a fairly low angle to the ground. The sky-wave signal transmission will be best when the sending and receiving antennas are broadside to each other, about 6 db poorer when they are end on with their high ends pointing toward each other, and intermediate when they are end on with low ends pointing toward each other. This type of antenna produces good short distance sky-wave transmission; it produces fair ground-wave transmission, especially in directions approximately in line with the an tenna. The efficiency for ground-wave trans mission can be increased, and directional effects reduced, by making the antenna nearly vertical. Further information on this antenna is given in paragraphs 663 and 664.



661. HALF-WAVE HORIZONTAL ANTENNAS.

a. General. The most suitable type of tac tical antenna for sky-wave transmission is the horizontal half-wave antenna. Such antennas may be either center-fed or end-fed. Center fed antennas are used preferably with a low impedance transmitter or receiver which is balanced to ground, and with a balanced down lead or transmission line. End-fed antennas of a total length of a half wave are high im pedance; however, this impedance may be lowered in various ways (par. 663) to permit proper loading of a transmitter.

b. Use for Short-distance Transmission. These antennas when erected at heights under a quarter wavelength, radiate and receive well at the steep vertical angles involved in sky wave transmission over distances up to at least 200 miles between stations. As receiving antennas, for such use, they tend to reject atmospheric noise and interference coming from distant sources via sky waves at low angles, thus improving the signal-to-noise ratio. Experiments indicate that these advan tages are shared by both end-fed and center fed antennas, provided a proper down lead is used with the end-fed type (par. 663). At distances up to 200 miles, the orientation of the antennas is relatively unimportant as re gards reception of the desired signal; hence the antennas can sometimes be oriented so as to minimize interference from distant SOurces.

c. Use for long-distance Transmission. If the antenna height is increased above about a quarter wavelength, the maximum of the an tenna vertical directional pattern will no longer be vertically upward but will be at some lower angle. At heights approaching one-half wavelength above ground (which are practical for the upper part of the h-f band) the pattern maximum will be at angles suited for sky-wave transmission over a distance of several hundred miles. This is indicated on figure 6–107.

d. length of Half-wave Antenna. The length in feet of a half-wave horizontal antenna, reasonably remote from the earth or from other structures, is approximately 468 divided by the frequency in megacycles. This is 95 percent of the free-space half wavelength. Figure 6-121 tabulates this length in feet versus operating frequency. The length of a half-wave antenna consisting of an insulated wire on or close to the ground will be from 55 to 80 percent of these values.
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(megacycles)
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Figure 6-121. Length of half-wave antenna versus frequency.



e. Standard Tactical Half-wave Antennas.

(1) Center-fed. A doublet antenna kit has been standardized for use as a transmit ting antenna with Radio Sets SCR-299–( ), SCR-399–A, and SCR-499–A. This kit is de scribed in TM 11–280 and TM 11–281 with changes thereto. It consists of the parts for the antenna, a coaxial transmission line, and coup ling arrangements which are substituted for the regular tuning units and transmitter tank" coils. A sketch of the antenna is given in figure 6-122.
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Figure 6-122. Doublet antenna for use with Radio Sets SCR-299, SCR-399, and SCR-499.

(2) End-fed. Certain tactical radio sets are arranged to end-feed an antenna of a total length of approximately a half wave. These include Radio Set SCR-694, the higher fre quency unit of Radio Set AN/TRC–2, and Radio Transmitter BC–191—( ) used in Radio

Sets SCR-177–( ), SCR-188–( ), SCR 193–( ), and AN/VRC–1. At frequencies above about 5 megacycles, somewhat better transmission can be obtained by using the ar rangements described in paragraph 663 where applicable.



662. IMPROVISED CENTER-FED HALF-WAVE ANTENNAS.

a. For particular Radio Sets. In one theater, a doublet antenna, including a twisted pair down-lead, was improvised using available materials. The improvised method of connect ing the antenna, and changes made in the transmitter output circuit, are shown in figure 6-123 for Radio Transmitter BC–191—( ), and in figure 6-124 for Radio Transmitter BC–610—B used in Radio Set SCR-299–( ). No change was made in the antenna circuit of the receiver used with this arrangement.

b. For Other Radio Sets. With other radio sets having transmitters capable of feeding a doublet through a transmission line of 50- to 100-ohm impedance, an improvised antenna such as described in subparagraph a above or one made from parts of the antenna kit de scribed in paragraph 661e could be used, pref erably making changes similar to those shown in figures 6-123 and 6-124 in the transmitter
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PRocedure: SET "ANT CIRCUIT switch N* on 3 which GIVES ABOVE CIRCUIT. sET "Ant ind Tuning M" on o. sET "ANT coupling switch d" FoR PROPER LOADING OF AMPLIFIER. REMOVE SHORTING BAR BETwtEN countERPOISE AND GROUND TERMINALs. connect TRAN's Mission LiNE to TeRMINALS MARKED ANTENNA And counterPoise. As shown Tu- 53.236 -s

Figure 6-123. Revised circuit of Radio Transmitter BC–191—( ) for use with half-wave doublet antenna.

output and receiver input circuits to isolate them from ground. If the radio set cannot be isolated from ground, an isolating transformer can be used (par. 675c (1)).

14. This tank coil is the inductor in the tuned plate output circuit of the radio transmitter.
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NECESSARY REVIS I ONS. THE SERIES CAPACIT OR AND THE MARIABLE INDUCTANCE ARE DISCONNECTED FROM TERMINAL I. TERMINAL 2 is REMOVED FROM "GROUND" THE TRANSMISSION LINE IS CONNECTED TO TERMINALS 1 & 2.

TL 54.850

Figure 6-124. Revised circuit of Radio Transmitter BC–610–B for use with half-wave doublet antenna.

c. Transmission lines. If the antenna is re moved so far from the radio set that the loss in a twisted pair down-lead or transmission line would be objectionable, a spaced-pair transmission line may be used. Losses in twisted pair are given in paragraph 676, which also describes an improvised spaced-pair transmission line using Wire W-110–B. A better impedance match is obtained between antenna and spaced-pair transmission line if the improvised folded doublet described in sub paragraph d below is used instead of a half wave doublet.



d. Folded Double? Antenna. -

(1) A folded doublet may often be used to advantage with an open wire transmission line or 200-ohm transmission cable. The input impedance-frequency characteristic of such an antenna at frequencies near half wave is broader than for a single half-wave antenna near its resonant frequency; hence moderate changes in frequency should not require di mensional changes. The total length of a folded doublet is a multiple of a half wave, but since it is folded it requires the same space between supports as a half-wave antenna. Its directional pattern is approximately that of a center-fed half-wave antenna.

(2) Figure 6-125 shows a 2-wire folded doublet, having an impedance of about 300 ohms, used with a transmission line having a characteristic impedance of about 450 ohms.
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Figure 6-125. Center-fed horizontal 2-wire folded doublet antenna.

The transmission line impedance may be low ered by bringing the wires closer than indi cated in the figure; or a 4-wire line or 200 ohm cable (par. 676) may be used for this pur pose.

(3) Figure 6-126 shows a 3-wire folded doublet, having an impedance of about 600
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- ohms, used with a transmission line of about 600-ohm characteristic impedance. While it is preferable to keep the folded horizontal wires in a horizontal plane, they can be ar ranged one above the other, as illustrated.

(4) These antennas are not furnished as standard antennas, but have been improvised successfully in the field using 080 copper or copper-steel wire. For optimum results, they should be used with balanced transmitter out put and receiver input circuits.



663. IMPROVISED END-FED HALF-WAVE ANTENNAS.

(1) Improvised end-fed half-wave hori zontal and sloping antennas for use in the frequency band from 2 to 6.5 megacycles are shown in figures 6-127 and 6-128, respectively. As indicated, the wires are equipped with in sulators which may be jumpered to give an tennas which are half wavelength at 2.0, 2.5, 3.0, 4.0, 5.0, or 6.0 megacycles. The figures also indicate simple down-lead arrangements help ful in loading the transmitters when such an tennas are used with radio sets on the ground. In general, a lead-in is used which is of such a length that the antenna-to-ground impedance as seen from the set is of a value which per mits efficient feeding of the antenna by the transmitter. In the case illustrated, a lead-in ranging from 26 to 47 feet is used, the length depending on the transmitter used and the e=# d §:§: Bº: frequency of transmission, as explained below. 7-y2"FOR.io.2(No.io Bas) wife With horizontal antennas, the excess of lead-in TL 5484e - - wire is taken up by a folded zig at the set, as - - - -ani lded doublet ." "... - - - '. Figure 6-126. Center fed....." 3-wire folded double indicated in figure 6-127. With a sloping-wire
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Figure 6-127. Horizontal half-wave antenna with impedance-transforming lead-in.
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Figure 6-128. Sloping-wave antenna with impedance-transforming lead-in.

antenna, practically all the lead-in is employed in a zig. For tactical sets operated on the ground, the set ground is provided by means of a crow-foot counterpoise consisting of eight 25-foot wires.

mounted sets by connecting the lead-in wire to the terminal on the mast base (remainder of mast not used), or directly to the antenna or...and, *...* "::::::::::::::" || 2:…, | * | *::::::::::::::::" ſºne ſºv

* For frequencies between those listed, approximate settings may be estimated by interpolating between values

RAdio TRANSMITTER AND RECEIVER BC–654—A Used IN RAdio TRANsMirreh BC–653–A Used IN SCR-506–A. SCR-284-A.

(2) A similar antenna and feeding ar rangement may be used with vehicular

4.0 94 47 10 90 at successive tabulated frequencies which have the same

Figure 6-129. Approximate settings for use in loading transmitters when used on the ground with end-fed half-wave horizontal or sloping antennas with lead-ins (continued on opposite page).

b For horizontal antennas, lead-in length is length of down-lead plus zig; for sloping antennas, lead-in length is zig length.

RAdio TRANSMITTER BC–191—E Used IN SCR-177–( ), SCR-188–( ), SCR-193–( ), AND AN/VRC–1.
















	Operating
	
	Antºna.
	
	
	*:::::::::::::::::::::::::::::::::::::::"



	rºw
	Top
	Lead-inb
	T.'
	ºr

Antenna
	:*;

Antenna
	Antenna

:::::::::::
	
	
	




	2.0
	234
	47
	TU-5-A
	5
	36
	35
	
	
	



	2.5
	234
	47
	TU-5-A
	5
	13
	100
	
	
	



	2.5
	187
	47
	TU-5-A
	5
	23
	100
	
	
	



	3.0
	187
	47
	TU-5-A
	5
	11
	80
	
	
	



	3.0
	156
	47
	TU-5-A

or-6-A
	5
	21
	35
	
	
	



	3.5
	156
	47
	TU-6-A
	5
	8
	50
	
	
	



	3.5
	117
	47
	TU-6-A
	5
	23
	0
	
	
	



	4.0
	117
	47
	TU-6-A
	5
	9
	100
	
	
	



	4.0
	117
	26
	TU-6-A
	6
	11
	100
	
	
	



	4.5
	117
	26
	TU-6-A
	6
	12
	0
	
	
	



	4.5
	94
	26
	TU-6-A

or-7-A
	5
	17
	0
	
	
	



	4.95
	94
	26
	TU-7-A
	6
	13
	0
	
	
	



	5.5
	94
	26
	TU-7-A
	5
	5
	100
	
	
	



	5.5
	78
	26
	TU-7-A
	5
	9
	50
	
	
	



	6.0
	78
	26
	TU-7-A
	5
	6
	50
	
	
	



	6.5
	78
	26
	TU-8-A
	6
	0
	0
	
	
	





• For frequencies between those listed, approximate settings may be estimated by interpolating between values at successive tabulated frequencies which have the same tabulated length of antenna top and lead-in.

Figure 6-129. Approximate settings for use in loading transmitters when used on the ground with end-fed half-wave horizontal or sloping antennas with lead-ins (continued).

post of the set if a relatively large opening in the vehicle is available. In this case, the ground terminal of the set is connected to the vehicular chassis which serves as a coun terpoise.

(3) For end-fed receiving horizontal half-wave antennas in the band from about 3 to 6 mc, a mast height of about 30 feet is favorable for good signal-to-noise ratios.

b. Transmitter Settings. Approximate trans mitter settings and recommended antenna di mensions for certain tactical radio transmit ters are given in figure 6-129. These apply when the sets are used on the ground. The transmitter settings for a given set would be different with the set mounted in a vehicle. Final adjustments should be made for maxi mum current in antenna meter or indicator, with a plate meter reading within limits spe cified for the particular transmitter.

c. Use With Radio Sets SCR-299 and SCR-399. In one theater, end-fed inverted-L antennas of a total length in the general vicinity of a half wave were used satisfactorily for trans mitting and receiving antennas with Radio Sets SCR-299 and SCR-399. For frequencies

* For horizontal antennas, lead-in length is length of down-lead plus zig; for sloping antennas, lead-in length is zig length.

• Or equivalent (TM 11-800).

of 2 to 3 me, a capacitor was bridged across the antenna and ground posts, and the antenna network switch was placed in the 2- to 10-mc position. Capacitor values in the neighborhood of 100 to 200 mm.f were used, the proper value for each frequency being determined by trial. Fixed capacitors of suitable voltage rating were obtained from spare parts equipment for this purpose. Because of the relatively high resistance of this type of antenna at its feed point, the r-f ammeter reads relatively low, even when the rated power is being fed into the antenna.
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* Compare only figures within any vertical column. The figures in the first horizontal row are merely reference values. Observed signals and noise were corrected to values which would have been obtained if receiver resistance had been matched to antenna resistance with the reactance tuned out.

Figure 6-130. Sky-wave transmission between like antennas, 75 miles, 3 megacycles, F2–layer.



664. SAMPLE VALUES OF RELATIVE ANTENNA EFFICIENCY.

Figure 6-130 gives some quantitative com parisons for several different types of anten nas tested over a 75-mile course in southern Florida using sky-wave transmission at 3 me. Data for this table were obtained by compari sons of pairs of antennas on different nights, together with cross comparisons made in order to reduce the data on all the antennas to a common basis.



º 665. WAVE ANTENNA (BEVERAGE ANTENNA).

q. In the form suggested for tactical use, the wave antenna consists of a single wire two or more wavelengths long, supported on poles at a height of 12 to 20 feet above ground. At the distant end the wire is connected to ground through a resistance of about 500 ohms, which is approximately the characteris tic impedance of the ground-return circuit. A reasonably good ground arrangement such as a crowfoot counterpoise should be used. Some times two or more antenna wires are used in parallel instead of the single wire, with a re sulting decrease in the characteristic impe dance of the ground-return circuit and there fore of the required value of terminating re sistance. The input impedance is reasonably constant with frequency and the antenna may be used over a considerable frequency range without changing dimensions.

b. This antenna is directional and is used primarily for either transmitting or receiving vertically polarized ground waves. Maximum response or radiation is in line with the wire and off the terminated end, with little re sponse or radiation in the opposite direction or broadside, if correctly terminated. The for ward lobe may be made narrower and the gain increased by using several wavelengths of wire.

c. The operation of the wave antenna is based on wave tilt. When a vertically-polar ized radio wave passes over the ground, a component of the electric field appears which is parallel to the earth and in the direction in which the wave is propagated, that is, the wave may be pictured as tilted in the direc tion of propagation. A receiving antenna ori ented in this direction will therefore have a voltage induced in it. Similarly, by wave-tilt action a horizontal transmitting antenna will generate a vertically polarized wave which is

* 150-mile distance.

* This figure may be somewhat high to be representative, since noise received from this type of antenna depends more on the azimuth of the noise than in the case of the reference antenna.

strongest along the direction of the antenna. The finite conductivity of the earth is the cause of the wave tilt, that is, the appearance of the horizontal component in the receiving case and the vertical component in the trans mitting case. The component due to wave tilt is larger over poor earth than over good earth; over sea water it is very small. The wave antenna, because of these properties and because of its fairly high impedance, can be used to advantage over rocky or sandy soil, where difficulty in obtaining a low-resistance ground connection decreases the efficiency of low-resistance antennas such as short whips or quarter-wave antennas. With two wave lengths of wire, an efficiency equalling that of a quarter-wave vertical can be expected in the h—f band over poor or medium soil. This an tenna should not be used over salt marsh or sea water.

d. The terminating resistor of about 500 ohms must be able to dissipate about 1/3 of the power fed into the antenna when trans mitting. This resistor and the transmitter should be connected to earth through a rela tively low-impedance ground, such as the h-f crowfoot counterpoise described in paragraph 663a (1).



666. ON-GROUND ANTENNAS.

Insulated wires of sufficient length laid on the ground, or better on vegetation just above the ground, will provide ground-wave trans mission with vertical polarization in line with the direction of the wire, that is, off either end of the wire, and for moderate horizontal angles from this direction. Such low antennas have the advantage of being easily concealed. A length of about 600/F feet (where F is the operating frequency in megacycles), or some what longer, is suitable, if the length is ad justed by trial to permit good transmitter loading. A 100-foot on-ground antenna at tached to Radio Set SCR-536 (handie-talkie) gives at least as good transmission in such directions as the whip supplied with the set, and can be more easily concealed. Half-wave on-ground antennas (see par. 661d for length) can sometimes be used for short-dis tance sky-wave reception or transmission.



667. FULL-WAVE HORIZONTAL WIRE.

An unterminated end-fed horizontal wire one wavelength long and a few feet off the ground will produce a vertically polarized ground wave, in line with the wire, which has materially higher intensity than that from a short whip. This assumes that the wire is fed as described for end-fed half-wave horizontal antennas (par. 663). The horizontal radiation pattern for ground waves is like a figure 8, the two maxima being in the forward and back ward directions of the wire, with the field at 30° from these directions only slightly re duced. This antenna can be used satisfactorily over ground of high or average resistivity, but not over sea water or salt marsh.



668. BALLOON-SUPPORTED HALF-RHoMbic (INVERTED VEE).

a. Antenna Assembly AS–51/MRQ–2 (TM 11–2610) includes two half-rhombic antennas, a balloon, hydrogen cylinders, a kite, and aux iliary apparatus. One antenna, designed for frequencies of about 1 to 8 me, has a length (projection on the ground) of 1,600 feet and an apex height of 560 feet. The other, designed for frequencies of about 3 to 18 me, has a pro jection length of 625 feet and an apex height of 225 feet. The balloon is used to support the apex in winds under 20 miles per hour; the kite, in winds over 20 miles per hour.

b. The antenna is directional, radiating largest field intensities in the direction of the terminated end and responding best to incom ing signals from that direction. The pattern is broader at the lower than at the higher end of the operating frequency band. The antenna has a fairly constant impedance over its oper ating frequency band. It is primarily suited to ground-wave use, and provides a large gain over a short whip.

c. A balloon-supported single vertical wire, not exceeding about a half wavelength, would be an efficient nondirectional ground wave an tenna.



669. H-F Fixed PLANT ANTENNAS, GENERAL.

Several antenna types for use in the more permanent radio installations are described briefly in the following paragraphs. These are apt to be higher, and often require more ground space, than representative tactical an tennas. An example to illustrate these points is given in figure 6-131. Since h-f sky-wave operation requires the use of more than one frequency for optimum 24-hour reliability, antennas for use in large fixed plant installa tions are often of types suitable for operation

[image: Figure, page 344]

Figure 6-131. Net control station for an island radio net.

over a fairly wide frequency band without changes in antenna dimensions.



670. HORIZONTAL RHOMBIC ANTENNAS.

q. General. Horizontal rhombic antennas are commonly used for long-distance sky-wave transmission. This antenna type is a 4-sided diamond-shaped antenna mounted parallel to the ground and, as furnished by the Army Communications Service, supported on four large wooden telephone poles, or on specially designed steel towers (TM 11–2614 and TM 11–2615). This antenna is balanced to ground. A balanced radio transmitter or re ceiver is connected at one end of the diamond; a terminating resistance is connected at the other end, which points toward the distant station. Radiation from or response of a prop erly designed and constructed rhombic will be greatly reduced in all directions materially separated from the desired direction. The di mensions of the antenna, as compared to the wavelength at the operating frequency, con trol the directional pattern. A properly de signed and terminated rhombic will have an input impedance which approximates the terminating resistance over a fairly wide fre quency range. If the antenna is left untermi nated it will be bidirectional, that is, will radiate and respond nearly as well in the op posite direction as in the desired direction; the configuration of the field pattern will be changed, and the input impedance of the an tenna will vary quite widely with frequency.

[image: Figure, page 344]

Figure 6-132. Transmitting horizontal illombic antenna.



b. Transmitting Horizontal Rhombic Antenna.

(1) The transmitting rhombic illustrat ed in figure 6-132 differs from a receiving rhombic by the addition of one or more con ductors on each side. The conductors are brought together at the front and rear apexes and are separated by several feet at the side poles. Such a multiwire arrangement reduces the antenna input impedance, reduces the re quired value of terminating impedance, and provides a more uniform impedance over the frequency band. A number of designs have been standardized by the Army Communica tions Service, as indicated in figure 6-133 (TM 11–2617, when published). These anten nas are intended to operate in the frequency band from 4 to 22 megacycles at frequencies which are appropriate to the sky-wave trans mission conditions for the transmission dis tance and the time of day involved in a par ticular application.
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3,000
	375
	70
	65
	723
	268
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* The tilt angle is half the horizontal angle at the side cor ner pole (fig. 6-134). This has no relation to wave-tilt described in paragraph 665c.



Figure 6-133. Horizontal rhombic antenna dimensions.

(2) From 30 to 50 percent of the power fed into the rhombic antenna appears at the far end and must be dissipated in the resis tance termination. This lost power is more than compensated for by the gain resulting from the directional properties of the antenna. The power loss in the termination reaches such large magnitudes when a transmitter of 10- to 40-kw output is used that available non reactive resistors will not dissipate the power. The problem is overcome by the use of a long transmission line or dissipation line, com posed of iron or stainless steel conductors. The spacing of the line is so chosen with respect to the diameter of the resistance wire that the characteristic impedance of the line is equal to the proper impedance for terminating the rhombic. If the line is sufficiently long elec trically, the far end may be shorted and the input impedance will still be practically a pure resistance equal to the characteristic impe dance of the line. One type of dissipation line supplied by Army Communications Service is only about 300 feet in length and is composed of four stainless steel conductors; other long er lines have been supplied. In one theater an improvised dissipation line was constructed by using iron baling wire for the conductors.



c. Receiving Horizontal Rhombic Antenna.

(1) The rhombic is also extremely useful as a receiving antenna, particularly on long haul point-to-point circuits. The dimensions and height above ground of receiving rhom bics are similar to those of equivalent trans mitting rhombics, but the construction is gen erally much simpler, as illustrated in figure 6-134, since the power involved is negligible. Single wires are generally employed for the sides of this rhombic. Receiving rhombics also require a terminating resistor, but since the power dissipated in the resistor is very small,

[image: Figure, page 345]

Figure 6-134. Receiving horizontal rhombic antenna.

nonreactive resistors of a few watts rated dis sipation are used. The directional pattern of a receiving rhombic is similar to that of an equivalent size transmitting rhombic. For re ceiving rhombics, reference may be made to TM 11–2611. — (2) The broad-band properties of the rhombic have permitted as many as four to six receivers, each tuned to a different fre quency, to be multipled on a single antenna. The direction of each distant station should in general be close to the optimum direction of transmission for the particular rhombic. Each radio receiver should be balanced to ground. To prevent interaction between re ceivers, it may be necessary to use arrange ments such as described in paragraph 675c.



d. Choice of Site for Rhombic Antennas.


	(1) Bearings for proper alignment of rhombics, and engineering details, " - fur nished to the field for each specific installa tion by Army Communications Service. How ever, the actual choice of an antenna site is the responsibility of the officer in the theater. Proper choice of an antenna site to take full est advantage of existing terrain is always of importance, and especially so in the case of rhombic antennas.

	(2) The best location for a rhombic is over flat, level terrain with no obstructions beneath or surrounding the antenna. It is very seldom that this ideal condition can be found in practice.

	(3) The following points should be con sidered in the choice of a site:

	(a) The antenna should be erected over flat terrain with no hill, building, or



other large object within the area of the rhombic.


	(b) The terrain immediately in front of the termination end of the antenna should preferably be level and df approximately the same slope as the ground beneath the antenna, for a distance of at least 1/2 mile. In this case the rhombic may be mounted parallel to the ground.

	(c) Where the rhombic must be lo cated over ground where there are differences in elevation at the various pole sites, but where the terrain ahead of the antenna is level, it should be erected with the antenna wires level. Their elevation should be the aver age of the elevation of the four pole sites plus the recommended height above ground.

	(d) Hills or large buildings (particu larly metal frame structures) immediately in front of the proposed antenna site should be avoided.

	(e) Isolated trees within the rhombic area will have negligible effect on the per formance of the antenna. However, the an tenna should not be erected over a heavily wooded area where the trees are an appre ciable height compared to the rhombic. Choice of such a site is likely to result in absorption loss and in a change of directional character istics. Data are not available on the exact magnitude of the changes in rhombic antenna characteristics over heavily wooded areas.



[image: Figure, page 346]

Figure 6-135. Double doublet receiving antenna.



671. DOUBLE DOUBLET RECEIVING ANTENNA.

ca. A receiving antenna used rather widely in fixed plant is the double doublet illustrated in figure 6-135 (TM 11–2629, when pub lished). This consists of two doublets of dif ferent lengths connected criss-cross at their center, as shown in the detail, and attached to the end of a 2-wire transmission line, pref erably of about 200 ohms impedance (par. 676). One doublet is cut to a half wavelength for the lower of two operating frequencies and the other is made a half wavelength for the higher frequency. The impedance curve of such an antenna will not change as rapidly in the neighborhood of the half wavelength fre quencies as does the curve for a single doublet. The antenna is therefore more of a broad band antenna than would be the case if two separ ate half-wave doublets were used. However, the antenna impedance has an antiresonance point intermediate between the two half-wave frequencies. The signal-to-noise ratio is, in general, not as good as if at each operating frequency a half-wave horizontal cut to that frequency were used. Maximum response in the directional pattern is broadside to the an tenna.

b. Recent tests indicate that a general pur pose double doublet may be constructed for use from about 2.5 to 20 mc. This antenna consists of a top horizontal 4-mc half-wave element and a lower 8-mc half-wave element, both erected on poles 50 to 75 feet high. The higher poles are suitable for longer-distance transmission. Such an antenna collects signals (long-distance sky-wave) better over a wide range of frequencies than any single half wave dipole, but not as well as a set of di poles, each cut to half wavelength at its own operating frequency.



672. TRANSMITTING DOUBLET ANTENNA (DELTA-MATCHED).

The doublet antenna illustrated in figure 6-136 is often used with moderate powered (0.3 to 2.5 kw) transmitters over distances of 500 miles or less for point-to-point fixed station communication (TM 11–2656). For this application its use is often justified in place of the more elaborate rhombic, and it has advantages by virtue of its high-angle radiation properties. For transmission up to about 200 miles, the height of the antenna above ground should not exceed approximate ly a quarter wavelength for the operating frequency used; for long distances the height expressed as a fraction of a wavelength may with advantage be increased, but not above approximately a half wave. The transmitting doublet furnished for fixed stations consists of a single horizontal wire of approximately one-half wavelength, the exact length of which must be properly adjusted by a trial and error procedure. The power is transferred from a balanced 600-ohm transmission line to . the antenna by a so-called delta-matching sys tem. The ends of the wires of the transmission line are fanned out and attached to the anten na at equal distances from the center. The di mensions of the delta and the length of the antenna must be such as to match the line to the antenna so that standing waves on the line are minimized. The proper length of the antenna and the width of the delta at the an tenna end are dependent upon height above ground, ground conditions, frequency, and the effect of metallic structures (towers, guys, etc.) in the vicinity of the antenna. In prac tice, it has been found possible to specify the dimensions of the delta for a given frequency and height above ground so that only the

[image: Figure, page 347]

Figure 6-136. Delta-matched doublet antenna.

[image: Figure, page 348]

[image: Figure, page 348]

Figure 6-137. Intermediate-frequency flat-top antenna.

length of the antenna need be adjusted by the trial and error procedure to give a practical match (TM 11–2656). A separate antenna is usually required for each assigned operating frequency. Maximum radiation from the delta matched doublet is broadside to the axis of the antenna.



673. ANTENNAS FOR FREQUENCIES BELOW 800 KC.

a. General. Frequencies below 800 kc (the lower the better down to about 100 kc.) are used for ground-wave transmission over rocky or mountainous areas since at the lower fre quencies the waves bend more readily over mountains and hills. The following types of antennas are in general use at frequencies in this range. Frequencies below 500 kilocycles are used in the higher latitudes when it is necessary to provide communication during magnetic disturbances which blackouth-f sky wave transmission.

b. The Marconi or Flat-top Antenna. The flat top is a grounded vertical antenna, with a horizontal top to increase the capacitance of the antenna. Flat-top antennas supplied by Army Communications Service consist of one or more horizontal parallel conductors sup ported by two masts with a vertical down-lead in the center or at one end. Thus, the antenna takes the form of a T or an inverted L (fig. 6-137). Most of the useful radiation occurs in the vertical portion, or down-lead. The hori zontal section acts to increase the effective height of the antenna, and gives practically the same efficiency that would be obtained by a much higher vertical antenna without the flat top. The flat-top antenna is always worked against ground, and the vertical down-lead is connected through a tuning network directly to ground, or to a counterpoise system a few feet above the ground. A tuning network must be used at the base of a flat-top antenna to tune the antenna to resonance and to match it to a balanced or an unbalanced type trans mission line, when used.

c. Crowfoot Antenna. The antenna shown in figure 6-138, which is similar to a Marconi antenna, is used at frequencies from 400 to 500 kc. with Radio Set SCR-177—B (TM 11–232).

[image: Figure, page 349]

Figure 6-138. Crowfoot antenna.



d. Wave or Beverage Antenna.

(1) A general description of this an tenna is given in paragraph 665. At the lower frequencies being considered here, it becomes more important to install the antenna over high-resistivity (rocky or sandy) earth, since the wave-tilt effect which is responsible for its operation is approximately proportional to the square root of the product of frequency and soil resistivity at these frequencies. The wave antenna may be used for long-distance transmission and reception. The construction of the standard transmitting wave antenna differs from that of the receiving wave an tenna, though both operate on the same basic principle of wave tilt. The receiving wave antenna generally consists of two spaced wires erected about 15 feet above ground on short telephone poles and is often made several wavelengths long, perhaps a mile or two, al though for best efficiency it should not ex ceed about 21/3 wavelengths. In the reception of signals on the antenna, the two wires operate in parallel with ground return. The antenna may be connected directly to the re ceiver or through coupling transformers and a transmission line. When operated in this fashion, the terminating resistor is placed at the end remote from the receiver and nearest the origin of the desired signal (fig. 6-139-A). It may often be necessary to locate the near end of the receiving antenna 200 feet or more from the receiving station to avoid the man made noise which would be picked up if the end of the antenna were located at the receiver building.

(2) The receiving wave antenna is often arranged in a somewhat different manner (fig. 6-139-B). The antenna is run from the receiving site in a direction opposite to the origin of the desired signal. The received sig nal is built up between the wires and ground as it travels along the antenna away from the receiving site. At the far end of the antenna, a special transformer takes the signal existing between the pair and ground, converts it to a balanced-to-ground signal and feeds this sig nal to the pair of wires which now act as a balanced 600-ohm transmission line back to the receiver. Thus, the antenna serves as both antenna and transmission line. At the receiver end of the line, the balanced-to-ground signal is fed through a transformer and transmission line to the receiver. The terminating resistor

[image: Figure, page 350]

Figure 6-139. Receiving wave antenna.

R is located at this coupling transformer and serves to dissipate any signal arriving from the direction opposite the desired signal. With this system, optional reception in either direc tion or simultaneous reception in two direc tions with two receivers is possible (fig. 6–139-C).

(3) At frequencies below 800 kc a prop erly located transmitting wave antenna should give results equivalent to a vertical antenna several hundred feet high. The transmitting wave antenna as furnished by Army Communi cations Service consists of three conductors arranged in the configuration of an equilateral triangle (5 feet on a side) and erected approx imately 15 feet above ground on short tele phone poles. The antenna length is generally made between one and two wavelengths. For lengths greater than about 2% wavelengths, the gain of the antenna generally decreases. Because of limitations of ground space, it is sometimes necessary to make the antenna less than one wavelength long, in which case the full gain of the antenna is not realized. The antenna is terminated at the far end (to ground) through noninductive resistors capa ble of dissipating approximately one-third of the transmitter power. The near end of the wave antenna may be connected to the trans mitter directly or by means of a transmission line of the same impedance as the antenna. The antenna may then be operated over a wide frequency range without adjustment.



874. SPACE Diversity ANTENNA systems.

ca. For long-distance sky-wave transmission, the use of a space diversity antenna system together with specially designed radio receiv ing equipment will provide an advantage of the order of 10 to 15 db as compared with use of a single antenna in combatting the effects of fading on teletypewriter operation. A sim ilar but perhaps smaller advantage may be obtained for sky-wave transmission at short distances. In this system, two (or sometimes three) separate receiving antennas are con nected to separate radio receivers, the out puts of which are suitably combined. Each individual antenna should be adapted to the type of transmission in question. The antennas should be separated approximately 3 wave lengths or more at the operating frequency; where space is available, 10 wavelength sepa ration is worth while. The reason for the ad vantage is that under these circumstances the signals received in each antenna usually fade independently of each other.

b. When space limitations do not permit obtaining the separation referred to above, a lesser diversity advantage may be obtained by utilizing polarization diversity. This is based on the observation that the vertical and hori zontal polarization components of a received sky-wave signal usually do not fade simul taneously. Thus, diversity can be obtained from two antennas, one responsive to hori zontally polarized waves and the other to ver tically polarized waves; for example, a hori zontal doublet and a vertical doublet. It has been observed also that on two horizontal half wave antennas, placed at right angles to each other, signals do not usually fade simultane ously. Such antennas may be used to obtain diversity and low noise on short-distance sky wave transmission. Polarization diversity can also be obtained from a single horizontal half wave doublet used together with a suitable balanced transformer with midtap (fig. 6-140).
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Figure 6.140. Schematic of means of obtaining polarization diversity from horizontal doublet.

The horizontal component is picked up in re ceiver R1 and the vertical component in re ceiver R2. A similar scheme can be used to obtain polarization diversity from a single rhombic antenna. The directional patterns of the antenna circuits connected to R1 and R2 will differ, whether the antenna is a doublet or a rhombic. This limits the effectiveness of these arrangements.

c. One form of radio equipment for diversity reception is illustrated in figure 6-141.



675. ANTENNA PARKS.

(1) At locations where a large number of radio circuits terminate, such as a higher headquarters, careful layout of the numerous antennas is needed. A general plan for signal center radio equipment is discussed in chapter 11, which includes a figure (fig. 11-59) show ing relative locations of a signal center and associated radio transmitters and receivers. Some general technical principles for laying out antenna parks are given below.

(2) The use of separate sites for the

[image: Figure, page 352]

Figure 6-141. Radio receiving station using diversity re ception equipment (showing two Schuttig diversity mixing units and eight Radio Receivers BC–779).

transmitting antennas, the receiving antennas, and the signal center, together with suitable remote control arrangements, helps to prevent interference between transmitters and re ceivers (sec. VI), and reduces interference into receiving antennas from man-made radio noise arising from unsuppressed teletype writer and ciphering equipment, d-c motors, etc. at the signal center.


	(3) A reasonable rule to follow when greater separations would be impractical, is to separate transmitting and receiving an tenna parks by at least one mile when the transmitter power is less than 10 kw. For higher transmitter powers the spacing should be greater. In many cases, the separation is much greater than indicated above because of local considerations (ch. 11).

	(4) When it is necessary to place the receiving antennas close to the signal center in which the radio receivers are located, higher minimum received field intensities are gener



ally required, because of radio noise from the signal center itself and also from industrial sources when the signal center is in a city. Furthermore, the small space available in a city location may force the use of antennas which do not discriminate very well against such kinds of interference.



b. Transmitting Antenna Parks.


	(1) Large transmitting antenna parks should be planned in advance to use the avail able space to the best advantage, provide for efficient operation, allow space for growth, reduce hazard from bombing, economize on the total number of tall poles which must be erected, and obtain reasonably short antenna r-f transmission lines.

	(2) When a transmitting antenna is closely coupled to others in the vicinity, the currents induced in these antennas may be large enough to distort the radiation pattern of the transmitting antenna. Furthermore, cross modulation between transmitters may cause the radiation of spurious frequencies (par. 686). Separations of a half wavelength or more are desirable when convenient. The ater experience indicates that a separation of about a quarter wavelength between parallel half-wave transmitting antennas is reasonably adequate, provided that the antennas are tuned to materially different frequencies, that the length of one antenna is not an integral mul tiple of another, and that the transmitters have about the same output power ratings.

	(3) The use of single-wire ground return transmission lines bunched closely together to feed several antennas will introduce coupling which will nullify any benefits obtained by proper separation of the antennas. Low-im pedance end-fed ground-wave antennas may be fed by coaxial transmission lines, with the center conductor attached to the antenna down-lead and with the outer conductor con nected to a crowfoot counterpoise. Balanced antennas, fed through balanced open wire lines or low-loss balanced cable pairs, are to be pre ferred for skywaves. For low coupling be tween balanced open wire r-f transmission lines, a rough rule to follow is that the mini mum separation between pairs should be about eight times the spacing of the wires of a pair.

	(4) One arrangement of balanced an tennas which typifies layouts which have been used in the theaters is shown in figure 6-142. An arrangement which was found workable in
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Figure 6-142. Sample transmitting antenna park.

one case for end-feeding half-wave sloping antennas from a number of Radio Transmit ters BC–610 (used in Radio Set SCR-399) is shown in figure 6-143. To adjust each slop ing-wire antenna to approximately half wave length at its operating frequency, an insulator is inserted at the proper point. In some cases it may be necessary to carefully select operat ing frequencies for antennas separated by only 75 feet (fig. 6-143) in order to avoid excessive coupling between transmitters. Some of the t º
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Figure 6-143. Antenna park for a number of Radio Trans mitters BC–610. º transmitter tuning units used (Radio Set SCR-399) were modified to use parallel reso nance instead of series resonance to permit proper feeding of the antenna. For alternative methods see paragraph 663.



c. Receiving Antenna Parks.


	(1) The antennas in a large receiving park can be arranged along the general lines discussed above. In a park close to a large headquarters, balanced antennas, balanced r-f transmission lines, and balanced receivers are desirable for sky-wave reception in order to minimize the effects of man-made noise. Un balanced antennas required for ground-wave reception may be connected to their receivers through coaxial cable; a better method may be to use an isolating transformer at the base of the antenna, with its balanced winding con nected to a balanced transmission line working into a balanced receiver. One such transformer (stock No. 2C471) is listed in TM 11-487.

	(2) For optimum performance, individ ual antennas tuned to the operating frequency should be used with each receiver. However, where space is limited, several receivers may be multipled on a single antenna. With this arrangement, the antenna should have suit able directional and impedance characteristics over the required band of frequencies. One antenna may not be able to meet all require ments, in which case the receivers should be divided into groups with a separate antenna for each group. For example, a horizontal doublet antenna may be used for sky-wave circuits over distances up to 200 or 300 miles, while a tall vertical antenna will give better results on ground-wave reception from nearby stations. The doublet antenna may be cut to about 1.25 wavelengths for the highest fre quency to be used and will work reasonably well down to frequencies at which the length is somewhat below a half wave. The vertical antenna for ground waves should not exceed about 0.65 wavelength at the highest fre quency, and is relatively efficient down to fre quencies at which the length is somewhat be low quarter wave.

	(3) When space permits and where their directional characteristics are suitable for the transmission paths involved, wave antennas and rhombic antennas are also suitable for use over a relatively wide frequency band with multiple receivers. Double doublet antennas may also be used. In addition, the antenna il lustrated in figure 6-144 is suggested as an improvised sky-wave antenna (not supplied as standard) which has a better impedance char acteristic over the 2- to 10-mc band than a single-wire doublet antenna such as described
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Figure 6-144. Eight-wire broad-band doublet receiving antenna for 2- to 8–mc band, improvised from tactical open wire pole line materials.

in subparagraph (2) above. However, such re finement in doublet antenna construction is not warranted unless external noise is low enough for set noise to become controlling with a simple doublet.


	(4) When several receivers operating on different frequencies are connected to the same antenna, some reduction in the signal voltage delivered to each receiver must be expected. When receivers having balanced inputs are available, less loss will ordinarily result if these are located close together and connected in series, rather than connected in parallel. Up to four or five receivers may be connected in series in this manner before the losses exceed 10 to 15 db with respect to an individually tuned half-wave horizontal antenna per re ceiver. Unbalanced receivers must be operated in parallel, and the use of more than two or three will probably cause substantial trans mission losses. These losses in signal caused by the use of several receivers on a common antenna do not necessarily degrade the audio signal-to-noise ratio; where atmospheric static or man-made noise is high, considerable loss can be tolerated before the set noise of a good receiver becomes an important factor.

	(5) When several receivers are on the






same antenna, interference in a receiver may be caused by radiation from the high-frequency oscillators of the other receivers. One arrange ment for reducing this effect is to use a dis tributing amplifier system which affords some isolation between the various receivers. A small 10-channel device of this sort, available in limited quantity through Army Communi cations Service, is the RCA multicoupler, model S-8853–1. It has a 200- or 600-ohm balanced input and also a 75-ohm unbalanced input. The input circuit is untuned, but with selected vacuum tubes the modulation products caused by strong undesired signals are kept to about 2 microvolts for unwanted signals up to 10 millivolts. The requirement of restricting unwanted signals to 10 millivolts may necessi tate considerable separation from any trans mitting antenna, especially in the case of ver tical antennas and transmission over good soil.

(6) Another method, which avoids inter ference from modulation products, is to paral lel all receivers across the common antenna after first inserting in one of the leads to each receiver a series-connected fixed inductor and variable capacitor. The reactance of the whole series circuit formed by the inductor, capacitor, receiver, and impedance toward the antenna is tuned out at the operating frequency of the particular receiver. This method reduces the loss caused by multipling, and also produces a maximum of signal voltage across the receiver. By this method, 5 to 10 receivers may be mul tipled without excessive loss. Standard equip ment for using this method is not available, and construction of this type of equipment in the theaters should be undertaken only by skilled radio design personnel. The capacitor should be variable with a maximum capaci tance of the order of 100mm.f. The tuning ad justments of the individual series circuits are not entirely independent of each other when bridged across a common antenna. Hence, after initial adjustments, or when an operating fre quency is changed, the tuning should be checked over two or three times to insure optimum adjustments of all networks for the particular set of operating frequencies.



676. RADIO-FREQUENCY TRANSMISSION LINES.

ca. General. When a radio set cannot be located very close to its antenna, connection is made by means of a transmission line which may be either open wire or cable. In tactical applications such a line is usually short, consisting merely of a down lead. In fixed locations where numerous sets are oper ated, the antenna separations are such that transmission lines back to receiver or trans mitter centers may be as much as several Hundred feet long.



b. Types of lines.


	(1) An open wire line consists of two or more parallel wires of the same size main tained at a fixed separation by insulating spacers at suitable intervals. An open wire line commonly used in fixed plant transmit ting installations consists of a pair of 162 mil (No. 6 B&S or AWG) copper wires spaced 12 inches apart to give a characteristic im pedance of 600 ohms. Another type of open wire line, frequently used in fixed plant re ceiving installations, is composed of four 64 mil (No. 14 B&S or AWG) copper wires ar ranged in the form of a 1.3-inch square, with diagonally opposite wires connected together. The characteristic impedance of this arrange ment is about 200 ohms.

	(2) Transmission cables are available in various forms. One variety consists of two in sulated wires twisted together or paralleled and held together wth " --ºtherproof mate



rial such as impregnated braid or vinyl insu lation. Another type of balanced cable consists of two parallel conductors imbedded in a com mon insulating medium, with or without a metallic sheath. Coaacial cable, consisting of a center conductor mounted inside of and coaxial with an outer metallic tubing or metallic braid conductor and separated from it by spaced insulators or solid insulation, is also in general use.


	(3) An unbalanced open wire cage is used in broadcast and low-frequency service. The construction resembles a coaxial line and, as supplied by Army Communications Serv ice, consists of four outer conductors in the configuration of a 15-inch square connected together at each line support, and an inner conductor mounted coaxially with and insu lated from the cage formed by the outer con ductors. Two parallel conductors connected together are sometimes used in place of the single center wire when a lower characteristic impedance is desired.

	(4) Improvised lines using field wire are discussed in subparagraph f below.

	c. Transmission line Balance. Two-wire or 4 wire open wire lines, and twisted-pair or par allel-pair cables, are known as balanced trans mission lines, because the impedance to ground of each side of the line is about the same as a result of symmetry. Coaxial cables and the open wire cage are called unbalanced lines, since the two sides of the circuit have entirely different impedances to ground be cause of the asymmetrical construction. For minimum transmission line radiation and at tenuation while transmitting, and for mini mum attenuation and noise pick-up while re ceiving, balanced transmission lines should operate between antennas and apparatus which are balanced to ground. The 4-wire line with diagonally opposite wires shorted together has a high degree of balance to ground if installed properly. Coaxial type lines are for use mainly between antennas and apparatus which are unbalanced to ground. (See also paragraph 62.4c (2) and 654d (1).





d. Characteristic Impedance and Attenuation.

(1) Open wire lines having practicable wire spacings generally range from about 200 to 800 ohms in characteristic impedance, and have low transmission loss (attenuation). The impedance depends on the center-to-cen ter spacing between conductors, and on the number and size of the conductors used. In figure 6-145 the characteristic impedances of 2-wire and 4-wire open wire lines are plotted for several sizes of wire and spacings, to gether, with the formulas from which they were derived.
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Figure 6-145. Characteristic impedance of open wire balanced transmission line.

(2) For all practical purposes the loss of an open wire transmission line whose length is 100 feet or less may be neglected at fre quencies in the h-f band. The r-f loss of a 2 conductor open wire line may be estimated from the following formula for copper or cop per-steel wires and dry weather:

a=0.00314Fdlog102Sd a = 0.00314 \frac{\sqrt{F}}{d \log_{10} \frac{2S}{d}} 

where a = loss in db per 100 feet

F = frequency in megacycles d = diameter of conductor in inches

S = spacing of conductors in inches

The loss of a 4-conductor line may correspond ingly be estimated from:

4-conductor line may

nated from:

𝐚=0.00314𝐅d log102 Sd \mathbf{a} = 0.00314 \frac{\sqrt{\mathbf{F}}}{\text{d log10} \frac{\sqrt{2} \text{ S}}{\text{d}}} 

where S is the side of the square and the other symbols are as above. Sample values of loss, computed from the above formulas, are in cluded among the curves plotted on figure 6-146.

(3) Cables, either balanced pair or coax ial, generally have characteristic impedances ranging from about 50 to 200 ohms, and the transmission loss is usually relatively high. Some data on coaxial cables, twin conductor balanced shielded cables, and a balanced un shielded cable are given in figure 6-147. Infor
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TL 54849 Figure 6-146. Attenuation of coaxial cable, balanced polyethylene cable, dry field wire, field cable, and open wire.

mation on most of these, and on other stand ard types of coaxial cables, is given in TM 11–487. A curve showing loss at various fre quencies for two types of coaxial cable is included in figure 6–146. For balanced opera tion, a dual coaxial can be improvised by lash ing together two single coaxials and using the inner conductors for a transmission line and the outer conductors for a shield. This pair has the same loss as the single coaxial, but twice its impedance.
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	RG-8/U
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	RG-22/U
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	95
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	RG-57/U
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conductor
	95
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	RG-23/U
	Dual

coaxial
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	0.6
	[0.7 x

0.9
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No.

1F4F1-4
	Balanced

unshielded

polyethylene

cable
	200*
	|| 0.35
	(0.6 x

0.3





• Impedance of balanced circuit.

Figure 6-147. Characteristics of radio-frequency cables.

e. Velocity and Electrical length. The velocity of propagation of waves along a well-insulated open wire line is nearly that of a wave in free space. In paired and coaxial cables the ve Iocity is materially reduced. Because of these deviations from free-space velocity, the phy sical length corresponding to a full-wave elec trical length is less than it would be in free space and may be calculated from the formula 984 V/Vo Physical length (feet) = —.

Physical length (feet) = 334 V/V0F \frac{334 \text{ V/V}_0}{\text{F}} 

In this formula F is the frequency in mega cycles and V/Vo represents the ratio of actual velocity to free-space velocity; V/Vo is about 0.98 for open wire lines, and has values rang ing from about 0.5 to 0.7 for various types of twisted pairs. For solid dielectric coaxial cable, the value of V/Vo is approximately 0.65, and for bead-insulated cable the value is about 0.85. All of these values are approximate, and are given to indicate that impedance match ing sections, etc., may vary appreciably in physical length, depending on the type of line used. -



f. Improvised R-f Transmission lines.

(1) Field wire of the types ordinarily used for telephone purposes may be used as twisted pair r-f transmission cable in emer gencies. The transmission loss in these wires is high, even when dry, as indicated by the curves for various field wire types in figure 6-146. At receivers, such losses between an tenna and set may be tolerated in cases where external noise, rather than set noise, controls the audio signal-to-noise ratio. At transmitters, however, the losses cause equivalent decreases in radiated power, and should be avoided ex cept in emergencies or on circuits having plenty of transmission margin. When moist, the losses of these wires may be several db greater per 100 feet than shown for dry wire. The char acteristic impedances of Wire W-110–B and Wire W-143 are about 150 and 70 ohms, re spectively, in either the h-f or v-h-f bands. The impedances of most other field wires are probably within that range.


	(2) These field wires may be used as spaced twin pairs to form a relatively low loss, high-impedance open wire pair, such as the 2-inch spaced portion of the line illus trated in figures 6-66 and 6-67. Lines of this . type will have characteristic impedances com parable with similarly spaced open wire lines of the same general dimensions (fig. 6-145), but the losses will ordinarily be greater. How ever, the losses should be materially lower than shown for field wire in figure 6–146, where the field wires are used as twisted pairs. Hence spaced twin pairs are advantageous when fairly long radio-frequency transmission lines must be constructed of field wire. Impedance rela tions must be such as to permit satisfactory transmitter loading.

	g. Impedance Relations. When a radio set is connected to an antenna through a transmis sion line, the impedance looking into the line at the radio set terminals (here called the load impedance for brevity) will in general not be equal to the antenna impedance, but will be modified by propagation down the line. In the special case when the antenna impedance equals the characteristic impedance of the line, the load impedance will also be equal to the antenna impedance. With low-loss lines of any impedance, the following are good approxi mations for the impedance relationships. If the line is a half wave in length (or a whole multiple of a half wavelength), the load im pedance will equal the antenna impedance. If the line is an odd multiple of a quarter wave in length, it will act as an impedance trans former, thus: let the antenna impedance be A



and the characteristic impedance of the line be Z; then the load impedance equals Z"/A. (In this expression, both the magnitude and the phase of Z and A must be considered. Z is nearly a pure resistance. Thus if A has nega tive reactance, Z"/A will generally have posi tive reactance, and vice versa.) The length of a transmission line can sometimes be chosen so as to utilize these properties. For example, if a transmitter is designed to work directly into a given antenna, but if in a particular case the antenna must be located some distance from the transmitter, it may be practicable to ar range matters so that the length of the trans mission line between transmitter and antenna is a half wave, or a multiple thereof, at the operating frequency. By this means the impe dance facing the transmitter is made about the same as if the transmitter were directly con nected to the antenna.



677. PHANTOM ANTENNAS.

a. General. Phantom antennas (dummy or artificial antennas) are used in place of the actual antennas for routine testing of radio transmitters under normal load conditions, or when retuning a transmitter to a new operat ing frequency. Their use is essential in combat areas in order to avoid putting r-f carrier on the air when not sending a message.



b. Standardized Phantom Antennas.


	(1) Phantom antennas have been stand ardized for use with several radio sets, as fol lows:

	

	(a) Antenna A–27 (Phantom); for use with Radio Set SCR-506. (TM 11–630). (b) Antenna A–28 (Phantom); for use with Radio Set SCR-300. (TM 11–242).

	(c) Antenna A–29 (Phantom); for use with Radio Set SCR-624.

	(d) Antenna A-62 (Phantom); for use with Radio Sets SCR-508 and SCR-528. (TM 11–600).

	(e) Antenna A-82 (Artificial); for use with Radio Set SCR-536. (TM 11–311). (f) Antenna A-83 (Phantom); for use with Radio Sets SCR-608 and SCR-628

	(TM 11–620).

	(2) Two of the above phantom antennas are illustrated in figures 6-148 and 6–149. An tennas A–27, A–62, A–82, and A–83 are ad justable and can be made to quite accurately represent the actual impedance of the antenna as installed, so that little or no retuning is



required when the transmitter is switched to the operating antenna. Antennas A-28 and A-29 contain fixed elements representing aver age antenna impedances, and some additional adjustments may be required when the trans mitter is switched to the operating antenna.
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Figure 6-148. Antenna A-62 (Phantom).

The use of these phantom antennas is described in the technical manuals for the respective radio sets and in TM 11–314.



c. Improvised Phantom Antennas.

(1) Phantom antennas for the h-f band can be improvised by using electric light bulbs
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Figure 6-149. Antenna A-83 (Phantom).

of appropriate voltage ratings to produce vari ous desired resistance loads. This type of dummy antenna is particularly useful as a sub stitute for a resonant antenna since such an antenna is resistive only. However, lamp loads can also be used to provide the resistance com ponent of nonresonant antennas, on the as sumption that the reactive component of the actual antenna can be tuned out.


	(2) Connections to the lamps should be made by short heavy leads soldered to the base, in order to minimize reactance which, as the frequency is increased, may otherwise cause the total impedance to differ appreciably from the calculated hot d-c resistance value. If it is necessary to use more than one lamp to pro duce the desired load resistance, the lamps should be, arranged symmetrically and the connecting wiring should be balanced, that is, the leads to each lamp should have the same length. In the v-h-f band, lamp loads may have appreciable reactance and consequently may not produce satisfactory loading of some trans mitters.

	(3) Antenna resistance varies consider ably with the type, ranging from 5 ohms or less for the resistive component of short whips to at least 1,500 ohms for end-fed half-wave antennas. Figure 6-150 suggests lamp combina tions for various resistance loads. In each case the lamps should light to about normal bril liance; otherwise the resistance values may depart appreciably from those shown in the figure. For example, when an 80-ohm load is desired for a 50-watt transmitter, figure 6–150 indicates that two Lamps LM-28 connected in series will be suitable. If a 600-ohm load is desired for a 25-watt transmitter the nearest available lamp load is obtained from one lamp having Stock No. 626815–9.

	(4) Carbon resistors of the 14-to 5-watt size may be used as phantom antennas in low power transmitters. If an r-f milliammeter is not available for current readings (power = I*R), a pilot light of appropriate current rating, inserted in series with the resistor, may be used for making a rough estimate of current by observations of its brilliance as compared to normal.
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Xmtr
	
	Characteristics and
	resistance" of lamp
	combinations suitable for loading various transmitters
	
	




	
	No.

of lamps
	1, LM-74
	1, LM-71
	
	
	



	
	Characteristics
	| 1.3v, 0.1a
	2.0v, 0.06a
	
	
	



	0.1
	Resistance
	ohms

13
	ohms

33
	
	
	



	
	No.

Stock
	6Z6756
	2Z5971
	
	
	



	
	No.

of lamps
	1, LM-50
	
	2, par.
	
	



	
	Characteristics
	2v, 0.25a
	
	0.04a

6v,
	
	



	0.5
	Resistance
	ohms

8
	
	ohms

75
	
	



	
	No.

Stock
	2Z5950
	
	2Z5877-11
	
	



	
	No.

lamps

of
	2, ser.
	1, LM-27
	1, LM-53
	
	



	
	Characteristics
	| 3.2v, 0.35a
	6–8v, 0.25a
	12–16v, 0.2a
	
	



	2
	Resistance
	ohms

18
	ohms

25
	ohms

70
	
	



	
	No.

Stock
	2Z5882-1
	2Z5927
	2Z5953
	
	



	
	No.

of lamps
	1
	1, LM-37
	1
	2, LM-49,

ser.
	1, LM-41



	
	Characteristics
	6.3v, 0.8a.
	0.33a

13v,
	18v, 0.25a
	28v,

0.1a
	6w

110v,



	5
	Resistance
	ohms

8
	ohms

39
	ohms

72
	ohms

560
	ohms

2020



	
	No.

Stock
	2Z5878-9
	2Z5937
	2Z5878-6
	2Z5949
	2Z5941



	
	No.

of lamps
	2, ser.
	2, LM-37,

par.
	2, LM-38,

par.
	
	2, LM-41,

par.



	
	Characteristics
	6.3V, 0.8a.
	0.33a

13v,
	28v,

0.17a
	
	w

6

110v,



	10
	Resistance
	ohms

16
	ohms

20
	ohms

82
	
	ohms

1010



	
	No.

Stock
	2Z5878-9
	2Z5937
	2Z5938
	
	2Z5941



	
	No.

of lamps
	1
	1, LM-28
	
	1
	1



	
	Characteristics
	12v, 25w
	25w

32v,
	
	25w

115v,
	v, 25w

230



	25
	Resistance
	ohms

6
	ohms

40
	
	ohms

528
	ohms

2090



	
	No.

Stock
	6Z6812-6
	6Z6832-1
	
	6Z6815-9
	6Z6830-25





• The resistance values indicated in the body of the table are those calculated for normal brilliance, with either a single lamp or combination of lamps. The abbreviations ser. and par. indicate that the lamps are in series or parallel, respec. tively.

Figure 6-150. Incandescent lamps suitable for dummy loads (continued on opposite page).



















	§
	Characteristics and

resistance" of lamp

combinations suitable for loading various transmitters



	
	No.

of lamps
	
	2, LM-28,

par.
	2, LM-28,

ser.
	1
	1
	
	
	
	
	
	




	
	Characteristics
	
	25w

32v,
	25w

32v,
	50w

115v,
	50w

240v,
	
	
	
	
	
	



	50
	Resistance
	
	ohms

20
	ohms

80
	ohms

264
	ohms

1150
	
	
	
	
	
	



	
	No.

Stock
	
	6Z6832-1
	6Z6832-1
	6Z6815–2.1
	6Z6840
	
	
	
	
	
	



	
	No.

of lamps
	2, ser.
	
	2, par.
	1
	2, ser.
	
	
	
	
	
	



	
	Characteristics
	| 12v, 50w
	
	100w

115v,
	100w

250v,
	50w

240v,
	
	
	
	
	
	



	100
	Resistance
	ohms

6
	
	ohms

66
	ohms

625
	ohms

2300
	
	
	
	
	
	



	
	No.

Stock
	6Z6812-7
	
	6Z6815-17
	6Z6850-100
	6Z6840
	
	
	
	
	
	



	
	No.

of lamps
	6, ser.
	3, par.
	1
	3, ser.
	3, ser.
	
	
	
	
	
	



	
	Characteristics
	12v, 50w
	100w

115v,
	250w

115v,
	100w

115v,
	100w

250v,
	
	
	
	
	
	



	300
	Resistance
	ohms

17
	ohms

44
	ohms

53
	ohms

396
	ohms

1875
	
	
	
	
	
	



	No.

Stock
	6Z6812-7
	-6Z6815-17
	6Z6815–4
	6Z6815-17
	6Z6850–100
	
	
	
	
	
	





• The resistance values indicated in the body of the table are those calculated for normal brilliance, with either a single lamp or combination of lamps. The abbreviations ser. and par. indicate that the lamps are in series or parallel, respec tively.

Figure 6-150. Incandescent lamps suitable for dummy loads (continued).




Section VI. MUTUAL INTERFERENCE BETWEEN RADIO SETS


678. GENERAL.

ca. At key points in a military radio com munications system numerous circuits termi nate, necessitating the use of many transmit ters and receivers in the same general locality. The selection of frequency assignments to avoid mutual interference between neighboring radio sets therefore becomes considerably more com plicated than when only two or three units are involved. This is especially true when only a restricted number of frequencies are available in a given area, thus preventing free selection of frequencies.

b. The major type of interference which must be guarded against is interference in re ceivers from nearby transmitters. Interfer ence in receivers caused by spurious radiations from other nearby receivers is usually not serious, but must sometimes be considered in situations where receiving antennas are closely grouped or when several receivers are con nected to a common antenna. Proper tuning of transmitters and proper lining up of re ceivers, as described in the technical manuals for particular radio sets, will reduce the like lihood of mutual interference. The informa tion in this section will aid in locating the sources of such mutual interference as may OCCur.

c. A description of the way in which trans mitter-to-receiver interference arises is given first, and broad measures which may be taken to reduce it are suggested (par. 679). The factors responsible for interference, including spurious transmitter outputs, spurious re ceiver outputs, and spurious receiver responses are discussed next (pars. 680, 681, and 682). The location of spurious responses in simple superheterodyne receivers and in superhetero dyne receivers having two mixers are then considered in some detail (pars. 683 and 684). A discussion of additional spurious receiver re sponses caused by the heterodyning of two in terfering signals, and additional spurious transmitter outputs caused by cross-modula lation between two transmitters concludes the section (pars. 685 and 686).

d. Present information on the magnitudes of some factors affecting the interference producing properties of various radio sets is very limited. Therefore, while it is possible to estimate reasonably well the frequencies at which interference is likely, and to draw gen eral conclusions as to the degree of interfer ence, it is impractical to predict accurately the seriousness of interference at specific fre quencies. Wherever possible, therefore, it is wise to rehearse communication set-ups, using proposed physical layouts and frequency as signments. By this procedure, necessary changes in the initial assignments can be made before the actual operation. Experience gained in this manner should be made available to others so that frequency assignment combina tions which have been found to work satis factorily can be among the first to be tried in similar situations elsewhere. An example of this procedure is TB SIG 78 and TM 11–2601 which recommend certain frequency combina tions for use with Radio Terminal Set AN/ TRC–3 and Radio Relay Set AN/TRC–4.



679. TRANSMITTER-TO-RECEIVER INTERFERENCE.

q. Transmitter-to-receiver interference is difficult to avoid in a congested area because the desired signals arriving at the receivers from distant transmitters are usually weak, and can be interfered with easily by the rela tively strong signals radiated by nearby trans mitters.

b. Each transmitter radiates small amounts of energy at many frequencies other than its carrier frequency; and each receiver is re sponsive, although very inefficiently, to sig nals of many frequencies other than the one to which it is tuned. In addition, signals from two transmitters of different frequencies may heterodyne in a receiver mixer tube to pro duce interference. These spurious radiations and responses greatly increase the number of frequencies at which interference can occur. For example, when transmitting and receiv ing antennas are close together, interference may result not only in receivers tuned to fre quencies near the strong transmitter carrier, but also in receivers tuned to frequencies cor responding with weaker spurious transmitter radiations. In addition, interference may result when the strong transmitter carrier frequency corresponds with one of the many weak spuri ous responses of the receiver. It is also pos sible for interference to occur when a spuri ous transmitter radiation corresponds with one of the receiver spurious responses, but serious interference of this type is not normally experienced.

c. Many of the interferences which occur with antennas closely spaced disappear when the intensities of interfering signals are re duced by separating the transmitting and re ceiving antennas. Such separation pays larger dividends than might be expected, because at many of the spurious response frequencies the receiver sensitivity has been found to de pend on the intensity of the interfering signal. For these cases, a decrease of 20 db in the field intensity, caused by antenna separation, simul taneously reduces the receiver sensitivity to spurious response by another 20 db or more, thus rapidly eliminating many interferences.

d. Because of the advantages brought about by antenna separation, it should be emphasized that a headquarters location should be so chosen as to provide ample opportunity for separating transmitting and receiving antenna parks as much as is feasible. Such separations have been found desirable even in commercial installations which operate on fixed frequen cies. Antenna separations of as much as 5 miles are not uncommon in military use for h-f sets using powers of 400 watts and above, and a spacing of 1 or 2 miles should permit reason able flexibility in frequency assignments." For 50-watt sets in the v-h-f band, numerous workable assignments should be available with 1/3-mile antenna separation," provided that the transmitters and receivers operate near op posite ends of their available frequency band, thus taking full advantage of antenna tuning and r-f tuning. In most cases, a frequency dif

15 Separation of transmitters and receivers generally requires the use of remote control equipment, such as is discussed in section VII of this chapter.

*

10. As noted in paragraph 678, this applies when sev eral transmitters are involved. With a single radio re lay set, it is not difficult to find combinations of fre quencies permitting close proximity of transmitting and receiving antennas.

ference greater than 10 percent should prove adequate. With greater antenna spacing, the number of workable channels increases. Mu tual interference can exist between sets operat ing in widely separated frequency bands if they are physically near each other. For ex ample, h-f transmitters emit spurious radia tions at many times the operating frequency, and these radiations may cause interference in v-h-freceivers. Also, h-f receivers frequently have spurious responses in the v-h-f band, which may permit a nearby v-h-f transmitter to cause interference.

e. When space is not provided to establish the separations between transmitting and re ceiving antenna parks noted in subparagraph d above, types of interference normally ne glected become important. With numerous transmitting and receiving antennas separated only a few hundred feet or located very close together on a building or tower, the number of interference possibilities increases to such an extent that a solution of the frequency assignment problem becomes very difficult, if not impracticable, with the information on sets which is generally available in the field. If such a difficult situation cannot possibly be avoided, it is essential to understand the set characteristics responsible for interference in order to select initial frequency assignments which will have some prospect of proving rea sonably satisfactory when operations begin. Also, when interference does occur, a knowl edge of the various possible interference fac tors will permit a more rapid determination of the type of interference involved, thus leading to a rational rather than a trial and error solu tion of frequency rearrangement. The remain der of this section therefore deals with spuri ous set characteristics, and indicates at what frequencies spurious radiations and responses are apt to occur, including illustrations based on measurements made on several sets.



680. SPURIOUS TRANSMITTER OUTPUTS.

c. Most of the power in the r-f output of a transmitter is at the operating carrier fre quency and its relatively narrow sidebands. However, a small amount of power is always present at all of the harmonics of the master oscillator frequency. In h-f transmitters, the operating frequency is the same as this oscil lator frequency or double, triple, and in some cases, four times the oscillator frequency. In crystal controlled v-h-f equipment, the oper ating frequency is often many times (for ex ample, 18, 24, or 96 times) the master-oscil lator frequency, particularly in f-m transmit ters where frequency modulation is derived from phase modulation. In the latter case the spurious components are spaced fairly closely and those falling near the transmission fre quency tend to have the greatest magnitudes. For example, in a transmitter having a multi plication of 96, as in Radio Set AN/TRC-1, which uses frequency modulation, spurious out puts occur at intervals of-# above and below the operating frequency, for. Figures 6-151, 6-152, and 6-153 show magnitudes, as meas ured in a 70-ohm load, for Radio Transmitters BC–610, BC–191—E, and T-14/TRC–1.
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Figure 6-151. Spurious outputs of Radio Transmitter BC–610 arranged to feed a 70-ohm load. (BC–610 is a component of Radio Sets SCR-299 and SCR-399.)

b. Since the frequencies of these spurious outputs are different for different operating frequencies, it is apparent that the number of receiving channels which may be interfered with increases rapidly with the number of transmitters in operation, because each trans mitting frequency will be accompanied by a series of spurious outputs, displaced in fre quency from any other series.
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Figure 6-152. Spurious outputs from Radio Transmitter BC–191—E measured in a 70-ohm resistive load. (BC–191—( ) is a component of Radio Sets SCR-177-B, SCR-188—A, SCR-193–( ), and AN/VRC–1.)



681. SPURIOUS RECEIVER OUTPUTS.

Almost without exception, military receiv ers are of the superheterodyne type. The fundamental or harmonics of the local oscil lator in one receiver may reach a nearby re ceiver through various paths, the most impor tant probably being by coupling between the antennas connected to the two receivers. Ex
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Figure 6-153. Spurious outputs of Radio Transmitter T-14/TRC-1 measured in a 70-ohm resistive load. (T-14/TRC-1 is a component of Radio Sets AN/TRC-1, -3, and —4.)

40 60 so too i2O 140 crystAL HARMONIC I l I I I I I I I I 40 SO 60 70 80 90 loo. iio i2O 130 FREQUENCY in MEGACYCLEs amples of the magnitudes and frequencies of these spurious receiver outputs in a 70-ohm dummy antenna for the Hammarlund Super pro and the Hallicrafters SX—28 h-f receivers, and for Radio Receivers BC–312 and BC–342, are shown in figures 6-154, 6–155, and 6-156. Figure 6-157 shows spurious receiver outputs for a v-h-f receiver, Receiver R-19/TRC–1 of radio sets AN/TRC–1, -3, and —4. In a simple superheterodyne receiver the local oscillator frequency is related to the operating frequency by expressions given in paragraph 683b.

682. SPURIOUS RECEIVER RESPONSES. a. A superheterodyne receiver which is tuned to receive an r-f signal of a certain fre quency will respond at that frequency better than at any other. However, it will also respond inefficiently to signals at numerous other fre quencies scattered over a wide band extending above and below the normal operating range of the set. The exact location of the spurious response frequencies is a function of receiver design, and the relative efficiency or sensitivity or the receiver at these freqencies depends on
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Figure 6-154. Spurious r-f outputs from a Hammarlund super-pro receiver (equivalent to BC-779) measured across 70-ohm resistance connected across the antenna terminals.
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Figure 6-155. Spurious r-f outputs from a Hallicrafters SX-28 receiver measured across 70-ohm resistance connected across the antenna terminals.
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Figure 6-156. Spurious r-f outputs from Radio Receivers BC–312 and BC–342 measured across 70-ohm resistance connected across the antenna terminals. (One or both of these receivers are components of Radio Sets SCR-177-B, SCR-188—A, SCR-193–( ), SCR-209, SCR-210, SCR-245, SCR-299, SCR-399, SCR-499, and AN/VRC–1.)
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TL 54876 Figure 6-157. Spurious r-f outputs from Receiver R–19/TRC-1 measured across 70-ohm resist ance connected across the antenna terminals. (R—19/TRC-1 is a component of radio sets AN/TRC-1, -3, and -4.)

such factors as the antenna selectivity, the r—f selectivity, the degree of filtering in the heterodyning oscillator output circuit, and, in numerous cases, on the intensity of the inter fering signal at the spurious response fre quency.
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Figure 6-158. Responses of Radio Receivers BC–312 and BC–342, tuned to 5.0 me on the 3.0- to 5.0-mc scale. (One or both of these receivers are components of Radio Sets SCR-177-B, SCR-188—A, SCR-193–( ), SCR-209, SCR-210, SCR-245, SCR-299, SCR-399, SCR-499, and AN/VRC–1.)
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Figure 6-159. Response of a Hammarlund super-pro receiver, tuned to 5.0 me on the 2.5- to 5.0-mc scale.
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Figure 6-160. Responses of a Hallicrafters SX-28 receiver, tuned to 5.8 me on the 3.0- to 5.8-mc scale.

b. When the receiver is properly lined up, the sensitivity of the receiver at spurious re sponse frequencies is always much less than at the operating frequency, but it may easily be sufficient to permit interference from a local transmitter which radiates a relatively strong signal at a spurious response frequency. Figures 6-158, 6-159, 6-160, and 6-161 show typical response locations and corresponding receiver sensitivities for Radio Receivers BC–312 and BC–342, for a Hammarlund super pro receiver, a Hallicrafters SX-28 receiver, and for Receiver R–19/TRC–1 of Radio Set AN/TRC–1, respectively.
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Figure 6-161. Responses of Receiver R-19/TRC-1 tuned for 71.2 me (crystal frequency = 7.620 mc). (R—19/TRC-1 is a component of radio sets AN/TRC-1, -3, and -4.)

683. LOCATION OF SPURIOUS RESPONSE FREQUENCIES IN A SIMPLE SUPERHETERODYNE RECEIVER,


	a. General. The following steps first review the normal operation of a simple superheterodyne receiver, and then indicate the various manners in which the set may respond to frequencies other than the desired signal frequency. Formulas and rules are given for locating the more important spurious response frequencies in each case. The same principles can be extended to apply to double conversion superheterodyne receivers, as outlined in paragraph 684.

	b. Normal Response. For normal response, the incoming signal at the operating frequency, four, is selected by antenna tuning, amplified in the tuned r-f stages and then combined with a hetero dyning frequency fma in the mixer stage. The value of fºa is adjusted so that the difference frequency (beat frequency) from the mixer tube is equal to fit, the frequency to which the i-f (intermediate-frequency)amplifier stages are tuned. In some sets four-fna =fu, and in others fia-four = fu. After passing through the i-f amplifier, fºr is applied to the final detector of an a-m receiver or to the first limiter grid of an f-m receiver, as the case may be.

	c. Spurious Responses, General. The receiver, although tuned to for, will also respond to fre quencies other than for when, by some combina tion of circumstances, a frequency of fif is produced in sufficient magnitude at the output of the mixer stage, or in the i-f stages. Any radio frequency at which such a spurious receiver response occurs is referred to in what follows by the symbol fresp. The symbol fºr refers to any frequency falling in the i-f pass band. If such a spurious signal reaches the limiter grid in an f-m receiver or final detector in an a-m receiver with an amplitude comparable with the desired signal, serious interference to voice or teletypewriter transmission will generally result. However, in c-w reception by ear, sub stantially more interference can be tolerated by skilled operators.

	d. 1-f Response. Signals within the i-f pass band may be picked up directly in receivers having insufficient shielding or insufficient r-f selectivity. The latter is an important factor when the operat ing frequency is within 20 percent of the inter mediate frequency, which is generally possible in sets designed for use in the l-form-f band. In such cases it is ordinarily specified that the receiver



should be at least 80 db less sensitive to an inter ference at fºr applied to the receiver input terminals than to a signal at its operating frequency.

e. Image Response. The most commonly rec ognized spurious receiver response is at the so called image frequency. It is caused by the fact that there are two values of incoming frequency which will beat with fact to produce fºr; one of these fre quencies is above fra by fif and the other is below fna by fºr. For sets designed such that four-fna =fº, the image response frequency is and for sets where fresp=fopr−2fij f_{resp} = f_{opr} - 2f_{ij} 

it is fresp=fopr−2fijf_{resp} = f_{opr} - 2f_{ij}

fresp=fopr+2fijf_{resp} = f_{opr} + 2f_{ij}

As noted above, the symbol fresp is used here and throughout to designate any of the response fre quencies, of which the image is but one example. The antenna and r-f amplifier circuits are tuned to amplify for. Such circuits are therefore detuned with respect to the image frequency, so that a signal at this frequency is considerably reduced in magnitude before reaching the mixer grid, thus reducing the receiver sensitivity at this image frequency. The amount of such reduction depends on set design.

f. Response at Submultiples of the Operating Frequency, fear. A series of spurious receiver responses can also occur at frequencies of four,

fopr3 \frac{f_{opr}}{3}  , fopr4\frac{f_{opr}}{4} , ... foprnrf\frac{f_{opr}}{n_{rf}} where nrf=1,2,3,…n_{rf}=1, 2, 3, \ldots etc.

When such frequencies are applied to the r-f stages, the r-f amplifier output will include small amounts of energy at their harmonics, because of nonlinear characteristics in the r-f stages. One of these harmonics will equal for, which will mix with fuel to produce fºr in the receiver output, and this signal will proceed through the i-f and other stages in the same manner as the desired signal. The frequencies, fresp at which such spurious responses can occur are as follows:

fresp=foprnrf f_{resp} = \frac{f_{opr}}{n_{rf}} 

Ordinarily, when fºr exceeds 5, the magnitude of the response at the corresponding value of fresp is so weak that it can be neglected. This is because such frequencies are sufficiently removed from the operating frequency to be well attenuated by antenna and r-f tuning, and also because higher harmonies produced in the r-f stages by nonlinear action are weaker. Also, responses involving values of nºt equal to 2 or more are of the type noted in paragraph 679c which are rapidly eliminated by increased separation between transmitting and receiving antennas.

g. Responses Due to Harmonics of the Hetero dyning Frequency, fel. Another receiver charact eristic which is responsible for numerous responses at frequencies other than for is that the hetero dyning frequency is not usually a pure frequency, fna, but includes harmonics of fºa such as 2fna, 3fna ... . nna, fºa where nna = 1,2,3, etc. Such harmonics will beat with certain incoming frequencies, fresp, to produce fºr in the output of the mixer. This occurs when

$$ n_{hat} \; f_{hat} - f_{resp} = f_{ij}, \; \text{or} \; f_{resp} - n_{hat} \; f_{hat} = f_{ij}, \\ \text{that is, when} $$

fresp=nna frei==fv

The sensitivity of the receiver at the spurious fre quencies caused by harmonics of fºa is less than the sensitivity at the operating frequency because the voltage applied to the grid of the mixer at the desired heterodyning frequency, fºa, is large com pared to that of its harmonics, nnafna. The magni tudes of these harmonics become progressively smaller for greater values of nna. Values of nna above about 4 therefore usually need not be con sidered.

h. Response Due to Harmonics of Base Fre quency, for. When the desired heterodyning fre quency, fºa, is obtained by using a particular har monic of a lower base frequency, fore, (for example, the frequency of the crystal oscillator), as is com mon in v-h-f sets, fºa may be defined as Nosefore, where Nose is the particular harmonic of fose chosen for amplification before application to the mixer grid. Other harmonics of fose also get through to the mixer grid in varying degrees. Any harmonic of fose is here designated nose, whereas the capital letter Nose refers to the one used in the normal response. These harmonics will beat with certain incoming frequencies in the mixer to produce fir. The fre quencies at which such spurious responses can occur are as follows:

fresp = Ilose fore-E fur

The more important values of freep are: those which result from values of nose corresponding to multiples Nose up to about 4; and those values of fresp which have a frequency between about one half the operating frequency and twice the operat ing frequency, resulting from other values of nar.

i. Responses Due to R-f Harmonics in Combina tion with Harmonics of the Heterodyning Fre quency or of the Base Frequency. As mentioned in subparagraph f above, harmonics of any incom ing signal are produced in the r-f amplifier stages. These harmonics of an incoming signal, combined with values of nafna or nosefore, produce numerous responses, the most important of which are those for which fresp is within +5 or +10 percent of for. The frequencies at which these responses occur are

fresp=nhefhhefnrf±ftfnrf f_{resp} = \frac{n_{hef} h_{hef}}{n_{rf}} \pm \frac{f_{tf}}{n_{rf}}  or fresp=neecnrfNeec(Neecfeec)±ftfnrff_{resp} = \frac{n_{eec}}{n_{rf} N_{eec}} (N_{eec} f_{eec}) \pm \frac{f_{tf}}{n_{rf}}

These expressions are the same as those in sub paragraphs g and h above except for the nºr in the denominator. This type of action in the receiver is responsible for a large number of spurious re sponses which occur near the operating frequency, for (figs. 6-158, 6–159, and 6-160). Such responses Occur when * or -tt- takes on values equal to Ilry Ilrfly osc

2 3 2 3 4 - and 3. also values near unity, such as 3'4' T, 5 up 2

19 to, say ::, where fael is higher than for, or values 20

32 \frac{3}{2}  , 43\frac{4}{3} , 54\frac{5}{4} , up to, say, 2019\frac{20}{19} , where fhetf_{\text{het}} is lower than foptf_{\text{opt}} .

These responses are usually so dense within a range near four and extending as much as +10 percent from for, that it is very difficult to operate nearby transmitters in that range without causing inter ference. The likelihood of interference at these frequencies disappears very rapidly as the trans mitting antennas are moved further away.



684. LOCATION OF RESPONSES IN A SUPERHETERODYNE RECEIVER HAVING TWO MIXERS.

a. The location of spurious response frequen cies in a receiver which has two heterodyning stages (as in the v-h-f Radio Receiver R-19/TRC-1 of Radio Set AN/TRC-1) can be obtained by applying the methods given in paragraph 683 in two steps.

b. In step 1, the portion of the receiver follow ing the input to the first i-f amplifier is assumed to contribute no spurious responses, and compu tations of response frequencies for the first half of the set are made as in paragraph 683. The inter mediate frequency used for this computation is the actual first or high intermediate frequency, and its heterodyning frequency is the first hetero dyning frequency, fied (or, if derived from a base frequency, nose foci).


	c. In step 2, the chief additional responses resulting from the second half of the set can be computed using the first form of the equation of paragraph 683i and including the case where nºr = 1. The intermediate frequency used for this computation is the second or low intermediate frequency of the receiver. The heterodyning fre quency to use is facu-Hſnea for receivers where fied is less than the operating frequency, four, and is fun-fºam in the case where fen is greater than four; where fman and fan are the first and second hetero dyning frequencies in the actual receiver. These responses, together with those computed in step 1, give an essentially complete picture of the more important spurious responses of the actual receiver.

	d. While the process of producing spurious responses in a receiver with two heterodyning stages is more complicated than in the simple superheterodyne, experience has indicated that the number of important responses may be no greater. As in the simple superheterodyne, it is impractical to determine accurately the relative importance of specific spurious response frequen cies without complete knowledge of the circuit characteristics of the particular receiver involved.





685. SPURIOUS RECEIVER RESPONSES DUE TO HETERODYNING OF TWO R-F FREQUENCIES.


	a. When signals of different frequencies arrive at a receiver input from two local transmitters, one of the frequencies will act as a heterodyning frequency for the other in the mixer stage. If the two frequencies, or their harmonics produced in the r-f stages and in the mixer, differ by fit, interference will be possible. As a further example, interference may also arise if the sum or difference of two r-f frequencies, or of a combination of their harmonics, corresponds with the operating fre quency or an important spurious response fre quency. Nonlinearity of the first r-f tube is usually the cause of this latter type of effect.

	b. These effects can be serious especially when one or both of the two interfering frequencies are



near the operating frequency, for. For frequencies substantially different from for, the attenuation due to r-f selectivity will reduce the magnitudes arriving at the mixer grid or at the first amplifier grid. This considerably reduces the interfering effect, since the magnitude of the interfering signal at frequency fºr at the mixer output has been found proportional to the product of the r-f input values, so that a reduction of 10 db in magnitude at both frequencies, for example, reduces the interference by 20 db. Separation of transmitting and receiving antennas or taking advantage of minima in direc tional patterns, is therefore an effective way of reducing this type of interference.

686. SPURIOUS TRANSMITTER OUTPUT CAUSED BY CROSS-MODULATION BETWEEN TWO TRANSMITTERS.

a. When the antennas (or r-f feed lines) of two transmitters are located near each other, an appreciable r-f voltage from one transmitter may be impressed across the output tank circuit of the other. Because of nonlinear phenomena in the final amplifier circuit, this induced r-f voltage causes the generation and radiation of spurious signals at other than the operating frequency at either transmitter. For example, if one transmitter operating at 100 mc has impressed across its out put tank circuit a voltage at 90 me from a nearby transmitter, a signal at 110 me will be formed in the output circuit of the first transmitter which will be radiated after being attenuated by the tank, antenna coupling, and antenna tuning. Other spurious signals will be generated similarly at 80, 120, 70, 130 mc etc., in the order of their strengths, but these will be of importance only in extreme cases. A difference frequency of 100–90= 10 me will also be generated. In this example, interference with a nearby h-f receiver operating at 10 me may be caused, as well as interference with v-h-f receivers at several frequencies.

b. Interference of this type should not prove serious if receiving antennas are well separated from transmitting antennas. In the event they are not, the interference may be reduced by: in creasing separation between transmitting anten nas; reorienting the antennas of transmitters which are reacting upon each other so as to take advantage of minima in the directional patterns; and avoiding or removing any condition where two adjacent transmitting antennas are tuned for the same or nearly the same operating frequency.




Section VII. REMOTE CONTROL OF TACTICAL RADIO SETS


687. GENERAL DESCRIPTION OF REMOTE CONTROL EQUIPMENTS.



q. Introduction.


	(1) Remote control equipments are de vices for providing means whereby a radio set can be used for voice transmission or for c-w telegraph by an operator located at a point remote from the set. The principal purposes of such equipments are to provide push-to-talk control of a radio set over wire lines connected between the set and the remote operator, and to provide means for satisfactory voice trans mission over these wire lines, particularly from the remote point to the radio transmit ter. The push-to-talk control feature inher ently provides the necessary c-w control of the transmitter for hand telegraph speeds.

	(2) The components of some of these equipments include one unit which is located at the radio set and another unit which is located at the remote point. Some equipments contain arrangements for ringing and for in tercommunicating over the wire lines between the remote operator and personnel at the radio set. The lengths of the connecting wire lines over which remote control and voice transmis sion are satisfactory vary from 1 to 10 miles, depending on the types of control units, wire, and radio sets.

	(3) This section outlines the advantages of remote control equipments, discusses the principal operating features, and indicates the factors which limit the distances over which remote control and satisfactory voice trans mission are feasible (pars. 687 to 690 inclu sive). Remote control equipments are included as components of some radio sets. Others may be procured as separate units and can be used with a number of different radio sets. Some of the more common remote control equipments are described briefly in paragraph 691. Ar rangements for improvising remote controls are discussed in paragraph 692.

	b. Operating Advantages. The principal ad vantages which can be realized from the use of remote control equipments are:

	(1) In combat areas, a radio operator can be in a foxhole, dugout, or other location sheltered from enemy action, while his radio set and antenna are at a more exposed site suitable for satisfactory radio transmission.




	(2) A speaker can be at a telephone in quarters while talking on a radio net over a field wire extension from the radio station.

	(3) The locating of radio sets by an en emy radio direction finder or by aerial obser vation does not disclose the location of the headquarters.

	(4) Time consumed by messengers tra veling between headquarters and radio sets at widely dispersed points can be eliminated by locating the operators in a radio control central adjacent to the headquarters, thus ex pediting the handling of messages.

	(5) Radio transmitters can be separated from radio receivers by distances of 1/2 mile or more to reduce mutual interference (sec. VI).

	(6) In hilly country, radio sets can be lo cated at high points from which the best radio transmission is obtained, particularly with radio sets operating in the v-h-f band, while the radio operators are at more convenient and sheltered points.

	(7) A group of radio operators can be located together in a remote control central adjacent to a message center, thus minimizing personnel requirements and improving effi ciency by adequate supervision. -

	(8) Air warning operation centers can be established reasonably remote from asso ciated radio sets, with numerous radio chan nels to observers, airplanes, and other points involved in the control of operations.





c. Technical Functions.

(1) Push-to-talk control is the chief technical function of most remote control equipment. This consists principally of causing the radio transmitter to radiate only while the push-to-talk switch is pressed; but under many conditions it includes simultaneous dis abling of the associated receiver. When the push-to-talk switch is released, the control equipment will cause the radio set to revert to receiving. Another push-to-talk function of some remote control equipments is to connect a 2-wire line from a remote telephone to the radio transmitter while the push-to-talk switch is pressed, and to transfer this line back to the receiver when this switch is re leased.


	(2) Various other operating features in addition to those associated with the push-to talk switch are provided in some types of re mote control equipment, among which are the following:

	(a) C-w telegraph, by means of a key at a remote point.

	(b) Intercommunication and ringing between a radio operator at a remote point and an attendant at the radio set.

	(c) Audio amplification to provide adequate modulation of radio transmitters over long lengths of wire.

	(d) On-off control of the radio set power supply.

	(e) Remote selection of any one of sev eral predetemined radio carrier frequencies.





688. RADIO SYSTEMS WITH REMOTE CONTROL EQUIPMENT.


	a. The most common radio systems in which remote control equipments offer advantages are single-frequency radio nets which operate on a push-to-talk basis. Each of these nets contains at least two radio sets but may con tain as many as a dozen or more. The princi pal reasons for push-to-talk control in such a net are:

	(1) To reduce power consumption in the radio transmitters during idle periods, par ticularly with battery-operated sets.

	(2) To permit the use of only one fre quency per net and thus minimize the number of different radio frequencies required, par ticularly in areas with large numbers of dif ferent nets.

	(3) To enable communication from the transmitter of any set in a net, to the receiver of every other set in the same net.

	(4) To reduce the probability of detec tion by the enemy by radiating only during the transmission of a message.

	b. Radio nets for observers associated with air warning operations centers are sometimes arranged with an individual frequency for the radio transmitter of each observer while a separate common frequency is used for trans mitting from the operations center to the re ceivers of all observers. This enables an officer in the operations center to broadcast to all observers and yet permits each observer to report individually. It also enables an ob server to receive a radio message even while his push-to-talk switch is pressed for trans mitting.



c. The push-to-talk feature of remote con trol equipment is not applicable to multichan nel radio systems in which the transmitters radiate continuously.



689. PUSH-TO-TALK OPERATIONS.


	a. Local Control with Remote Talking. Some remote control equipments such as RM-29–

	( ) require an attendant at the radio set to control its push-to-talk operation. The talker at the remote point announces a word such as transmit at the beginning of each message and the word over at the end of each message. The local attendant at the radio set listens for these words and operates the push-to-talk switch accordingly. Remote control equip ments are described in paragraph 691.





b. Remote Control.


	(1) With remote control equipment such as RC–261 the radio set is controlled by the pressing of the push-to-talk switch at the re mote point. This control is accomplished by the operation of an electromagnetic relay in the control unit at the radio set, which in turn controls the radio set.

	(2) Some radio sets can be controlled without remote control equipment over only a few feet such as the length of the cord be tween the radio set and the local microphone. However, the over-all distance for push-to talk control of such a set may be increased up to several miles by providing a control unit at the radio set. This increase is made possible by making the relay in the control unit more sensitive than the relay in the radio set. The sensitive relay operates over the longer dis tance, and it controls the less sensitive relay through a local circuit over the cord to the microphone jack.

	(3) The range of remote control, that is, the distance permissible between the push-to talk switch and the control unit at the radio set, may be at least one mile with most remote control equipments and Wire W-110–B. One of the equipments provides ranges up to 10 miles under favorable conditions. The ranges obtainable with various types of equipment are listed in figure 6-162. These ranges are de termined principally by the following factors:

	(a) The current required to operate the relay in the control unit.

	(b) The resistance of the wire between this relay and the push-to-talk switch, the resistance of the relay itself, and any other resistance in the relay operating circuit.




	(c) The d-c voltage operating in the relay circuit.

	(d) The voice transmission features discussed in paragraph 690.

	(4) The equipment provided at a remote point to permit remote control may be a Tele phone EE–8–0 ) and a telegraph key, a re mote control unit with a microphone and headset, or the type of local battery telephone used in Operations Center AN/TTG-1. With a Telephone EE–8–( ) and telegraph key, the operator has to press the telegraph key to control the radio set while talking, in addi tion to pressing the switch in the handset for battery supply to its microphone. With other types of equipment, such as RC–261 the push to-talk switch of the remote microphone con trols the radio set.

	(5) The current for push-to-talk control is supplied from dry batteries in some remote control equipment such as RC–261 and RC–289. Dry batteries are also used for microphone battery supply with these equip ments. With Remote Control Equipment AN/TRA–2, the push-to-talk control current is supplied from a rectifier associated with the 60-cycle power supply at the radio transmit ter. The same current serves as battery supply to the microphone of the remote handset.





690. VOICE TRANSMISSION OVER WIRE LINES BETWEEN REMOTE POINTS AND RADIO SETS.


	q. The length of wire line which may be used between the remote point and the radio set may be limited by transmission and noise rather than by the capabilities of the d-c push-to-talk control. Among the transmission factors to be considered are the following:

	(1) The audio volume output from the remote control unit or telephone at the remote point.

	(2) The audio volume required for proper modulation of the radio transmitter.

	(3) The transmission losses in the wire line and in the control equipment.

	(4) Reflection losses caused by connecting a line having one impedance to an equipment having a different impedance.

	(5) Impedance unbalances to ground from opposite wires of the line pair, resulting in crosstalk and noise.




	(6) Control of the volume output from the radio receiver to provide adequate volume at the remote point without producing cross talk into adjacent circuits.

	b. The most difficult problems are those re lated to providing adequate input to the radio transmitter from a talker at the remote point. Ordinarily, there will be no particular prob lem associated with the listening condition, because most radio receivers have capacity for a volume output which is more than adequate for any length of wire permitted by the re mote talking conditions. For the listening con dition, it will generally be necessary only to set the audio volume control on the radio receiver so that a comfortable volume is heard in the remote telephone receiver when it is on the listener's ear. If the volume is set higher than this, objectionable crosstalk is apt to be produced in adjacent circuits. Some remote control equipments use automatic volume lim iters which prevent this,

	c. The volume output from a telephone de pends principally on the microphone and its battery supply current (ch. 2). For example, an increase in the battery supply current from 0.030 ampere to 0.100 ampere will in crease the volume output about 5 db. For the efficient transmission of speech from a microphone over a telephone line, an induc tion coil is generally associated with the micro phone, as in the Telephone EE–8–( ). This reduces reflection losses which otherwise would exist because the impedance of the micro phone is lower than that of the line to which it is connected. The induction coil in Telephone EE–8–( ) also reduces sidetone (ch. 12).

	d. The volume output from a Telephone EE–8–( ) produced by a person talking with average loudness, and with the batteries in good condition, is probably about -5 vu. Although this volume may vary widely in in dividual cases, the large majority of talkers will probably produce something in the range from —13 vu to +3 vu. The volume required for proper modulation of a radio transmitter depends on the particular transmitter. In gen eral, a transmission loss of about 5 db can be tolerated between a Telephone EE–8–( ) and a radio transmitter. This permits at least one mile of Wire W-110–B between the tele phone and the radio set, assuming about 2-db loss in the control unit at the radio set. Some radio transmitters are equipped with audio



preamplifiers which permit relatively low in put volumes and therefore greater transmis sion losses between the talker and the radio set.


	e. When figuring transmission losses, it is important to consider the impedances of the audio circuits to which the lines and equip ments are connected. For example, if a Tele phone EE–8–( ) having an impedance of about 600 ohms is connected directly to the microphone jack of a radio transmitter hav ing an input impedance of about 50 ohms, a reflection loss amounting to about 6 db will result because of the mismatch in impedances (ch. 12). However, a Remote Control Unit such as RM-29–( ), RM-39–( ), or RM-53, includes a transformer which matches these impedances and nearly eliminates the reflec tion loss although it produces an insertion loss of about 2 db (ch. 12).

	f. The over-all losses (line loss plus reflec tion losses, but excluding battery supply loss) produced by various lengths of Wire W-110–B connected between a microphone and a radio transmitter are indicated in the following table:


















	
	Typical over-all transmission losses between

40-ohm microphone and

radio transmitter (db)



	Length of line

with Wire W-1 10-p

between microphone

and

radis transmitter
	| 40-ohm radio || 100-ohm radio

transmitter

input

impedance
	transmitter

input

impedance
	Impedance

matching

transformers

at both ends

of the line
	
	
	
	
	
	




	1,000

feet
	3.0
	2.0
	2.0
	
	
	
	
	
	



	2,500

feet
	5.0
	3.5
	3.0
	
	
	
	
	
	



	1 mile
	7.0
	5.5
	4.0
	
	
	
	
	
	



	2

miles
	14.0
	11.0
	(5.5
	
	
	
	
	
	





The data in the above table may be helpful when considering the improvised remote con trol arrangements discussed in paragraph 692.

g. For more than a mile or two of Wire W–110–B between a remote point and a radio transmitter, the volume at the radio transmit ter can be increased to compensate for the transmission losses in the field wire by pro viding an audio amplifier at the remote point, such as that in remote Control Unit RM-13–( ) or in the Operations Center AN/TTG)—1. Losses in field wire can also be compensated for by an audio preamplifier at the radio set such as that used in Radio Set

SCR-399—A. However, the usefulness of such a preamplifier will be controlled by the noise in the field wire because this preamplifier will amplify the noise as well as the speech.

h. Unbalanced circuits which produce sus ceptibility to crosstalk and noise are com monly encountered; for example, such unbal anced circuits occur on connections to the sleeves of microphone jacks and headphone jacks which are connected to metal frames which in turn are grounded. Such unbalances can be overcome by connecting a repeating coil or transformer between the line and the radio set, such as in Remote Control Units RM-29–( ), RM-39–( ), and RM-53. If such a coil or transformer should be applied without a remote control unit, the continuity of the push-to-talk control circuit should be suitably maintained. Crosstalk to other lines resulting from unbalanced line wires can sometimes be reduced to practical limits by separating the unbalanced wires about 6 inches from wires used on circuits which are balanced, or by considerably more separation from the wires of other unbalanced circuits. It is important to separate such unbalanced circuits from teletypewriters and from d-c telegraph circuits operating on a ground re turn basis, because the telegraph signals might be radiated from the transmitter as a result of being impressed on the wire line via the crosstalk path. This possibility of unde sired radiations is greatest with radio sets having audio preamplifiers adjusted for low input volumes.



691. TYPicAL REMOTE control EQUIPMENTs q. General. -

(1) The remote control equipments com monly used with radio sets for ground use are summarized in figure 6–162. This summary does not include the various types of equip ments used in v-h-f air-ground fighter control systems.

(2) Although TM 11–487 describes in some detail the remote control equipment sum marized in figure 6-162, certain of the more commonly used remote control equipments are briefly described in the subparagraphs below. Paragraph 692 briefly describes some impro vised remote control arrangements. Where more detailed information is required on any particular remote control equipment, refer ence should be made to the technical manual associated with that equipment.














	
	
	Control equipment
	
	transmitter and
	Field wire between radio

remote

location
	
	



	Type
	At radio

transmitter
	At

remote

location
	Associated

radio sets
	Number

of pairs
	Marimum

length of each

pair

(miles of Wire W110-B)

b
	




	AN/TRA-2
	C-113/TRA-2
	C-112/TRA-2
	AN/TRC-1

or

AN/TRC-8
	1 or 2
	2
	Twopairsof

provided

wireare

from

remote

if receiver is

terminal
	



	
	C-113/TRA-2
	AN/TTO-1s
	AN/TRC-1

or

AN/TRC-8
	2

1 or
	7%
	transmitter

at

radio

2-way

simultaneous

or

if

with

service is provided

voice

frequen

two

different radio

cies.
	



	RC-47-(

)d
	RM-12-(

)
	RM-13-(

)
	SCR-177-A,

SCR-177-B,

SCR-188,

SCR-188-A,

or

SCR-193
	
	6

(wet)

10

(dry)
	
	



	RC-261
	RM-53
	RM-52
	SCR-300,

SCR-509,

SCR-510,

SCR-608,

SCR-609,

SCR-610,

SCR-619,

SCR-628,

or

AN/TRC-7
	
	
	
	



	RC-289
	RM-39-(

)
	Telephone

) and

EE-8-(

Key

J-47
	SCR-178,

SCR-284,

SCR-299-D,

SCR-399-A,

SCR-499-A,

SCR-608,

SCR-609,

SCR-610,

SCR-628,

or

SCR-694
	
	
	
	



	RC-290
	RM-29-(

)
	Telephone

EE-8-(

)
	SCR-178,

SCR-284,

SCR-608,

SCR-609,

SCR-610,

or

SCR-628
	
	
	
	



	None

*
	None
	Push-to-talk

handset'
	RC-256

or

RC-257
	
	
	
	





* All have push-to-talk control from the remote point except RC-290 which must be controlled at the transmitter and Radio Sets SCR-299-D, SCR-399-A, and SCR-499-A (last item in figure) which are controlled at the transmitter except where RM-39-( ) units are provided.

(continued on opposite page). Figure 6-162. Remote control equipments for tactical radio sets

* Greater lengths permissible with other wire having lower resistance and lower transmission losses.

* Not a component of this remote control equipment.

d Part of Radio Set SCR-188-A.

* No separate control unit, part of radio set and cannot be procured separately.

* Not a component of the radio sets.













	
	
	Control equipment
	
	transmitter and
	Field wire between radio

remote

location

-
	



	Type-
	At radio

|

transmitter
	At remote

location
	Associated

radio sets
	Number

of pairs
	Marimum

length of

each pair

(miles of Wire

W110-B)

b
	Remarks




	RM-7-(
	) = | RM-7-(

)

-
	RM-7-(

)
	SCR-197
	2
	7%
	Two

RM-7-(

are

units

)

set. One

with

provided

radio

is with

transmitter

of

these

equipment

and

the

other

receiver equipment.

with



	RM-14
	RM-14
	Telephone

EE-8-(

), *

Switch

SW-158-A,

and

Rod

Ground

GP-30
	SCR-194

or

SCR-195
	1
	2
	



	RM-21

=
	
	RM-21
	SCR-543
	7

con-

ductors
	18

feet
	| 7-conductor

18

cord,

feet

remote

provided

with

long

equipment.

control



	None

*
	None
	Unit

to

similar

C-112/TRA-2
	AN/CRC-3

or

AN/CRC-3A
	1
	1
	



	None

*
	None
	AN/TTC-1
	AN/CRC-3

or

AN/CRC-3A
	2

| 1 or
	1
	Two

pro

of wire

are

pairs

if receiver is remote

vided

from

transmitter

at

radio

if simultaneous

terminal

or

service is pro

2-way

voice

two

vided

with

different

radio

frequencies.



	None

*
	None
	Telephone

EE-8-(

), *

Box

Junction

* and

JB-60,

Key

J-47°
	SCR-299-D,

SCR-399-A,

or

SCR-499-A
	1
	1
	





* All have push-to-talk control from the remote point except RC-290 which must be controlled at the transmitter and Radio Sets SCR-299-D, SCR-399-A, and SCR-499-A (last item in figure) which are controlled at the transmitter except where RM-39-( ) units are provided.

Figure 6-162. Remote control equipments for tactical radio sets (continued).

b. Remote Control Equipment AN/TRA-2. This equipment (TM 11–2621) is shown in figure 6-163 with connections to Radio Set AN/TRC–1. All power for this equipment is derived from the 60-cycle source at the radio set. The remote control unit can be connected to a loud speaker and to as many as three head and chest sets.

c. Remote Control Equipment RC-47–( ). This equipment (TM 11–312) is shown in fig ure 6-164. The principal components of this equipment are Control Unit RM-12–( ) which is located at the radio transmitter, and Control Unit RM-13–( ) which is located at the radio receiver, remote from the transmit ter. Power for this equipment is derived from

* Greater lengths permissible with other wire having lower resistance and lower transmission losses.

* Not a component of this remote control equipment.

d Part of Radio Set SCR-188-A.

* No separate control unit, part of radio set and cannot be procured separately.

* Not a component of the radio sets.

* Part of radio set.

[image: Figure, page 376]

Figure 6-163, Remote Control Equipment AN/TRA-2 with Radio Set AN/TRC–1.

the 60-cycle source at the receiver. Two pairs of wire are provided between the two units. Under favorable conditions, the distance be tween units could be as great as 10 miles of Wire W-110–B. One pair is used for the voice circuit to the transmitter and the other for intercommunicating. The push-to-talk control or c-w telegraph operation is by means of direct current on the phantom circuit derived from these two pairs of wires. An audio ampli fier is included in Control Unit RM-13–( ). This unit includes facilities to control the dis abling of the receiver when the push-to-talk switch is pressed or the c-w telegraph key is operated.

d. Remote Control Equipment RC-261. This equipment (TM 11–2632) is shown in figure 6-165 with connections to Radio Set SCR-619.

[image: Figure, page 376]

Figure 6-164. Remote Control Equipment RC-47–( ).

It can be used with various other radio sets listed in figure 6–162. The principal components of this equipment are Control Unit RM-53

[image: Figure, page 376]

Figure 6-165. Remote Control Equipment RC–261.

which is located at the transmitter and Remote Control Unit RM-52 which is located at a re mote point. These units are interconnected by a single pair of field wire which can have a length up to about 2 miles if Wire W-110–B is used. Dry batteries are employed for micro phone battery supply and push-to-talk control.

e. Remote Control Unit RM-39–( ). This equipment (TM 11–2667) which is part of Remote Control Equipment RC–289 is shown in figure 6-166. It provides push-to-talk con trol or c-w telegraph operation over a 2-wire line from a remote telephone to a radio set in combination with intercommunicating and ringing features like those of Remote Control Unit RM-29–( ) (subpar. f below). Dry bat

[image: Figure, page 377]

Figure 6-166. Remote Control Unit RM-39–( ), part of Remote Control Equipment RC–289.

teries are used for the operation of this equip ment. The remote telephone is equipped with a telegraph key which is used for push-to-talk control or c-w telegraph operation (par. 689b(4)).

f. Remote Control Unit RM-29–( ). This equipment (TM 11–308) which is part of Re mote Control Equipment RC–290 is shown in figure 6–167. This unit is located at the radio set and a Telephone EE–8–( ) is located at a remote point. Only local push-to-talk control

[image: Figure, page 377]

Figure 6-167. Remote Control Unit RM-29–A, part of Remote Control Equipment RC–290.

at the radio set is possible with this unit (par. 689a). It includes facilities for intercommuni cating and ringing over a 2-wire line between the telephone at the remote point and an at tendant at the control unit.

g. Operations Center AN/TTG-1. The uses of the radio channel control circuits of the Operations Center AN/TTG-1 on connections to a variety of different types or radio sets are described in a Supplement to TM 11–438 dated 3 October 1944.



692. IMPROVISED REMOTE CONTROL ARRANGEMENTS.


	q. Improvised remote control arrangements can sometimes be assembled for use where regular remote control equipment is not avail able. Some radio sets can be remotely con trolled merely by extending the circuits from the microphone and head phone jacks over field wires to handset or head and chest set at the remote point. For such an extension, special adapters assembled from spare cords, plugs, jacks, binding posts, etc., may be desirable as shown in figure 6-168-A. The operations over such simple remote control facilities will not be satisfactory unless the push-to-talk control range of the radio set (par. 689b (3)) will accommodate the resistance in the field wire, and the audio transmission conditions dis cussed in paragraph 690 are satisfactory. The transmission loss with these facilities is de rived from the sum of the three following losses: -

	(1) Attenuation loss in the field wire.




	(2) Loss in microphone output caused by the reduction in battery supply current through the microphone.

	(3) Reflection losses at each end of the field wire.

	b. If the d-c push-to-talk control range is exceeded by the simple arrangements de scribed in subparagraph a above, using the required length of Wire W-110–B, one or more of the following steps may be considered to provide satisfactory push-to-talk operation.

	(1) Reduce the resistance in the push-to talk control circuit by connecting two or more pairs of Wire W-110–B in multiple or by pro viding wire of larger gauge such as Wire W–143. If the control wires are also to be used for voice transmission from the remote point, connect the extra wires as described in sub paragraph c (1) below.
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Figure 6-168. Improvised
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arrangements for remote control of radio sets.

Modified.


	(2) Connect a battery in series with the push-to-talk control circuit to increase the cur rent as shown optional in figure 6-168-A.

	(3) Provide a more sensitive electromag netic relay at the radio set as shown in figures 6-168-B and –C.

	c. If adequate modulating volume at the radio transmitter is not obtained with the simple arrangement described in subpara graph a above, consider one crimore of the following steps:

	(1) Reduce the transmission loss in the voice circuit to the transmitter by providing wire of lower loss per mile, such as Wire W–143, or by providing two pairs of field wire instead of only one pair, short the wires of each pair at the ends and space the pairs about 8 inches apart on insulators, as de scribed for open wire lines with twin pairs in chapter 5. Such a voice circuit with Wire W–110–B will have a loss of about 0.5 db per mile which is about 1/5 that of a single pair. If it is not practical to place the wires on in sulators, keep them off the ground by tying them to trees, because the loss with two pairs on the ground in wet conditions would prob ably be no less than that of a single pair. If tied to trees, the pairs should retain a separa tion of 8 inches or more, and should not be in frequent contact with wet foliage.

	(2) Increase the battery supply current through the microphone by one of the follow ing procedures: connect a battery in series with the microphone as shown in figure 6-168-A; increase the potential of the battery shown in figures 6-168-C and 6-168-D; or pro vide the local talking battery arrangement shown in figure 6-168-E or figure 6-168-F.

	(3) Reduce the reflection loss between the microphone and the field wire (par. 690f) by matching impedances through a repeating coil. A circuit for this purpose with an ex ternal battery at the radio set end is shown in




	figure 6-168-D. A local battery circuit is shown in figure 6-168-E. The Telephone EE–8–( ) connected as shown in figure 6-168-F can also be used.

	d. Figures 6-168-A and 6-168-B cover 4 wire remote control arrangements. The ar rangement in figure 6-168-A is merely an extension circuit which can provide additional battery for the microphone and the cperation of the control relay in the radio set if re quired. With this 4-wire control arrangement, noise from the signaling power supply will be introduced in the microphone circuit because of the resistance of the wire which is common to the push-to-talk, microphone, and receiver circuits. The amount of noise introduced .in the radio transmitter will depend upon the noise in the signaling power supply and the resistance of the common wire. The arrange ment in figure 6-168-B is an extension circuit with a sensitive relay, and is mainly used with radio sets which have control relays which operate on high current or which con trol the radio transmitter and receiver by means of the vacuum tube filament circuit. It does not, however, provide for increasing the current through the microphone. The noise difficulties mentioned above are not experi enced with this arrangement.

	e. Noise or crosstalk may be encountered in the use of figures 6-168-A to 6-168-E inclu sive, if the wire line is close to a power line or another communication circuit. This is because one side of the wire line is grounded at the radio set. Figure 6-168-F greatly reduces the noise and crosstalk by using a coil at the radio set end which insulates the grounded radio set from the wire line. Other nongrounded ar rangements can be improvised by using the improvised adapter at the radio set end in figure 6-168-F, with the improvised adapter at the remote point in figures 6-168-C to 6-168-E inclusive.






Section VIII. RADIO SET TECHNICAL AND DESCRIPTIVE INFORMATION


693. RADIO SETS.

a. General. Figures 6-169 to 6-175, inclu sive, list a number of U. S. Army, U. S. Navy, and British radio sets with pertinent data on electrical characteristics. Pictures of some of these radio sets are shown in sections II and

IV. For more complete information on tactical sets for ground use, and on fixed plant radio equipment, reference should be made to TM 11–487 or to technical manuals indicated for the specific sets. (The text of this para graph is continued on page 379.)
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	º;

Rated
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	SCR-177-A
	xmtr,

&
	75
	cw
	ann
	Ino
	Standard;

Limited

ground,

transportable;

for tactical



	-
	0.4

to 0.8

1.5 to 4.5
	
	tone
	
	
	mc)

and

antenna

field units; crowfoot

(0.4 to 0.8

L

%-wave

antenna

with

inverted

counterpoise



	
	rcvr,

1.0 &

0.4

to

1.5 to 4.5
	
	voice
	
	
	by

SCR-177-B.

Replaced

(1.5 to 4.5 mc).



	SCR-177-B
	xmtr,
	75
	cw
	airl
	Ino
	and

Ground,

for tactical field units

transportable;

Crow



	
	&

0.4

to

0.8

1.5 to 4.5
	tone
	
	
	two

communication;

ground-to-air

receivers.

mc)

and

antenna

34-wave

(0.4 to

0.8

inverted

foot



	
	rcvrs,

1.5 &

0.15

to

1.5 to

18.0
	
	voice
	
	
	Trans

Lantenna

with

mc).

counterpoise

(1.5 to

4.5

TM

by

ported

vehicle or

cargo

11-232.

aircraft.



	SCR-188
	xmtr,

1.5 to 12.5
	75
	cw

tone
	ann
	mo
	for ground

Limited

Standard;

ground,

transportable;

communication.

to-ground

or

or

ground-to-air

34-



	
	rcvr,
	
	
	
	
	L

34-wave

antenna

with

inverted

counterpoise.

TM



	
	0.4

to

13.0
	
	voice
	
	
	by

SCR-188-A.

Replaced

11-233.



	SCR-188-A
	xmtr,

1.5 to 12.5
	75
	cw
	ann
	mo
	Ground,
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transportable;

for semifixed
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Lantenna

for remote

34-wave

inverted
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	rcvr,

1.5 to

18.0
	
	tone
	
	
	by

with

Transported

vehicle or cargo

counterpoise.

TM.

plane.

11-233.



	
	
	
	voice
	
	
	



	SCR-193-(
	) | xmtr,

1.5 to

6.2
	75
	cW.
	ann
	mo
	for communication

between

Vehicular;

stationary

or

and

moving

vehicles equipped

with

50-amp.

generator



	
	rcvr,

1.5 to

18.0
	
	tone
	amp.

180

12-volt

11-273.
	hr. battery.
	TM

15-ft. whip.



	
	
	
	voice
	
	
	



	SCR-197
	xmtr,

1.5 to

18.0
	400
	cW.
	ann
	ino

or
	power

Limited

Standard;

ground,

mobile;

high

radio

and

station installed in truck

trailer for operation



	
	3rcvrs,
	100
	tone
	
	xtal
	from

vertical antenna

stationary

position.

45-ft.

and

whip



	
	1.5 to 18.0

1 revr,

0.54

to

44.0
	100
	voice
	
	
	transmitting

receiving.

for

for

15-ft.

TM

by

SCR-399.

Replaced

11-241.



	SCR-203
	xmtr,

2.2 to 3.06
	7.5
	cW.
	ann
	Ino
	mounts

on

Phillips pack

Limited

Standard;

pack;

pack

and

for animal

saddle

transportation

operation.



	
	rcvr,
	
	tone
	
	
	TM

by

SCR-245.

Replaced

25-ft. whip.

11-239.



	
	2.1 to

3.1
	
	voice
	
	
	º



	SCR-209
	xmtr,

to

2.6

2.2
	8.5
	cW
	ann
	mo
	in combat

and

Limited

Standard;

vehicular; used

by

SCR-508

and

Replaced

scout

15-ft. whip.



	
	revr,

1.5 to 18.0
	7.5
	tone
	
	
	cars.

SCR-528.



	
	
	7.5
	voice
	
	
	



	SCR-210
	rcvr,
	-
	cw
	am
	| Manual
	Standard;

Limited

vehicular;

only

receiver

of

TM

by



	
	1.5 to

18.0
	
	tone
	
	tuning
	| SCR-245,

Replaced

15-ft. whip.

11-272.

SCR-538.



	
	
	
	voice
	
	
	





Figure 6-169. Tactical radio sets for ground use (continued on following page).













	Type
	"º
	º,

Rated

(watts)
	
	ºr
	'º'
	Remarks




	SCR-245
	xmtr,
	10
	ew
	ann
	ino

or
	communicating

Limited

Standard;

vehicular;

for

moving

between



	
	to

2.0

5.25

rcvr,
	
	tone
	
	xtal
	or

stationary

vehicles.

15-ft. whip.

TM

by

in Armored

SCR-508

Replaced

Force

11-272.



	
	1.5 to 18.0
	
	voice
	
	
	and

SCR-245–A,

SCR-528.

Radio

-C,

Sets

-B,

-E, -F,

-NX

-MX,

and

-L, -M,

-H,

-K,

-N,

are

obsolete.



	SCR-284-A
	3.8

to

5.8
	20/6.5
	CW
	ann
	Ino
	Limited

Standard;

ground,

transportable;

vehicular

for remote

pack;

arranged

25-ft. whip

or



	
	
	8/2
	voice
	
	(xtal

cal.)
	control.

with

or 15-ft. whip

counterpoise

for field operation

TM

Replaced

by

for vehicular

operation.

11-275.

SCR-694.



	SCR-288-A
	xmtr,

to
	4
	cw
	airl
	Ino
	Limited

Standard;

ground;

or

transportable

pack;

SCR-161,

temporary

for SCR-131,

replacement

and



	
	3.5

6.3

rcvr,

2.3

to

6.5
	
	voice
	
	
	and

SCR-171.

counter

end-fed

wire

35-ft. horizontal

TM

by

SCR-284-A.

Replaced

11-250.

poise.



	SCR-293
	20.0

27.9

to
	25

or

0.5
	voice
	frn
	xtal
	Limited

Standard;

installed in tanks

and

vehicular;

High

power

by

or

low

switch

scout

cars.

control.

SCR-528.

SCR-508

by

and

Replaced

9-ft. whip.



	SCR-294
	rcvr,

20.0

to

27.9
	-
	voice
	frn
	xtal
	Limited

Standard;

SCR-293.

vehicular;

receiver only

of

by

SCR-538.

9-ft. whip.

Replaced



	SCR-298–C
	30

40

to
	35
	voice
	frm
	xtal
	by

commercial

police set, used

Vehicular;

umpire

6-ft. whip.

personnel.



	SCR-299
	xmtr,

2.0

to 8.0
	400
	cw
	ann
	mo

or
	power

Limited

Standard;

ground,

high

mobile;

radio

from

moving

or

operation

stationary

station

for



	
	(299-F

2.0

to 12.0)

2

revrs,

1.5 to 18.0
	300
	voice
	
	xtal
	MC-509

Frequency

Conversion

Kit

position.

gives

MC-516

down

1 mc.

coverage

transmitter

to

gives

MC-517

me;

15-ft. whip

18

me.

coverage

to

12

to

or

TM

half-wave

antenna.

Replaced

doublet

11-280.

SCR-399.

by



	SCR-300
	40

to 48
	0.5
	voice
	fm
	ino

(xtal.

cal.)
	Pack;

or on-ground

opera

walkie-talkie for back-pack

Half-wave

range

communication.

whip

tion for short

TM

3-ft. end-loaded

whip.

or

11-242.



	SCR-399
	xmtr,

2.0

to 18.0
	400
	cw
	ann
	ino

ot
	Ground,

power

mobile;

high

radio

station installed

2%

may

HO-17

a

mounted

on

which

be

in Shelter

ton



	
	2

revrs,

1.5 to 18.0
	300
	voice
	
	xtal
	6

x

6

from

moving

or

for operation

truck;

stationary

MC-509

Frequency

Conversion

Kit

position.

gives

down

to 1 me.

(Conversion

coverage

transmitter

Kit

MC-543

Radio

with

Transmitter

for use

is available

BC-610

to provide

high-power,

high-speed

telegraph

2

a

power

Kit

kw.

amplifier, with

operation.

includes

power

range

supply,

for use

frequency

of

in

1.0 to

15-ft. whip

half-wave

doublet

or

antenna.

18.0 m.c.)

TM

11-281.



	SCR-499
	xmtr,

to 18.0

2.0
	400
	cw
	ann
	ino

or
	power

high

Air

transportable;

radio

station

similar

SCR-399

by

except

arranged

to

for transportation

air.



	
	2

revrs,

1.5 to 18.0

-
	300
	voice
	
	xtal
	MC-509

Frequency

Kit

Conversion

gives

transmitter

down

15-ft. whip

coverage

1 me.

to

or

half-wave

TM

doublet

antenna.

11–281.





* When two values of power are shown separated by a slant bar (/), the higher value in general applies to ground, transportable, and vehicular operation; the lower value to pack operation.
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	Type
	;"

Frequency
	Rated

| "

(watts)
	.º.
	ºf

T
	ºf

F.
	Remarks




	SCR-506
	xmtr,
	80
	cw
	ann
	no
	and

amphibian

Vehicular;

installed in tanks,

cars

carriers for communication

personnel

airplanes or



	
	4.5

2.0

to

rcvr,

2.0

to

6.0
	20
	voice
	
	(xtal

cal.)
	to

base

Five

15-ft. whip.

preset

channels.

stations.

TM

11-630.



	SCR-508
	20.0

27.9

to
	30
	voice
	fm
	xtal
	armored

cars, scout

Vehicular;

tanks,

installed in

Two

ampli

cars, and

receivers; interphone

trucks.

TM

9-ft. whip.

channels;

fier; ten

preset

11-600.



	SCR-509
	to 27.9

20.0
	1.8
	voice
	fm
	xtal
	on

batteries from

posi

Pack;

dry

operates

stationary

TM

two

8-ft. whip.

preset

channels.

11-605.

tion,



	SCR-510
	20.0

to 27.9
	1.8
	voice
	fm
	xtal
	vehicular; same

SCR-509

Pack

and

with

as

vibrator

and

components

plate supply

or

for vehicular

use. 6-

TM

8-ft. whip.

11-605.



	SCR-511
	2.0

to

6.0
	0.75
	| voice
	am

I
	xtal
	Pack

and

vehicular; installed in vehicle or carried

man

by

one-man

guidon

on

horseback

as

or

as

load.

TM

11-ft. whip.

11–245.



	SCR-528
	20.0

to 27.9
	30
	| voice
	fm
	xtal
	same

SCR-508

less one

as

Vehicular;

receiver.

9-ft

TM

whip.

11-600.



	SCR-536
	3.5

to

6.0
	0.02
	voice
	am

I
	xtal
	Pack;

light-weight, self-contained very

range

short

TM

3-ft. whip.

11-235.

Handie-talkie.



	SCR-538
	rcvr,

20.0

to 27.9
	-
	voice
	fm
	xtal
	of SCR-528

receiver only

interphone

Vehicular;

plus

Ten

9-ft. whip.

amplifier.

preset

channels.

TM

11-600.



	SCR-543
	to 4.45

1.68
	45
	voice

cw
	am

I
	xtal
	and

Ground,

Six

transportable

preset

vehicular.

TM

SCR-543-A,

channels.

15-ft. whip.

11-625.

-C

and

Limited

Standard.

-B,

(voice only)

are



	SCR-578
	xmtr,

only

0.5
	5
	tone
	airl
	Ino
	hand

powered

Standard;

Substitute

air transportable;

May

from

be

dropped

sea

rescue

transmitter.

aircraft.

AAF

See

Technical

antenna.

300-ft. sloping

wire

AN

Order

08-10-94.



	SCR-593
	rcvr,

2.0

to 6.0
	-
	voice
	am

I
	Ino
	Pack

and

warning

for alert or

vehicular; receiver only;

Four

7-ft. whip.

messages.

preset channels.

TM

11–859.



	SCR-608
	27.0

to 38.9
	30
	voice
	fm
	xtal
	SCR-508

two

has

Vehicular;

to

receivers; similar

in armored

except

used

frequency;

cars, half-tracks

Ten

and

9-ft. whip.

trucks.

preset channels.

TM

11-620.



	SCR-609
	27.0

to

38.9
	2
	', oice
	fm
	xtal
	Standard;

pack;

dry

set similar to

Substitute

battery

Two

SCR-509

except

frequency.

preset

channels.

TM

13-ft. whip.

11–615.



	SCR-610
	27.0

to

38.9
	2
	voice
	fm
	xtal
	vehicular; same

pack

and

Standard;

Substitute

as

SCR-609

and

components

supply

plus

vibrator

plate

TM

9

13-ft. whip.

for vehicular

or

11–615.

use.





Figure 6-169. Tactical radio sets for ground use (continued on following page).













	Type
	º:

Frequency
	Rated

armtr

output-

(watts)
	º.
	º;
	*::::::
	Remarks




	SCR-619
	27.0

to

38.9
	1.5
	voice
	frn
	xtal
	Pack

and

to

similar in function

vehicular;

light weight,

Two

4%,

SCR-609

and

SCR-610.

preset channels.

TM

12-ft. whip.

9-

or

11-619.



	SCR-624
	100

to 156
	8
	voice I am
	
	xtal
	SCR-542

similar to SCR-522

and

Air

transportable;

Four

for ground

sets except

arranged

air-borne

use.

on

J

antenna

Vertical half-wave

preset

channels.

AN

AAF

Order

See

Technical

50-ft. mast.

08-10-185.



	SCR-628
	27.0

38.9

to
	30
	voice
	fm
	xtal
	Ten

same

SCR-608

less one

Vehicular;

as

receiver.

TM

9-ft. whip.

preset channels.

11-620.



	SCR-694-AW
	3.8

to

6.0
	25/15

7/5
	cw

voice
	anºl
	Ino

or

xtal
	and

Limited

Pack;

ground,

transportable

vehicular.

15-ft. whip

wire

half-wave

production.

or

sloping

Lower

of power

than

antenna.

values

those

indicated

may

by

be

obtained

switch

control.



	SCR-694-C
	3.8

to

6.5
	20/10

7/5

7/5
	CW

tone

voice
	ann
	ino

or

xtal
	by

and

Used

Pack;

ground,

transportable

vehicular.

airborne, and

and

mountain

in

parachute,

troops

ement

for SCR-284-A.

amphibious

Repla

operations.

and

15-ft. whip

wire

half-wave

counterpoise

or

sloping

Lower

of power

than

antenna.

values

those

indicated

TM

may

by

be

obtained

11-230C.

switch

control.



	SCR-808
	27.0

to

38.9
	35

or

2
	voice
	frn
	mo

(xtal

cal.)
	inter

has

two

receivers; equipped

with

Vehicular;

low

phone

Four

High

or

preset

channels.

amplifier.

TM

by

power

switch

9-ft. whip.

11-601.

control. 6-

or



	SCR-828
	27.0

to 38.9
	35

or

2
	voice
	fm
	ino

(xtal

cal.)
	SCR-808

same

Four

less one

Vehicular;

as

receiver.

by

High

low

power

or

preset channels.

switch

control.

TM

6- or 9-ft. whip.

11-601.



	AN/CRC-3
	30

to 40
	50
	voice
	fm
	xtal
	Limited

commercial

Standard;

transportable;

air

Trans

for air warning

police set modified

service.

a

employs

of 32

times

mitter

frequency

multiplication

(AN/CRC-3A

is similar except

crystal frequency.

employs

an

8

times

frequency

multiplication).

dipole on

half-rhombic

coaxial half-wave

Vertical

or

50-ft. mast.



	AN/MRC-1
	xmtr,

(incl. ampl.)

to

2.0

13.0
	2,000
	cw
	airl
	ino

or

xtal
	Ground,

facilities for high

power,

mobile;

provides

and

automatic

c-w

reception

high-speed

transmission

Boehme

equipment

the

employing

in addition

to



	
	xmtr,

(less ampl.)

2.0

to

18.0

-

rcvrs,

1.5 to 18.0
	400

-

300
	cw

-

voice
	
	
	The

normal

of Radio

SCR-399.

functions

Set

radio

power

amplifier and

one

transmitter

radio

receiver

HO-17,

housed

are

the

transmitting

Shelter

in

Boehme

receivers and

equipment

with

three

radio

the

HO-17

HO-27.

housed

in the

operating

Shelter

or

x

for trans

6

2%-ton,

Requires

6, cargo

trucks

three

15-ft. whip

antenna.

half-wave

doublet

portation.

or

TM

TM

and

Chapter

11-602

Also

see

11-281.

3.





* When two values of power are shown separated by a slant bar (/), the higher value in general applies to ground, transportable, and vehicular operation; the lower value to pack operation.
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	Type
	Frequency

range

(mc)
	Rated

cº-

(watts)
	•ºn
	Type

mod
	Frequency

control
	Remarks




	AN/MRC-2
	xmtr,

2.0

to 18.0

revrs,

1.5 to

18.0
	2,000

(incl.

ampl.)
	&

cw

special
	am
	Ino

or

xtal
	a

under

Ground,

development;

mobile;

to

provide

radio-teletype system

using

high-power,

single-channel

and

carrier-shift keying

dual

space-diversity

reception

normal

Radio

Set

addition

the

to

facilities of

in



	
	cw

400

(less

(ampl.)

300

voice

(less

ampl.)
	
	
	
	
	Equipment

SCR-399.

be

housed

to

Shelters

in three

kw

HO-17

2

power

HO-27.

Frequency

or

range

of

Frequency

me.

Conversion

amplifier is 1.0 to

18.0

MC-509

down



	
	
	Kit

coverage

gives

transmitter

to

me.

Half-wave

doublet

antenna.

Also

see

1.0

chapter

3.
	
	
	



	AN/TRA-1
	70

100

to
	250
	-
	-
	-
	amplifier equipment

Ground,

for use

transportable;

AN/TRC-1,

Three

with

element

-3

or

directional

-4.

TM

on

array

40-ft. mast.

11-2601.



	AN/TRC-1
	70

to 100
	50

or 10

-
	| voice
	fm
	xtal
	multi

Ground,

for single channel,

or

transportable;

channel

with

operation

spiral-four carrier terminal

by

power

High

low

equipment.

switch

or

control.

Three

on

element

array

mast.

directional

40-ft.

TM.11-2601.



	AN/TRC-2
	20/10

2.0

to

3.4

and
	-

cw
	ann
	mo

or
	and

Ground,

two

pack;

transportable

receiver-trans

by

use

Quarter-wave

mitters

for

isolated
	



	
	3.8

to 6.5
	7/5
	tone
	
	xtal
	units.

L

antenna

with

half-wave

inverted

counterpoise

or

Lower

power



	
	7/5

voice
	antenna

without

values

counterpoise.

of

may

by

than

be

obtained

those

switch

indicated

TM

11-2603.

control.
	
	
	
	



	AN/TRC-3
	70

to 100
	50

or 10
	| voice
	frn
	xtal
	Ground,

terminal

transportable;

radio

set similar to

AN/TRC-1

has

sufficient equipment

except

to

insure

High

power

by

low

continuous

switch

or

service.

Three

on

element

directional array

control.

40-ft.

TM

mast.

11-2601.



	AN/TRC-4
	70

100

to
	50

or 10
	voice
	fm

*
	xtal
	Ground,

transportable;

radio

relay

set similar

to

AN/TRC-1

has

sufficient equipment

except

to insure

High

low

continuous

a

or

service as

repeater

station.

by

power

Three

element

switch

control.

directional

TM

on

array

40-ft. mast.

11-2601.



	AN/TRC-7
	100

to 156
	0.5
	voice
	am

I
	xtal
	Pack

and

ground,

transportable;

light-weight

v-h-f

by

4-man

a

communication

team.

set, transportable

Two

Quarter-wave

whip,

or

preset

channels.

vertical

TM

broad-band

antenna

on

30-ft. mast.

11-617.



	AN/TRC-8
	230

to 250
	12
	voice
	fm
	mo

(temp.

coin-

pensat-

ed)
	or multi

Ground,

transportable;

for single channel,

channel

with

operation

spiral-four carrier terminal

dipole and

equipment.

Half-wave

corner

90°

reflector

TM

on

40-ft. mast.

11-618.



	AN/TRC-11
	|| 230

250

to
	12
	voice
	frn
	mo

(temp.

coin-

pensat-

ed)
	Ground,

radio

terminal

set similar to

transportable;

AN/TRC-8

sufficient equipment

has

except

to

insure

dipole and

continuous

Half-wave

90°

corner

service.

TM

reflector on

40-ft. mast.

11-618.





• When two values of power are shown separated by a slant bar (/), the higher value in general applies to ground, transportable, and vehicular operation; the lower value to pack operation.













	Type
	;

Frequency
	º

Rated
	ºr
	ºr
	"º"
	Remarks




	AN/TRC-12
	230

to 250
	12
	voice
	fm
	Ino

(temp.

coin-

pensat-

ed)
	Ground,

similar

transportable;

radio

relay

set

to

AN/TRC-8

to

sufficient equipment

has

except

insure

Half-wave

continuous

a

service as

repeater

station.

TM

dipole and

reflector on

40-ft. mast.

90°

corner

11-618.



	AN/VRC-1
	h—f units
	75
	cw
	ann
	Ino
	SCR-542

Ground,

combines

set, with

mobile;

airborne

4x4

for ground



	
	xmtr,

3.0

to

6.2
	
	tone
	
	
	mounted

in a

SCR-193;

34-ton

truck;

com

and

and

ground-to-ground

v-h—f

to-air

h-f



	
	rcvr,

1.5 to 18.0
	
	voice
	
	
	has

munication.

W-h-f

channels.

four

preset

set

15-ft. whip

3-ft. whip

antenna.

ash-fantenna.

as

v-h-f

TM

11-277.



	
	v-h-f units

100

to 156
	6
	voice

I
	am
	xtal
	



	AN/WRC-3
	to 48

40
	0.5

-
	voice
	fnn
	ino

(xtal

cal.)
	SCR-300

Standard;

Substitute

vehicular; similar to

medium

for installation in light and

except

arranged

TM

3- or 6-ft. whip.

tanks.

11-637.



	AN/VRC-5
	to 27.9

20.0
	30
	voice

-
	fim
	xtal
	mounting

same

SCR-528

as

except

Vehicular;

for

and

in separate

arrangement.

Transmitter

receiver are

mm.

gun

For

40

mountings.

use

in twin

carriage.

Ten

preset

channels.



	RC-256
	revr,

100

to 156
	-
	cw
	am
	manual

tuning
	RC-256

receiving equipment

Ground,

transportable;

RC-257

and

equipment

used

together

transmitting

are



	
	a

tone

as

(xtal

cal.)

voice
	
	
	
	
	single channel

link terminal

station

radio

in

A

water



	
	with

v-h-f equipment.

conjunction

other

combined

house

proof

the

required

shelter

to

is

on
	
	
	
	



	RC-257
	xmtr,

100

to 156
	50
	tone
	ann
	xtal
	equipment.

Balanced

vertical half-wave

dipole

AN

AAF

Order

See

Technical

90-ft. mast.

08-10-227.



	
	
	-
	voice
	
	
	





Figure 6-169. Tactical radio sets for ground use (continued).














	Type

•
	"#"

-
	Rated

|

(watts)
	,
	|º
	ſº,
	ſº
	Remarks




	SCR-183
	xmtr,

2.5 to 7.7
	3.5
	cw
	Ino
	none
	14v, dc
	command

set for 2-way

Standard;

Limited

com

and

plane-to-plane

plane-to-ground



	rcvr,

&
	
	tone
	
	
	
	munication.

Receiver

is not

arranged

for
	



	
	0.2

to 0.4

2.5 to

7.7
	
	voice
	
	
	
	reception. Same

SCR-283

c—w

except

as

voltage. TM

for operating

11-200.



	SCR-187

xmtr,

0.4

to

12.5

rcvr,

1.5 to 18.0
	75
	CW
	mo
	none
	14v, dc
	liaison set for 2-way

Standard;

Limited

com

and

plane-to-ground

plane-to-plane
	



	
	tone
	
	
	
	Same

SCR-287

munication.

as

except

for

and

tuning

operating

voltage

transmitter

units supplied.
	



	
	voice
	
	





* All sets are amplitude modulated.

Figure 6-170. Airborne radio equipment (continued on opposite page).

- f














	Type

*
	º:

Frequency
	Rated

2:mtr

output

(watts)
	Type

emission
	Frequency

control
	Preset

channels
	Power

source
	Remarks




	SCR-274-N
	| xmtrs,

3.0

to

9.1
	36
	CW
	Ino

(xtal
	1

(per
	dc

28v,
	Command

for 2-way

set

plane-to-plane

communica

and

tower

plane-to-control



	
	rcvrs,

&
	
	tone
	cal.)
	xmtr.)
	
	shown

tion. Frequency

range

is covered

by

and



	
	0.19

to

0.55

3.0

to 9.1
	12
	voice
	
	
	
	four

transmitters

three

receivers,

in one

not

necessarily all used

installa

tion.



	SCR-283
	xmtr,

to

7.7

2.5
	3.5
	cW.
	Ino
	none
	dc

28v,
	commandset

for 2-way

Limited

Standard;

com

and

plane-to-plane

plane-to-ground



	
	revr,

&
	
	tone
	
	
	
	munication.

is not

arranged

Receiver

for

reception. Same

SCR-183



	
	to

0.2

0.4

to

2.5

7.7
	
	voice
	
	
	
	c—w

as

except

TM

for operating

voltage.

11-200.



	SCR-287
	xmtr,

&

0.35

to

0.65
	75
	cW.
	Ino
	none
	dc

28v,
	2-way

Limited

Standard;

liaison set

for

com

and

plane-to-plane

plane-to-ground



	
	1.5 to

12.5
	
	tone
	
	
	
	Same

SCR-187

munication.

as

except

for

and

tuning

operating

voltage



	
	rcvr,

&

0.2

to 0.5

1.5 to 18.0
	
	voice
	
	
	
	transmitter

units

supplied.



	SCR-522
	100

to 156
	6
	voice
	xtal
	4
	dc

28v,
	For

2-way

and

plane-to

plane-to-plane

SCR

Same

ground

communication.

as

542

except

operating

voltage.

TM

for

11-509.



	SCR-542
	to 156

100

a
	6
	voice
	xtal
	4
	dc

14v,
	2-way

and

| For

plane-to

plane-to-plane

SCR

Same

ground

communication.

as

TM

522

except

operating

voltage.

for

11-509.



	AN/ARC-3
	|| 100

156

to
	6
	voice
	xtal
	8
	dc

28v,
	2-way

and

For

plane-to

plane-to-plane

tun

Automatic

ground

communication.

and

receiver upon

ing

of transmitter

insertion of

crystal.



	AN/ARC-9

(Bendix

RTA-1B)
	2.5 to 13.0
	50
	voice
	xtal
	10
	dc

28v,

or

dc

14v,
	2-way

and

| For

plane-to

plane-to-plane

ground

communication.



	AN/ARR-11
	&

|| 0.2 to

0.5
	-
	CW
	-
	none
	de

28v,
	Manual

Receiver

tuning, six bands.

only.

AN/ART-13

Used



	
	1:5 to

18.0
	
	tone
	
	
	
	with

a

replacement

as

for SCR-287.



	
	
	
	voice
	
	
	
	



	AN/ART-13
	1.5 &

0.2

to

2.0

to

18.1
	100/50
	cw
	Ino

(xtal
	11
	dc

28v,
	only. Same

Navy

Model

| Transmitter

as

ATC.

One

is between



	
	
	
	tone
	cal.)
	
	
	channel

preset

to 1.5 mc

and

between

ten

are

2.0

to

0.2



	
	
	
	voice
	
	
	
	18.1 mc.

power

Half

is automatically

upon

an

obtained

reaching

elevation

of

Used

with

approx.

25,000

feet.

AN/ARR-11

a

as

replacement

for

SCR-287.





• All sets are amplitude modulated.

Figure 6-170. Airborne radio equipment (continued).












	T

-

ype
	Radi

trato

components b
	º

6.

rrner
	•º.

Aur
	*;"

o

*::::

|

d
	r

k

ernarºa




	SCR-561
	none
	-
	1 PE-99
	|| 10,500
	Net

an

| Control

set used

block

of Control

as

operations

System

control equipment

SCS-2;

provides

the

simul

necessary

for

up

taneous

operational

control

of

to

four

aircraft squadrons,

for ground

control

of

interceptor

pursuit

operations.



	SCR-562
	6

xmtrs,

BC-640

(1 spare)
	50
	K-63

2
	40,000
	|| Mobile

station for ground

control of

transmitting

interceptor

Net

System

Part

Control

pursuit

of

SCS-2;

operations.

five independent

Uses

half-wave

provides

channels.

dipoles

on

steel mast.

90-foot



	SCR-563
	6

revrs,

BC–639

(1 spare)
	-
	1 K-63
	27,000
	station for ground

|| Mobile

control of

receiving

interceptor

Net

System

Part

Control

pursuit

of

SCS-2.

operations.

Uses

Provides

five independent

half-wave

channels.

dipoles

on

steel mast.

90-foot



	SCR-564
	2

revrs,

BC–639

(1 spare)
	-
	1 PE-99
	|| 25,000
	D/F

homing

station for ground

| Sector

of

control

interceptor

Net

System

Part

Control

pursuit

operations.

of

SCS-2.

D/F

By

homes

operator

utilizing a

sector

transmitter

the

the

D/F

aircraft by

talk down

Adcock

Uses

the

antenna

method.

with

sensing

facilities.



	SCR-565
	2

revrs,

BC–639

(1 spare)
	-
	1 PE-99
	|| 25,000
	D/F

for ground

|| Fixed

control of

fixer station

interceptor

Net

System

Part

Control

of

pursuit

operations.

SCS-2.

Two

more

used

azimuth

for determining

or

of these

sets are

of aircraft equipped

with

in the

bearing

transmitters

100-to

D/F

Adcock

156-mc

Uses

antenna

band.

with

sensing

facilities.



	SCR-566
	rcvr., (1 ea.)

BC–639

BC-624

xmtr,

1

BC-625
	-

-

8
	1 K-63
	13,500
	D/F

Mobile

ground

station for

control of

interceptor

pursuit

Used

Net

System

SCS-2.

Part

of Control

as a

operations.

D/F

homing

and

having

Station

for planes

100-

to

156-mc.

D/F

Adcock

Uses

antenna

with

equipment.

radio

sensing





• All radio sets operate with amplitude modulation in the 100- to 156-mc. band.

b The following table gives the characteristics of the component parts of these radio sets.















	
	Characteristics of components



	Component
	Type

emission
	Frequency control
	Preset channels
	
	
	
	
	




	BC-625

xmtr,
	voice
	xtal
	4
	
	
	
	
	



	BC-640

xmtr,
	voice, tone
	xtal
	1
	
	
	
	
	



	revr, BC-624
	voice, tone
	xtal
	4
	
	
	
	
	



	revr, BC–639
	cw,

tone, voice
	Manual

tuning

(xtal cal, with

Meter

Frequency

assoc.

BC-638).
	none
	
	
	
	
	





• K-63 is a one-ton cargo trailer containing 1 Power Unit PE-99 which provides up to 7.5 kw. of three plase 120-v., 60-cycle ac. The Power Unit PE-99 has recently been replaced on new equipments by Power Unit PE-197 which provides up to 5 kw. of single phase 120-v., 60-cycle ac.

d Total weight includes vehicles, antennas, masts, and shelters.

Figure 6-171. V-h-f fighter control equipment (continued on opposite page).












	Type

*
	•-tº-

-

b
	#.

Rated

{,
	Aur

power

supply "

|
	.#

Appror

d

(lbs.)
	Remarks




	SCR-567
	2

xmtrs,

BC-640
	50
	1 K-63
	17,000
	|| Mobile

relay station for ground

forward

control of interceptor

Net

System

SCS-2.

Part

of Control

pursuit

operations.



	
	2

revrs,

BC–639
	-
	1 K-63
	16,500
	two

and

Provides

independent

receiving channels

transmitting

of SCR-562

and

SCR-563.

Uses

half

for extending

the

range

wave

dipoles on

steel mast.

50-foot



	SCR-572
	none
	-
	1 K-63
	20,000
	Net

an

|| Mobile

control set used

block

Control

as

operations

of

System

control equipment

SCS-3.

Provides

the

necessary

up

two

for simultaneous

operational

control of

to

aircraft

ground

squadrons,

pursuit

for

control of interceptor

operations.



	SCR-573
	2

xmtrs,

BC–640
	50
	1 K-63
	15,000
	two

|| Mobile

station for ground

channel

transmitting

control

Net

System

Part

of

of Control

interceptor

pursuit

operations.

Uses

dipoles on

plywood

SCS-3.

half-wave

mast.

75-foot



	SCR-574
	2

revrs,

BC–639
	-
	1 K-63
	14,500
	two

receiving station for ground

|| Mobile

channel

control of

Net

System

Part

of Control

interceptor

pursuit

operations.

dipoles on

plywood

SCS-3.

Uses

half-wave

mast.

75-foot



	SCR-575
	rcvrs,

2

BC-639
	

-
	1 K-63
	14,000
	D/F

homer

a

|| Mobile

station used

either as

fixer or

station for

ground

Part

control

of interceptor

pursuit

operations.

of



	
	(1 spare)

1 BC-624
	-
	
	
	Net

System

air

SCS-3.

For

on

Control

bearings

obtaining

me

Adcock

craft having

100

156

equipment.

Uses

to

radio



	
	xmtr,

1 BC-625
	8
	
	
	D/F

antenna

with

sensing

facilities.



	SCR-632
	6

xmtrs,

BC–640

(1 spare)
	50
	2

PE-99
	|| 22,600
	station for ground

Fixed

transmitting

control of

interceptor

Net

System

Part

Control

SCS-2.

pursuit

operations.

of

five independent

Uses

Provides

half-wave

channels.

dipoles

on

steel mast.

90-foot



	SCR-633
	6

revrs,

BC–639

(1 spare)
	-
	1 PE-99
	|| 18,300
	for ground

| Fixed

receiving

station

control

of interceptor

Net

System

SCS-2.

Part

Control

pursuit

operations.

of

Uses

Provides

five independent

half-wave

channels.

dipoles

on

steel mast.

90-foot





* All radio sets operate with amplitude modulation in the 100- to 156-mc. band.

* The following table gives the characteristics of the component parts of these radio sets.















	
	Characteristics of components



	Component
	Type

emission
	Frequency control
	Preset channels
	
	
	
	
	




	BC-625

xmtr,
	voice
	xtal
	4
	
	
	
	
	



	BC-640

xmtr,
	voice, tone
	xtal
	1
	
	
	
	
	



	revr, BC-624
	voice, tone
	xtal
	4
	
	
	
	
	



	rcvr, BC–639
	cw,

tone, voice
	Manual

tuning

(xtal cal, with

Meter

Frequency

assoc.

BC-638).
	none
	
	
	
	
	





• K-63 is a one-ton cargo trailer containing 1 Power Unit PE-99 which provides up to 7.5 kw. of three plase 120-v., 60-cycle ac. The Power Unit PE-99 has recently been replaced on new equipments by Power Unit PE-197 which provides up to 5 kw. of single phase 120-v., 60-cycle ac.

* Total weight includes vehicles, antennas, masts, and shelters.












	Type •
	Radio

b

components
	§

:

Rated

t
	sº

*:::

e
	§

.#

Appror

d
	Remarks




	SCR-634
	1 revr,

BC–639
	-
	1 PE-214
	1,035

|
	D/F

| Air

field operated

station used

transportable,

primarily

fixer D/F

or, with

with

similar units

as

a

station

the

addition

D/F

homer

Radio

SCR-624,

a

Set

Uses

Adcock

of

as

station.

D/F

antenna

with

sensing

facilities.



	SCR-637
	2

xmtrs,

BC–640
	50
	1 PE-99
	5,830
	relay station for ground

| Fixed

forward

control of interceptor

Net

System

Part

Control

pursuit

operations.

of

SCS-2.



	
	2

revrs,

BC–639
	-
	1 PE-99
	5,330
	two

and

Provides

independent

transmitting

receiving

channels

of SCR-562

and

SCR-563.

for extending

range

the

Uses

dipoles on

half-wave

50-foot steel mast.



	SCR-642
	none
	-
	1 PE-99
	4,000

-
	an

|| Fixed

control set used

block

Net

as

operations

of

Control

System

SCS-3.

equipment

Provides

the

necessary

control

for

control of up

to two

simultaneous

operational

aircraft squadrons

for ground

control of

interceptor

pursuit

operations.



	SCR-643
	2

xmtrs,

BC–640
	50
	1 PE-99
	5,800
	two

station for ground

| Fixed

channel

transmitting

control of

Net

Part

of Control

System

interceptor pursuit

operations.

dipoles on

SCS-3.

Uses

half-wave

steel mast.

90-foot



	SCR-644

* *
	2

revrs,

BC–639
	-
	1 PE-99
	5,300
	receiving station for ground

| Fixed

2-channel

control

of inter

Net

System

Part

Control

ceptor

pursuit

operations.

of

SCS-3.

dipoles on

Uses

steel mast.

half-wave

90-foot



	SCR-645
	rcvrs,

2

BC-639

(1 spare)
	-
	1 PE-99
	|| 25,000
	D/F

a

fixer or homer

|| Fixed

station used

either as

station for

ground

control of interceptor pursuit

operations.

Part

of

Net

System

SCS-3.

on

Control

For

obtaining

bearings

aircraft



	
	1 BC-624
	-
	
	
	D/F

Adcock

having

equipment.

Uses

to 156-mc.

100-

radio



	
	xmtr,

1 BC-625
	8
	
	
	antenna

with

sensing

facilities.



	AN/CRC-2
	revrs,

BC–639

6

1 BC-624
	-

-
	4

PE-214
	|| 2,670
	airdrome

|| Air

fighter control system.

transportable



	
	xmtr,

1 BC-625

|
	8
	
	
	





* All radio sets operate with amplitude modulation in the 100- to 156–mc. band.

* The following table gives the characteristics of the component parts of these radio sets.

















	Component
	
	Characteristics of components



	
	Type

emission
	Frequency control
	Preset channels
	
	
	
	
	
	
	




	BC-625

xmtr,
	voice
	xtal
	4
	
	
	
	
	
	
	



	BC–640

xmtr,
	voice, tone
	xtal

|
	1
	
	
	
	
	
	
	



	rcvr, BC-624
	voice, tone
	xtal
	4
	
	
	
	
	
	
	



	revr, BC–639
	cw,

tone, voice
	Manual

tuning

(xtal cal, with

Meter

Frequency

assoc.

BC-638).
	none
	
	
	
	
	
	





* K-63 is a one-ton cargo trailer containing 1 Power Unit PE-99 which provides up to 7.5 kw. of three plase 120-v., 60-cycle ac. The Power Unit PE-99 has recently been replaced on new equipments by Power Unit PE-197 which provides up to 5 kw. of single phase 120-v., 60-cycle ac.

* Total weight includes vehicles, antennas, masts, and shelters.












	Twp.
	,
	Rated

,

|

(kw)
	,

|
	| *::::::"
	Remarks




	BC–339-(

)
	4.0

to

26.5

º
	1
	A1

and

Special
	Ino

or

xtal
	For

operation. Switch

telegraph

or

teletype

selection

any

of six crystal fre

master

one

of

oscillator or

quencies. TM

11-836.



	BC–365-(

)
	0.15

0.55

to
	0.35
	A1
	Ino
	manual

remote

frequency

Includes

control

unit;

kw

ampli

6

Also

used

as

exciter for Bunnell

change.

TM

11-828.

fier.



	BC–447-(

)
	8.0

2.0

to

and

4.0

to

13.4
	0.3
	A1
	Ino

or

xtal
	Two

remote

Includes

control

preset

channels.

unit.

May

be

modified

for teletype operation

using

external

TM

11–827.

exciter.



	SCR-281
	2.75

1.7 to
	0.025
	A3
	xtal
	and

on

Transmitter

receiver for use, primarily

coastal

TM

and

vessels. Four

harbor

preset

channels.

11-244.



	10-KW

Transmitting

Equipment
	to

26.5

4.0
	10
	A1

and

|

Special
	mo

or

xtal
	Power

BC-340,

Transmitter

Includes

Amplifier

BC–339

Water

(exciter), Rectifier RA-22,

Unit

Cooling

TM

RU-2

and

expansion

tank.

11-801.



	KW

6

Bunnell

(amplifier)
	0.15

to

0.55
	6
	A1
	-
	power

amplifier, rectifier and

antenna

tuning

Includes

Used

BC–365.

as amplifier for Transmitter

house.

TM

11-1055.



	Press

Wireless

PW-15-(

)
	21.0

4.0

to
	15
	A1

and

Special
	xtal
	Manual

For

telegraph

or teletype

operation.

selection

TM

pub

any

one

(when

11-821

of

of six crystals.

lished).



	Wireless

Press

PW-40-(

)
	to

21.0

4.0
	40
	A1

and

Special
	Ino

or

xtal
	For

Frequently

used

telegraph

or

teletype

operation.

as

a

linear amplifier for single side-band

transmitter

TM

(when

D-156000.

11-835

published).



	Press

Wireless

PW-981-(

)
	26.0

2.5 to
	2.5
	A1

and

Special
	mo

or

xtal
	Manual

fre

For

telegraph

or

teletype

operation.

quency

selection of master

oscillator, one

of

five

TM

crystals or

teletype

11-834.

exciter.



	Western

Electric

Company

D-156000
	to

22.0

4.5
	2
	Special
	xtal
	tele

Part

of

entire terminal

for single-sideband

radio

and

phone

receiver D-99945

system

which

includes

TM

(when

equipment.

v-f carrier telegraph

11-832

published).





Figure 6-172. Equipment commonly used by command radio, Army Communications Service. (continued on following page).












	Type
	;:

Frequency
	#.

T

|
	Type

,

-

-
	| ":"

F.
	Remarks




	AN/FRR-3A
	2.4

to 23.0
	dual

bal.

ohm

600
	Special
	xtal
	Used

as

radio-teletype

receiving

Balanced

station.

may

Tuning

range

Five

preset

channels.

input.

be

mc

26

one

extended

Requires

to

Radio

if desired.

AN/FGC-1.

Equipment

Terminal

Teletype

See

TM

chapter

11-872A.

3.



	BC-779-(

)
	0.1 to

0.4

and

to 20.0

2.5
	8w.

600

or

ohm

8,000

grounded
	A2

A1,

A3

and
	manual

tuning
	| Three

each

with

of

receivers used

these

Schuttig

manual

equipment.

Also

used

as

| Diversity

receiving

Hammarlund

Balanced

Similar

to

station.

input.

TM

super-pro

11-866.

receiver.



	BC-794-(

)
	to

40.0

1.25
	8w.

600

or

ohm

8,000

grounded
	A2

A1,

A3

and
	manual

tuning
	| Same

BC–779

as

for frequency

except

coverage.

to Hammarlund

| Balanced

input. Similar

super-pro

TM

11-866.

receiver.



	Schuttig

Diversity

(Mixing

unit

only)
	-
	6mw.

bal.

ohm

600
	Al
	manual

(af only)
	Used

as

station for high

speed

tape

receiving

circuit.

BC-779

BC-794

|| Requires

or

three

three

receivers and

TM

power

11-2515.

supplies.



	Western

Electric

Company

D-999.45
	4.5

to 22.0
	60mw

bal.

ohm

600
	Special
	xtal
	receiver. Unbalanced

Single-sideband

triple detection

and

Used

D-156000

with

transmitter

input.

v-f

TM

equipment.

11-884

telegraph

(when

carrier

published).





Figure 6-172. Equipment commonly used by Command Radio, Army Communications Service (continued).












	Type
	º:

Frequency

-

(mc)
	º:§

Xmtr
	cºn

T
	ºw

F.
	Remarks




	BC–315
	2.0

to

18.1
	400
	A2

A1,

A3

and
	xtal
	and

Point-to-point

ground-to-air.

Dial

selection of ten

frequencies. No

channel

longer

procured.

preset



	BC-325-(

)
	1.5 to

18.0
	400
	Al
	mo

or
	and

ground-to-air. Switch

Point-to-point

selection of

any

master

one

oscillator or

of



	-
	
	100
	A3

A2,
	xtal
	five crystal frequencies.

No

longer

procured.



	BC–339-(

)
	26.5

4.0

to
	1,000
	A1
	mo

or

xtal
	selection of master

Switch

Point-to-point.

oscillator

any

or

one

Also

of

used

six crystal frequencies.

as

TM

exciter for Power

BC–340.

Amplifier

11-836.



	BC-340-(

)

(amplifier)
	4.0 to

26.5
	10,000
	A1
	-
	db

10

Provides

approx.

Point-to-point.

increase in

when

power

output

Transmitter

used

with

BC-339.

TM

11-801.



	BC–365-(

)
	0.15

0.55

to
	350
	A1
	Ino
	TM

11

Manual

frequency

change.

Point-to-point.

828.



	BC–401-(

)
	to

2.0

18.1
	400
	A2

A1,

A3

and
	xtal
	and

Point-to-point

Dial

ground-to-air.

selection of

No

channel

ten

longer

preset

frequencies.

procured.





Figure 6-173. Equipment commonly used by Airways Section, Army Communications Service. (continued on opposite page).












	
	
	TRANSMITTING
	
	
	



	Type
	Frequency

range (mc)
	º

Xmtr
	Type

emission
	Frequency

control
	Remarks




	BC–460-(

)
	to

2.0

18.0
	250
	A1
	mo

or

xtal
	and

Dial

Point-to-point

ground-to-air.

selection of

models

channel

Late

the

ten

preset

frequencies.

are



	
	
	200
	A3

A2,
	
	TDO

Navy

same

and

master

as

transmitter

are

TM

oscillator controlled only.

11–812.



	BC–610
	2.0

to

18.0
	400
	A1
	ino

or

xtal
	and

used

trans

ground-to-air. Also

as

Point-to-point

TM

SCR-299,

SCR-399,

and

SCR-499.

mitter

of



	
	
	300
	A3
	
	11–813.



	BC–642
	20.0

4.0

to
	3,000
	A3

A1,
	xtal
	channel

Dial

selection of

Point-to-point.

ten

preset

No

procured.

frequencies.

longer



	BC-1100-(

)
	1.5 to

10.0
	75
	A1
	xtal
	May

and

be

remotely

Point-to-point

ground-to-air.

of Radio



	
	
	50
	A3
	
	Four

Part

preset

channels.

controlled.

TM

Equipment

RC-263.

Transmitter

11-816.



	RC-52-(

)
	1.5 to

7.0
	300
	A2

A1,

A3

and
	xtal
	May

and

be

air warning.

remotely

Point-to-point

controlled. Two

preset

channels.



	T-4/FRC
	2.0

to

18.0
	400
	A2

A1,

A3

and
	Ino

or

xtal
	May

and

be

used

Point-to-point

in

ground-to-air.

T-5/FRC

with

Transmitter

for extended

conjunction

TM

frequency

coverage.

11-820.



	T-5/FRC
	0.15

to

0.55
	600
	A2

A1,

A3

and
	mo

or

xtal
	May

in con

and

be

homing.

used

Point-to-point

T-4/FRC

extended

with

Transmitter

junction

for

TM

frequency

coverage.

11-820.



	Aircraft

Accessories

500B

Corp.
	0.275

to

0.4

and

1.6 to

10.0
	1,000
	A2

A1,

A3

and
	xtal
	and

ground-to-air

Point-to-point,

airport

control.

RF

and

power

unit, modulator

in one

supply

Includes

cabinet. Two

preset

channels.



	FT-300

Federal
	20.0

2.0

to
	3,000
	A3

A1,
	xtal
	Eight

normally

used

Point-to-point.

transmitters

are

rectifier and

per

modulator.

Dial

selection of

desired

channel.



	Pan

Amer.

Airways

12-ACX-2
	24.0

1.6 to
	1,200
	A3

A1,
	xtal
	either of two

Point-to-point. Push

button

selection of

channel

preset

frequencies.



	Pan

Amer.

Airways
	0.26

to

1.75
	1,200
	A1
	xtal
	and

homing.

Point-to-point

Dial

selection of

either

two

channel



	12–GLX-2
	
	750
	A3

A2,
	
	of

preset

frequencies.



	Amer.

Pan

RFA-50

Airways
	5.0

to 24.0
	5,000
	A2

A1,

A3

and
	-
	amplifier for Pan

Used

American

as

Point-to-point.

No

12-ACX-2

Airways

procured.

transmitter.

longer



	Press Wireless

PW-10LF
	to 0.14

0.11

||
	10,000
	A1
	mo
	and

radio

Point-to-point

teletype.



	250-GSC

Temco
	2.0

to 16.0
	200
	A2

A1,

A3

and
	mo

or

xtal
	and

ground-to-air. Switch

selection of

Point-to-point

master-oscillator or any

one

of four

crystal frequencies.



	Temco

1000-AG-CW
	2.0

to

16.0
	1,000
	A1
	xtal
	and

ground-to-air. Six

Point-to-point

preset

channels.

No

longer

procured.





Figure 6-173. Equipment commonly used by Airways Section, Army Communications Service (continued on following page).



TRANSMITTING EQUIPMENT












	
	
	
	TRANSMITTING
	
	EQUIPMENT



	Type
	Frequency

range (mc)
	:

X

(watts)
	Type

emission
	Frequency

control
	Remarks




	Western

Electric
	| 1.6 to 13.2
	350
	A1
	xtal
	and

Relay

Point-to-point

ground-to-air.

selection of



	Company

D-151249

Air

(Pan

Amer.

4WTFA)

ways
	
	100
	A3
	
	No

two

channel

either of

preset

frequencies.

longer

procured.



	96A

Wilcox
	2.0

to

12.0
	2,500
	A3

A1,
	xtal
	and

radio-teletype. Eight

Point-to-point

transmitters

rectifier. No

normally

used

per

are

longer

procured.

TM

(when

11-2671

published).



	960

and

Wilcox

96C-3
	to

20.0

2.0
	3,000
	A2

A1,

A3

and
	xtal
	and

Four

Point-to-point

radio-teletype.

transmit.

TM

normally

used

ters are

per

11-803

rectifier.

(TM

when

11-2671

published).



	Wilcox

B

96-200A

or
	0.195

to

0.525
	2,000
	A2

A1,

A3

and
	mo

or

xtal
	96–200A

no

and

Wilcox

homing.

Point-to-point

longer

TM

procured.

11-802.

















	Type
	4.

F.
	º

tr

(watts)
	•ºn

T
	T
	;

F.
	Remarks




	Collins

18-Q
	1.5 to

12.0
	25
	cW.
	ana
	mo

or

xtal
	and

Transmitter

and

Point-to-point

receiver.

Switch

selection of

ground-to-air.

five crystal



	
	
	10
	voice
	
	
	Navy

frequencies. Same

TCS.

Model

as



	Jefferson

350A

Travis
	1.5 to 12.0
	50
	cW.
	ann
	mo

or
	equipment

| Transmitter-receiver

for fixed mobile

communication.

Switch

selection of four

crystal



	xtal

40

voice
	
	frequencies.
	
	
	
	



	Link

25-FMTR
	30

40

to
	25
	voice
	fm
	xtal
	Commercial

equipment

for providing

police car

to SCR

2-way

communication.

mobile

Similar

298.



	Link

35-FMTR
	30

40

to
	35
	voice
	fm
	xtal
	Commercial

equipment

police car

for providing

to SCR

2-way

communication.

mobile

Similar

298–C.



	Link

UFS

50
	40

30

to
	50
	voice
	frn
	xtal
	transmitter, receiver and

power

Self contained

For

supply.

in mobile

fixed control station

net.



	Link

1498
	70

100

to
	50
	voice
	fnn
	xtal
	transmitter, receiver and

Self contained

power

com

For

providing

telephone

supply.

radio

when

essentially line-of-sight opera

munication

ation

is possible.



	Link

1505
	70

to 100
	250
	voice
	fn
	xtal
	transmitter, receiver and

Self contained

power

to Link

1498

supply.

except

Similar

provides

power

7-db

approx.

greater

output.





Figure 6-173. Equipment commonly used by Airways Section, Army Communications Service (continued on opposite page).



COMBINED TRANSMITTING AND RECEIVING EQUIPMENT













	Type
	Frequency

range (mc)
	r

output

(watts)
	Type

emission
	Type

mod
	Frequency

control
	Remarks




	AN/TRC-13

(Motorola

FMTR-50

BW)
	30

40

to
	50
	voice
	frn
	xtal
	Commercial

and

police type

of transmitting

equipment

receiving

for fixed control

station

in

and

have

mobile

net. Transmitter

receiver each

built-in power

supply.



	AN/VRC-2

(Motorola

VM

FMTR-25

or

FMTR-30

DW)
	30

40

to
	25
	voice
	frm
	xtal
	for pro

Commercial

of equipment

type

police car

2-way

mobile

communication.

Separate

viding

and

each

with

transmitter

receiver,

built-in

TM

power

(when

supply.

11-607

published).



	AN/VRC-4
	xmtr,

1.7

to

8.7
	25
	cw
	ain
	mo

or

xtal
	and

receiving equipment

| Transmitting

for crash

truck

use. Switch

selection of master-oscillator



	
	revr,

&

0.19

to

0.51

1.7 to

8.7
	
	voice
	
	
	me)

crystal frequen

any

one

(4.0 to

7.0

or

of four

from

cies. In

addition, receiver is tuneable

0.19

TM

0.51 me.

to

11–829.
















	
	
	
	RECEIVING
	
	EQUIPMENT



	Type
	Fº

Frequen
	.#|

T
	Type

";

||
	""

F
	Remarks




	AN/FRR-3A

(Press

Wireless

diversity)
	23.0

2.4

to
	into

AN/FGC-1
	A1,

A2,

&

A3

||

Special

-
	xtal
	and

radio-teletype. Balanced

Five

Point-to-point

input.

may

mc

Tuning

26

range

be

extended

preset

channels.

to

Used

Radio

Terminal

Unit

with

Teletype

if desired.

TM

AN/FGC-1.

11-872A.



	AN/GRR-2

(Hallicrafters

SX-28)
	42

0.55

to
	speaker

or

headset,

500

or

ohms

5,000
	A2

A1,

&

A3
	manual

tuning
	º

and

Balanced

| Point-to-point

ground-to-air.

input.

Built-in power

| Table

Separate

loud

supply.

TM

speaker.

11-874.



	AN/GRR-3

(National

NC-100-ASC)
	to 0.4 &

0.2

30

1.5 to
	speaker

headset

or
	A2

A1,

&

A3
	manual

tuning
	and

Table

ground-to-air. Balanced

| Point-to-point

input.

Built-in power

model.

Separate

loud

supply.

speaker.



	Federal

128-AY
	0.015

to

0.65
	speaker

headset

or
	A2

A1,

&

A3
	manual

tuning
	Marine

service. Unbalanced

input. Table

or fixed station

TM

Built-in power

model.

supply.

11-858.



	Hallicrafters

S-22-R
	1.5 &

0.11

to

1.7 to

18.0
	built-in

speaker,

headset

or
	A2

A1,

&

A3
	manual

tuning
	| Marine

fixed station service. Unbalanced

input. Table

or

Built-in power

model.

supply.



	Hallicrafters

S-27
	27

145

to
	speaker

or

headset,

500

or

ohms

5,000
	A1,

A2,

&

A3

FM
	manual

tuning
	control and

Table

Balanced

Airport

air warning.

input.

Built-in power

model.

supply.



	Hallicrafters

S-29
	0.54

to

30.5
	! built-in

speaker,

headset

or
	A2

A1,

&

43
	manual

tuning
	Uses

| Highly

portable

for miscellaneous

monitoring.

built-in telescoping whip

antenna.





Figure 6-173. Equipment commonly used by Airways Section, Army Communications Service (continued on following page).



RECEIVING EQUIPMENT












	Type
	;

F
	*t

T
	;

Type
	

||F

l
	Remarks




	Hallicrafters

S-36
	143

27.8

to
	speaker

or

headset,

500

or

ohms

5,000
	A1,

A2,

&

A3

FM
	manual

tuning
	and

air warning.

Airport

control

Similar

to

Hallicrafters

| S-27

receiver except

treated

for tropical use. Balanced

input. Table

Built-in power

model.

supply.



	Hammarlund

SP-110-LX

(super

pro)

))

(BC–779-(
	&

0.1 to

0.4

20

to

2.5
	speaker

or

headset,

600

or

ohms

8,000
	A2

A1,

&

A3
	manual

tuning
	and

| Airport

point-to-point

control,

ground-to-air.

| Balanced

input. Modified

Separate

table

model.

power

TM

on

Operates

supply

supply.

25-cycle

or

batteries.

11-866.



	Hammerlund

SP-210–LX

(super

pro)

))

(BC-779-(
	0.4 &

0.1 to

to 20

2.5
	speaker

or

headset,

600

or

ohms

8,000
	A2

A1,

&

A3
	manual

tuning
	and

Airport

point-to-point

control,

ground-to-air.

input. Rack

power

| Balanced

mounting.

Separate

supply.

TM

on

Operates

supply

or

60-cycle

batteries.

11-866.



	National

HRO
	1.7 to 30
	speaker

or

headset
	A2

A1,

&

A3
	manual

tuning
	and

Balanced

| Point-to-point

ground-to-air.

input.

Table

power

Uses

mounting.

Separate

supply.

plug-in

coils

which

a

inserted as

are

unit.



	Wilcox

CW3
	1.15

to 25.5
	speaker

headset

or
	A1
	xtal
	and

ground-to-air. Balanced

input. Rack

Point-to-point

CW3

mounting.

Uses

coils. Eight

plug-in

receivers in a

113A

Wilcox

prewired

rack,

are

available

as

Receiver

TM

(when

Bay.

11-853

published).



	Wilcox

CW3-D

4
	to 26

2.0
	into

AN/FGC-1
	Special, |xtal

A1

||
	
	Used

For

radio-teletype service. Balanced

input.

with

AN/FGC-1

Radio

Terminal

Teletype

Unit

(see chapter

CW3-D

The

4

Four

is an

preset

channels.

assembly

3).

TM

CW3-D

in a

of

four

units

single cabinet.

11-2204.



	F3

Wilcox
	1.9 to

16.5
	speaker

headset

or
	A3

A2,
	|xtal
	and

Airport

Point-to-point

ground-to-air.

control

TM

Rack

Balanced

mounting.

11-853

input.

(when

published).





Figure 6-173. Equipment commonly used by Airways Section, Army Communications Service. (continued).















	Type", b
	Frequency

range

(mc)
	:a

Rated

(watts)
	º.
	*:::::::
	Remarks
	
	
	




	MM
	2

xmtrs,

to 1.0 &
	100
	cw
	Ino
	and

receiving equipment

composed

Portable

transmitting

of

RBM

TBW

and

model

model

equipment

transmitting

receiving
	
	
	



	
	0.35

to

3.0

18.1

2
	25
	tone
	
	in establishing an

equipment.

for use

Intended,

primarily,

advance

base
	
	
	



	
	revrs,

&

to

2.0

0.2

to

20.0

2.0
	25
	voice
	
	radio

station.
	
	
	



	MU

MW

MW

MX

MAB
	2.3

to

2.8

2.8

to 3.3

3.3 to

3.9

to

4.6

3.9

2.3

to

4.6
	0.2
	voice
	| xtal
	two-way

communication

Light

weight

battery

operated,

set for

series was

by

This

use

designated

paratroopers.

originally

MX

MP

MW,

MU,

MV,

ac

was

and

but

later redesignated

The

MABcovers

frequency

frequency

cording

to the

the

range.

range

the

of

series.
	
	
	



	RBM,

-1

-3
	&

|| 0.20

to 2.0
	-
	cw
	manual
	trans

receiving equipment

where

intended

for use

Semiportable
	
	
	



	to
	to 20.0

2.0
	
	tone
	and

wet

tuning

rough

country

is to be

over

portation

two

superheterodyne

receivers; normally
	expected.

Includes

used

with

semiportable

TBW.
	
	
	



	
	
	
	voice
	
	equipment

model

transmitting
	
	
	



	RBQ
	132

to 156
	-
	voice
	| xtal
	superheterodyne

receiver used

with

shore

Single frequency,

TDG

and

42A1

a

model

system

as

carrier telegraph
	
	
	



	
	
	
	tone
	transmitter

a

terminal

v-h-flink.

receiving

of

point-to-point
	
	
	



	RBZ
	to

2.0

5.8
	-
	tone
	manual

tuning
	operated

personal

receiver for shore

| Light

weight,

battery

use.

receiver carried on

in canvas

| Superheterodyne

operator's chest

steel helmet

an

as

antenna.

uses

holder;
	
	
	



	RCK
	115

to 156
	-

—
	voice
	| xtal
	aircraft carriers and

on

shore

Receiver

for use

at

stations for

aircraft and

and

communication

between

shore

ship

stations.

by

means

operating

of switch

plus

four

frequencies

Selection of

from

ganged

of r-f circuits. Designed

tuning

to

reduce

radiation

oscillator.
	
	
	



	TBS-3
	60

80

to
	50
	voice
	
	sur

and

for installation on

Transmitting

receiving equipment
	
	
	



	
	
	50
	tone
	
	between

craft or submarine

for intercommunication

task

face

vessels and

forces, convoy

others.
	
	
	



	TBW,

-1
	to 1.0 &

0.35
	100
	cW
	Ino
	two

equipment;

Portable

transmitting

transmitters;

intended,

in establishing an

advance

base

primarily, for use
	
	
	



	
	3.0

to

18.1
	25
	tone
	
	station.

RBM

Commonly

and

receiving equipment

model

used

with

MM
	
	
	



	
	
	25
	voice
	
	is known

Navy

when

model

trans

portable

so

used

as

and

equipment.

mitting

receiving
	
	
	



	-1

TBX,

to -3
	xmtr,
	9
	cw
	mo

or
	Major

and

For

communication.

units

are

supplied

ship

shore

from

pack

cases. Transmitter
	
	
	



	
	4.525

2.0

to

revr,

2.0

to

8.0
	3
	voice
	| xtal
	canvas

with

carrying

operates

and

receiver from

battery

pack.

hand-driven

generator



	TBY,

-1,

–2
	28

80

to
	0.5
	voice
	mo
	Pack

and

receiving equipment

intended

primarily

transmitting
	
	
	



	
	
	
	tone
	(xtal

cal.)
	May

man

by

by

be

one

either in the

for use

Marines.

operated

while

being

field or

transported.
	
	





* All sets are amplitude modulated.

Figure 6-174. U.S. Navy radio equipment (continued on following page).

* Many of these radio sets may be used as substitutes for the tactical radio sets for ground use in figure 6–169.



TACTICAL EQUIPMENT












	Type", b
	*:::::

(mc)
	Rated

*::::

(watts)
	º.
	control
	|

Remarks




	-1

TCS,

-5

to
	1.5 to 12.0
	25
	cw
	mo
	equipment

Semiportable

designed

according

to

commercial

Used

and

on

landing

craft,



	
	
	15
	voice
	or

| xtal
	standards.

extensively

patrol

and

reconnaissance

purposes.

similar

vehicles,

for

Switch

any

one

selection of

of four

crystal controlled frequencies in

each

of

the

three

bands.



	TCY
	0.5 only
	5
	tone
	ino
	emergency

Portable

for use, primarily, by

lifeboat transmitter

inexperienced

personnel.



	TDG
	132

to 156
	12
	voice
	| xtal
	RBQ

equipment

model

Transmitting

used

with

receiver and

42A1

system

as a

carrier telegraph

transmitting

terminal

of a

point-to-point

v-h-f circuit.


















	
	
	
	
	AIRBORNE
	EQUIPMENT
	
	



	Type-
	;

-
	º

Rated

(watts)
	º.
	*:::::::
	dº.
	
	Remarks




	AN/ARC-1
	to 156

100
	6
	voice
	| xtal
	10
	dc

28v,
	2-way

and

For

plane-to-plane

plane-to

main

Nine

chan

ground

communication.

guard

provided

one

nels are

plus

channel

may

which

be

simultaneously

monitored.



	AN/ARC-4
	140

to 144
	6
	voice
	| xtal
	4
	de

28v,
	and

2-way

For

plane-to

plane-to-plane

Three

ground

communication.

main

one

channels

provided

are

plus

guard

may

me

on

which

channel

140.58

be

simultaneously

monitored.



	AN/ARC-4X

(Western

Electric

Company

233A)
	|| 140

144

to
	6
	voice
	xtal
	4
	dc

28v,

or

14v, dc
	AN/ARC-4

may

| Same

be

oper

except

as

on

ated

14

or

28v,

dc.



	AN/ARC-5

(ATA/ARA)
	l-f, m-f, &

h-f

| units
	36
	cw
	ino

1

(per

(xtal

xmtr.)

cal.)
	
	dc

28v,
	communica

m-f, h-f, and

2-way

For

v-h-f

tion. The

shown

frequency

range

for

the



	
	xmtrs,

0.5

to

9.1
	
	tone
	
	l-f, m-f, and

h-f components

by

is covered

and

and

eight transmitters

five receivers
	



	
	rcvrs,

0.19

to

9.1
	12
	voice
	
	
	
	by

one

v-h-f range

and

the

transmitter

mount

same

in the

one

receiver which



	
	v-h-f units

to 156

100
	6
	voice
	| xtal
	4
	dc

28v,
	and

h-f components.

rack

with

the

l-f, m-f,

and

Transmitters

receivers are

usually

of two

installed in groups

(The

or

three.

ATA/ARA

but

does

not

similar

is

and

covers

include

v-h-f

units

only

range

the

transmitting

of 2.1 to

9.1

mc,

similar to

using

five transmitters

those

ATA/ARA—

SCR-274-N.

with

used

VHF

the

transmitting

consists of

v-h-f

and

receiving components

only.)





* All sets are amplitude modulated.

Figure 6-174. U. S. Navy radio equipment (continued on opposite page).

[image: Figure, page 398]

b Many of these radio sets may be used as substitutes for the tactical radio sets for ground use in figure 6-169.














	
	
	
	
	AIRBORNE
	EQUIPMENT
	
	



	Type*
	;
	Rated

,

(watts)
	|,
	|*|†"
	dº.
	:
	Remarks




	AR-10A
	0.195

to 10.0
	-
	cW
	manual
	12
	14v, dc
	Has

Commercial

equipment.

receiving



	(Harvey

Wells)
	
	tone
	tuning

&

xtal
	
	
	may

and

dual

audio

output

be

remotely

Manual

tuning

range

0.195

controlled.

me.
	



	
	
	
	voice
	
	
	
	8.0

to



	ATB/ARB

xmtr,

2.3

to 9.05
	55
	cw
	mo
	2
	dc

28v,
	single trans

| This

equipment

a

includes

and

4-band

a

mitter

Installed

receiver.
	



	
	rcvr,

0.195

to 9.05
	
	tone
	
	
	
	in a

wide

variety

of

aircraft.



	
	
	35
	voice
	
	
	



	ATC

to 1.5 &

0.20

(AN/ART-

to

2.0

18.1
	90
	cw
	mo
	11
	de

28v,
	equipment

Transmitting

for aircraft use;

manual

one

channel

selection of

tuning
	



	13)
	
	
	tone
	
	
	
	1.5 mc

0.2 and

and

between

selection of

and

between

channels

ten

preset

2.0

18.1



	
	
	
	voice
	
	
	ARA,

ARB,

and

Used

model

mc.

with

in im

RAX-1

by

receivers. (Superseded

proved

that

transmitter

version,

is,

AAF

AN/ART-13,

by

used

the

with

AN/ARR-11

Receiver

as a

replacement

for SCR-287.)



	AVR-7H
	0.195

0.42

to
	-
	cW.
	manual
	2
	14v, dc
	Commercial

receiving equipment

which



	(Radio

Corp.

of

America)
	0.495

to 1.4

&

to 6.7

2.3

|
	
	tone
	tuning

&

xtal
	
	
	two

crystal controlled channels

provides

tuning

or

continuous

over

the

entire

range.



	
	
	
	voice
	
	



	AVT-12B

(Radio

Corp.
	to

2.6

6.5
	
	cw
	xtal
	4
	14v, dc
	Commercial

equipment

transmitting

for

AVR

Used

with

Receiver

aircraft use.



	of

America)
	
	30
	voice
	
	
	
	7H.



	AVT-23

(Radio

Corp.
	3.0

to

12.5
	
	cw
	xtal
	4
	dc

28v,

or
	Commercial

equipment

transmitting

for

AVR

Used

with

Receiver

aircraft use.



	of

America)
	
	15
	voice
	
	
	14v, dc
	7H.



	GF/RU
	xmtr,

to

4.525

3.0
	15
	cW
	mo
	none
	dc

28v,

or
	| This

equipment

trans

one

consists of

plug

and

one

receiver each

mitter

using



	&

6.0

to

9.05
	rcvr,
	
	tone
	
	
	14v, dc
	SCR-183

to Radio

in coils. Similar

Sets

and

GF-11

and

SCR-283.

Transmitter

GF

RU-16

on

Receiver

operate

14v,

dc;

RU-17

and

on

12

operate

28v,

dc.



	
	0.195

to 13.575
	
	voice
	
	
	



	GO-9
	&

0.30

0.60

to
	100
	cw
	ino
	none
	120V.

600/800
	for installation in Navy

Intended

patrol,



	
	3.0

to

18.1
	70
	tone
	
	
	cycle

&

ac

28v.

or

14v, dc
	a

land

or seaplanes.

Consists

of

l-f

and

a

transmitter

h-f transmitter

either

com

may

which

from

be

operated

the

of

mon

rectifier unit. Commonly

used

with

RAX-1.

model

receiving equipment





* All sets are amplitude modulated.

Figure 6-174. U. S. Navy radio equipment (continued on following page).



AIRBORNE EQUIPMENT














	Type

=
	;

F
	Rated

,

(watts)
	ºn

T

|
	"º"

F.
	P

i,
	:

P

|
	Remarks




	RA-1
	to 1.5 &

0.15
	-
	cW.
	manual
	none
	dc

28v,
	Commercial

equip

multiband

receiving

May

be



	(Bendix)
	1.8 to 15.0
	
	tone
	tuning
	
	or

14v, dc
	ment.

or

remotely

locally

operated.



	
	
	
	voice
	
	
	
	



	to 1.1 &

RA-10

0.15

(Bendix)

2.0

to 10.0
	-
	cw
	manual
	-
	dc

28v,
	Commercial

multiband

equip

receiving
	



	
	tone
	tuning
	or

14v, de
	ment.

Remotely

controlled only.
	



	
	
	voice
	
	
	
	



	RAX-1
	0.20

to 27.0
	-
	cW.
	manual
	| 1
	dc

28v,
	equipment

| Receiving

used

in the

larger



	
	
	tone
	tuning
	(per

rcvr)
	
	airplanes. The

shown

range

frequency

is

by

multiband

covered

three

receivers.
	



	
	
	voice
	
	
	
	



	RTA-1B

(Bendix)
	0.25

to

13.0
	50
	voice
	| xtal
	10
	14v, dc
	Commercial

and

transmitting

receiving

May

be

equipment.

remotely

or

locally

operated.



	TA-2
	&

0.3

to

0.6
	30
	cw
	xtal
	8
	dc

28v,
	| Remotely

commercial

operated

trans



	(Bendix)
	
	20
	tone
	
	
	
	TA-2G

(Model

equipment.

mitting

covers

TA-2J

to 15.0 me;

model

only

2.9

covers

both

frequency

shown.)

ranges

req

-



	
	
	
	voice

-
	



	
	2.9

to

15.0
	100
	cw



	
	
	75
	tone



	
	
	voice



	TA-6
	2.8

to

12.0
	4
	cW.
	xtal
	2
	dc

28v,
	Commercial

equipment.

transmitting

May



	(Bendix)
	
	
	voice
	
	
	or

14v, de
	be

remotely

or locally operated.



	TA-12
	&

to

0.3

0.6
	35
	cw
	Ino
	4
	dc

28v,
	Commercial

equipment.

transmitting



	(Bendix)
	3.0

to

1.20
	
	tone
	
	
	
	May

be

remotely

or locally controlled.

shown

(Frequency

range

is that

covered

may

by

model

TA-12C.

Other

models

cover

different frequency

ranges.)



	
	
	voice
	
	
	



	29A

to

0.2
	15.0
	-
	cW.
	xtal
	10
	14v, dc
	Pro

Commercial

receiving equipment.



	(Western

Electric
	
	
	tone
	
	
	
	dual

audio

vides

outputs.



	Company)
	
	
	voice
	
	
	
	





* All sets are amplitude modulated.

Figure 6-174. U.S. Navy radio equipment (continued).











	Type
	;
	º;

Xmt
	Type

emission
	Remarks




	1.
	to

6.8

4.2
	0.5
	cw,

voice
	and

Royal

Brigade

Infantry

Artillery set.



	5

L.P.
	20

to

2.4
	500
	cw,

tone, voice
	for fixed stations. Mo

Medium

long

range

to

transmitter

or

crystal control.



	5

H.P.
	&

to

0.2

0.6

20

3.0

to
	2,000
	cw,

tone, voice
	Mo

| Long

range

transmitter

or

for fixed stations.

crystal

control.



	9.
	1.875

to 9.0
	10
	| cw,

tone, voice
	| Medium

set for Armored

and

range

Fighting

Vehicle

use

Mo

communication.

Divisional

control.



	11

L.P.
	4.2

to

7.5
	1.5
	cw,

voice

º
	and

Artillery Regiment

Royal

mobile

Brigade

Infantry,

set.

Mo

control.



	11

H.P.
	to

4.2

7.5
	7
	cw,

voice
	Same

and

some

for mechanized

use

L.P.

as

11

cavalry,

Armored

and

communication.

Fighting

Vehicles

Divisional



	12

L.P.
	1.2 to 17.5
	25
	| cw
	Mo

Transportable

Division-Corps

or crystal control.

set.



	
	
	6
	tone, voice
	



	12

H.P.
	1.2 to

17.5
	300
	cw,

tone, voice
	Mo

and

Corps

power

high

| Division

or

crystal control.

set.



	(MK

17

II)
	44.0

to

61.0
	0.5
	! voice
	between

for use

Searchlight

control transceiver

searchlight

and

section headquarters

details.



	(MK

18

I,

&

II

III)
	to 9.0

6.0
	0.5
	cw,

voice
	Company

man-pack

Infantry

Battalion

to

set.



	M.

18
	to

2.0

5.0
	0.5
	cw,

voice
	Same

and

For

lower

as

18

set except

frequency.

special uses

Naval

Forward

Observation

Officer parties.



	Collins

M.
	to

16.0

2.0
	15
	cw
	Mo

Special; not

or

in general

crystal control.

use.



	18
	
	5
	| voice
	



	(MK

19

I)
	&

2.5

to

6.25

230

255

to
	10
	| cw,

tone, voice
	Armored

for communication

between

Fighting

Vehicle

set

tanks.



	(MK

19

II

&

III)
	&

2.0

to

8.0

230

to 255
	10

-
	cw,

tone, voice
	MK

Mo

Same

as

19

I except

frequency

range.

control.



	21
	&

4.2

to

7.5

to 31.0

19.0
	2
	cw,

tone, voice
	set. Mo

Royal

Artillery Regiment

set to

replace 11 L.P.

control.



	22
	2.0 to 8.0
	3
	cw,

tone, voice
	May

and

Regimental

be

used

| Divisional

as

vehicular,

set.

man-pack

(3-man

ground

load), or

as

set.



	23
	1.2 to

15.0
	250
	cw,

tone, voice
	| Long

range

mobile

set.



	26
	95.0

85.0

to
	65
	voice
	Multichannel

duplex

channels

point-to-point

transmitter. Six

group

modulation

using

of transmitter.





Figure 6.175. Principal British radio sets (continued on following page).



BRITISH ARMY COMBINED TRANSMITTER AND RECEIVER,











	Type
	Frequency

range (me)
	º,

Xmtr
	-

-

Type

emission
	Remarks




	33
	1.2 to

17.5
	250
	cw
	Long

communication

Normally

range

line of

carried

set.



	
	
	60
	tone, voice
	4

up

4

be

ground

x

vehicle but

a

can

as

in 3-ton

set

station.

Mo

or crystal control.



	34
	&

157

to 255

230
	
	voice
	Tentative

characteristics; dual

channel,

crystal controlled

FM

set

for local use

at

headquarters.



	36
	60

10

to
	25
	cw,

tone, voice
	AA

gun

Capable

carrier fre

of

modulation

at

control set.

by

1+1.

Apparatus

Telephone

quencies

required

Carrier



	37
	to 380

370
	0.5
	voice, tone
	batteries in a

Special; set is in a

telephone

handset,

belt.



	(MK

38

I,

II &

III)
	7.3 to 8.8
	0.5
	! voice
	Mo

man-pack

Light

infantry

control.

set.



	0-43
	2

to 12
	300
	cw,

voice
	Canadian

33

version of

the

set.



	46
	3.6

to 4.3

5.0

to 6.0

6.4 to

7.6

7.9 to 9.1
	
	1 | voice, tone
	Commando

and

and

set for combined

operations

paratroop

controlled and

has

Crystal

three

preset

jungle

warfare.

(in same

channels

band).



	48
	5.9

to 9.1
	0.5
	cw,

voice
	commun

and

Regiment

Infantry

Battalion

R.A.

range

short

Has

ication man-pack

built-in crystal calibrator.

set.



	53
	1.2 to 17.5
	250
	cw,

tone, voice
	and

Corps

Provisional data;

long

range

set

for Division

An

improvement

12

communication.

H.P.

of

the

set.



	57
	85

95

to
	7
	| voice
	W-h-f

point-to-point set for duplex

telephony

using

crystal

and

control of transmitter

receiver.



	681?
	1.7 to

3.0
	0.75
	cw,

voice
	Used

by

and

combined

Airborne

troops

operations.

Is

form

set. Transmitter

can

be

modified

of 18

crystal controlled.



	68R

680,
	3.0

to

5.2
	0.75
	cw,

voice
	680

is similar to 68P

no

has

set except

prov'sion

for crystal

68R

is similar to 680

has

set except

provision

control.

for

crystal control.



	76.V.
	to 12.0

2.0
	4
	| cw
	and

Provisional

data;

for airborne

troops

jungle

warfare.

5G

Naval

type

Modified

Crystal

control only.

set.



	76.1°, 760
	2.0

to 12.0
	20
	cw
	and

warfare

Provisional

data;

for airborne

troops, jungle

76P

combined

operates

Crystal

operations.

control only.

760

on

to 250

12

on

100

ac

operates

volts, 50-cycle

v, dc.

power

pack.



	Arrow

Golden
	2.5 to 17.5
	1,000
	
	for point-to-point communication.

Transportable,



	AI)67
	0.272, 0.545

20

1.5 to
	75
	
	communication.

Transportable,

for point-to-point





Figure 6-175. Principal British radio sets (continued on opposite page).
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R.A.F. COMBINED TRANSMITTER AND RECEIVER











	Type
	r,

F.
	§

Xmtr
	

Type

emission
	Remarks




	TR-9B
	4.3

to

6.0
	
	voice
	For

2-way

fighter aircraft communication.



	TR-9D
	to

4.3

6.6
	3
	
	For

ground

communication.

single-seater aircraft or



	TR-9F
	4.3

to 6.6
	
	voice
	For

multi-seater aircraft.



	TR

1091
	1.222

to 1.539

&

2.0 to 3.409
	
	cw,

tone, voice
	Airborne

transmitter-receiver.



	TR

1133B
	100

to 120
	2
	| voice, tone
	Airborne

with

v-h-f voice

transmitter-receiver

facility for

tone

operation

for special circumstances.



	TR

1143
	100

to 124
	5
	voice, tone
	win

communication

on

Airborne

tone

voice

operation

special frequency.



	TR

1150
	60
	0.4
	voice
	Command

2-way

communication.

Portable

Balloon



	TR

1304
	3.0

to

10.0
	3
	| voice
	Remote

controlled aircraft transmitter.



	5
	&

to

2.3

2.8

4.0 to 7.0
	15
	voice
	ground

Portable

station transmitter-receiver.



	(MK

19

II)
	2.0

to 8.0
	10
	| cw,

tone, voice
	Airborne

transmitter-receiver used

in fighter reconnaissance.















	
	
	
	R.A.F.TRANSMITTING
	EQUIPMENT



	Type
	**.

F.
	§

Xmtr
	Type emission

-

-
	Remarks




	T1083
	0.136

to 0.50

&

3.0

to 15.0
	30
	cw,

tone, voice
	Airborne

used

with

receiver R1082.

in conjunction

transmitter;



	T1087
	1.5 to 20.0
	400
	| cw
	Ground

station.



	
	
	100
	tone, voice
	



	T1090
	&

0.545

to 0.857

to 6.667

1.222
	40
	cw,

tone, voice
	ground

Mobile

station.



	T1115
	0.142

to 20.0
	
	cw,

tone, voice
	used

General

purpose

aircraft transmitter;

in conjunction

receiver R1116.

with



	T1131
	99

126

to
	50
	voice, tone
	ground

W-h-f

station transmitter.



	T1154
	&

0.20

to 0.50

3.0

to 10.0
	40
	cw,

voice
	Aircraft or ground

used

in conjunction

station transmitter;

with

receiver R1155.



	T1190
	1.5 to 15.0
	350
	cw,

voice
	Ground

station transmitter.



	T1204
	2.5

to 5.7
	
	cw
	ground

Point-to-point

station.



	T1223
	2.5

to

5.7
	
	cw
	Same

T1204

12V

on

transmitter

except

operates

as

battery.





Figure 6-175. Principal British radio sets (continued on following page).



R.A.F.TRANSMITTING EQUIPMENT











	Type
	Frequency

range (mc)
	Xmtr

output

(watts)
	Type

emission
	Remarks




	TA-2J
	&

0.30

to 0.60
	30
	cw
	Remote

controlled aircraft transmitter.



	
	
	20
	tone, voice
	Provides

eight

crystal controlled channels.

(Bendix.)



	
	2.9

to 15.0
	100
	cw
	



	
	
	75
	tone, voice
	



	TA-12B
	&

0.30

0.60

to

3.0

to 7.0
	35
	| cw,

tone, voice
	may

which

with

four

channels

Aircraft transmitter

preset

be

remotely

(Bendix.)

or

locally controlled.



	TA-12C
	&

0.30

to 0.60

3.0

to

12.0
	35
	cw,

tone, voice
	may

which

with

channels

transmitter

four

preset

Aircraft

be

remotely

or

locally controlled

(Bendix.)



	SWB

8
	4

23

or

to

3

to 22.2
	3,500
	cw
	by

Fixed

service ground

used

the

Also

transmitter.

Royal

Mo

Navy.

control.







R.A.F. RECEIVING EQUIPMENT











	Type
	º,
	ºften

Twº
	Remarks




	R1082
	0.111

to

15.0

cw,

tone, voice
	Airborne

receiver.



	R1084
	0.12

to 20.0
	cw,

tone, voice
	Ground

Normally

with

used

in conjunction

trans

station receiver.

T1087.

mitter
	



	R1100
	1.5 &

1.2 to

2.0

to

3.0
	cw,

tone, voice | Portable
	under

field receiver for operation

tropical conditions.
	



	R1129
	2.0

to 30.0
	cw
	Ground

station receiver working

tape

into

recording

device.
	



	R1132A
	100

to 124
	voice
	Ground

Unmodulated

station receiver for v-h-for

for direction finding.

for D/F.

carrier used



	R1155B
	0.075

to 1.5
	cw,

tone, voice
	and

for communication

Airborne

direction finding.



	R1224
	1.5 to

7.0
	cw
	T1204

Used

and

T1223.

with

transmitters



	RA-1B
	1.5 &

0.15

to

1.8 to 15.0
	tone, voice | Manual

cw,
	may

be

tuning, multi-band

aircraft receiver which

remotely

or

locally operated.

(Bendix.)



	RA-1.J
	1.5 &

0.15

to

2.5

to 20.0
	cw,

tone, voice
	and

communication

Airborne

direction finding receiver similar

to

RA-1B

except

for frequency.

(Bendix.)



	RA-10DA
	1.1 &

0.15

to

2.0

to 10.0
	cw,

tone, voice
	Remote

manual

multiband

tuning,

controlled,

aircraft

receiver.

on

Operates

14v,

(Bendix.)

dc.



	RA-10DB
	1.1 &

0.15

to

2.0

to

10.0
	cw,

tone, voice
	Remote

controlled, manual

tuning, multiband

receiver for

airborne

and

mobile

Operates

on

28v,

(Bendix.)

service.

dc.





Figure 6-175. Principal British radio sets (continued on opposite page).
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	to 20.0

3.0
	15
	
	Fixed

service in assault stages.



	T1190
	1.5 to 15.0
	800
	
	Transmitter

for fixed service.



	ERT

52
	0.90

to

13.5
	15
	
	wave.

Port



	G.P.

Sets

(R.A.F.)
	1.5 to

15.0
	15
	
	Port

wave.



	SWB

8
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to
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	3,500
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	by

service ground

Fixed

used

R.A.F.

Also

the

transmitter.

Mo

control.







ROYAL NAVY SHORE EQUIPMENT

Figure 6-175. Principal British radio sets (continued).


	b. Frequency Range Chart. A frequency range chart covering tactical radio sets for ground use, both amplitude modulated and frequency modulated radio sets, is shown in figure 6-176.

	c. Set Maintenance. TM 11–310 Schematic Diagrams for Maintenance of Ground Radio Communication Sets, contains a condensation of information for maintenance. It is pre sented as a supplement to the information given in the various technical manuals of the TM 11– series for particular sets. The manual is in loose-leaf form, so that additional sheets or reissues of old sheets can be added. Changes, which are issued at frequent inter vals, include additional listings. This publica tion contains reference data on radio symbols, electrical units, special abbreviations, resistor and capacitor color codes and includes a vac uum tube cross-reference guide.

	d. Batteries. SB 11–6 Dry Battery Supply Data, furnishes information on the dry bat teries required for operation of all equipment maintained by the Signal Corps. This type of information is needed for a variety of pur poses, among which are the determination of batteries to be shipped with initial issues of equipments and to be requisitioned by com manders, and the calculation of over-all and short-time battery requirements for planning purposes, both in the field and at procurement levels.

	e. Vacuum Tubes. SB 11–17 Electron Tube Supply Data, contains in part I a listing of equipments which contain electron tubes, showing the tube complement and the spare tube factors for each. Part II consists of a listing of tubes, showing the equipments in which each tube is used.
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Figure 6-176.Frequencycoveragechart.






CHAPTER 7 *


POWER



Section I. POWER SUPPLIES


701. GENERAL.

Among the several sources of power supply which can be considered are commercial power, dry batteries, storage batteries, engine-driven generators, rectifiers, etc. Each type has cer tain advantages and certain limitations. De pending upon the application involved, they may be used individually or in combinations.



702. COMMERCIAL POWER.

a. Types. Commercial power throughout the world consists of both a-c and d-c supplies, either or both of which may be found in some localities. A wide range of frequencies and voltages will be encountered. From recent sur veys made, frequencies anywhere from 20 to 76 cycles are known to exist, and a-c voltages from 100 to 260 nominal, will accompany them. To design communication equipment which could be universally operated on such widely differing commercial power supplies is obviously not economical. In view of this, most a-c operated signal equipment has been de signed to operate on power services of 50-60 cycles with nominal voltages of 115 and 230 having variations of plus or minus 10 percent.

Where commercial frequencies fall outside of these limits it is usually easiest to use one or more engine-alternator sets of the types dis cussed in paragraph 710. Where the frequency is 50-60 cycles but the service voltage is out side the limits of 115 or 230 plus or minus 10 percent, transformers with multitap primary windings should be used (par. 705). Commer cial power is often subject to unforeseen in terruptions beyond immediate control. In view of this, it should be augmented by the use of one or more engine generators for standby purposes at important installations. D-c com mercial power is not so readily adaptable to communication equipment except possibly in the case of some telegraph equipment such as motors of teletypewriters, etc., which have been arranged to operate from either dc or ac. The reliability of d-c commercial power is usually no better than that of a-c commercial power.

b. Power Services Throughout World. Informa tion concerning the prevailing electrical fre quencies, voltages, etc. of commercial power supplies of cities and countries throughout the world may be obtained from TM 11–487.




Section ll. BATTERIES


703. DRY BATTERIES.

q. General. Dry batteries are especially adapted for use where small amounts of power are needed and portability is required. They are capable of furnishing high output per unit of weight or volume under suitable conditions of use and they will continue to provide serv ice under many adverse conditions. However, serious impairment or failure may result un der various conditions that may be encoun tered.


	b. Aging. Dry batteries, whether on open circuit or under discharge, deteriorate in serviceability because of internal losses. The rate of deterioration varies with the size and type of cell and with temperature and humid ity. In general, the smaller the size of cell the shorter will be its shelf life. High tempera tures greatly decrease shelf life and low tem peratures increase it.

	c. Refrigeration. Since the keeping qualities of batteries are aided by low temperatures,



refrigeration should be used wherever possible during storage and shipment, and until the batteries are issued for service. Number 6 dry cells such as Battery BA—23 kept in cold stor age for 12 months at 34° F have shown full capacity on subsequent test. Small size cells will be benefited, also, but not to the same extent. Storing batteries under these favorable conditions reduces the frequency of replace ments, thus conserving shipping space.


	d. Effect of Temperature on Capacity. The out put obtainable from a dry battery is greater at a high temperature than at normal (70°F) temperature, provided the time of use does not extend over such a long period that the shelf loss is greater than the gain due to the in creased chemical activity of the cell. At low temperatures the activity of the cell is de creased and a point may be reached where the cell is unable to deliver any current. The tem perature at which this condition occurs de pends on the size and type of cell and the load resistance. Except for grid service or very light current drains, dry batteries should be considered inoperative when frozen (–10° F or below). Batteries subjected to low tempera tures are not permanently affected even though frozen, but are restored to full capa bility if their internal temperature is brought back to normal.

	e. Excessive Severity of Service. High current drains reduce the battery voltage rapidly, and relatively short life and small output are obtained. The situation is improved by reduc ing the current drain, by providing more time for recuperation, and by operating to a low cut-off voltage per cell. Thus, for a load re quiring a minimum of 4.5 volts, five cells in series will have a cut-off of 0.9 volt per cell as against 1.125 volt for four cells in series and the output will be considerably increased. If the drain is heavy, using two sets of cells in parallel will more than double the output and using two batteries alternately in place of a single battery continuously will also result in increased energy output per cell.





f. Voltage Regulation.

(1) The initial voltage of new dry cells is dependent upon the load and for ordinary loads is approximately 1.5 volts. Dry cells reaching the theaters will have lost some of their useful life, and their initial voltage un der normal load may be approximately 1.4 volts.


	(2) For grid service (practically no load) or very light drain services the initial voltage may be as high as 1.55 to 1.60 volts and a high cut-off voltage, 1.3 to 1.4 volts per cell, should be used to insure reliability of operation and to guard against sudden failure of the battery. In such cases the service life will approach the shelf life of the battery.

	(3) As the severity of the load is in creased the initial voltage will be reduced and a progressively lower cut-off voltage is re quired in order to avoid sacrificing battery output. For ordinary loads, it is desirable to be able to use the battery to a cut-off voltage of 0.9 to 1.1 volts per cell, in which case the average voltage will be about 1.2 to 1.25 volts per cell. Close voltage regulation (where re quired) can sometimes be accomplished by using a rheostat or by adding extra cells in series as the battery voltage drops off in serv 1ce.

	g. High Humidity. High humidity conditions such as are encountered in the tropics may have a very serious effect upon dry batteries by subjecting them to low continuous drains because of current leakage from cell to cell or across battery terminals. This may be caused by the condensation of moisture upon, or the absorption of moisture by, the battery jackets or assembly materials or the wetting of the packing materials in contact with the bat teries. In order to reduce trouble of this na ture, special precautions are taken in the manufacture and packing of batteries to be shipped, stored, or used in tropical countries.

	h. References. Detailed information concern ing dry batteries, their size and terminal ar rangements, may be obtained from TM 11–487. Information on their construction, properties, performance, care, and testing will be found in Changes No. 1 to TM 11–430 and TB 11–430–1. Information concerning the quantities of dry batteries required for the operation of equip ment is given in SB 11–6. Shelf life and simi lar information is given in SB 11–30.





704. LEAD STORAGE BATTERIES.

a. General. Storage batteries covered by this manual are largely used as portable sources of moderate amounts of power for the opera tion of electrical signal communication equip ment, and for gasoline and diesel engine start ing. They are generally of the automotive or aircraft types, having a compact rugged con struction well suited to combat service. The high specific gravity (1,300 to 1,350) electro lyte serves to give maximum capacity in mini mum space and good low temperature char acteristics.
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	b. General Properties. Storage batteries are usually contained in moulded hard-rubber cases of three or six cells, or in separate hard rubber or plastic jars assembled into wooden trays, three or six cells per tray. The aircraft types, such as Battery BB–53, have a nonspill construction. Storage batteries are usually shipped in a dry condition, with the electrolyte in separate containers. Premature deteriora tion from self-discharge and sulphation are prevented by this means. Normally, they are filled with 1.285 (at 80° F) specific gravity electrolyte and charged as required. After discharge from use or long standing, they can be recharged from a source of d-c power such as a rectifier or d-c generator. The discharge and recharge cycle can be repeated; the num ber of times the cycle can be repeated depend ing upon such factors as temperature, thick ness of plates, type of separators, rate of discharge, and rate of charge.

	c. Factors Affecting Capacity and Life. The ampere-hour capacity of a storage battery is affected by temperature, being greater for high temperatures and less for low tempera tures. Battery capacities at different tempera tures are also affected to some extent by the battery construction used, but will usually come within the following limits:










	"F

Temp.
	Percent of capacity at 80°F

and 20-hour rate




	100.
	105-110



	80.
	100





	0.
	50-65



	–40.
	20-25





The rate at which current is drawn from a battery on discharge influences the output obtainable at any given temperature. At high currents the voltage will fall at a more rapid rate, and at low currents at a less rapid rate, with the result that less ampere-hours will be obtained from a battery at the higher rate. The life of a battery is shortened if operated for considerable periods at cell temperatures over 110° F. The life of a battery is also shortened if other than distilled water is added to the cells, or charging is prolonged for too long a time and at high rates which cause high cell temperatures and excessive gassing. Permitting a battery to stand in a partially or completely discharged condition for a long period (over one week at 80° F.) of time also tends to shorten its life.


	d. Discharge While Idle. A storage battery loses capacity while standing idle and, if it is not used sufficiently to completely discharge it within two months, it should be given a freshening charge. The rate of discharge of batteries while standing idle is negligible at low temperatures but increases rapidly as the temperature increases, and if exposed to trop ical conditions it may result in a complete discharge in less than one month.

	e. Voltage Regulation. The voltage character istic of a storage battery is relatively flat, that is, the voltage falls off at a slow rate through out discharge. For example, the voltage of a fully charged battery at normal load is about 2 volts per cell and averages about 1.95 volts per cell for most of the discharge period. At the end of discharge the voltage falls rapidly, and no advantage is gained by allowing the voltage to fall below the cut-off voltage of 1.75 volts per cell. After discharge the battery should be charged at current rates designated for the particular battery used (TM 11–487). An example of the approximate voltages at which the battery should be recharged (cut-off voltage), is given in percentages of the 20 hour discharge rate, in the following table.











	Percent of 20-hour discharge rate
	Cut-off roltage (80°F)



	200.

1.70
	
	



	100.

1.75
	
	




	50.

1.77
	
	



	5.

1.81
	
	





f. References. Details of storage battery con struction and other pertinent data are given in TM 11–430, and descriptive matter on the various types which are available is given in TM 11-487.




Section Ill. POWER EQUIPMENT


705. TRANSFORMERS.


	a. Rectifiers and other a-c operated devices for communication systems are generally de signed to operate from a source of alternating current of 115/230 volts +10 percent at 50-60 cycles. Numerous power services have other operating voltages and it will be necessary to transform these operating voltages to the above mentioned values. For this purpose a line of single-phase air-cooled transformers is available.

	b. The multitap transformers used in fixed plant and listed below are single-phase trans formers designed for operation on 50-60 cycle current. These transformers may be connected to step up or to step down single-phase volt ages or they may be banked to handle 3-phase voltages.

	c. In general, the primary or input winding of all TF type transformers consists of four separate coils. In some cases each of these
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$ºgcrion information for General electric company #:#: Tr-9-A tr-to TL 5.4982

Figure 7-1. Terminal arrangements for Transformers TF–5–A, TF-7-A, TF-9–A, and TF-10-A (General Electric Company).

coils are tapped to carry 120 volts, 120 volts plus 10 percent and 120 volts minus 10 per cent. By connecting these four windings in series, parallel, and series-parallel, voltages from 108 to 528 can be transformed to 120 volts, 240 volts, or 120/240 volts. The second ary or output of all these transformers have two windings. These windings may be con nected in series for 240 volts, 2- or 3-wire, and in parallel for 120 volts, 2-wire. TF type transformers are equipped with solderless lugs on both the primary and secondary terminals. These transformers are air cooled and should be installed in a location that will allow ven tilation and protection from the weather. An example of the terminal arrangements of Transformers TF–5–A, TF–7–A, TF–9–A, and TF–10—A is shown in figure 7–1.

d. When TF type transformers are used to supply single-phase loads from 3-phase cir cuits, care should be exercised to avoid over loading one or more of the phase legs of the circuit or appreciable unbalancing the phase loads.

e. The capacity of these transformers is as follows:

f. Figure 7-2 shows diagrams of various connections of a load to a primary source of 3-phase power through single or banks of TF type transformers.



706. RECTIFIERS.


	a. General Types. Rectifiers, as well as power packs which primarily include some form of rectifier, may be classified in three types, namely: tube, dry disc, and vibrator. Avail able equipments of these types are given in TM 11-487.

	b. Application. Examples of applications of rectifiers are: the charging of lead-storage batteries while connected to a telephone load; the routine charging of lead-storage batteries in series or in series-parallel groups where no telephone load is involved; and the direct sup ply of power to a specific type of equipment, no lead-storage batteries being involved. In



connection with the use of such rectifiers for telephone loads, it is necessary to insure that the rectifier output is satisfactory for use on a talking circuit. Filter coils for this purpose are furnished with the rectifiers and mounted within them or furnished separately for ex ternal mounting. Where a quiet supply is not required, the use of the filter coil may be dis pensed with, especially in the case of sepa rately furnished coils where this can readily be done.


	c. Tube Type. Tube type rectifiers are sup plied in half-wave and full-wave designs. Some are arranged for operation on 115 volts ac, some for 230 volts, while others are ar ranged for both 115 and 230 volts, 50 and 60 cycles. Tube type rectifiers of the tungar type are available for d-c loads between 2 and 12 amperes, and up to 75 volts. They may be oper ated in parallel as required to supply larger loads. When used for a telephone load, care should be taken to see that the proper filtering coil is furnished, either as a part of the parti cular rectifier chosen for the application or separately. Regulated types such as Rectifier RA–43–0 ) are available to obtain higher d-c voltages than can be obtained from the tungar type. Regulated tube rectifiers are also used to provide the very-high voltages re quired for radio transmitters.

	d. Dry Disc Type. Dry disc type rectifiers are either of the copper oxide or selenium disc type. They consist essentially of a transformer and varistor unit (copper oxide or selenium) with associated fuses, resistors, filter coils, etc., mounted as a completely assembled unit for mounting on a wall, table, relay rack, shelf, etc. They are usually designed for more or less specific applications and are primarily for smaller outputs than the tube type recti fiers. Like the tube type rectifiers, they are also arranged for operation on a-c supply volt ages of 115 and/or 230, 50-60 cycles. In select ing a dry disc type of rectifier for a particular application, the characteristics of the selenium type are such that it has a decided advantage over the copper oxide type where high tem peratures are to be encountered, and therefore should be used in preference to the copper oxide type in such instances.

	e. Vibrator Type. Most of the vibrator type rectifiers fall in the class known as power packs. Their design is practically always spe cific to a particular application. Their outputs



are necessarily small because of the nature of and limitations inherent in the vibrator ele ments. High currents through vibrator con tacts tend to shorten their life, making fre quent replacements necessary. Usually the vibrator type of rectifier is associated directly with a particular radio set or similar equip ment. Consequently, their outputs have to meet such specific conditions of voltage and currents that they are rarely adaptable to other applications.



707. POWER PANELS.

a. General. Generally, for the smaller equip ments at least, power panels associated with the control of generators, ringing units, recti fiers, small engine sets, etc., are an integral part of the particular equipment, so that no separate power panel for mounting their con trol equipment is ordinarily required. How ever, there are a few power panels furnished as separate units such as those for: telephone central office sets, larger engine-alternator sets, automatic engine power transfer, and synchronizing two or more alternators.

b. Telephone Central Office Power Panels. In the case of the large commercial type tele phone central office sets, such as for dial equipments, the power panel mounts as a separate piece of equipment, with the appa ratus mounted thereon for the control of generators, rectifiers, batteries, and ringing machines. In the case of the larger tactical telephone central office sets, such as the TC-1, a power panel having similar control functions is provided; in these cases the ringing equip ment is mounted on the same panel. Panel BD–90 is a typical example of this.

c. Engine-alternator Power Panels. In the case of power panels for standard engine alternator sets (PE—( ) types) the control equipment for the smaller sets is usually mounted on a power panel directly on the set itself as an integral part of it. In the case of the larger sets, a separate power control panel is fur nished.



d. Power Transfer Panel CN-22/F.

(1) General Description. Power Trans fer Panel CN-22/F, obtainable with special engineering through Army Communications Service, is an automatic switching arrange ment designed to maintain an uninterrupted a-c power supply for the operation of Signal Corps communication equipment. It requires
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Figure 7–2. Power line
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THREE PHAst, THREE wire ALTER Nator To THREE PHAse, four wire Load secondary of tr-ſ }TRANsformeR -

TL 54.964 three sources of ac, two continuous and one standby. These sources of power supply may be from a commercial a-c supply, supplemented by engine-driven generators, or engine-driven generators alone. This is accomplished by dividing the load and using independent sources of power for normal operation, with instantaneous switching to the alternate source of power in case of failure of one or the other source. Coincident with the failure of either
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Figure 7-3. Power Transfer Panel CN-22/F.

of the two regularly used sources of power the standby generator is automatically started, and after a short warm-up period, supplies power to the load originally supplied from the source that failed. During the warm-up interval the full load is carried by one power source. If the power source that failed is restored, it again supplies power to its load and the emergency generator is disconnected and then stopped. An illustration of the panel is shown in figure 7-3.


	(2) Operating Features. Complete con trol of power supply is maintained within the transfer panel. Any power source may be se lected for either load, permitting rotation of generators in service. Any generator may be removed from service for repair. The system may be switched from automatic to manual op eration at will. An audible alarm is provided. Signal lights indicate operating conditions, that is, generators supplying loads, switch posi tions, engine control operation, etc. An inter locking control prevents the interconnection of two generators on either automatic or manual operation. A time delay (thermal type) relay delays switching a load to a generator until its engine has had sufficient time to reach a satis factory operating temperature. In case of a gradual decrease in the a-c voltage, voltage controlled relays switch the load to an alternate source of power before the voltage has de creased below the minimum operating limit. Engine control panels are plug connected and may be removed from the cabinet for mainte nance or repair.

	(3) Power Plan Of Operation. Figure 7–4 shows typical power plans for using Power Transfer Panel CN-22/F with three power sources and two loads.



e. Synchronizing Power Panel.


	(1) For the purpose of synchronizing two or more alternators which are to be oper ated in parallel, it is necessary to determine that their phase rotation is correct so that when they are connected to the load they will operate in synchronism. The Master Power Meter Panel (TM 11–2510) is not equipped with instruments that will aid in synchroniz ing two or more power units. It contains a frequency meter, voltmeter, ammeter, and other associated switches, and indicator lamps and is used only to measure the combined frequency, current, and voltage of a group of power units, when operated in parallel. The synchronizing equipment (lamps and switches) for operating two or more power units in parallel is usually provided on the control panel of each individual power unit.

	(2) The Master Power Meter Panel, obtainable with special engineering through Army Communications Service, is used when a group of two to four power units of 25- to 50-kw capacity are operated in parallel. It has means for measuring the output frequency, voltage, and current is each phase lead. It is



wall-mounted and can be used in a power room or in the communication equipment room. The panel is for use with power generating equip ment rated at 240 volts, 3-phase, 3-wire, or 3-phase, 4-wire, 60 cycles ac. The a-c ammeter switch is wired to permit reading currents
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Figure 7-4. Power plan using Power Transfer Panel CN-22/F.

from 0–300 or 0-600 amperes in phases 1, 2, or 3. The ammeter selector switch will also short circuit the secondaries of all current trans formers not being used. The voltmeter selector switch is wired in a manner suitable for read ing the voltages in all phases as well as from one phase to neutral for 4-wire WYE (Y) systems. The 9-reed frequency meter is wired across any two of the 3-phase leads and all meters are suitably protected by fuses. The cabinet is made of sheet steel, 32 inches high by 22 inches wide by 17 inches deep.



708. POWER RINGING UNITS.

a. General. Power ringing units for use with telephone switchboards may be classified as follows: rotating, vibratory, and static.

b. Rotating Type. The rotating type ringing equipments are essentially motor-driven gen erating devices, arranged for connection to either a-c or d-c sources of power supply. For the a-c motor-driven ringing generators, either a commercial or engine alternator power supply of the proper voltage and fre quency can be used, while for the d-c motor driven units, storage batteries of the proper voltage and capacity can be utilized. In addi tion to the motor-operated ringing equipments, the ordinary type of magneto, such as the type found in a magneto switchboard and certain field telephones, is also of the rotating type, the rotor being operated by the turning of a crank by hand.

c. Vibratory Type.


	(1) D-c Operated. The vibratory type of d-c operated ringing equipment, commonly called an interrupter, is an electrically operated automatic pole changer producing alternating ringing currents from a direct electromotive force. It consists usually of an electromagnet operating an armature having contacts which vibrate between two contacts connected to a source of direct current. Interrupter PE–248– ( ) (Western Electric Company type 84F) is an example of this type of equipment (TM 11–487). Units of this type are arranged for operation from either storage batteries or dry cells of the proper voltage and capacity.

	(2) A-c Operated. A-c operated vibratory type ringing equipments usually use a vibrat ing reed as a frequency changer which is so de signed that 20-cycle ringing current can be obtained from a 60-cycle a-c power supply. Interrupter PE–250–( ) (Telkor Model H Telering) is an example of this type of equip ment (TM-11-487).

	d. Static Type. The static type of ringing equipment differs from the rotating and vi bratory types in that it has no moving parts in the fundamental generating circuit. The static type is confined to operation on ac only. An example of this type of ringing equipment is Ringer TA—13/TT, commonly referred to as the Subcycle. It is shown in figure 7–5 and is described in TM 11–438, TM 11–2002, and TM 11–2021. It consists essentially of a tuned circuit designed to resonate at a frequency of 20 cycles when connected to a 60-cycle a-c supply or 16-2/3 cycles when connected to a 50-cycle a-c supply. The absence of moving



parts makes this type particularly free of maintenance difficulties. º

[image: Figure, page 418]

e. Application. For fixed plant applications, the ringing equipments may consist of any, or combinations of any, of the units outlined above, arranged and furnished as a part of the particular telephone central office equip ment. In one tactical application, power ring ing equipment is a part of Telephone Central Office Set TC–12 while in another application it is a part of a complete power panel (Panel BD–90). On the power panel are mounted an a-c interrupter as a regular source of ringing current, and a d-c interrupter as a standby source, in addition to battery fuses, alarm cir cuits, and other power equipment.

f. Detailed Information. For further informa tion giving details of ringing equipments together with specific data thereon, see TM 11-487.



709. IMPROVISED MANUAL VOLTAGE REGULATOR.

q. A manually operated voltage regulator may be improvised from a step-down trans former such as one used for filament supply, and a continuously tapped autotransformer such as a Variac or Transtat, or a variable resistor. Schematic diagrams of two arrange ments are shown in figure 7–6.

b. In figure 7–6—A the regulator acts to in crease or decrease the line voltage depending upon whether the primary and secondary windings of the booster transformer are con nected to aid or to oppose each other. Revers ing either the primary or secondary windings of the booster transformer reverses the action of the voltage regulator. In selecting the booster transformer the voltage rating of the primary winding should equal the line voltage and the current rating of the secondary wind ing should not be less than the load current.

c. Figure 7–6–B shows a connection in which voltages higher or lower than the line voltage may be obtained without changing connections. In selecting the booster trans former the secondary (low-voltage) winding should have a current rating equal to or greater than the load current and the primary winding should have a voltage rating equal to 1/3 the normal line voltage. However, almost any transformer may be operated on line voltages which are lower than the transform
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Figure 7-6. Improvised voltage regulators.

er's voltage rating but not on line voltages which are approximately 25 percent higher than the transformer's voltage rating.




Section IV. ENGINE-DRIVEN GENERATORS


710. TYPES AND CAPACITIES.

Direct-current engine generator sets are available in sizes from 0.25 kw to 5.0 kw and

[image: Figure, page 419]

Figure 7-7. Power Unit PE–95–G.

a-c engine generator sets from 0.3 kw to 100 kw. The sets up to 2.5 kw rating are of light construction permitting transportation by man-power for short distances. Sets of 4 kw to 30 kw should be transported by truck or trailer. The 50-kw and 100-kw diesel sets are designed for use at permanent or semiper manent locations. Details of the various sets, such as voltages, frequencies, dimensions,

[image: Figure, page 419]

Figure 7-8. Power Unit PE-197.

weights, etc. are covered in TM 11–487. Photo graphs of two tactical and one fixed plant engine-generator sets are included. Figure

7-7 is a photograph of Power Unit PE–95–G. This set is normally used in tactical situations, weighs about 1,560 pounds, uses gasoline for fuel and is inherently regulated (par. 715e). It has a rated output capacity of 10 kw at either unity power factor or 0.8 power fac tor, however, at 0.8 power factor the terminal voltage is low, as indicated in paragraph 715e (2). Figure 7-8 is a photograph of Power Unit PE—197. This set is normally used in tactical situations weighs about 790 pounds, uses gasoline for fuel, has automatic voltage regulation (par. 715f), and has an output

[image: Figure, page 419]

Figure 7.9. Power Unit PE-215–A.

capacity of 5 kw at 0.8 power factor. Figure 7–9 is a photograph of Power Unit PE—215–A. This set is used in the fixed plant, weighs about 5,600 pounds, uses oil for fuel (diesel), has automatic voltage regulation (par. 715f), and has an output capacity of 50 kw at 0.8 power factor.



7II. APPLICATION.

(1) In planning a system using an en gine-generator set, two factors are of primary importance, namely: the generator must have adequate capacity, and special supplies must be provided if it is to operate in a cold climate.

(2) The type of engine used will depend upon the condition under which it is to oper ate. If the equipment requiring power from an engine-generator set is mobile, and is to be moved frequently, light weight gasoline-en gine-driven generator units should be used. If commercial power is available, and the power unit is to be used for standby service, gaso line-engine-driven power units should be used. For semipermanent locations where the en gine-generator set is to be used on an almost continuous basis, the use of diesel-engine driven power units should be considered.

b. Capacity. In addition to the wattage re quired by the equipment to be served, it is well to know the volt-amperes or power factor, particularly where the required power is near the nominal capacity of the generator, since overheating may prove to be a controlling fac tor, particularly in hot climates. Consideration should be given to the location in which the equipment is to be used. If the equipment is to be moved into a location by manpower, the use of two or more small sets may be found desir able provided the load can be split into sepa rate components which are less than full load capacity of the sets. Although it is possible to operate some units in parallel it is generally more satisfactory to split the load into sepa rate components because it is difficult to oper ate engine-generator sets in parallel unless provision has been made in the controls for parallel operation, since they are normally not sufficiently stable to assure that each will carry its proportion of the total load. For com bat areas, the use of a small engine-generator set for each equipment, rather than one larger generator serving several equipments, is usu ally desirable to insure continuity of service.

c. Cold Climate. If the engine generator set is to be used in cold climates, antifreeze for the cooling system will have to be shipped with the set if not already available at the place where the set will be used. Heating equipment for warming the set or the crankcase oil will be needed. Fuel with a suitable Reid vapor pres sure should be available to facilitate starting. Most gasoline engines will start at subzero weather if the proper diluent is in the crank case oil and if gasoline is used at the following Reid vapor pressures:
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Gasoline is normally supplied as a diluent. It should be put in the crankcase when the en gine is in an operating condition so that the gasoline and oil mixture will circulate through the engine oiling system and reach the valve stems. Starting in cold weather will be facili tated by preheating the oil and cooling liquid. The Miller 0G31A heater (stock No. 625058– 1A, 115v ac and -1A.1, 12v do) is available for heating the cooling liquid. When the crank case oil is diluted with gasoline it should be changed more frequently because the gasoline evaporates through the breather system leav ing the lead compounds to reduce the lubricat ing qualities of the oil.



712. INSTALLATION.

a. For engines installed on a semipermanent or permanent basis, especially where the fuel tank is buried, flexible sections of pipe in the fuel and exhaust lines should be used. The fuel tank and the piping for a gasoline engine should be genuine galvanized wrought iron. The fuel tank and piping for a diesel engine should be genuine black wrought iron. Suit able ventilation equipment should be provided for the engine room.

b. Engines should not be used inside of buildings having weak structural characteris tics, such as wood floors, if other equipment will be affected by the vibration or noise trans mitted from the engine. In most cases it will be found more desirable to locate the engine either in another building away from the equipment, or just outside of the equipment building. Provision should be made to have either a suitable foundation to which the en gine may be bolted, or to have a floor of suffi cient strength to hold the engine when mounted on vibration isolating pads or springs.

c. If an engine is located in a small house or other enclosure the following precautions should be taken in its installation:

(1) Adequate intake opening should be provided for cooling and combustion air.

(2) Outlets for the cooling air should be located at the opposite side of the room from the air intake openings.

(3) The engine exhaust pipe should be terminated outside, and distant from the air inlet opening, because the exhaust gases con tain a considerable amount of deadly carbon monoxide which is a colorless and odorless gas.


	(4) When gasoline is stored in tanks out side of the building in which an engine is lo cated, the fill and vent pipe openings should be located away from the building air intake to avoid the drawing of fumes into the building, particularly during filling operations.

	d. Sufficient clearance should be allowed around the engine to permit easy access to the parts that will require attention during oper ation. In the case of engines having a pusher type of fan on the engine radiator, that is, a fan that blows air thru the radiator, obstruc tions to the flow of air should not be mounted in front of the radiator because they will de flect the air back against the flow of air from the radiator, causing the water to boil. How ever, if the engine cannot be moved easily, and if the engine radiator is located so that strong winds blow against the flow of air from the radiator, a baffle should be located about 8 to 10 feet in front of the radiator. For an engine having a suction type fan for the radiator, the engine should be located so that the radiator air inlet is not obstructed.





713. NOISE REDUCTION.

All commercial engines, unless mounted in suitable acoustic chambers and equipped with adequate exhaust silencers, will create noise that may reveal the location of the equipment to the enemy. The most objectionable noise from a gasoline or diesel engine is created by the engine exhaust. With the exception of the 2-cycle type of engine, the exhaust can be si lenced satisfactorily if a large silencer can be tolerated. In most cases, the size of the set has to be kept down and, therefore, small ineffi cient silencers have been used with the conse quent result that the exhaust noise from the set can be heard by ear for about 2/3 of a mile on a quiet day. On the small sets oper ating about 2,000 revolutions per minute, the noise of rotating parts can be heard for about the same distance as the exhaust. The small 2-cycle engines present an exhaust silencing problem which is difficult to solve without im posing excessive back pressure on the engine resulting in too much loss of power and over heating of the engine. On small high-speed engines the use of a small acoustic box or en closure around the set is impractical due to overheating and the difficulty of maintenance on the set. The use of sandbag enclosures with about 2-feet clearance around all sides of the set and having a wall-height of 4 to 4% feet, with one sandbag layer for the roof and with air openings at the tops of all four side walls, will reduce the set noise so that it can not be heard by ear further than about 700 feet from the set.



714. USE OF LEADED GASOLINE.


	(1) Because of the increased demand for high-grade gasoline fuel for aviation engines, the use of tetraethyl lead in larger quantities per gallon of fuel has been necessitated to in sure fuels that will not detonate in the modern high-compression engines now being used. Aviation engines use 100-octane fuel in most cases (SB 10–139); and in order to supply the ever increasing need for 100-octane aviation fuel, it has become necessary to remove some of the high octane fractions from the fuels to be used for ground equipment engines. The 100-octane fuel contains a maximum of 4 cubic centimeters of tetraethyl lead per gallon, and 80-octane fuel for ground equipment con tains a maximum of 3 cubic centimeters of tetraethyl lead per gallon. The 100-octane fuel will be fairly uniform in lead content because only prime crude oil stock is skimmed off for this fuel. The amount of lead in the 80-octane fuel will depend upon the base crude from which it is made and the amount of high octane fractions removed to produce 100 octane aviation fuel. Modern gasoline engines, such as used for generating sets, are not suit able for continuous operation on highly leaded fuels without considerable increase in engine maintenance.

	(2) Efforts have been made to overcome the harmful effects of lead deposits in the com bustion spaces of the engine, such as by equip ping them with stellite valves and stellite valve seat inserts, by automatically rotating the en gine valves while the engine is operating and by relieving and changing the shape of the valve stem guides. These measures tend to pre vent the build up of lead sulphate, lead chloride and lead oxide on the valve stem, which causes the valve to stick. However, these efforts do not overcome the trouble of lead deposits to the extent desired. A number of the engines used for generator sets are used satisfactorily in automobiles without the troubles encoun tered when used to drive generators. The only difference in the operation is that the engines



in automobiles operate at variable speed whereas the engines when used to drive gen erators, operate at fairly constant speed. It is probable that the variable speed of the engine in an automobile results in blowing a consid erable amount of the lead deposits out of the exhaust line. There appears to be no practical way at this time of removing the lead or reduc ing the amount of lead in the fuel when used for engine-generator sets and the maintenance of these engines will be increased when heavily leaded fuels are used.


	b. Maintenance, 4-cycle Engines. When gaso line containing more than 2 cubic centimeters of tetraethyl lead per gallon is used in small 4 cylinder engines driving generators rated up to and including 2.5 kw, the spark plugs will usually have to be cleaned after each 50 hours of operation and the life of the plugs will be shortened to about 100 to 150 hours of opera tion. For larger engines, the plugs should be cleaned after every 100 hours of operation and the plug life will be 200 to 300 hours. After about 250 hours of operation, the carbon and lead should be removed from the cylinders and after 500 hours of operation the engine valves should be ground. The lacquer that forms on the governor butterfly valve will have to be removed at this time also. After 600 hours, the engine exhaust manifold, exhaust line and muffler should be cleaned or replaced. Heavy deposits of lead form in these parts and im pose a back pressure on the engine exhaust that results in loss of power and exhaust valve burning.

	c. Maintenance, 2-cycle Engines. On small 2 cycle engines, the spark plug will have to be cleaned approximately every 24 hours of oper ation and the plug life will average 100 hours when highly leaded fuels are used. The de posits of lead should be removed from the ex haust ports and explosion chambers and the muffler cleaned after about every 250 hours of operation. Since carbon is the more easily removed, more satisfactory operation can be obtained from a 2-cycle type gasoline engine than from a 4-cycle type, when aviation or other heavily leaded gasolines are used.





715. EFFECT OF POWER FACTOR ON GENERATOR OUTPUT.

q. General. A full appreciation of the effect that the power factor of the connected load has on the performance of engine-driven a-c'gen erators, especially the smaller tactical types, will prevent disappointing field results.



b. Definitions.

(1) Power Factor. In an a-c circuit which has reactance (inductive or capacitive) as well as resistance, the current is not in phase with the voltage. The power consumed in the circuit is the product of the voltage and that com ponent of the current which is in phase with the voltage. The mathematical expression for electrical power delivered to a load is P = EI Cos 0,

where E is the terminal voltage, I the current and 6 is the phase angle between the current and voltage. The expression cos 0 is known as the power factor of a circuit and is determined by dividing the power in watts as read on a wattmeter by the voltamperes (product of volts and amperes without regard to phase angle). With a resistance load, the current and voltage are in phase, the phase angle is zero, cos 0 is 1, and the power factor is unity. When the load has inductance or capacitance, the power factor is less than unity. The power factor is lagging or leading depending upon whether the load is inductive or capacitive. The loads imposed by communication equip ment are usually inductive and the discussion below, therefore, ignores the effects of capaci tive loads. The power factor of an inductive load can sometimes be improved by adding capacitors in parallel with the load.

(2) Voltage Regulation. Voltage regula tion of a generator is the ratio, expressed in percent, of the difference between the no-load and full-load voltages to the full-load voltage.



c. Power Rating.


	(1) In rating engine-driven generators the a-c power output is usually given in both kva and kw, and the kw rating is usually 0.8 of the kva rating, that is, 0.8 power factor. Some manufacturers give only the kva rating in which case a power factor of 0.8 may be assumed. If the rating is in kw only, unity power factor is assumed.

	(2) In the operation of engine-driven generators, the load must not exceed the kw rating of the generator, even though the power factor of the load is greater than 0.8. For ex ample, assume a generator rated at and loaded to 12.5 kva at 0.8 power factor. The power delivered to the load is 10 kw. The remaining



2.5 kva is known as wattless power since, ex cept for secondary heating effects, it imposes no load on the driving engine. If the load were 12.5 kva at unity power factor the load would be 12.5 kw, and the driving engine would be overloaded and the performance would be un satisfactory for reasons brought out below. The generator may overheat without overload ing the engine if the full load rated amperes of the generator is exceeded.

d. Regulation Factors. As the load on a gen erator rises, the increase in current through the armature or stator causes the generator terminal voltage to drop. To minimize this effect, means are provided in some generators for increasing the field excitation as the load increases. The method of regulating the field excitation may be automatic or manual. In other generators the only regulation provided is that which is inherent in the generator de sign. -



e. Inherent Regulation.

(1) Inherently regulated generators, that is, those which depend upon their own internal construction for voltage regulation over the load range are usually rated for unity power factor only. Inherently regulated generators which are available are of the conventional saturated field type, wherein the regulation is reasonably good up to the rated load at unity power factor. If the load is increased beyond this point or if, at full load, the power factor is materially less than unity, the terminal voltage drops away so rapidly that it may fäll below the minimum voltage required for the operation of some types of communication equipment. The explanation of this rapid volt age drop is somewhat involved and is beyond the scope of this manual.

(2) An example of this type of generator is Power Unit PE–95–G. The voltage at vari ous load conditions and the voltage regulation : a typical Power Unit PE–95–G are as fol OWS :
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(3) Various sizes of inherently regulated generators are also coming into use which uti lize permanent magnets in the field structure instead of the conventional wound field. In these generators the voltage drop is not so severe on low power factor loads.



f. Automatic Regulation.

(1) Where close regulation is required generators are equipped with automatic volt age regulators whereby a resistance is varied automatically to increase the exciting current of the generator field as the load increases. Generators of this type are usually rated in kva and kw with 0.8 power factor. They are capable of giving the full kw rating for any power factor from 0.8 to unity.

(2) For good design, engine-driven gen erators should have little margin between the rated power output of the generator and the capability of the driving gasoline engine. For this reason, any attempt to obtain from the generator more than the rated power output (kw), will result in a drop in engine speed which will cause the terminal voltage and fre quency to drop and the engine cooling system to overheat. An increase in load beyond the rated capacity of the generator will also result in a rise in temperature of the generator wind ings. This is usually of secondary importance.

(3) An example of an automatically reg ulated generator is Power Unit PE–197. It has a kva rating of 6.25 or, at 0.8 power factor a kw rating of 5.






CHAPTER 8 — FOREIGN CIVIL CENTRAL OFFICES


Section I. INTERCONNECTION OF ARMY CENTRALS AND CIVIL CENTRAL OFFICES


801. GENERAL.

c. The Signal Corps may frequently find it advisable to connect to a local central office in a foreign country as an auxiliary to its own facilities. Signal Corps telephone loops may be connected directly to the civil central offices the same as subscribers lines, or Signal Corps centrals may be connected by trunks and oper ated as private branch exchanges (PBX's) of the civil central office. Depending on the supply situation, the equipment used for these ar rangements may be of standard Signal Corps types or it may be necessary to resort to com mercial equipment of American or foreign manufacture. - b. The problems involved in effecting an in terconnection with a foreign central office will depend on the combination of Signal Corps terminating equipment and the type of equip ment used in the central office. Many combi nations are possible and it would be difficult to set down exact rules for all of them. This chapter is intended to provide certain essential general information which will serve as a guide to the factors which must be considered and the types of technical trouble which are apt to occur in interconnecting the various kinds of switching systems.

c. The problems of interconnection with for eign equipment will be simplified considerably if the aid of local personnel familiar with the system can be enlisted, provided this is con sistent with the requirements of security and antisabotage precautions.



802. TYPES OF INTERCONNECTION.

a. The most flexible type of interconnection with a foreign central office consists of one way or 2-way lines used as PBX trunks'

1 A PBX trunk is a line between a PBX and a central office. One-way lines handle outgoing or incoming calls only; 2-way lines handle both.

between the central office and a Signal Corps switchboard. All telephones terminated on this switchboard will thus be given communication through the local central office facilities with civilian telephones and other similarly inter connected Signal Corps switchboards in the central office area. Access will also be given to the toll network through the central office's usual connection to a manual toll office and sometimes also to a toll network over which calls can be dialed directly.

b. Where only a limited number of tele phones are to have communication through the central office they may be connected to the central office on a direct line basis, that is, without going through the Signal Corps switch board. This may be the only type of intercon nection used or it may supplement the arrange ment described under subparagraph a. In some cases it may be advantageous to assign in dividual numbers to these direct lines. In others they may be treated as a single PBX trunk-hunting group" in the central office.

c. The central office may serve in place of a Signal Corps switchboard as a PBX for a sub stantial number of telephones by connecting all of them as direct lines to the central office. These direct lines may be used for intercom munication between telephones or for outside connections. This has, in some cases, permit ted the release of a switchboard urgently re quired in other locations. In such applications it is important that all Army users have up to-date directory information.



803. FEASIBILITY OF INTERCONNECTION.

a. Many varieties of switching equipment are used in local telephone central offices in foreign countries, but in most cases it is pos

* A group of trunks, listed as a single number, over which an operator tests, or a switch hunts for an idle trunk in the group.

sible to use some type of standard Signal Corps switchboard for connection to the central offices without any serious technical difficul ties. Commercial PBX's of American or for eign manufacture and telephones used on direct lines will involve limitations and special arrangements with some types of central offices, but interconnection is generally still practicable. Finally, there may be encountered any of numerous special, obsolete, or impro vised switching systems which use unusual methods of signaling. To operate with these, the Signal Corps would have to use equipment specifically intended for use with these systems and obtained locally or would have to modify other types of equipment. These systems are fortunately not used extensively-and are gen erally found only in small central offices.

b. In cases where it is possible to use tele phones or PBX equipment obtained from the local telephone administration, there is little question as to the workability of the arrange ment, but unless local maintenance people and supplies are available there may be some diffi culty due to unfamiliarity with this equipment and lack of spare parts. Descriptive matter pertaining to the principal types of switching equipments used in foreign countries is given in section III. Problems which will be encoun tered in interconnecting to these systems are given in paragraph 817.



804. GENERAL SUITABILITY OF FOREIGN CEN TRAL OFFICE.

a. Capacity. If the number of lines or trunks involved in the proposed interconnection is substantial compared with the number of lines already working in the office, it will be neces sary to check for adequate terminal capacity and to assure that the office will not be over loaded by the added traffic. In general, condi tions will not permit equipment changes or additions in the central office at the time of the interconnection, so if civilian traffic is at all normal it will be necessary to disconnect some or all of the civilian lines to compensate for new traffic, bearing in mind the relatively heavy traffic on military lines as compared to civilian lines. Foreign offices are usually engi neered closely, both from a traffic capacity and spare terminal standpoint and it will some times be necessary to disconnect some civilian lines even to obtain line circuits on which to terminate Signal Corps lines or trunks.


	b. Reliability. If the proposed interconnec tion is to be an important communication link, it is necessary to consider the reliability of service of the central office involved. The prin cipal technical factors which may make service unreliable are:

	(1) Unreliable power supply.




	(2) Danger of overloading by panic or sabotage. This is especially important in re mote control offices, in small register type (sender) dial systems which have only a few senders, and in very small dial offices of the all-relay type which have capacity for only a few simultaneous calls.

	(3) Timed cut-off features in dial offices where those features cannot readily be can celled (par. 816).

	(4) Dependence of a dial office on a single distant tandem office. In some cases all traffic outside of the local area is routed through a distant tandem office. Toll service would be interrupted by failure of tandem equipment or the circuits to the tandem office. In the cases of some dial satellite offices even the com pletion of local calls would be prevented by loss of the distant office.

	(5) Dependence of remote control offices on a single control trunk to a distant office. Loss of this trunk or the control office would block all traffic.

	(6) Unusual use of interposition trunk ing. Some manual offices which should really use multiple type switchboards will be found with a considerable number of nonmultiple switchboards, sometimes of different types, connected together by an interposition trunk ing scheme. This arrangement may be condu cive to slow completion, false disconnects, and poor transmission.

	(7) Poor maintenance conditions due to lack of personnel or spare parts.

	(8) Equipment in poor condition to start with.





805. PLANNING INTERCONNECTION.

a. In planning the interconnection with a foreign commercial switching system, it is necessary to know in advance at least whether the switching system involved is of the mag neto (par. 810), common battery manual (par. 812), central battery signaling (par. 811), or dial type (par. 813) so that switchboards or telephones with the proper types of signaling can be provided. However, a picture of any possible special problems in a particular case cannot be obtained without some additional information, and it cannot even be safely as sumed that the interconnection is practicable until such information is available.


	b. In obtaining information on specific tele phone offices, as well as in planning and effect ing interconnection, there is no substitute for the assistance of qualified and friendly per sonnel familiar with local details.

	c. The following are the more important steps in planning an interconnection:

	(1) Identify central office equipment and determine special problems (par. 817 and sec. III).

	(2) Check terminal and traffic capacity of office and determine if changes are required (par. 804a).

	(3) Check battery and charging equip ment to assure adequate capacity for handling increased load resulting from Signal Corps traffic. -

	(4) Check reliability of office (par. 804b).




	(5) Determine if there are transmission or signaling complications (pars. 808 and 809).

	(6) Determine what equipment is re quired at Signal Corps end for connection to line circuits at central office. If not readily available, determine if central office has other line or trunk circuits suitable for terminating other types of equipment (pars. 806 and 807).

	(7) Check resistance of available conduc tor facilities against range of central office to determine if suitable (par. 809).

	(8) Arrange for termination of line or trunk circuits at central office (pars. 806 and 807).

	(9) If area is dial, check numbering sys tem used and provide suitable dial number plates (par. 814).

	(10) If PBX battery and generator feed ers are required, check if office has provision for same (probably not) and take necessary action (par. 815).

	(11) Arrange for completion of work and testing.





806. TYPE OF EQUIPMENT REQUIRED AT SIGNAL CORPS END.

a. The type of equipment required for con nection to commercial central offices will gen erally be determined by the fact that in most offices PBX trunks or direct line telephones must be terminated on regular subscriber line circuits. Figure 8-1 shows the types of equip ment required with these circuits.

b. In some, cases the telephone or trunk equipment which is most readily available or most suitable for the required service is not of the right type for connecting to the sub scriber line circuits of the office involved (fig. 8-1). In these cases it may still be possible to use this equipment by connecting to other types of line or trunk circuits sometimes pro vided in the central office (par. 807).
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Figure 8-1. Type of equipment required to connect to sub scriber line circuits in various types of foreign commercial offices.



807. COMMERCIAL CENTRAL OFFICE TERMINA TION OF SIGNAL CORPS LINES OR TRUNKS.



a. Magneto (local Battery) (LB) Manual Offices.


	(1) The various types of line and trunk circuits which may be found in these offices may be used for terminating Signal Corps cir cuits as shown in figure 8–2.

	(2) Some ringdown toll line or inter office trunk circuits will be found in practically all magneto offices. With multiple switchboards these lines may appear on toll or other posi tions in which case these circuits might pro vide better toll transmission and service than regular line circuits.

	(3) Special common battery subscriber line circuits will permit use of Signal Corps equipment of the common battery type. These circuits are generally found only in the larger offices and terminate on positions equipped with universal cords.
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Figure 8-2. Foreign magneto office and Signal Corps terminations.



b. Central Battery Signaling (CBS") Manual Offices.


	(1) There may be difficulty in connecting to some of these offices (par. 811).

	(2) Direct line telephones connected to subscriber line circuits in these offices must be arranged for common battery signaling and local battery talking, such as Telephone EE–8–( ). PBX's must have trunks of the common battery type and noncut-through cords." The various line or trunk circuits which may be used for terminating Signal Corps cir cuits are shown in figure 8–3.
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Figure 8-3. Foreign central battery signaling office and Signal Corps terminations.

(3) Ringdown toll or magneto subscriber lines are frequently available and may permit

* Or BCS for French Batterie Central Signalisation. * In PBX's with cut-through cords, transmitter bat tery is obtained from the PBX on extension-to-extension connections and from the telephone central office on trunk connections (ch. 2).

the use of Signal Corps equipment of the mag neto type, thus avoiding the complications pe culiar to CBS signaling.



c. Common Battery (CB) Offices.


	(1) Lines or trunks connected to these offices should generally be terminated on reg ular line circuits and be of the common bat tery type. Many of these offices will be found equipped with a substantial number of mag neto line circuits used for rural or toll lines. These may be used for terminating lines or trunks of the magneto type. These circuits may appear at switchboard positions having special cord circuits and sometimes direct ac cess to toll lines. Use of these lines for termi nating Signal Corps equipment may then re sult in improved service and transmission on toll calls.

	(2) The various types of line or trunk circuits which may be found in common bat tery offices, may be used for terminating Sig nal Corps facilities as shown in figure 8–4.
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Figure 84. Foreign common battery office and Signal Corps terminations.



d. Dial Offices.

(1) While Signal Corps equipment con nected to dial offices can generally be served satisfactorily by connecting to subscriber line circuits, there are instances where it may be desirable to connect to other lines or trunks which appear in manual assistance or toll switchboards in the same building with the dial office. This will permit the Signal Corps equipment to be of the common battery or magneto type, and will often provide more direct access to toll channels with improved toll transmission and service.

[image: Figure, page 428]


	(2) Where a number of trunks to a PBX are to be arranged as a trunk-hunting group" at the central office, these trunks must be as signed to consecutive terminals on final con nectors with the last trunk treated the same as an individual line and the preceding trunks treated as trunk-hunting lines. Provision is made for this type of service in all large dial offices. In some step-by-step offices such trunk hunting groups are handled in special connec tor groups provided with 4-wire banks. In others, like some of the Siemens-Halske offices, the final connectors in certain groups are fitted with special hunting terminals. With other types of offices, trunk-hunting lines may be assigned to any connector groups as the trunk hunting is accomplished by marginal sleeve circuits.

	(3) Ordinarily the maximum number of trunks handled in a single PBX group is 25 for Ericsson power-driven systems, 30 for power-driven rotary systems, and 10 for step by-step and other systems. Graded multiple" arrangements can be provided in most cases to increase these capacities. All large dial of fices are arranged for some trunk-hunting groups. The following types of offices very fre quently have no provision at all for PBX trunk-hunting: small all-relay offices, remote control offices, semiautomatic offices, and small rural step-by-step offices.

	(4) A list of the line and trunk circuits which may be found available in the various types of dial offices with the possible Signal Corps terminations are shown in figure 8–5.
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Figure 8.5. Foreign dial office and Signal Corps terminations.




Section ll. TECHNICAL PROBLEMS


808. TRANSMISSION PROBLEMS.

a. The most common transmission problem in connecting to foreign central offices will be caused by the rather widespread use of tele phones with high-resistance transmitters and the corresponding use of high-resistance talk ing battery supply circuits in the central of fices. As an example, the standard arrange ment of the Ericsson power-driven dial system uses transmitters of about 200 ohms with a central office transmitter battery supply of 24 volts through a 400–400-ohm coil. Tele phones having relatively low-resistance trans mitters such as the common American types, would operate with reduced efficiency at the low currents obtained from such a battery

* A group of trunks, listed as a single number, over which an operator tests, or a switch hunts for an idle trunk in the group.

* A split trunk group so arranged that some of the trunks can be reached by all selectors and others by only a portion of the selectors.

supply circuit. Consequently if such telephones should be used on direct lines to the above mentioned type of dial system, or connected to it through a PBX with cut-through cords, the transmitting level would be below par (sec. III of ch. 2). It would probably be passable on short loops.


	b. However, where the trunks or lines in volved are long, and anything other than emer gency operation is required, it may be neces sary to improve the transmitting efficiency in some way. One method is to avoid direct lines and to set up all connections to the cen tral office through a PBX with noncut through cords. Another method is to use tele phones of the local battery talking, common battery signaling type, such as Telephone EE–8— ( ) which means that dry cells must be furnished for each telephone. In case only a few lines are in difficulty, it may be advis able to use telephones of the design normally used in the central office area. These might be obtained locally.

	c. The high-resistance battery supply cir cuit may be encountered in both common bat tery manual and dial systems and is optional in some systems to meet the requirements of the operating administrations.

	d. In some cases the values of high resist ance battery supply circuits will differ from the foregoing example. For instance, another arrangement of the Ericsson power-driven dial system uses 48-volt battery through 'an 800–800-ohm supply, which would also be un satisfactory with low-resistance transmitters. A special arrangement of the same system uses 50 volts through 200–200-ohms which is intended for use with low-resistance trans mitters.

	e. With some systems the high-resistance battery supply is compensated for to some ex tent by using 60-volt battery, but in many cases low-resistance transmitters will still not operate satisfactorily under this condition.

	f. In general, where there is an indication that high-resistance battery supply circuit is used, but details are not available, it may be assumed that the characteristics are effectively the same as in the first illustration and the treatment would be as described.

	g. Another phase of the same transmission problem will be involved with manual switch boards of the type known as central battery signaling (CBS). These can easily be mistaken



for common battery types because of the pres ence of battery on the lines and the fact that the boards look like and operate like common battery boards. However, they are actually common battery signaling, local battery talk ing arrangements. In case of doubt, this type can readily be identified by the fact that all subscriber sets will be equipped with batteries, but not with magnetos. With these switch boards the battery supplied to the line is in tended for signaling only. All station equip ments must be of the common battery signal ing, local battery talking type unless served through noncut-through PBX's. In some cases there will also be a signaling problem with this type of switchboard (par. 811).



809. SIGNALING RANGES.


	a. Where information on the line signaling ranges (supervision and ringing) for partic ular offices is not available locally, the values shown in figure 8-6 may be used as approxi mate.

	b. Special terminating facilities for long lines or PBX trunk circuits are seldom avail able in foreign central offices, so, in general, the conductor facilities will have to be such as to fall within the resistance range of the reg ular central office equipment.
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Figure 8-6. Signaling ranges of foreign central offices.



810. SIGNALING PROBLEMS, MAGNETO (LB) OFFICES.

Magneto offices, sometimes referred to as local battery or LB offices, are still extensively used for small areas. The following irregular signaling arrangements should be watched for:


	, a. With some very old types of boards the line signals are of low resistance of about 100 ohms. This limits the line to a conductor loop of about 1,000 ohms instead of the usual higher range.

	b. In some boards all or part of the lines are arranged for party-line service with a secrecy



scheme for signaling the central office. The station magnetos normally ring across the line to call other stations and signal on a simplex basis to call the central office under control of a key operated while ringing.


	c. Some offices provided with a ringing vi brator require the omission of the series ringer condenser at the stations as the ringing vibra tor is started by d-c flowing through the ringer when the cord circuit ringing key is operated.

	d. Some offices use 50-cycle ringing current.




	e. Some old designs require d-c bells or sig nals at the stations or on PBX trunks.





811. SIGNALING PROBLEMS, CENTRAL BATTERY SIGNALING (CBS) MANUAL OFFICES.


	c. Most CBS boards (par. 820) will offer no signaling difficulties but PBX's connected to them must always be equipped with noncut through cords (par. 807b (2)).

	b. Some types of obsolete boards may be found in which the line signal is operated on a metallic basis by the station loop and the cord supervisory signal is operated by a ground through a low-resistance station ringer con nected to one side of the line when the switchhook is depressed. Noncut-through PBX cords or telephones of the common battery signaling, local battery talking type will oper ate the line signal of such a system, but dis connect or recall would be dependent on hav ing the operator monitor. PBX trunks or telephones can, of course, be modified to give suitable signaling, but it will probably be better to attempt to obtain suitable terminat ing equipment from local sources. This pecu liar type of signaling arrangement can be identified by testing on a subscriber's line. A potential will be found across the line when not in use. When a bridge is placed across the line the condition will change after the oper ator answers so that there is no potential across the line, but a potential from both sides to ground.

	c. In some CBS areas the ringing current frequency is 50 cycles.





812. SIGNALING PROBLEMS, COMMON BATTERY (CB) MANUAL OFFICES.


	a. In the majority of cases there will be no signaling difficulty in interconnecting with common battery offices.

	b. There are, however, some types of com mon battery boards which have high-resist



ance transmitter battery in the cord circuits and a few types in which transmitter battery is obtained from the line relay, which is high resistance. PBX's served by these boards must be equipped with noncut-through cords (par. 808).


	c. In some areas these boards use 50-cycle ringing current.

	d. Some common battery offices have most line circuits arranged for message rate service with message registers at the stations. Con nection can be made to these line circuits only with special station or PBX trunk circuits. Occasionally these offices will have some stand ard line circuits which may suffice for Signal Corps use.





813. SIGNALING PROBLEMS, DIAL OFFICES


	a. The characteristics of foreign dial sys tems with respect to pulsing, supervision, and ringing are such that, in general, satisfactory operation with Signal Corps or commercial dial telephones or PBX's will be obtained. Signal Corps dials operate at 10 pulses per second. While some American commercial dials operate at 20 pulses per second, these can seldom be used with foreign equipment.

	b. In some localities dial offices will be found which are arranged for message rate lines with the message register at the station. Most lines in such offices will require the use of special dials or auxiliary push buttons at the station or PBX for proper central office operation. However, a limited number of regular line circuits may be provided which may suffice.

	c. It should be noted that foreign dials have characteristics which differ slightly from American dials and the central office equip ment is designed for operation with these characteristics. The differences in general are:

	(1) In foreign practice most station dials are held to speed limits of +5 percent, or 9.5 to 10.5 pulses per second, as compared with American practices of 8 to 11 pulses per second.

	(2) As a general rule, the percent break requirements on foreign dials vary slightly from American dials. However, the difference is not significant if the speed of the dials is maintained properly (subpar. d below).

	(3) In most cases the period from the release of the dial to the beginning of the first pulse is 250 milliseconds as compared to 100 milliseconds in American practice. This affects



the interdigital time where station users at tempt to rush the dial but the difference will not give trouble unless the dialing practices are bad.

d. Under maximum loop conditions or in cases where the central office equipment is in questionable adjustment, some trouble might be experienced with wrong numbers if the speed of dials used with foreign systems is allowed to fall to 8 pulses per second, par ticularly if the dial used should have a higher percent break than customarily used in the area involved. The best performance will be obtained by holding the dial speeds as close to 10 pulses per second, as possible, or at least within the limits of 9.5 to 10.5 pulses per second. With frequently used dials on switch board positions this problem will be simplified by using close limit dials such as the Western Electric Company 5LA dial, or by using locally obtained dials intended for operation with the system involved, and mounting them on the switchboard with improvised arrangements.



814. DIAL NUMBER PLATES.

a. Where both figures and letters are used on dial number plates in foreign countries, the letters used and their locations will vary considerably with different countries and even in different localities in the same country and do not in any case correspond to American practices.


	b. Figure 8-7 shows foreign dial number plate arrangements of the more commonly used varieties, and figure 8–8 shows two typ ical American arrangements.

	c. If dials must be provided in advance for general use in foreign countries, they should have dial number plates carrying only the figures. Where necessary to use letters, suit ably marked cards can be inserted under the dials escutcheon plates as shown in figure 8-9.





815. PBX BATTERY AND GENERATOR FEEDERS.


	a. In foreign countries PBX's are generally not supplied with battery and ringing current feeders from the central office, and provision for such feeders is commonly omitted in the central office. This will often make it neces sary to provide Signal Corps switchboards with their own battery supply and ringing supply except where the latter can be avoided by use of hand generators.

	b. Battery and generator supply feeder con nections in the central office can be improvised where necessary. It would be advisable, how ever, to first check the capacities and voltages of the battery and ringing power sources to determine if adequate. The ringing machines are sometimes operated on a start-stop basis
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Figure 8-7. Foreign dial number plate arrangements.
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TL 54.753 Tu- 54752

Figure 88. Two typical American dial number plate arrangements.

which would have to be changed to continuous operation (a simple change).

c. Some of the small, cheap, vibrating type of ringing machines used on a start-stop basis in very small offices would not be reliable for continuous operation for a long period of time because of contact wear.

[image: Figure, page 433]

Figure 8-9. American dial with number card marked for use in foreign area.



816. TIMED CUT-OFF OF CONVERSATIONS.


	a. In foreign countries, dial offices are fre quently arranged so that local or toll calls, or both, will be cut off automatically after a fixed time interval which may be from 4 to 12 min utes depending upon the particular locality. In some places operators disconnect calls after a predetermined time.

	b. These practices are apt to interfere seri ously with important military calls. In manual offices timed cut-off can be eliminated by changing the operating practices.

	c. To eliminate this feature in dial offices re quires simple circuit changes, but the work will involve numerous circuits and will require detailed knowledge of the office arrangements.

	d. Where this feature is not eliminated all personnel making important calls through the central office lines or trunks should understand that such calls may be time-released.





817. PRINCIPAL LOCAL SWITCHING SYSTEMS, POSSIBLE INTERCONNECTION TROUBLE.

a. General. The following is a summary of the principal types of local switching systems used in foreign countries with a list of possible sources of interconnection trouble. In some cases an opinion is given of the general preva lence of the condition which may give trouble.
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d. Common Battery (CB) Manual Switchboards. High-resistance transmitter

battery supply.................. COmmon. Line circuits arranged for message register at station. . . . . . . . . . . . . . . . . Denmark only.

Lack of PBX battery and generator feeders. . . . . . . . . . . . . . . Common.

50-cycle ringing Difficulty in segregating Signal Corps from civilian calls where automatic call distribut ing arrangements are used. . . . . . . . . not frequent (par. 821e).



e. Rotary Power Driven Dial System.

High-resistance transmitter battery supply. . . . . . . . . . not standard but used in SOrne Cases.

Lack of PBX battery and generator feeders............. rather com mon, especially in small offices of 7D code. Danger of overloading - registers. . . . . . small offices (par. 804b (2)). Senders arranged for message registers at sta tions. . . . . . . . . . . . . probably Denmark only.








	Power-driven

System.

Dial

f. Ericsson
	m.

Systems.

Dial

All-relay




	High-resistance

transmitter

battery
	transmitter

High-resistance

battery



	common.

standard—quite

supply.
	supply

Ifare.



	transmitter

battery

Special

high-resistance
	Small

terminal

capacity.



	Sweden.

used

supply.

only

in
	Danger

overloading

804b).

of

(par.



	PBX

and

Lack

generator

battery

of
	PBX

Lack

and

of

battery

generator



	common,

feeders

• rather
	feeders

general



	small

especially

in

offices.
	PBX

Lack

arrangements

of

for



	Danger

of

overloading
	common.

hunting



	804b

small

(2)).

registers.

(par.

offices
	ringing.

50-cycle

rare.



	Step-by-step

Systems.

Dial

g.
	common

Timed

more

than

cut-off.





	High-resistance

transmitter

battery
	but

not

other

types

of

extensive.

in

offices,



	not

standard

type

supply.

for

of

this
	Magneto

Remote

Control

Systems.

Dial

n.



	some

system

but

used

notably

in

countries,
	some

coun

(Note:

semiautomatic

Called

in



	Germany.
	but

do

with

not

confuse

previously

tries



	Timed

adopted

cut-off

recently

in
	semiautomatic).

listed



	some

places—use

far

so

rare.

is
	400-ohm

range

Signaling

conductor

limited

to



	PBX

Lack

and

of

battery

generator
	few

Siemens-Halske

loop

in

type.

offices



	common,

rather

feeders.
	ringing.

50-cycle

rare.



	smaller

especially

in

offices.
	war

under

Questionable

conditions

reliability



	Use

message

requiring

of

register

circuits

line
	804b).

(par.



	Denmark.

probably

used

only

at

station

in
	capacity.

Insufficient



	Lack

arranged

connector

terminals

of

for

PBX
	PBX

Lack

and

generator

battery

of



	hunting.

small

only.

offices
	feeders

general.

PBX

No



	R–6

System

(Thomson-Houston).

Dial

h.
	arrangements

trunk

for



	PBX

Lack

and

generator

battery

of
	hunting

general.





	Common.

feeders


	Corps

from

Impossible

segregate

Signal

to

common,

831c).

(par.

civilian

calls.



	Danger

overloading

of
	



	804b

registers.

(par.

(2)

).
	Common

Sys

Remote

Battery

Control

Dial

o.

tems.



	i. Hasler

System.

Dial
	some

semiautomatic

(Called

countries

but

in



	PBX

Lack

and

battery

of
	semi

do

confuse

with

not

previously

listed



	Common.

generator

feeders.
	automatic.)



	Danger

overloading

of
	transmitter

High-resistance

battery

supply.



	804b

registers.

(par.

(2)

).
	ringing.

50-cycle

rare.



	Timed

cut-off.

possibly.
	capacity.

Insufficient



	i. Merck

Fallwaehler

System.

Dial
	PBX

Lack

and

generator

of

battery



	PBX

Lack

and

generator

battery

of

feeders.
	Common.

feeders





	
	PBX

No

arrangements

trunk

for



	k. Demiautomatic

System.
	Common.

hunting



	message

Senders

arranged

for

at

registers
	war

under

Questionable

conditions

reliability



	stations.

PBX
	804b).

(par.



	Lack

and

generator

of

battery

feeders.
	Corps

from

segregating

Signal

in

Difficulty

common,



	High-resistance

transmitter

battery

supply.
	832c).

(par.

civilian

calls.



	I. Semiautomatic

System.

Dial
	Crossbar

Systems.

p.



	(Do

with

remote

confuse

systems)

not

control
	These

systems

used

the

United

are

only

in



	High-resistance

transmitter
	and

Sweden.

States



	common.

battery

supply.
	The

systems

used

following

only

applies

to

in



	PBX

Lack

and

of

battery
	Sweden.



	common.

generator

feeders.
	High-resistance

transmitter

battery

supply.

PBX



	ringing.

50-cycle

Ifare.
	No

hunting

provision

for

rural

offices.

PBX

No



	from

Corps

segregating

Signal

in

Difficulty

common,
	and

generator

battery



	829d).

(par.

civilian

calls.
	rural

feeders.

offices.








Section Ill. PRINCIPAL FOREIGN LOCAL SWITCHING SYSTEMS


818. GENERAL.

This section contains descriptive matter for the assistance of personnel having only a general knowledge of switching systems, in obtaining some idea of the principal differ ences between the various foreign systems as classified herein. It also gives pointers which will help in identifying the various types of switchboards without detailed technical checks together with the localities wherein the par ticular systems are likely to be found.



819. MAGNETO (LOCAL BATTERY) (LB) MANUAL SWITCHBOARDS.


	a. Each telephone at or connected to this type of switchboard must be equipped with a magneto for signaling the operator. The oper ator completes calls manually to all lines and trunks served by the switchboard by means of connecting cords. The station magneto gives this type of switchboard its name mag neto in American practice. Each station is also equipped with batteries for a local talking battery supply, from which comes the name local battery or equivalent in foreign practice.

	b. In size these switchboards may vary from a few lines to many thousands of lines. The simplest forms consist of wall-mounted or desk-mounted units with a set of bells, a jack, and a connecting cord for each line. The larger sizes use floor type switchboards with key and cord shelves provided with conventional types of cord circuits and have a line jack and signal field in the face of the switchboard. The line signals and the cord supervisory signals in these cases are usually ringdown drops simi lar to those used in Signal Corps telephone central office sets of the magneto type. Some times, however, the signals may be of bullseye, shutter, or target types or may consist of relay controlled lamps. In these cases the switch boards appear like some other manual types and can be identified as magneto only by ex amination of the circuits or by noting that the stations use magnetos.

	c. This type of switchboard is used to some extent in practically all countries, mostly in rural areas, but will be found even in large cities. Most of the telephone switchboard manufacturers in the world have made some switchboards of this type. There is not enough essential difference between the various makes



of these switchboards to affect interconnect ing problems. However, special signaling arrangements (par. 810) may be encountered very infrequently with all makes.



820. CENTRAL BATTERY SIGNALING (CBS OR BCS) MANUAL SWITCHBOARDS.


	a. The name for this type of switchboard results from the fact that the switchboard battery furnishes the power for operating the line and supervisory signals under control of the station switchhook. This battery is gener ally small, sometimes only a set of dry cells. It is not used for talking battery supply, and each station must be equipped with batteries for this purpose. Magnetos are not used at the stations although some station sets may actu ally consist of converted magneto sets with the magneto disabled.

	b. In size these boards vary from less than 10 lines to about 1,000 lines. The small sizes are table-mounted units, but the larger sizes use conventional floor-mounted switchboard positions. The line and supervisory signals may be of bullseye, shutter, or target types or may be lamps. The key and cord equipment is mounted on a shelf in a conventional manner. The line signals and jacks may appear to gether in the face of the switchboard or sepa rately. On large jobs the line jacks are some times multipled, but in some cases no multiple is provided and interposition trunks are used.

	c. Because of the similarity of the signals, this switchboard is often difficult to distin guish from magneto types, and it is impossible to distinguish it from some common battery types by inspection only. Identification can be definite only by examination of the circuits or by noting that all stations use dry cells but do not use magnetos for signaling.

	d. These switchboards are not used any where in large numbers but are found in many foreign countries, principally in the British Empire, in France, and the French Colonies. They appear to have been made mostly by British and French factories. The variations in different makes of these switchboards do not particularly affect interconnection problems. However, there are some unusual circuit arrangements not peculiar to any one manu facturer which affect interconnection seriously as covered in paragraph 811.





821. COMMON BATTERY (CB) MANUAL SWITCH BOARDS.

a. This system is called common battery or equivalent in both American and foreign prac tice because the battery supply to the tele phone for both signaling and talking is pro vided by the central office or common battery. With this board the subscriber calls the oper ator by removing the receiver from the switchhook and the operator completes calls manually with conventional cord circuits. The normal telephone station is of the common battery manual type without dial, magneto, or local batteries, but exceptions occur on special lines.

b. This type of board sometimes occurs in small sizes as table or wall-mounted units, but in most cases a conventional floor type posi tion is used. In both multiple and nonmultiple arrangements the features of these boards follow about the same variations as in Amer ican practice. Generally, the cord circuits are of the listening key, manual ringing type without flashing recall. However, such fea tures as automatic listening and ringing and flashing recall are also found. In some cases A boards have no subscriber multiple, all calls being completed through B boards". In some localities calls from these switchboards to dial offices are completed by operator's dials, but key sets are used exclusively for this purpose in some areas. The line and supervisory sig nals in multiple installations are usually lamps, but in the nonmultiple jobs they are frequently of the bullseye, shutter, or target types.

c. It is sometimes difficult to distinguish this type of switchboard from other manual types by superficial examination. However, it should be noted that this type of switchboard uses a substantial battery as compared to magneto or CBS jobs. If the telephone stations are not equipped with magnetos or local bat teries then it is safe to assume that the asso ciated manual switchboard is of the common battery type.

d. Common battery manual switchboards will be found in practically all countries, generally in larger towns or cities. Almost all telephone switchboard manufacturers

7 An A board is a switchboard at which calls from subscribers are answered. A B board is a switchboard at which incoming trunks from A boards terminate for connection to subscriber loops.

throughout the world have made some of these switchboards. The various makes of these switchboards do not differ insofar as | interconnection problems are concerned as all manufacturers make these switchboards more or less to customers' specifications. However, there are certain features, mostly peculiar to certain localities, which will affect intercon nection problems as noted in paragraph 812.

e. Some fairly large cities are provided with common battery manual switchboards ar ranged for automatic call distribution. With this arrangement lines do not have individual answering jacks. Instead, they are connected to common automatic equipment which routes originating calls to answering jacks or directly to completing cords appearing before idle operators in rotation in such a manner as to equalize the operators' loads. It should be noted that with this system, calls from Signal Corps and civilian lines could not readily be segregated for handling by separate oper ators.



822. ROTARY POWER-DRIVEN DIAL SYSTEM.

a. This is a register (sender) system which provides full dial service. In some localities special contacts are used on the dial, and mes sage register equipment is provided at the station (par. 813b). By means of a standard dial telephone the subscriber may dial calls into the register which controls the operation of the switches in setting up the call. The switches are of the power-driven rotary type as shown in figures 8-10 and 8–11. The switch frame for a small office is shown in figure 8-12.

[image: Figure, page 436]

Figure 8-10. Power-driven rotary switch for 100 lines or trunks.

b. The switches and general appearance of the switch frame distinguish this type of dial system from all other full dial systems. How ever, in Denmark, it is necessary to distin guish this type of system from the demiauto

[image: Figure, page 437]

Figure 8-11. Power-driven rotary switch for 300 lines or trunks.

matic system which uses the rotary power driven equipment for originating traffic, but has a manual B position for completing ter minating calls.

[image: Figure, page 437]

Figure 8-12. Frame of equipment for small office of the rotary power-driven type.

c. Rotary power-driven dial equipment is found in many countries in Europe and South America, in Mexico, and in a few places in China. None is used in Great Britain, Sweden, or Germany. This equipment is used in offices from several hundred lines to large multiunit offices in large cities and is manufactured by the various affiliates of the International Standard Electric Corporation in different countries. The largest manufacturers in the past have been Le Materiel Telephonique of Paris and The Bell Telephone Manufacturing Company of Antwerp. There are no important variations in this equipment as made by the different factories. However, there are some differences in features as specified by different customers which may affect interconnection problems (pars. 813 and 817e).



823. ERICSSON POWER-DRIVEN DIAL SYSTEM.

q. This is a register (sender) system which provides full dial service. With a dial tele phone usually of the conventional type, the subscriber dials his call into the register which controls the operation of the switches in setting up the call. In some cases the tele phone dials have some added features which are related to the method of charging for service but which are not otherwise essential. The unique switches which distinguish this system from all others, are all of the Ericsson power-driven type as shown in figures 8-13 and 8–14.

b. This system is used in sizes from several hundred lines to multiunit offices in large cities. The equipment is made by various branches of L. M. Ericsson Company in dif ferent countries with the principal factory in Stockholm, Sweden. This type has also been made by the Russian government, Ericsson power-driven equipment will be found in many countries in Europe, South America, and Asia. None is used in Great Britain or Germany. The variations in this system as supplied from the different factories are only those specified by the different customers. See paragraphs 808a and 817f for the most important varia tions.



824. STEP-BY-STEP DIAL SYSTEMS.

a. With foreign step-by-step dial systems (sometimes called Strowger Automatic Sys tem) the subscriber receives full dial service.

[image: Figure, page 438]

Figure 8-13. Ericsson power-driven switch with one bank section.

[image: Figure, page 438]

Figure 8-14. Typical Ericsson power-driven switch multiple arrangement.

[image: Figure, page 439]

Figure 8-16. British type step-by-step switch. (Automatic Telephone Manufacturing Company, England) (Used extensively in Great Britain and also made for export trade)

TL 5.4762 - ------- ---

The station equipment is a conventional dial set except where some special condition must be met. In the most usual form of this system the step-by-step switch is the basic element and distinguishing feature. Samples of differ ent types of these switches are shown in fig

[image: Figure, page 440]
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Figure 8-18. American type step-by-step switches mounted on one variety of frame. (Automatic Electric Company of Chicago, exported to many countries)

ures 8-15, 8–16, 8-17, and 8-18, the last show ing one type of switch frame also. In the ordinary arrangement, registers (or senders) are not used and successive step-by-step switches make selections as each digit is dialed, each switch following the dial pulses for one or two digits as received. An exception to the usual arrangement is the director type of step-by-step system which uses step-by-step switches but the subscriber dials into the director (sender) which controls the selecting operations of the switches. This variation of the system is used in larger cities in Great Britain and also in Havana, Cuba. Another ex ception is the case of very small offices of less than 100 lines where the switches may not be of the usual step-by-step type but are of the rotary type similar to those shown in figures 8-19 and 8-20.

b. In identifying step-by-step dial systems it may be assumed that large offices equipped with step-by-step type switches are of the step-by-step type. The step-by-step switches usually identify this type of office. Offices of 200 lines or less with step-by-step switches may possibly be of the remote control or semi automatic type (pars. 829, 831, and 832). Small offices with rotary switches may also be of types other than step-by-step, but by noting that the calling subscriber dials the called number and that the switches make selection in synchronism with the dialing it can be con cluded that the system involved is of the step by-step dial type.

[image: Figure, page 441]

TL 5,4765

Figure 8-19. Typical rotary switch of magnet-driven type.

c. The step-by-step dial system is used more extensively in foreign countries than any other type of system. Sizes of offices run from less than 100 lines to full 10,000-line units in multiunit areas in large cities. The principal varieties of this equipment are made by the following companies and their affiliates: Automatic Electric Company, Chicago; Auto matic Telephone Manufacturing Company, England; Siemens-Halske Company, Berlin; and various branches of the International Standard Electric Corporation. Some other companies make this equipment in small quantities. The variations in different makes of step-by-step equipment are not important from an interconnecting standpoint but there are some variations as used in certain locali ties which must be noted (par. 817g).



825. R-6 DIAL SYSTEM (THOMSON-HOUSTON SYSTEM).


	a. This is a full dial service system which uses a magnet-driven rotary selector in all switching stages. These types of switches are shown in figures 8-19 and 8-20. By means of a conventional dial telephone the subscribers dial calls into registers which control the operation of the selectors involved in the calls.

	b. The identifying features of this system are the type of switch used plus the fact that these switches do not, as in step-by-step opera tion, follow the subscribers dial pulses directly.



c. This system appears to have been used only in France and the French colonies. It is used extensively around Lille and the out skirts of Paris and in the North African colonies. These offices occur in sizes from less than 100 lines to about 7,000 lines. A large part of this equipment was made by the Thomson-Houston Company of Paris, but some practically identical equipment was also made by other affiliates of the International Standard Electric Corporation, notably by Le Materiel Telephonique (LMT) of Paris. The differences between various makes of this equipment are not significant.



826. HASLER DIAL SYSTEM.

a. The Hasler system uses a rather special type of magnet operated switch known as the Hasler 121 point selector, illustrated in figure

[image: Figure, page 441]

Figure 8-20. Thomson-Houston rotary switch. (Used in R-6 system and elsewhere)

8-21. It provides full dial service and uses the conventional dial telephone. The subscribers dial into registers (senders) which control the operation of the switches.

[image: Figure, page 442]
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GROUPS OF SELECTORS Bank section WITH BANK SECTIONS

[image: Figure, page 442]
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Figure 8-21. Hasler 121-point selector and banks. (Manufactured by Hasler S.A., Berne, Switzerland)

[image: Figure, page 443]


	b. The identifying feature of this system is the Hasler selector. Superficially this resem bles the Ericsson selector (par. 823), but is magnet-operated instead of power-driven and has access to 121 points instead of 500 points.

	c. This system will be found in sizes from 100 lines to 10,000 lines. It is used extensively in Switzerland and has so far been made only by Hasler, S.A., Berne, Switzerland. There is no information as to places to which this sys tem may have been exported.





827. MERCK FALLWAEHLER DIAL SYSTEM (DROP SELECTOR)

q. This system uses a distinctive selector which selects in a vertical motion from the top downwards under direct control of the tele phone dial, which gives the system its name. This selector and a typical switchframe are shown in figures 8–22 and 8-23 respectively.

[image: Figure, page 443]

Figure 8-22. Merk Fallwaehler Selector

It provides full dial service and uses tele phone equipment of the conventional dial type.

b. This type of system can be immediately identified by the appearance of the selector. In size it varies from less than 100 lines to about 6,000 lines.

[image: Figure, page 444]

Figure 8-23. Frame of Merk Fallwaehler dial system equipment.

c. This system will be found in the former Italian colonies, chiefly in North Africa. They will also be found in PBXs in Germany, especi ally in government buildings. It is not defi nitely known whether this system was ex ported to other countries from Germany, but it may possibly have been exported to Japan since the start of the war. This equipment, as far as is known, has been made only by The Telefonbau u. Normalzeit A.G. of Frankfort am-Main, Germany.



828. DEMIAUTOMATIC SYSTEM (D SYSTEM).

a. With this system the subscriber receives a combination of dial and manual service. The subscriber dials the central office prefix digits of the called number and the dial equipment then connects him to a manual B operator in the terminating central office. He passes the four numerical digits of the number to this operator, who completes the call by plugging into the line multiple jack. This system uses a dial telephone at the station which is in most cases equipped with a message register and a special dial with added contacts which are essential for correct central office operation, as noted in paragraph 813b.

b. The demiautomatic system is used as an intermediate step in converting from manual to dial service. The originating central office equipment is of the standard rotary power driven dial system type with a complement of line finders, registers, and originating selectors using the switches shown in figures 8–10, 8–11, and 8-12. The terminating central office equip ment is a call distribution, automatic listening, and automatic ringing B manual switchboard. When this equipment is ultimately converted to a full rotary system, the B board is replaced with the standard terminating switches for that system.

c. This system can be identified by the type of switch used, plus the fact that a manual B board is also used.

d. The demiautomatic system was known before the war to have been used only in Copenhagen, Denmark. It might now logically be found also as a temporary replacement ar rangement for bombed out offices in other cities. The Copenhagen equipment was mostly assembled in the Copenhagen plant of the TL 5.477o º 'International Standard Electric Corporation and has uniform features throughout.



829. SEMIAUTOMATIC DIAL SYSTEMS (AUTOMANUAL SYSTEM)

a. As far as the subscribers are concerned these dial systems provide manual service. The subscriber places a call by lifting the receiver and is automatically connected to an idle operator in the same building with the dial equipment by call distribution equipment. The operator then dials the desired number or sets it up on a key set, and the dial equipment completes the call for the subscriber. The sta tion equipment consists of a conventional common battery telephone.


	b. The manual switchboard positions asso ciated with this equipment are usually of the cordless type with about 50 sets of supervisory lamps and keys on each position, each set cor responding to a connection handled by the operator. In some cases these keys and lamps are not used, and only a dial or key set and a few master keys are used on each position. The switching equipment generally uses step by-step switches or rotary switches either power-driven or magnetically operated, but all of the types of switches previously shown have been used in this system. This switching equipment has also been built on the all-relay principle.

	c. The identifying features of this system are :

	(1) Dial switching equipment of some type is used.

	(2) Calls are handled by an operator in the same building.

	(3) Dials are not used at the telephone.




	d. This system is used in sizes from several hundred to several thousand lines scattered mostly in Europe except Germany. The total use is small. This equipment has been made by numerous manufacturers. Practically every one of the jobs of this type differs from the other insofar as features and equipment is concerned, but the interconnecting problems are generally only those mentioned in para graph 8171. In addition it will generally be difficult to segregate calls from Signal Corps and civilian lines so that they can be handled by different operators. This is due to the fact that calls from subscribers are automatically routed to idle operators in rotation in order to equalize the load.





830. ALL-RELAY DIAL SYSTEM.


	a. This equipment which provides full dial service, consists mainly of small cabinets or frames of relays which perform the switching functions. Conventional dial telephones are used. Very small jobs, like those shown in figure 8–24, are often mounted on walls, inside or outside of buildings or on standards or poles. The batteries and charging equipments are sometimes mounted separately. Sometimes these systems are operated from a power sup ply without batteries, the system then being out of order during power failures.

	b. This system can be identified by the fact that the switching equipment consists of re



lays plus the fact that dials are used at the stations. The latter fact distinguishes the system from remote control and semiautomatic systems using relays for switching.

c. All-relay dial systems are occasionally used in foreign practice in sizes of several hundred lines, but the usual sizes range from about 10 lines to 100 lines. Some of these sys tems have been made by all major suppliers of dial equipment. These systems are found more frequently in Europe than elsewhere. While there is considerable detailed variation in these systems, these differences do not affect interconnection problems as much as the inherent limitations of this type (par. 817m).

[image: Figure, page 445]

Figure 8-24. Typical small all-relay dial system.



831. MAGNETO REMOTE CONTROL DIAL SYSTEM.

a. With this system the service is magneto manual as far as subscribers are concerned. Subscribers call the operator by means of the magneto which causes the dial equipment at the central office to connect the line to an oper ator in a distant manual office over a control trunk. The operator dials the called number back over the control trunk which causes the switching equipment to complete the call and release the control trunk. At the end of the call the calling party rings-off which causes the switches to release. The stations use con ventional magneto sets with local batteries for talking.

[image: Figure, page 446]

Figure 8-25. Swedish crossbar switch.

T L 54772 b. The distant manual office associated with the remote, control dial office may be of any type. The switching equipment of this system may consist of relays only, of step-by-step switches, or of magnetically operated rotary switches depending on the manufacturer and the size of the office. In each case the office takes on the characteristic appearance of the full dial system using the same type of switch ing equipment.

c. It should be noted that with this system it would not be practicable to segregate calls from Signal Corps and civilian lines so that they could be handled by different operators.


	d. This type of office may be identified by the use of magneto sets at the stations and the absence of any manual switchboard in the immediate vicinity of the switching equip ment. In sizes these offices range from about 10 lines to 200 lines.

	e. The small amount of this equipment in use is scattered throughout all countries ex cept Germany. Some of this equipment has been made by all manufacturers of dial equip ment but most systems will be found to have been made by the following companies and their affiliates: Automatic Electric Company, Chicago; Automatic Telephone Manufacturing Company, England; Siemens-Halske, Berlin. (The last named company has made these systems for export only.)





832. COMMON BATTERY REMOTE CONTROL DIAL SYSTEM.

a. This system provides common battery manual service as far as the customers are concerned. Subscribers call the operator by lifting the receiver, which causes the dial equipment to connect the calling line to a distant manual office over a control trunk. The operator dials the called number back over the control trunk which causes the switches in the dial office to complete the connection and re lease the control trunk. When the calling party hangs up at the end of the call the switching equipment releases. The station equipment is a conventional common battery telephone without a dial.


	b. The remote manual office serving as a con trol center may be of any type. The switching equipment consists of relays for small offices and usually of step-by-step or magnetically driven rotary switches in the larger offices.

	c. With this system it would not be prac ticable to segregate calls from Signal Corps and civilian lines so that they could be handled by different operators.

	d. This type of office may be identified by the fact that the stations are of the common battery types and that there is no nearby manual switchboard associated with the dial equipment. Equipment of this type may be used in offices which serve from 50 to 200 lines.

	e. This system is not extensively used any where but is apt to be found in almost all countries except Germany. Some of this equip ment has been made by all dial system man ufacturers but most of it by the following companies and their affiliates: Automatic Elec tric Company, Chicago; Automatic Telephone Manufacturing Company, England; Siemens Halske, Berlin (export trade only). The dif



ferent varieties all present about the same in terconnection problems (par. 817o). However, Siemens-Halske jobs seem to make more gen eral use of high-resistance transmitter battery supply circuits than other systems.



833. Swedish crossBAR systEMs.

ca. This system which provides full dial service uses the crossbar switch shown in fig ure 8–25 as line finders, selectors, and connec tors. Conventional dial telephones are used except where special features are required. All switches except the line finders follow dial pulses in performing the selecting functions, in contrast to the American crossbar practice of using common control. -


	b. The crossbar switch provides a ready identification of this system. -

	c. Swedish crossbar systems have, as far as is known, been used only in Sweden. This equipment was originally made only by the Swedish government in its own factories, but may now also be made by the L. M. Ericsson Company of Stockholm, Sweden. A large num ber of small rural offices with capacities of 20, 50, and 90 lines have been installed and in addi tion some large capacity offices have been in stalled in cities.
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• The material lists given in the respective manuals were used as a basis for determining approximate weight and ship space figures. In the case of Wire W-143, estimates are based on material requirements and construction methods similar to those given in TM 11-369 for Cable Assembly CC–358-( ). A material surplus of 25 percent is included. pole line locality varycanwithbethe.

b Assumes commercial crews and conditions including 8-hour The day. hours Workrequired time variations to build a with kind of soil encountered and with climatic conditions. For example, if holes must be dug in rock or if the ground is frozen, blasting will be required which will slow the work. Swamp land also will cause the work to take longer. Digging holes in frozen swamp land may be expedited by means of the Blast Driven Earth Rod (expected to be available soon), which is used to drive a small hole into which a charge of PRIMACORD is placed and then exploded to spring the hole to the ºdiameter. The estimates assume that the work is done in mild weather and that ordinary earth digging is encountered. Hand digging in frozen ground will add about 50 per cent to the time and in rock it will double the time estimate. If tree trimming is required this will take 25 to 50 man-hours per mile. *Assumes use of Plow LC-61.

* Does not include material or time for constructing over head crossings. If highways or roads are crossed aerially an allowance may be made for each overhead crossing (of the type described in TM 11–369) as follows: poles and acces sory hardware, 350 lbs., 10.5 cu. ft.; construction time, 0.65 man-days.

* Does not include splicing time; this usually takes from 20 to 25 man-days per mile.

* Provision is not made in materials list for terminals, drop wire, protectors, and terminating equipment. Job includes erecting pole line, placing strand and cable. cable Only time are included. and material In the required buryingforoperation delivery and a plow º of* an automotive equipment are required.

h Western Electric Company designation for 19 gauge cable with capacitance of 0.084 mſ per pair mile.

Figure 9-1. Weight, space, and construction time.



901. INTRODUCTION.

This chapter covers important features of outside plant engineering. Section II gives the general considerations of importance in plan ning wire facilities, in surveying routes, in assembling materials, and in organizing con struction work so as to make efficient use of personnel and equipment. Section III discusses the various types of wire plant, their physical characteristics, and methods of installation. Particular reference is made to the attention which should be paid to storm loading, and the sags and spacings of aerial wires. In Sec tions IV and V notes are given on aspects of recovery and rehabilitation of communication lines in occupied territory. In section VI tenta tive information on the construction of lines suited to jungle use is set forth.




Section II. PLANNING


902. GENERAL.

a. Early decision is required as to the traffic facilities needed and the type of plant to be used. Only when these decisions have been reached can a survey of the line route be car ried out, a list compiled of the needed material and equipment, and arrangements made for their supply. Factors to consider from the standpoint of traffic and of transmission are outlined in chapter 11 and in chapter 5 respec tively. In selecting the type of line, the follow ing should be taken into account:


	(1) Time available for construction.

	(2) Terrain and weather conditions.

	(3) Length of line.

	(4) Number and types of circuits.

	(5) Availability of material and man power.

	(6) Availability of civil plant.

	(7) Expected permanence of line (tacti cal or fixed plant).

	(8) Future growth.



b. If, after a consideration of these factors, the use of aerial wire or cable lines is indicated, construction plans should take into account such factors as expected storm loadings, im portance of line, and weight of wire or cable to be used. Information concerning construc tion of aerial lines is given in section III of this chapter. Typical problems in TM 11-487, give the relative material requirements for ob taining various circuit facilities, together with weights, volumes, and ship tons. A brief sum mary of this information is given in figure 9–1. Further information on the construction of open wire lines is given in TM 11–368 and TM 11–2253. In tactical situations, if enough circuits for two crossarms are required, con sideration should be given to building single crossarm lines over different routes to improve the likelihood of good continuity of service.



903. SURVEYING AND STAKING LINE.

q. A tentative selection of the route is usu ally made by reference to topographical maps, aerial photographs, or a preliminary survey. When the type of line and general route have been selected, the route should be covered by a survey party and the line staked. The care with which this work should be carried out is dependent upon the type and importance of the line. In the case of pole lines, the procedure should be followed that is outlined in TM 11– 368, TM 11–369, or TM 11–2253, that is, span lengths should be measured, each pole staked, and notations made of the location of cross

[image: Figure, page 450]

Figure 9-2. Typical line survey notes.

ings of all types, as well as changes in the type of line caused by conditions of terrain, etc.

b. It is important to avoid exposing aerial lines to electrical or physical hazards. If fea sible, stay at least 14 mile away from parallel ing power lines, highways, and railroads. The detailed information gathered (fig. 9-2) should contemplate the necessity for compiling a list of needed material and information which will aid in its subsequent distribution.



904. MATERIAL CONSIDERATIONS.

Assistance in compiling a list of the ma terials required to construct various lengths of different types of line can be had by refer ring to the examples given in TM 11–487 and also to similar lists in TM 11–368 and TM 11– 2253. The line materials should be distributed along the route where they will be ready for use by the construction forces.



905. ORGANIZING CONSTRUCTION.

The type and number of crews which should be organized to carry out the construction is dependent upon the available manpower and equipment, such as line construction trucks, pole hole diggers, plows, tools, etc., which are set forth in TM 11–487, TM 11–368, TM 11– 2253, and TM 11–369. The latter three man uals outline typical crews for carrying out the respective types of construction whether pole line, ground surface, or buried. The main ob jective is to form crews of the proper size and experience to carry out the work in an orderly and logical sequence. For instance in building pole lines, in addition to a survey crew, there might be a crew to carry out each of the fol lowing functions: deliver materials, dig pole and anchor holes, equip and set poles, place anchors and guys, and install wire.

[image: Figure, page 450]




Section Ill. CONSTRUCTION


906. STORM LOADING.


	a. In the United States, aerial communica tion lines are designed to withstand three type of storm loading (see storm map in TM 11–368), namely:

	(1) Light loading: a wind pressure per pendicular to the line, of 12 pounds per square foot (about 70 mph, indicated) on the pro jected area of wires at a minimum tempera ture of 30° F.

	(2) Medium loading: a wind pressure perpendicular to the line, of 8 pounds per square foot (about 60 mph, indicated) on the projected area of wires covered with 14 inch radial thickness of ice at a minimum tempera ture of 15° F.

	(3) Heavy loading: a wind pressure per pendicular to the line of 8 pounds per square foot on the projected area of wires covered with 1/3 inch radial thickness of ice at a mini mum temperature of 0° F.

	b. Under conditions of severe exposure to high winds and ice, a still heavier type of con struction may be warranted as indicated in TM 11–368.

	c. European and Asiatic Countries have somewhat different storm loading require ments. In some foreign countries lines are de signed to withstand three classes of loading and in others, two. In general, the heavy load ing requirements result in about the same strength of line whether in Europe, Asia, or in the United States. In selecting the type of line for a given area where ice and tempera ture conditions are not known, an attempt should be made in advance of occupancy to obtain this information from communication or electric light agencies familiar with the countries involved. Where this cannot be done a general rule to follow is to use heavy load ing construction in latitudes higher than 40°, medium loading between latitudes 30° and 40° and light loading in latitudes under 30°. There are exceptions to this rule. For instance, even in latitudes under 30° there are locations having elevations where ice and temperature conditions would indicate the advisability of using heavy loading area construction.





907. SELECTION OF POLES.

a. As discussed in paragraph 912d and in TM 11–368, 4 x 4 square poles or class 9 round poles are used in the construction of tactical aerial lines. To meet the more extensive needs of the fixed plant, data are given in figure 9-3 which will provide the necessary information required to select poles for various types of lines in different storm loading areas. The weight and circumference, 6 feet from the butt of various classes of round poles, are given in TM 11–487. The length of poles may be estimated from the information given in the notes accompanying figure 9–3.


	b. Round poles are classified in such a man ner that a pole of a specified class will support a given load regardless of the length of the pole. In other words, longer poles have a larger ground circumference than shorter poles of the same class.

	c. If native poles are used they should be classed on the basis of the length and the cir cumference 6 feet from the butt as described in TM 11–487. They should also be given a preservation treatment as described in para graph 925b.





908. CONDUCTOR SAGS AND WIRE SPACINGS.


	q. The sag and the tension in a suspended member such as wire or field cable are related, and these will change with temperature and with external loads of ice or wind. To provide a line which will operate with a minimum of service interruptions and require a minimum of maintenance, it is advisable to select instal lation sags and tensions which will prevent subsequent stress of the suspended member beyond the elastic limit when it is subjected to low temperatures and a recognized degree of storm loading (note a of figs. 9-9 and 9-14, note b of fig. 9-19, and par. 906).

	b. The nominal span may be 150 to 200 feet depending upon the degree of loading antici pated or the urgency for facilities. The shorter span provides a line of greater strength than the longer one, other factors being equal. Rec ommended span lengths for use in the various loading areas are given in TM 11–368, TM 11– 369, and TM 11–2253. Figure 9–4 shows the relations of individual span lengths, sag, wire size, tension, and temperature for a nominal span of 150 feet. Figure 9-5 provides the same information for a nominal span of 200 feet. Since it is desirable to have all wires on the same line as well as the same crossarm at















	
	
	
	Class of pole b, c, d for parious loading area and span length
	
	
	



	Number

of wires

on line-
	
	Heaty
	
	Medium
	Light
	



	
	150 ft.
	200

ft.
	150 ft.
	200

ft.
	150 ft.
	200

ft.




	1–8
	9
	7
	9
	9
	9
	9



	9–16
	7
	6
	9
	9
	9
	9.



	17–24
	5
	4
	7
	7
	9
	9



	25–32
	4
	3
	7
	6
	9
	9



	33–40
	4
	2
	6
	5
	9
	9





*The number of wires is the sum of the following wire equivalents of all of the attachments which the line is ulti mately to support:










	Attachment
	
	Wire equiralents for rarious loading area
	



	
	Heary
	Medium
	Light




	Bare

open

109

wire

104, per

wire

or
	1
	1
	I



	Bare

open

wire

128, 134, or

larger, per

wire
	1.5
	1.5
	1.3



	Covered

wire, per

pair, or

covered

single wire, per

wire

paired
	1.5
	1.5
	2.5



	Rubber-covered

cable, per

cable
	2
	2.5
	5



	Wire

messenger

(stranded), all sizes
	2
	2.5
	5



	cable up

Lead-covered

to 194"

messenger)

diameter,

per

cable

(not

including
	3
	4.5
	10



	11%"

from

Lead-covered

194"

per

messenger)

cable

to

diameter,

cable

(not

including
	4
	6
	17



	11%"

Lead-covered

than

per

messenger)

cable

greater

diameter,

cable

(not

including
	5
	8
	25






	* In the preparation of this table shielding of one wire by another has been taken into account, as is the custom, for heavy and medium loading. Where the number of wires ex ceeds 10, only 2/3 of the actual number of wires are con sidered to offer wind resistance, provided that the resulting number is not less than 10.

	In determining the length of pole required, make allow ances for the following:

	(1) The depth the pole is to be set in the ground.




	(2) The distance from the top of the pole to the wires on the top crossarm (about 4 inches).







	(3) The number of crossarms (spaced 3 feet apart).

	(4) The sag of the wires or cable.

	(5) The clearance required between the wires and the ground at the middle of the span, normally 14 feet, (18 feet at highways and 27 feet at railroads).

	* At dead-ends and at corners having a pull of more than 20 feet (interior corner angle less than 158°), use poles of a lower class number. At a corner having a pull of more than 50 feet (interior corner angle less than 122°), divide the corner equally between two poles of lower class number (TM 11-368 or TM 11-2253).



Figure 9-3. Recommended sizes of treated poles for cerial lines (American standard).

about the same sag because of the possibility of swinging wire contacts, appearance, etc., sag tables are based on the sag requirements for the weakest conductor. Figures 9–4 and 9-5 should be used when the lowest tensile strength conductors are either 104 copper or 080 copper-steel. Figure 9–6 provides similar data where the weakest wire to be used is 104 copper-steel. Therefore the sags given in this latter table for the same lengths of span and
















	
	
	
	
	Sag
	and
	tension at various temperatures
	
	
	



	*::::
	Conductor
	0°F.
	
	
	30°F.
	
	60°F.
	
	90°F.



	(feet)
	
	Giº
	3:5

||
	| 6:)
	3:

|
	tº

|
	éº
	6:)
	3:

|




	
	C-S

080
	2%
	125
	2%
	100
	3%
	75
	5
	55



	
	C-S

104
	2%
	230
	2%
	185
	3%
	140
	5
	100



	100
	CU

104
	2%
	230
	2%
	185
	3%
	140
	5
	100



	
	GS

109
	2%
	225
	2%
	180
	3%
	135
	5
	95



	
	C-S

080
	3%
	125
	4%
	100
	5%
	75
	8
	55



	
	C-S

104
	3%
	230
	4%
	185
	5%
	140
	8
	100



	125
	CU

104
	3%
	230
	4%
	185
	5%
	140
	8
	100



	
	GS

109
	3%
	225
	4%
	180
	5%
	135
	8

11%

11%

11%

11%

15%

15%

15%

15%

20%

20%

20%

20%

25%
	95



	
	C-S

080
	4%
	125
	6
	100
	8
	75
	
	55



	
	C-S

104
	4%
	230
	6
	185
	8
	140
	25%

25%
	100



	150
	CU

104
	4%
	230
	6
	185
	8
	140
	100



	
	GS

109
	4%
	225
	6
	180
	8
	135
	95



	
	080

C-S
	6%
	125
	8%
	100
	11
	75
	
	55



	
	C-S

104
	6%
	230
	8%
	185
	11
	140
	
	100



	175
	CU

104
	6%
	230
	8%
	185
	11
	140
	
	100



	
	GS

109
	6%
	225
	8%
	180
	11
	135
	
	95



	
	C-S

080
	8%
	125
	10%
	100
	14%
	75
	
	55



	
	C-S

104
	8%
	230
	10%
	185
	14%
	140
	
	100



	200
	CU

104
	8%
	230
	10%
	185
	14%
	140
	
	100



	
	GS

109
	8%
	225
	10%
	180
	14%
	135
	
	95



	
	080

C-S
	10%
	125
	13%
	100
	18
	75
	
	55



	
	C-S

104
	10%
	230
	13%
	185
	18
	140
	
	100



	225
	CU

104
	10%
	230
	13%
	185
	18
	140
	
	100



	
	GS

109
	10%
	225
	13%
	180
	18
	135
	25%
	95





Figure 94. Sags and tensions for lines supporting conductors with strength of 104 copper or greater and 150-foot nominal span.

Figure 9-5. Sags and tensions for lines supporting conductors with strength of 104 copper or greater and 200-foot nominal span.

temperature, are less than those given in the other tables for bare wires. Similar data for field wires and spiral-four cable are given in figures 9-15 and 9–18. Sag and tension data are given for a range of temperatures. If data are required for other temperatures they may be approximated by interpolation or extrapo lation.

c. Sag information for span lengths and con ductors other than those covered in subpara graph b above can be obtained by interpola tion in figures 9–4 to 9-6. In addition there are rough rules which can be used. For instance, when placing a conductor aerially in a span of moderate length in a heavy loading area, it should be tensioned at not more than about 1/5 of its breaking strength at an average temperature, say 60° F. In light loading areas, this tension might be increased to #4 of the breaking strength. Where feasible, less tension











	Spara

length
	
	Sag (inches) at various temperatures
	
	



	(feet)
	0°F.
	30°F.
	60°F.
	90°F.




	100
	1%
	2%
	3
	4



	125
	2%
	3%
	4
	5%

,



	150
	4
	5
	6
	8



	-

175
	5%
	6%
	8
	11



	200
	7
	8%
	10%
	14

||





Figure 9-6. Sags for lines supporting conductors with strength of 104 C-S or greater.

should be used since some conductors will stretch more than others. A simple expression can be used to determine the sag equivalent to any tension. This is as follows: d = wi."/8T, where d = sag in feet, w = weight of sus pended wire in pounds per foot, L = span length in feet, and T = tension in pounds.


	d. The preferred method of sagging wires is through the use of Scale LC–64, which indi cates the tension at the pulling end (TM 11– 368). Initially the tension at the scale should be carried slightly above the correct value so as to achieve the desired sag in the spans re mote from the tensioning apparatus. The ten sion can then be slacked off until the correct value of sag is obtained in the spans at the pulling end.

	e. Sag may be measured by actual sighting, using a sag gauge, or by the more convenient oscillation method (TM 11–368, TM 11–369, and TM 11–2253). This latter method makes use of the relationship between the sag and the time required for a wave set up in a wire at one support to travel to the other support and back. This relationship is d = 1.006 (t/n) *, where d = sag in feet, t = time in seconds for n returns of the wave. This rela tionship is independent of span length. The wave is usually set up by striking the wire with the side of the hand near one support. Where sags are small, 10 returns of the wave can easily be counted. Where sags are large, greater accuracy can be obtained by swinging the whole span of wire in a direction trans verse to the line as a pendulum, and determin ing the time required for the wire to swing through a complete cycle, over and back, a given number of times. The same relationship holds as in the former method. A stop watch is



helpful in obtaining accurate results. A curve giving the above relationship between sag and time for 10 swings of the span of wire or returns of the wave is given in figure 9–7.

f. One of the factors which has to be taken into account in engineering open wire lines is swinging wire contacts. The wires should be spaced and sagged so that such contacts will not take place at wind velocities which fre quently occur. The nomogram in figure 9-8 gives the relationship between sag, wire spac ing, span length, and threshold wind velocity". In the average location it is sufficient to engi neer for threshold velocities of around 40 miles per hour at average temperatures.

[image: Figure, page 455]

Figure 9-7. Oscillation method of measuring sag.



909. RUBBER-COVERED WIRES, GENERAL.

a. Rubber-covered conductors are provided either as a twisted pair, a parallel pair, a spiral-four quad, or a 5- or 10-pair cable (pars. 910 and 911). They can be installed rapidly by simply paying out on the surface of the ground from a reel mounted on a truck, from a hand-drawn reel cart, or from reels carried by one or two men, depending upon weight.

&# x27;The threshold wind velocity is the instantaneous velocity at which the wires of a pair begin to contact. The instantaneous wind velocity has been found by ex periment to be about 1.4 times the U. S. Weather Bu reau 5-minute average velocity.

[image: Figure, page 456]
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In such cases it is usually necessary to make special provision against injury to wires from motor vehicles, artillery, tanks, or maneuver ing troops. This is especially true at road cross ings where these wires should either be buried or elevated on poles or trees. Buried or ele vated construction is required at railroad crossings. Where exposure to injury is general throughout the route of the wire, it is usually advantageous to either bury cable or support it on poles or trees throughout its length. Sur veys for buried construction should contem plate the possibility of interference from bull dozers which may be used in road building. The installation features vary somewhat with the type of wire or cable, as discussed below.

b. Information on captured enemy field wires is given in TB Sig E–15.



9IO. SINGLE PAIR WIRES.

ca. General. The physical characteristics of the rubber-covered wires described in the fol lowing subparagraphs are given in figure 9-9 and their electrical characteristics are given in chapter 5.

b. Wires W-130, W-130—A, W–130–C, WD– 3/TT (Assault wire). These wires, when fur nished in 14-mile lengths on Reel DR-8, weigh 9 pounds and can be carried by one man using Reel Equipment CE–11 which includes a sound-powered telephone and thus permits easy communication back to the command post as he advances. When furnished in 2-mile lengths on Reel DR-4 it can be carried by two men using Axle RL–27–( ) (fig. 9-10). Wire W–130—( ) is furnished also in 1/3-mile lengths on Reel DR-8. Because transmission over assault wires is affected by moisture, its performance is improved somewhat when sup ported off the ground on trees or bushes. Methods of splicing and handling this wire are covered in FM 24–20.



c. Wire W-1 10–B (Field wire).

(1) This wire is the most widely used and generally available. It is now insulated with synthetic rubber instead of rubber. When supplied in 2,400-foot lengths on Reel DR-4, it can be carried on Axle RL–27–( ) by two men as it is payed out. Either Reel DR-4, or Reel DR-5 which carries one mile of this wire, can be mounted on a hand-drawn Reel Cart RL–16 or on Reel Unit RL–31–( ). Reel DR–5 may be mounted on Reel Unit RL–

26–( ) which is a power-driven unit that can be used either for paying out or reeling up (fig. 9-11). When this wire is used as an in sert in an open wire line, it is preferable to install one Wire W-110–B (two conductors) for each open wire and to maintain, if possible, the same spacing between the sides of the cir cuit as used for the open wire. While this wire may occasionally have to be buried at highway and railroad crossings it is not suitable for extensive buried installations. The practices relative to the use, installation, and mainte nance of Wire W-110–B are covered in FM 24–20.

(2) In commercial practice it is recog nized that in construction work, good appear ance and good workmanship are closely related. The appearance factor has its justification in army practice but there are conditions where its influence might be carried too far. One in stance is the tendency to bunch and lash to gether in the form of a cable considerable numbers of Wire W-110–B or other types of field wire in approaches to switching centrals. It is obvious that during humid or wet weather conditions, such construction provides a cellu lar structure which invites and retains mois ture, causing troubles associated with low in sulation resistance that might not develop if each pair were suspended individually. In addition, individual suspension will improve transmission in wet weather and make it easier to locate trouble should it occur. The preferred method is to place crossarms and attach pairs to insulators in the manner of bare wire. Where this is not feasible a method reported as used with success in one theater uses slots for the wires in a crossarm or wooden member at suitable intervals with the support mounted either horizontally or vertically as indicated in figure 9-12. A latch or keeper spanning two adjacent slots and secured by a thumbnut is useful to hold the wires in position. Another method shown in figure 9-12 and used in an other theater, uses a horizontal crossarm with slots but no keepers. A corner pole using this type of construction is shown in figure 9-13.



d. Wire W-143 (Long range tactical wire).

(1) This wire is furnished on Reel DR-5 which can be mounted on Reel Unit RL–31 or Reel Unit RL–26–( ) as in the case of Wire W-110–B and payed out or reeled up in the same manner. It can be installed similarly on the ground or aerially, and in addition can









	§
	•

Approximate

Weight—(pounds)
	a

major Lengthond-

Usualb Breaking



	
	(inches) (wire plusreel)(withoutreels)

reel PerreelPer mile(pounds) cross-section
	Description load Nomenclature dimension oftypefreel(fet)




	
	
	Twisted pair;eachrubbercovered; nobraid;one

DR-8 1,320Wire110030.1260.010-inch copper and six0.0095-inchsteeltrandsDR-4 W-130 10,56082 per

conductor; nonstabilized.Classified,sub(Assault wire)-

stitute standardasof7–44.



	
	
	0.12 Twisted pairsmeas-W-130 exceptthatvinyliteWire DR-81,32010 389

insulation isused;

nonstabilized.Classified,W-130-A DR-4 10,56091

standard asof7–44. (Assault wire)



	
	
	Twisted pair smeasW-130exceptthatpolyethylene

1,32031100.210

insulation isused;

Wire DR-8

nonstabilized.Classified,W-130–C DR-4 10,560 82

standard asof7–44. (Assault wire)



	(Assault wire)
	
	Same asW-130

exceptwithbraidoneachconductor.

Wire DR-81,3200.18120 45

5,280 Classified,substitutestandardasof7–44.WD-3/TTDR-4

67-



	
	
	e

DR-4822,400

Twisted pair; eachrubberand braidcovered;threWie DR-55,28015420 0.293000.0135-inch copperand four 0.013-inchsteelW-110-B

strands per conductor;nonstabilized.(Fieldwire) 'Coil231,000



	
	
	Wire Parallel pair; rubbercovered;stabilizingcarbon240 0.304270DR-51843,300 saturated paper aroundpair;over-allbraid;sevenW-143 0.0226-inch copperstrandsper conductor;stabil(Longrange

ized. TESIG 101.tactical wire)



	
	
	Twisted pair; eachrubberand braidcovered;14ga.Wire

0.46400 Coil613201,000

(0.064 inch)hard-drawn copper;nonstabilized.W-50



	
	
	Coil Parallel pair; rubber;cottonbraid;weatherproofed; Wire0.26400 3217,000 17ga.

(0.045 inch)tinnedcopper-steel orbronze;W-108

nonstabilized.



	W-108-A -
	
	Coil Same asW-108except

18ga.

(0.040inch).Wire0.263400158,00





Figure 9-9. Physicalcharacteristics ofinsulatedwires.

* Weights per mileorreelfproduct.*The tensionstowhichtesewiresmaybesubjectedinserviceshouldnt *Nonstabilized wire has transmissioncharacteristicswhich varybetweenwetexceed30percentofthebreakingloadforassaultwireand40percent breaking load for theotherwirslisted.an dryweather, - *Wire furnished incoilsisgenerallywrappedwithpaperorfibercovering"Factory splices,whichmaybeapointofweakness,areindicatedbyred and netweight packedarboutthesame.lacquer markingsoninsulation wire manufacturedsincelatein1943.

[image: Figure, page 459]

Figure 9-10. Assault Wire on Reel DR-4 and Axle RL–27–( ).

be buried if the splices are made properly so as to be well insulated. If buried, the work can be expedited by the use of cable Plow LC–61, as covered in TM 11–369 for similar installa tions of spiral-four cable. It is superior to Wire W-110–B for inserts in open wire lines and should be used with one Wire W-143 (two conductors) in each side of the open wire cir cuit and with a separation similar to the open wire spacing.

[image: Figure, page 459]

[image: Figure, page 459]

Figure 9-12. Improvised field wire crossarms.


	(2) When placed aerially, it may be sus pended between poles and trees like spiral four cable through the use of Drive Hook PF–81 and Cable Hanger PF-203/G for spiral-four cable. In using this hanger a short length of Wire W-143 is placed in the hanger alongside the wire to be supported, to fill the hanger and afford a firm grip on the wire. At corners and terminal poles this wire may be supported by drop wire Clamp PF-84. This type of clamp may be used also in anchoring to stakes in ground surface construction. The spans in which this wire is suspended should not in general exceed 150 feet and the sag in a span of this length should be not less than 3% feet. If spans do exceed this figure the sags should be commensurate. Since this wire does not have the strength per unit of weight that Wire W-110–B has, it must be placed with larger sags than Wire W-110–B. Meth ods of splicing, terminating, and installing this wire aerially are covered in TB SIG 101.

	e. Wire W-50 and Wire W-108. These are commercial types of drop wire and are suffi ciently like Wire W-110–B and Wire W-143, that the same general practices may be used in their installation. More care must be taken in handling these two wires since they have solid conductors and are, therefore, not as flex ible as the field wires.





911. MULTIPAIR RUBBER-COVERED CABLES.

q. General. The physical characteristics of the multipair rubber-covered cables listed in the following subparagraphs are given in fig ure 9–14, and their electrical characteristics are given in chapter 5.



b. Spiral-four Cable (Cable Assembly CC–358–( ).


	(1) This cable is furnished on Reel DR–15 which can be mounted on Reel Cart RL–16 or –35, Reel Unit RL–31, or Reel Unit RL–26–( ) and can be payed out on the ground surface, suspended in spans on a pole line or trees, or buried. In surface construc tion it is necessary to bury it or suspend it aerially with proper clearance above ground at railroad or highway crossings, and at other points where it may be exposed to vehicular hazards. Detailed instructions for installing, maintaining and recovering this cable are found in TM 11–369 and TB 11–369–1.

	(2) In aerial construction it should be sagged in accordance with information in fig



ure 9-15 or as in subparagraph (3) below if ice conditions are expected to be severe. If sup ported on trees a special floating type suspen sion is necessary to prevent breakage due to tree sway (TM 11–369). Where clearances are critical or spans unusually long, but ice loads are not a factor, one of two alternatives may be used. Light poles, such as the lance type, may be installed half way between each line support, thus shortening the span and reduc ing the sag; or the cable may be supported by means of messenger wire. A method which

[image: Figure, page 460]

Figure 9-13. Field wire supported by slotted crossarms.

utilizes this latter type of support and which will withstand most storm conditions, is de scribed in TM 11–369. In TM 11–369, use is made of Wire WS-3/U as the messenger, Hook PF-81 as the support at the pole, and Cable Hanger PF–203/G to suspend the cable from the messenger. Where speed rather than strength is important and these materials are not available, Wire W-145 (109 high strength) or 134 GI wire may be used as a messenger. Several means may be used for suspending the cable from the messenger, such as Wire W–110–B ties. In using this material a clove hitch should be made around the cable and














	
	Approximate
	
	
	
	
	Weight—(pounds)
	



	Nomenclature
	dimension of

cross-section

major

(inches)
	a

Breaking

(pounds)

load
	Usual type of

reel
	Length onreel

(fet)
	(cable plusreel)

Per reel,orcoil
	(without reels)

Per mile
	Description




	Cable Stub

CC-344
	0.50
	425
	Coil
	10
	2
	
	5-pair, consists ofCableWC-534,10feetlength,with plugonne

edonly,0.036inchcopper, solid,

each rubbercovered;overall,non

stabilized. TM11-371and 11-367.



	Cable Assembly

CC-345
	0.50
	425
	DR-7 or

DR-15
	2,640

1,000
	340

150
	
	5-pair, consistsofCableWC-534with

plugoneach

end; 0.036 inchcopper,solid,eachrubbercovered;rubber overall,nonstabilized. TM11-371and

TM11-367.



	Cable Assembly

CC–355 or

CC–355-A
	0.70
	
	DR-7
	1,000
	270
	1,200
	10-pair, consistsofCable

WC-535withplugoneach

end; 0.036inchcopper, solid eachrubbercovered;rubber overall,nonstablilized.TM11-371and

TM11-367.



	Cable Stub

CC–356
	0.42
	
	Coil
	12
	
	
	6

2

Spiral-four, consistsof12feet

lengthCableWC-548, one ednlyquipped withconnectorcontaining

pairs,eachconductor consistsof7-0.015inch

copperstrands;each conductor rubbercovered;stabilized;steel

millihenryload coil;

braid and rubberorsubstitute

overall.TM11–369,

TB11–369–1,

and TM11-2001.



	Cable Assembly

)

CC–358-(
	0.42
	
	DR-15
	1,320
	175
	540
	6

2

Spiral-four, consists of34-milelengthCable

pairs,eachconductor consistsof7-0.015inch

copperstrands;eachconductor rubber covered;stabilized;steelbraid

WC-548, eachndquippedwith connectorcontaining

millihenry load coil;

and rubber orsubstituteoverall.TM11–369,

TB11-369–1,

and TM11-2001.



	Cable Assembly

CC-368
	0.42
	
	
	100
	12
	
	2

feet lengthCableWC-548, eachndquippedwith connector,but noload

pairs,eachconductor consistsof

Spiral-four, consistsof100

7-0.015 inch copperstrands;eachconductorrubbercovered; stabilized;steel braidand rubberor

substitute overall. TM11–369,TB11–369–1,and

coil;

TM11-2001.



	C-114-A

Coil
	
	
	
	
	
	
	a

3

x

An88millihenry

loadingcoil,with d-c resistanceof

8.4 ohms, weighingapproximately

waterproofphenollasticcase,about3%"

4 2%". Binding postterminals,

poundshaving

FM24–20 and TBSIG101.





Figure 9-14.Physicalcharacteristics ofrubber-insulatedcables.



A. SAGS AND TENSIONS WITHOUT MESSENGERS
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	Span

length
	Conduct
	*
	0°F
	
	30°F
	
	60°F
	
	90°F
	
	120°F



	(feet)
	
	Sag

(inches)
	Tension

(pounds)
	Sag

(inches)
	Tension

(pounds)
	Sag

(inches)
	Tension

(pounds)
	Sag

(inches)
	Tension

(pounds)
	Sag

(inches)
	Tension

(pounds)




	
	CC–358-(

)
	12
	135
	12%
	130
	13
	125
	14
	120
	14%
	105



	100
	W-50
	12
	75
	12%
	70
	13
	70
	14
	65
	14%
	60



	
	W-110-B
	12
	30
	12%
	30
	13
	30
	14
	25
	14%
	20



	
	CC–358-(

)
	19
	135
	20
	130
	21
	125
	22
	120
	23
	105



	125
	W-50
	19
	75
	20
	70
	21
	70
	22
	65
	23
	60



	
	W-110-B
	19
	30
	20
	30
	21
	30
	22
	25
	23
	20



	
	CC–358–(

) *
	27
	135
	28
	130
	30
	125
	31
	120
	32
	105



	150
	W-50
	27
	75
	28
	70
	30
	70
	31
	65
	32
	60



	W-110-B
	27
	30
	28
	30
	30
	30
	31
	25
	32
	20



	
	W-50
	37
	75
	39
	70
	40
	70
	42
	65
	44
	60



	175
	W-110-B
	37
	30
	39
	30
	40
	30
	42
	25
	44
	20







B. SAGs For MEssenger supporting CABLE Assembly CC–358–( )
















	
	Sag (inches) at various temperatures



	Span

length

(feet)
	
	In strand with cable attached
	In strand with no cable attached
	
	
	
	



	30°F
	120°F
	30°F
	60°F
	180°F
	
	
	
	




	200
	9
	12
	3%
	4%
	5
	
	
	
	



	300
	24
	32%
	10%
	12
	15%
	
	
	
	



	400
	53
	68%
	31
	36
	44%
	
	
	
	



	500
	103
	127
	70
	75
	90
	
	
	
	





pected to be a factor spiral-four cable should be supported messenger should be used and installation made in ac by messenger having minimum sags shown in B above (TB cordance with figure 9–18.

• Where span lengths exceed 150 feet and ice is not ex- 11–369–1). In areas where ice and sleet might be experienced,

Figure 9-15. Sags and tensions for field wires and spiral-four cable.

over the messenger. The spacing of the ties to make wire hangers which are somewhat should be about 6 feet. The cable and messen- similar to the commercial type of cable sus ger should be tied together on the ground, pension ring. The method of making these then raised into position and the messenger hangers is shown in figure 9-16. Experience only tens.oned. An alternative method of sup- has shown that unless the cable is installed then the ends of the tie joined in a square knot ported as used successfully in one theater, is porting the cable from the messenger, re- with some slack, conductor breakage may re sult from shell concussions. Suspended spiral four cable of relatively early manufacture has under some conditions been found to stretch rioticeably with time. Cable which is over-ten sioned is apt to stretch similarly. This diffi

Dowel-s should FIT TIGHT IN BASE 14 |- 1 -- - #: *#H: *-*H .*—H-------- -Yºo * {B–|- -------- -Iſu T-HE —H-—- SIDE view :-- FRONT view MAKE of wood of METAL DIMENSIONS ARE APPROximate. CUT wire L-AFTER FORMING PLACE ON MEssenger FORM ONJIG IN AND CABLE IN THis THIS MANNER MANNER HANGER MATERIAL SHOULD BE soft or ANNEALED wikE, PREFERABLY OF SAME MATERIAL As MEssenceR.

Figure 9-16. Jig for making spiral-four cable hangers.

culty can be overcome in cable of early manu facture by supporting it with messenger as described above. Representative aerial con struction features of spiral-four cable are shown in figure 9-17.

(3) Where ice or sleet conditions are expected to be severe and strength is the pri mary requisite, even in spans as short as 100 feet a messenger support should be used for spiral-four cable. Wire WS-3/U should be used for span lengths up to 200 feet and Wire W-115 for span lengths from 200 to 400 feet. Figure 9-18 indicates the recommended string ing sags for each of these messenger wires with cable attached. When Wire W-115 is used to support the cable the methods outlined in TM 11–363 should be used, except that the

[image: Figure, page 463]

Figure 9-17. Spiral-four aerial construction using Cable Assembly CC–358–( ).

Tu- 54639

Figure 9-18. Sags and tensions for messengers used in supporting spiral-four cable in snow and ice areas.

* Sags for nonsleet areas are given in figure 9–15.

messenger and cable should be assembled on the ground, using Wire W-110–B as described in subparagraph (2) above. When Wire WS-3/U is used, these same methods apply with the following exceptions:


	(a) Since no standard suspension clamps can be used for Wire WS-3/U, it is recommended that Hubbard No. 7401 one bolt guy clamp (stock No. 5B3448) or equal be used. The messenger should be placed in the top groove of the clamp and if necessary a piece of strand may be placed in the bottom groove to insure a firm grip on the messenger.

	(b) The method of dead-ending this messenger, outlined in TM 11–369 for long span construction, may be used as an alternate to the method outlined in TM 11–363, except that a Hubbard No. 7402 2-bolt guy clamp (stock No. 5B3402) or equal should be substi tuted for Clamp PF-61.

	(c) Since it is not safe to use cable Car LC–41—A on Wire WS-3/U, it will be nec essary to use a ladder such as Ladder LC–15.

	(4) If buried, this cable can be installed at any depth from 6 to 18 inches by means of cable Plow LC–61 towed by a 21/2-ton 6 x 6 cargo truck carrying the reel. The plow, carrying the reel, can be towed by winch line across streams or other places where the truck cannot travel. Where speed in establishing communications is vital, the cable can first be installed on the ground surface and later picked up by the plow and buried without in terrupting service. If Plow LC–61 is not avail able a bulldozer or ditching machine can be used to make a trench in which the cable can be buried. Under favorable conditions, this cable can be laid on the ground, tested and con nected at the rate of about 3 miles per hour, including the work of burying or elevating at road crossings.

	(5) The connectors on each end of this cable may become corroded or fouled with mud, fungus or other foreign matter to such an extent that poor or high resistance contacts will result. It is important to guard against these conditions and make sure the connectors are clean and dry before they are connected. In some of the early installations of spiral-four cable trouble was experienced in wet weather due to connector defects including leakage around the bolts, and it was found necessary in some cases to tape the connector after coup ling. If such conditions are encountered and



exposures are severe, the method of taping covered in TB SIG 67 should be followed.

c. Cable Assembly CC–345 and Cable Assembly CC–355. These 5- and 10-pair field cable assem blies use Cable WC–534 and Cable WC–535 respectively (fig. 9-14 and TM 11–371). They may be installed much the same as Cable As sembly CC–358–( ) except, that if supplied on 19-inch x 36-inch wooden reels, the reels must be mounted on a bar (Axle LC–31) in the truck or on the cable reel jacks (Jack LC–13). Experience in some theaters indicates that the plugs should be cleaned and dried before con necting, and then taped to exclude moisture in all cases. In any event, when these cable as semblies are placed underground the connec tors should not be buried. However, if they are buried they should be carefully taped in the manner described in TB SIG 67. When placed aerially spans should be limited, in general, to about 100 feet, with a sag of not less than 2 feet. Cable WC–534 and Cable WC–535 are also available in various lengths without con nectors.



912. OPEN WIRE LINES.


	q. General. The design of open wire lines adopted by the Signal Corps has been very much simplified as compared to commercial systems. It is still necessary, however, to vary the line structures to a limited extent in order to care for such factors as economy of ship ping space, speed of erection, ground clear ances, swinging wire contacts, availability of materials, terrain, and storm loading. These factors explain the need for having available a lighter type of construction for tactical use (TM 11–368) than for fixed plant application (TM 11–2253).

	b. Crossarms. An 8-pin crossarm (PF-92– A), 3% x 44 x 88 inches, is standard for use in both the tactical and fixed plants. It can be converted into two 4-pin crossarms by one saw cut. In general, no more than two 8-pin cross arms will be carried over one route. The wire capacity of a line will be therefore, usually either 4 wires, 8 wires, or 16 wires. Occasion ally, where only one pair of wires is required, they may be supported on wooden pole brack ets instead of a crossarm.

	c. Insulators. For tactical construction two types of insulator satisfy practically all re quirements. A double-groove insulator (IN 128, sometimes called TW) is used for provid
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	0.128
	1,800
	240
	30%

Conductivity

of

copper

wire
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• C-S=Copper-Steel, GI- Galvanized Iron, GS= Galvanized Steel.

Figure 9-19. Physical data for bare wires and wire messengers.

ing a rolling type of transposition and for dead-ending from opposite directions. A sin gle-groove insulator (IN–15) which is lighter in weight than the double-groove insulator meets all other requirements. On the longer open wire lines in the fixed plant, D.P. (double petticoat) insulators are used instead of In sulator IN–15 (TM 11–2253).

d. Tactical Construction; Wires, Poles, and Spons.

(1) For tactical construction the wire used is 080 copper-steel. However, if wire is obtained from the supplies of Allied Nations or from locally manufactured stocks in for eign countries it might be copper or bronze.

The physical properties of bare line wires ar given in figure 9-19. Single-crossarm open wire lines may use 20-foot sawed 4 x 4 poles, or 20-foot class 9 round poles. Pole classes are explained in TM 11–487.

(2) Where poles cannot be quickly set in the ground because of soil conditions a guyed X-frame made of 20-foot 2 x 4's may be used. Lines carrying two crossarms require 22-foot round poles. The above poles provide 14-foot ground clearance for the wires on cross coun try leads. At highway crossings an 18-foot clearance is usually provided by using an extra crossarm as a vertical extension fixture carry ing the regular crossarm (TM 11–368). Lo

* The elastic limit is equal to approximately 55 percent

of the breaking load.

* Commonly used designation strength; M equals 1,000 pounds. for nominal breaking

[image: Figure, page 466]

Figure 9-20. Replacement of temporary by permanent construction.

TL 54.860 cally cut timber may be used where it is avail able. Nominal span lengths are as follows: in light storm loading areas, spans of 150 feet are used with 4 x 4 supports, and 200 feet with round poles; in medium or heavy storm load ing areas only the latter of these arrangements is used. There is also a tactical construction called eactra heavy, which uses class 9 round poles with nominal 150-foot spans and addi tional guying. The planning, construction, and maintenance of tactical open wire lines are covered in TM 11–368.


	e. Fixed Plant Construction; Wires, Poles, and Spans. Fixed plant lines may be of several types. They may be commercial lines that have been taken over for Signal Corps use, Ameri can or Allied tactical lines, or they may be newly constructed to meet fixed plant needs. For those lines in the latter category the span length should average 150 or 200 feet depend ing upon storm loading requirements. The wire should be 104 copper-steel and the poles should conform to the requirements set forth in paragraph 907. As repairs or replacements are required in inferior lines taken over by the fixed plant, it should be the aim to use mate rials which will bring the line structure into conformity with fixed plant standards. Addi tional information on the planning, construc tion, and maintenance of fixed plant open wire lines is set forth in TM 11–2253.

	f. Guying. The extent and strength of the guying required increases with the degree of storm loading. The application of proper guy ing is a very important feature of aerial line



construction. Unless guying is adequate and anchors properly placed, the line will not be dependable.


	g. Two-by-four Supports. A preliminary issue of TM 11–368 described a type of rapid open wire construction (RPL) in which 4 x 4 poles fabricated from short lengths of 2 x 4's were permitted. Field experience has shown that this type of pole is unsatisfactory and its use has been discontinued. While fabrication of 4 x 4 supports from full length 2 x 4's is per mitted, solid 4 x 4 supports are preferred.

	h. Decay and Termites. With the temperature and moisture conditions prevailing in tropical climates, untreated timber will be destroyed in a few months either by decay or termite attack. In proceeding from torrid to more temperate climates the rate of deterioration from these causes becomes progressively less, and termites disappear at about the middle of the temperate zones, at which points the hours per year favoring decay are also quite limited. To protect against these hazards and to insure a physical life permitting reuse of pole tim bers, the crossarms, 2 x 4's, 4 x 4's, and round poles furnished for pole lines are treated either with creosote or a preservative salt (par 925b).





913. BRITISH MULTI-AIRLINE (MAL).

q. The British MAL is a lightweight tactical open wire line which offers as its principal advantages economy in transportation and speed of installation. It is usually used as temporary construction and should be replaced as soon as possible by tactical open wire or fixed plant. The material for four-wire con struction weighs about one short ton per mile.


	b. The line is supported by 16-foot tapered wood poles with a 2% inch maximum diam eter. Poles made of steel and of a telescoping design are sometimes used. The poles are set about 18 inches in the ground and normally spaced at 115-foot intervals, with double pole construction, H fixtures, every 8th span. Each pole is guyed with stranded iron wire attached above the crossarm and anchored to stakes driven in the ground. There are two types of crossarms. The 2-pin type is 15 inches long and the 4-pin type 33 inches. Each is 11/2 x 1% inches in cross-section and is attached to the pole by clamps. The insulators are of a 2-piece design. The bottom piece with a slot for the wire is cast on a J shaped pin. The sec ond piece is a cap which screws on to the bot tom piece, securing the line wire after it has been given a wire serving and placed in the slot of the bottom section.

	c. The wires, which are usually 70 pounds per mile cadmium copper, although 40 pounds bronze or 60 pounds iron may be used, are generally placed on two crossarms in the fig uration of a 12-inch square. No transpositions are used with the 2-pin crossarm unless there is exposure to power. In this case the wires are rotated 90 degrees in each span. When the wires are placed on a 4-pin cross arm they are point transposed by dead-ending each wire in opposite directions on two insu- . lators carried on double J type pins. Thus, it will be seen that most all of the MAL line equipment differs in design from that of the Signal Corps.

	d. The MAL is useful in temporarily bridg ing gaps when rehabilitating open wire lines. It is useful also, when available, to extend American open wire tactical lines in emergen cies. When constructing such an extension it should be built adjacent to the route the tac tical line is to take so that the tactical line can be cut into service by sections, as they are completed. This type of construction is shown in figure 9-20.

	e. The material for the Signal Corps tacti cal line weighs about twice as much per mile as the MAL and requires longer to construct, but these lines are superior to the MAL in strength, stability, and endurance. The Ameri can facility nearest to the MAL, with regard



to the number of circuits which can be speedily obtained, is spiral-four cable. Experience in dicates that where this cable can be suspended from trees or existing supports, with sufficient ground clearance without messenger, it can be installed at twice the speed of the MAL, and the material weighs about half that of the MAL.



914. COMPARISON OF WIRE SIZES.

Figure 9–21 gives a comparison of Ameri can, British, and French wire sizes used in telephone circuits.



915. LEAD-COVERED CABLES.


	(1) The use of lead-covered cables is con fined generally to the fixed plant. The types of cables usually stocked by the Signal Corps are given in TM 11–487. They may be installed aerially, buried, or pulled into underground ducts, but are not suited to ground surface construction. When used aerially they are suspended on a supporting steel strand which must be previously installed in a substantial manner on a well guyed pole line.

	(2) A list of associated suspension mate rials arranged according to the weight of the cable is given in figure 9–22. An example is given in TM 11–487 of the materials required to build a 100-mile aerial cable line. Some in formation on weights and volumes of mate rials along with time figures for constructing a 25-mile length are given in figure 9–1.

	(3) When buried in the ground it is the usual practice to have the cable supplied with a covering of asphalt, paper, and jute to pre vent sheath corrosion, although for service periods up to approximately three years this feature could ordinarily be dispensed with. Where jute covering does not provide sufficient protection, gopher-proof, or single tape arm ored cable should be used. Construction prac tices used in the installation of paper insulated lead sheath cables are covered in TM 11–363. For extensive buried installations, large cable laying plows can be used to advantage, and hand trenching can be facilitated by using cable Plow LC–61 as a rooter. Small lead sheath cables with corrosion protection up to about one inch over-all diameter can be buried by means of Plow PL–61. The installation of Army cable in underground ducts is seldom warranted unless the duct system is already available.
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* One millimeter is 0.03937 inch.

Figure 9-21. Wire sizes; American, British, and French.

b. Splicing. Splicing paper insulated cable requires men specially trained for the work. Likewise, specially trained men are needed for testing and fault locating.



c. Terminals.


	(1) Cable terminals for use outdoors are generally of the sealed chamber type. They are provided with stub cables, the conductors of which are connected to binding posts project ing through a face plate. The conductors of the terminal stub are spliced to the main cable conductors. -

	(2) Where a distributing frame is used, as at centrals, it is usual to splice the paper insulated cables to short lengths of textile insulated lead-covered cables. The other ends of the textile-insulated wires are stripped of their cable sheaths and laced into forms with the individual wires terminated so as to match the spacing of the protector mounting lugs on which they are terminated.

	(3) For terminating small cables (up to 51 pairs) there are available indoor type sealed chamber terminals having facilities for elec tric protection equipment equivalent to that ordinarily used in centrals. These terminals are illustrated in TM 11–487.

	d. Locading Coils. The loading coils used for loading lead-covered cables are usually potted in welded-steel or lead-sleeve cases. The load ing coil cases which are available, together with their mounting hardware are given in TM 11–487.

	e. Transportation. Transportation of lead covered cable requires special equipment be cause of the weight of the reeled cable and of loading coil cases. For instance 1,500 feet of 51-pair 19 gauge cable weighs about 2,200 pounds. The reel on which this cable is shipped weighs about 500 pounds. In handling this heavy material Trailer K–37 and trucks equip ped with derricks and power winches are needed (fig. 9-23).





916. SUBMARINE CABLES.

q. Spiral-four Cable. In the tactical plant. Cable Assembly CC–358–( ) (spiral-four), and Cable Assembly CC–345 (5-pair) and Cable Assembly CC–355 (10-pair) are suit able for use as submarine cables in depths of water at least up to ¥3 mile, and will probably be satisfactory for somewhat greater depths. Life expectancies of the order of one year are considered reasonable. The transmission prop

* American cable conductors are designated by Gauge (AWG, American Wire Gauge; the same as B&S, Brown and Sharp Gauge). American open wire conductors used by the Signal Corps are designated by diameter in thousandths of an inch, or sometimes by gauge. BWG is Birmingham Wire Gauge. NBS is New British Standard Wire Gauge. Blank spaces indicate wire sizes not generally used.
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* The following are the approximate sizes and weights of various gauges of cable:
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Figure 9-22. Aerial lead-covered cable placement data.

[image: Figure, page 469]

Figure 9.23. Laying lead-covered cable.

* Based on an average span length of 150 feet.

* In terminating messenger Wire W-116 use two 3-bolt guy Clamps FT-56; one clamp is sufficient for terminating messenger Wire W-115 or W-90.

erties of such cables, when properly laid, will be about the same as those obtained when the cables are used normally. The method of in stalling these cables as set forth in TB SIG 67 is abstracted here.



b. Splicing.


	(1) Underwater splices in rubber- or plastic-covered cables should be avoided when ever feasible in short submarine cables. Ex cept in the case of the spiral-four cable which is supplied with loading coil connectors, stand ard (vulcanized) splices should be used when ever possible. For underwater use the insula tion of spiral-four cable connectors should be reinforced by means of rubber cement, DR or rubber tape, and friction tape as set forth in TB SIG 67.

	(2) If it becomes necessary to utilize ex pedient cable splices, rubber cement should be used when applying the insulation to the joint. Conductor splices in 5- and 10-pair cable made without the use of copper splicing sleeves, and all expedient splices in spiral-four cable, should be relieved of stress by means of a ten sion bridge. (TM 11–369).





c. Cable laying Methods.


	(1) Tactical submarine cable may be laid by means of suitable boats or amphibious vehicles directly from reels, or it may first be unreeled and coiled in the form of a figure eight on the deck. This will permit it to be payed out without twisting. It is advantageous to use a method which permits, in .so far as possible, the making of all splices and prelimi nary tests before the actual laying starts.

	(2) One of the most satisfactory methods of laying is to use Truck, Amphibian, 2% ton, 6 x 6 (Duck). Four or five miles of prespliced tactical cable can be stowed in the form of a figure eight in this truck. The cable should be laid on the floor of the cockpit so that the cross point of the figure eight is at the center, with one loop extending forward and the other aft. The cable should be payed out over the stern. A suitable device for guiding the cable over the stern is an empty reel mounted in Reel Unit RL–31–( ), erected on the after deck.

	(3) When the water is covered with ice, a slot may be cut through the ice along the cable route. The cable is laid along the slot, spliced, and then dropped into the water through the slot.




	(4) The placing, in the field, of armor or additional protective covering on tactical cables for submarine use is not considered to be feasible or desirable. The outer covers of the tactical cables are tough and will resist considerable abrasion. Even though sheath breaks due to abrasion and to repeated flexure should be rare, movement of the cable should be kept to a minimum.

	(5) Where possible, cables should be laid on the bottom and additional weight should be applied as necessary in order to hold the cables in position. The best method for increasing the weight of tactical cable in the field is to lash it to Wire W-115 (6M-messenger) at approximate 3-foot intervals by means of a combination clove hitch and square knot tie made with short lengths of Wire W-110–B. Cables so reinforced with messenger should be used all the way across short channels with currents faster than about 2 or 3 miles per hour. Reinforcement with messenger is not re quired in calm water or at sheltered sandy approaches, but is required at approaches that are exposed to breaking waves or large tidal changes. "

	(6) Approaches that are rocky or have formations of coral reef also require rein forcement with messenger. Under these condi tions the reinforcement should extend from a log anchor well above the point of high tide or high-water mark to a rock anchor well out in deep water. If a rocky reef is traversed, sound ings should be made to determine the extent of the reef and the anchor placed off the sea ward edge of the reef.

	(7) Cable laid in calm water or in deep water between rock anchors usually needs no special reinforcement, but is simply laid with sufficient slack to permit it to conform to the contours of the bottom and to permit raising to clear trouble. Experience has indicated that time expended in making thorough prepara tions, including soundings to determine the nature of approaches, will eliminate the occur rence of troubles which might seriously delay operations.

	d. Fixed Plant Cables. Generally in the fixed plant, armored submarine cables will be used. A list of those usually stocked by the Signal Corps is given in TM 11–487. The engineering of these installations should be referred to the Army Communications Service.






Section IV. REHABILITATION OF CAPTURED PLANT


917. REHABILITATION OF OPEN WIRE PLANT.


	a. Wire lines abandoned by the enemy will often be found destroyed or rendered inopera tive. However, a careful check of their condi tion may show that some of the facilities can be restored with less effort than is required to install new lines.

	b. On open wire lines where poles of the smaller sizes have been sawed off above ground, it may be possible to restore them by splicing with a wood splint to bridge the cut and bind ing the splint to the pole by a tight serving of construction or line wire applied with a serving stick. Lines taken over in occupied territory may be of copper or bronze and splices will generally have to be made with so-called West ern Union type joints, that is, wires twisted together without the use of a sleeve, since the gauge of the wire will probably not correspond to standard Signal Corps sleeves.





918. REHABILITATION OF Toll cABLE PLANT.


	q. Toll cables differ in several respects from those common in the United States. The sizes of conductors correspond in a general way with those used in this country but are classified in pounds per wire mile or by diameter expressed in millimeters (fig. 9-21). In Europe some cables may be found of the Krarup type in which the conductors are continuously loaded by a wrapping of fine iron wire. The electrical characteristics of such cables are quite differ ent from the coil-loaded type. In Europe toll cables will generally be found buried, as not much use has been made of aerial suspension or manhole and duct construction. In American practice, loading pots are equipped with single cable stubs, color coded and carrying both in and out conductors. British pots have separate stubs for in and out conductors and the Ger man type (Siemens & Halske) has a splice chamber on the top into which the main cable is brought from both directions. The electrical considerations which should be taken into ac count in rehabilitating captured cable and its loading equipment are discussed in chapter 5.

	b. Before physical restoration can be intel ligently started, it will be necessary to have certain information as to the design features of the cable system and its associated equip ment, as well as the condition in which it has been left. It will also be necessary to know what



materials are available for making repairs. A survey of the situation should provide full in formation on the route, type of installation, cable properties, arrangement of cable circuits, type of loading, and extent of damage. Much of this information may be available from com mercial records that can be obtained before en tering the territory.

c. Since the repair of toll cable networks calls for specially trained personnel and equip ment, provision must be made in advance for staff and personnel, for transport, for mechan ical and electrical depot-repair equipment, for field splicing materials, for tools and test equipment, and for stocks of replacement cable and loading coil equipment.



919. REPAIRING CABLES.


	a. Where necessary to insert a patching length of cable it should preferably be identi cal cable, but urgency and availability of ma terials will be determining factors. If cable can be easily recovered and reinstalled as in an underground duct system, it may be pos sible to reassign many of the longer lengths to shorter subway sections to save splicing. For the longer sections, short pieces will have to be joined by means of duct splices (long splices with small diameter sleeves that can be pulled into the ducts) and eventually some new cable must be provided. With duct splices care should be used in their making, the pulls should be arranged so that the travel of the sleeve in the duct will be a minimum and the records should be marked with their location. If a cable length is to be pieced out in its pres ent location it may be possible to apply a basket grip to one end in order to pull it into the manhole for splicing on a patching length. Before doing this, however, a core hitch will have to be made at the other end in order to permit pulling back enough cable for splicing in the adjacent manhole after the patching length has been added. Making the core hitch will probably involve breaking out the man hole wall or digging down from the surface and breaking open the duct. A basket grip is not recommended in this case since if pulled backwards into the duct line it would be apt to lose its hold on the cable.

	b. If damage at the loading points is limited to cable stubs, it may be possible to cut back the remaining sheath or covering toward the



pot so as to gain sufficient access to cable con ductors for testing and splicing purposes. Where the loading pot is badly damaged, re pairs can best be made at a repair depot. In any event there is a definite preference for recovering, repairing, and reinstalling the loading equipment originally associated with the cable as new pots may be difficult to obtain and will often have different complements or different weights of loading.

c. If repairs are carried out in the field, test should be made for low insulation resistance, open circuits, grounds, and crosses. At repair depots, tests should also be made for magne tized coils and for short circuited turns; also, the stub conductors, if not provided with an identifying code, as in American practice, should be tagged and marked to show the type of coil with which the pairs are associated.

d. There are methods of tracing the path of buried cables which should be useful in re covery work. One method which can be used with either rubber- or lead-covered cable is described in detail in TM 11–369. This method is also covered in Bell System Practice G72.275. The principle of this method is to place an audible frequency on the cable and to trace this tone through the use of a spe cially designed detector or exploring coil. There are various commercial devices for locating buried cables which work on the same principle; one of these uses three coils to give a direct reading of the cable depth as well as its plan position. The 3-coil locator, locally assembled in a theater depot, has been used with considerable success in Europe for antic ipating the amount of effort required to un cover cable, and to make effective use of bull dozers without damaging the cable where large quantities of earth must be moved in the uncovering process.




Section V. RECOVERY AND RECONDITIONING PLANT


920. GENERAL.

During a rapid advance, time may not per mit the recovery of wire lines over which serve ice has been discontinued. When the opportu nity presents itself, however, these materials should be recovered where feasible, using such care in the operation as to insure that as much as possible may be reconditioned.and reused.



921. AERIAL PLANT.

a. On open wire lines the rolling type" of transposition used in Signal Corps practice, facilitates the removal of the wire in conve nient lengths for rereeling. In general, recov ered material should not be reused until it has been inspected, tested, and if necessary, re paired at a supply depot. In the case of wires and cables particularly, there should be no question as to their serviceability when issued for reuse. A definite system should be estab lished for segregating and marking recondi tioned wire and cable so as to avoid reissuing any that has not passed inspection.

b. Recovered spiral-four cable and probably other insulated wires should be tested for d-c telegraph serviceability with Test Set I–48 or a Megger applying at least 250-volts dc ; if satisfactory for telegraph it will also be sat isfactory for telephone. Spiral-four cable when installed in self supporting spans is sus pended by clamps, hangers, or basket hitches that can readily be removed to clear the cable for rereeling. If spiral-four cable has been suspended on messenger wire it can be re covered most readily by first lowering the cable and messenger assembly to the ground. Poles can often be loosened in the ground and lifted out.



922. UNDERGROUND PLANT.

When spiral-four or 5- or 10-pair rubber covered cables have been buried at shallow depths in light soils for short periods, they may often be ripped out of the ground with out injury. In other cases the use of the cable Plow LC–61 equipped with attachments for unearthing cable will be of assistance. The path of the cable can be determined as dis cussed in paragraph 919d.

* As contrasted to the point type transposition used in American commercial high grade carrier construc tion.




Section VI. CONSTRUCTION OF JUNGLE LINES


923. GENERAL.

It has been found expedient in jungle areas to depart from the standard types of construc tion described previously in this chapter under conditions where materials for standard con struction are not available, where there is in sufficient time to clear a suitable right-of-way, where a clearly visible right-of-way is unde sirable for tactical reasons, where the con struction is known to be temporary, or where the density of traffic does not warrant the effort required for standard construction. Some types of wire line construction which have been found to give reasonably good service in jungle areas are outlined in this section as temporary information until stand ard instructions become available.



924. JUNGLE EFFECTS.


	q. Transportation of large quantities of sup plies through the jungle is difficult on account of the thick growth and because jungle ground is generally damp and spongy, and in the low areas becomes quickly flooded during rains. Jeeps may be the largest vehicles for practi cal use and in many cases entire reliance has to be placed upon man-pack or mule-pack. Waterways and native trails can be used ad vantageously for transporting small quanti ties of supplies. It has been found that the practicable man-load is 40 pounds per man, including his personal equipment and food (about 20 pounds). The average mule can carry 120 pounds (60 pounds on each side) and large Army mules can carry 90 pounds on each side or a total of 180 pounds.

	b. In the construction of light pole lines across grasslands, swamps, and beaches, it may be advantageous to use lance-poles, cut native saplings, or bamboo poles, lashed to gether in groups of three, to avoid the neces sity of transporting 4 x 4's through the jungle.

	c. It is extremely difficult to maintain jungle lines, particularly bare open wire, because the lush, rapid growing, and frequently saturated foliage coming in contact with the line lowers the insulation resistance, and falling branches and palm fronds cause excessive wire break age. The jungle conditions also contribute to rapid deterioration of the covering on insu lated wires, attack of the braid by molds and abrasion by foliage being factors. The high



temperatures and humidities hasten the im pairment of both the physical and electrical properties of the insulation. The life expec tancy of insulation on Wire W-110–B and Wire WS-1/TS (single wire similar in con struction to Wire W-110–B) under these con ditions is from 1 to 4 months and on Wire W–130—A its life expectancy is from two weeks to one month. Even less life can be expected from untreated wood poles (except mahogany and teakwood) because of destruc tion by termites and other insects.



925. OPEN WIRE CONSTRUCTION.


	q. If a dependable pole line has to be con structed, a right-of-way or clearing must be cut through the jungle wide enough so that falling trees on either side will clear the line. Pole spacing and wire sags and clearances should conform to standard practices where practicable.

	b. If only locally-cut timber (other than mahogany or teakwood) or untreated lumber is available, it is vital to apply a preserva tive treatment such as Osmoplastic B, which is a mixture of coal tar, pentachlorphenol, and sodium fluoride thinned with benzol. This mix ture is issued in 5-gallon containers under Sig nal Corps stock number 6G1625. All bark should be removed and the poles should be treated as soon as possible thereafter, apply ing the mixture with a paint brush to the por tion to be buried and also up to a point at least 2 feet above the probable ground line. This area should be covered with a layer 1/64 to 1/32 of an inch thick and allowed to set before handling. Certain precautions should be followed when handling this mix ture since it is poisomous. The personnel should wear gloves when applying and handling this mixture and, before meals, should wash their hands thoroughly with a moderately strong soap. The empty containers should never be used for water or food and should be destroyed beyond the possibility of reuse. Further in formation on tropical maintenance of ground signal equipment may be obtained from TB SIG 72 and TM 11–368.

	c. Where soft-wood trees or poles are used in pole line construction, tree climbers with long gaffs (about 5 inches) should be used instead of the ordinary Climbers LC—5.
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Figure 9-24. Guying through mucky or spongy ground.


	d. As a substitute for treated wood poles, iron or steel poles have been used in some cases where they are available. This is not, however, a Signal Corps stock item.

	e. Where the ground is quite spongy and mucky, it will be necessary to provide proper swamp footings as covered in TM 11–368, to prevent the pole from sinking. Extra guying will also be required in this type of ground.
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Figure 9-25. Tree slung construction using single support.

One suggested method of guying, where ordi nary guy stakes or anchors will not hold satis factorily, is to use an inverted ordinary GI bucket as shown in figure 9–24.

f. When crossing ravines it is undesirable to place poles at the bottom, especially where the ground is soft and spongy, since the wire pull may be sufficient during the rainy season to lift the pole out of the hole. Poles placed in river beds may be washed out during high water. Where such locations are unavoidable it may prove desirable to place a log crib filled with stones or earth around the pole and to anchor the pole to the crib.



926. TREE-SLUNG CONSTRUCTION.

a. Several methods may be followed to con struct lines with trees as supports. Spaced in sulated wires which are fastened to the trees by slings of one form or another may be used. This has been called tree slung construction. One form of this construction is shown in fig ure 9–25. Each line conductor is supported by forestry type insulators (Graybar Electric Company No. 6651 or equivalent) which are tied to the trees with scrap wire. It is contem plated that only insulators and line wire will be taken into the jungle. The forestry type insulator is preferred because it is a split type and does not have to be strung on the wire in advance. If this type is not available, Insulator IN–75 or equivalent may be substituted.

b. In dense jungle where the line cannot be kept free from foliage, it will generally be nec essary to use insulated wire such as Wire

WS-1/TS (single wire similar in construction to Wire W-110–B), Wire W-130—A, or other jungle type wire which may be available. If Wire W-130—A is used it should be used as spaced pairs (ch. 5).
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Figure 9.26. Layout of tree slung route.

c. One object of the above type of construc tion is to prevent shorts or high leakage be tween tip and ring of a single pair from caus ing circuit troubles. Another object is to increase the transmission range beyond that obtainable with a single pair. Where paired wire such as Wire W-130—A is used in place of a single field wire it should be spliced as if it were to be used as two single conductors.

d. Where it is necessary to use the construc tion shown in figure 9–25, supporting trees should be selected along the general direction of the desired route and chosen as illustrated in figure 9–26 so that there will always be a pull on the wire away from the tree to avoid abrasion at the point of support. The distance between supporting trees should preferably be no greater than 100 feet but may vary plus or minus 10 feet.
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Figure 9-27. Tying line wires at fixed points.


	e. The line wires are allowed to slip freely through the insulators except at the ends and at intermediate points about every 1,000 feet where they are fixed or tied to the insulator. The wire is allowed to slip through the insu lators in order to minimize wire breakage from fallen tree branches. In case the wire breaks, the loose ends generally will not run through more than one insulator. The sag should be great enough to permit the wire to be pulled to the ground as determined by test; this test should be made close to one of the supporting trees and not at the mid-point of the span. A method of tying the line wire to the insulator at the fixed point is shown in fig ure 9-27. It is arranged so that the tie wire can not make contact with the line wire and thereby cause grounds or shorts in the line.

	f. The line route or signal trail should be as far as possible from the side of the main trail or road and, if a crossover is necessary, clearance should be 15 feet or more. Fixed supports on each side of the crossing are de sirable.
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NOTE: PLACE ONE STRAND OF TIE wife on THE INSIDE OF ONE CROSS AND on THE outside of THETNExtrTCAoss.

T-54099
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Figure 9-28. Weave tie supporting a straight section of wire.

g. It may prove desirable to guy the trees which serve as fixed supports, particularly where the trees sway substantially. Line wire will be used for guys attached to anchors, stakes or to the base of suitably located trees.

h. If there is noise from external interfer ence, it may be possible to reduce it somewhat by making transposition at the 1,000-foot in termediate tie points (subpar. e above), or at the end of each wire coil or reel.



927. USE OF INSULATED WIRE IN JUNGLES.

a. The objections to bunching pairs of insu lated wires as noted in paragraph 910c (2), are particularly important in the jungle on account of the rapid deterioration of the in sulation. Paired wire may be supported aeri ally by tying it to trees with short lengths of the same wire, leaving sufficient slack to take care of tree sway. The method of tying field wires, using the weave tie, is described in TB SIG 121. Figure 9–28 shows a line drawing and a photograph of the weave tie supporting a straight section of wire.

b. When the individual pairs have deteri orated so that excessive leakage between wires of a pair appears, it may be feasible to use two pairs in place of one, making each pair a single line conductor, and thus extend the life of the wire line although obtaining fewer circuits.

c. Insulated wire should not be buried nor laid on the ground in jungles unless extremely short life is satisfactory, since the insulation deteriorates rapidly due to ground contact and attack by insects.

d. It may be possible to bypass dense jungle areas in cases where waterways or ocean shores can be used for the line route. In this case Wire W-110–B can be used as a subma rine circuit. All splices should be waterproofed as discussed in paragraph 916b. Life expec tancy may vary from a few days to several months depending upon the amount of move ment caused by the water and the character of the water bottom. It is sometimes advanta geous to use the expedient of laying spiral four cable or Wire W-143 under water along stream beds or off shore to avoid dense growth. Spiral-four cable should have a longer life under water than Wire W-110–B.






CHAPTER 10 — ELECTRICAL PROTECTION


TOO1. PURPOSE OF PROTECTION.

Protection is provided for communication apparatus and cables to avoid damage from excessive voltages and currents which may be impressed on communication lines by light ning or by accidental contact with or induc tion from power lines. Protectors also mini mize hazard to personnel.



T002. EXTENT REQUIRED.


	a. In general, protective devices are sup plied as an integral part of tactical equipment. At the front it is unlikely that power lines will be energized; hence, for small-capacity equipment, protection is primarily against lightning. Larger-capacity equipment, nor mally used close to the front, is also protected against power line faults, since such equip ment is also used farther to the rear in areas where power lines are energized.

	b. Where protection is not an integral part of the equipment, provision should be made to install it unless there are no working power lines in the locality and thunderstorms are infrequent for the period and locality in ques tion. In considering the need for protection against power line faults, it should be borne in mind that such faults are apt to develop in -areas subject to bombing or other enemy action.

	c. Protective equipment available for use on electrical communication systems is described in TM 11–487.





1003. PROTECTORS.

Three types of protective devices are used, namely, voltage limiting gaps, fuses, and heat coils. A protector is a combination of one or more of these devices in a suitable mounting. These protective devices are illustrated in fig ure 10–1.

a. Protective Gaps. The voltage-limiting de vice is usually a small air-gap between two conducting blocks called protector blocks. One protector block is connected to the line and the other to ground. An excessive voltage on the line breaks down the gap; hence the voltage across the apparatus cannot exceed the break down voltage of the gap. Protector blocks used with communication equipment generally

[image: Figure, page 477]

Figure 10-1. Typical protector blocks, fuses, and heat coil.

have a gap of 0.003 to 0.004 inch, with a break down of 350 to 500 volts peak. Sufficient pro tection for cables is obtained with a gap of approximately 0.006 inch with a breakdown of about 700 volts peak.

b. Line Fuses. Fuses are placed in the line ahead of protector blocks to limit the current which may result from an accidental contact between power and communication conduc tors. These fuses usually have a 5 to 7 ampere rating and are capable of interrupting 2,500 volts at 200 to 300 amperes. Fuses having a lower rating (1 to 3 amperes) are sometimes used on small switchboards, to insure blowing when the ground resistance is relatively high.

c. Sneak Current Protection. Accidental con tact with power circuits may result in a volt age too small to break down the protector blocks. The current resulting from such con tacts, while not large (commonly called sneak current) may, if long continued, overheat apparatus. To prevent this, a low-capacity fuse or heat coil is inserted between the pro tector blocks and the equipment. Sneak-cur rent protection is generally required on local circuits at switchboards, but usually is not placed in long distance circuits nor at tele phones since the equipment used makes it unlikely that overheating will occur. For large switchboard installations, heat coils, which ground the line when operated, are used. Where there are only a few lines, low-capacity fuses which open the circuit are used. Ordi narily these heat coils and fuses are rated at 0.35 ampere.



1004. PROTECTION OF SWITCHBOARD EQUIPMENT.

a. Tactical Switchboards. The protection re quired for small tactical switchboards is gen erally furnished as an integral part of the equipment. When such swithchboards are put in service, it is necessary, for the protection to function properly, to connect the ground post to a suitable ground (par. 1011).

b. Other Switchboards. Where protection is not included as an integral part, separate mountings must be provided. At large switch board locations, a multiple mounting, designed for protector blocks and heat coils only, is generally used, a separate mounting being used for fuses if required. For smaller switch boards, a multiple mounting suitable for in stalling protector blocks, fuses, and sneak current protection is used. A typical switch board protector is shown in figure 10-2. Unless circuits are entirely in underground lead covered cables in well built-up areas, protec tor blocks should always be used at switch boards, since cables and rubber-covered con ductors, even when buried, may be subjected to excessive lightning potentials. Fuses may be omitted at switchboards where the circuits are in lead-covered cable if not less than 6 feet of the cable, between any power exposure and the equipment, is made up of conductors not larger than 24 gauge. Such small conductors will limit the current to such an extent that fuses are not necessary. Fuses may also be omitted where communication circuits are en tirely in rubber-covered wires even where ex posed to contact with power circuits. Experi ence has shown under this condition that a sustained contact with power circuits is un likely.
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Figure 10-2. Switchboard protector.



1005. PROTECTION OF TELEPHONES.

a. Portable Telephones. Portable telephones are ordinarily not provided with protection, largely because it is difficult to apply it and to provide suitable grounds. The hazard is small, since the circuits are usually not exposed to power contact and when not too long, they receive a measure of protection from the pro tector in the switchboard to which they are connected.

b. Fixed Telephones. Except in well built-up areas where circuits are entirely in under ground lead cable, or where circuits from switchboards to telephones do not extend out side of a building, fixed telephones should be provided with fuses and protector blocks. In general, an individual protector is used for each pair of wires. If it is necessary to locate pro tectors outside, they should-be guarded against the weather by a suitable housing. A typical protector used at fixed telephones is shown in figure 10–3.
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Figure 10-3. Telephone protector.



I006. LOCATION OF PROTECTORS FOR SWITCHBOARDS AND TELEPHONES.

The best location for protectors varies with the type of plant and local conditions. Unless protectors are an integral part of equipment, they should be located at an accessible point as near as practicable to the entrance of the wires into a building. They should not be in stalled in damp locations nor near easily ignit ible materials.



1007. ILLUSTRATIVE EXAMPLES.

The application of the protection principles discussed above is illustrated in figures 10-4, 10-5, and 10-6.
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Figure 104. Protection when there is no open wire between equipment.
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Figure 10-5. Protection for portable switchboard.
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Figure 10.6. Protection for an extensive communication system.



I008. PROTECTOR DRAINAGE.

Operation of protectors by lightning may cause false operation of carrier telegraph equipment due to metallic-circuit voltage set up by lack of symmetry in the discharges through the protective gaps. This trouble may be largely reduced by replacing the ordinary protectors with protector drainage. This drainage consists essentially of a well-bal anced 2-winding coil with each winding con nected in series with protector blocks to ground. This coil equalizes the discharges through the gaps. A typical equipment and schematic circuit of protector drainage are shown in figures 10-7 and 10–8. Protector

[image: Figure, page 480]

Figure 10-7. Office type protector drainage assembly.

drainage is in general supplied with both the packaged and portable types of carrier tele phone line transmission equipment. The drain age has been physically located with the equip ment. Where lead-covered paper-insulated entrance cable is used, protector drainage may be required at the junction of open wire and entrance cable in situations where lightning is prevalent enough near the entrance cable to cause serious effects on carrier telegraph.



1009. PROTECTION OF CABLES.



a. Protection of lead-covered Cables at Aerial Wire Junctions.

(1) To protect lead-covered cables against lightning, aerial wires (open wire, field wire, spiral-four) over $4 mile long and connected to cable conductors should be equipped with protector blocks at their junc tion with the cable. If, on this basis, one or more cable circuits require protection, all other wires connected to the same terminal, regardless of their length, should also be pro vided with protector blocks, to avoid excessive potential between cable conductors. Unless the length of one or more open wire circuits at a particular terminal is over 14 mile, no protec tion is required at that terminal.

(2) At the junction of aerial wire and cable, the protectors may be an integral part of the cable terminal; however, a more com mon method is to use a separate mounting suitable for attachment to a pole or crossarm similar to that shown in figure 10-9.

(3) Protectors installed at the junction of cable and aerial wires should have the ground ing terminal connected to the cable sheath. Where an aerial cable is small, especially where the soil resistivity is high and lightning is severe it is desirable to install a ground on the cable sheath at the open wire junction. Such a ground should have as low a resistance as can be practically obtained (par. 1011).
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Figure 10-8. Protector drainage.
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b. Protection of lead-covered long-distance Ceables. For aerial or buried lead-covered long listance cable, most of the lightning damage is due to direct strokes to the cable sheath. Such strokes may give rise to excessive volt age between the sheath and the cable conduc tors, particularly when the cable is of small size and the earth resistivity is high. Small size paper insulated cable provided with extra insulation between the conductors and the sheath may be used in such areas to reduce the likelihood of these voltages causing conductor failures.
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Figure 10-9. Cable protector.

c. Junction of Open Wire with Field Wire or Spiral-four Cable. No protection is ordinarily placed at the junction of open wire with field wire or spiral-four cable, since the likelihood of failure, in general, is small. However, in areas where lightning storms are frequent and buried spiral-four cable is inserted in an open wire line, as for example at a railroad crossing, it may be desirable to place protec tion (0.006-inch gap) at the junctions of the open wire and spiral-four cable (ch. 5). An effective ground can be obtained by installing a bare wire (No. 14 or larger) with the buried cable. The same considerations apply to buried field wire inserts in an open wire line.



1010. PROTECTION AT RADIO STATIONS.

a. Portable Equipment. No protection is re quired for portable radio equipment since with the short antennas used, the hazard from lightning is slight.



b. Fixed Stations.

(1) Stations using short antennas, as a rule need no special protection, for the same reasons as in the case of portable stations.

Where protection is desired, as in exposed locations with frequent lightning storms, it may be provided as described below.


	(2) Protection methods for large stations depend on the type of antenna and associated transmission line used. Tall radiating masts insulated from ground should be provided with a gap (horn or sphere type) across the base insulator. In severe lightning localities, wooden poles used as antenna supports should be protected against shattering, as described in paragraph 1012a. Where a single antenna lead-in wire or an open wire transmission line is used, protective gaps suited to the equip ment to be protected should be installed be tween such conductors and the station ground, or the buried grid (network of ground wires) at or near the station. Where a coaxial trans mission line is used, the outer coaxial conduc tor should be connected to the station ground and also grounded at the base of the pole or tower to the buried grid, if available, other wise to a driven ground. If the coaxial cable extends up a steel tower, it should be bonded to the tower both at the top and bottom.

	(3) Where coupling equipment is placed at the junction of coaxial line and antenna, sphere gaps or equivalent (usually furnished with the equipment) are placed between the antenna terminals of the equipment and the coaxial outer conductor. Equipment installed in series with antenna conductors, such as the resistor placed in the far end of a rhombic antenna, should have a protective gap (gener ally a horn gap) bridged across it.

	(4) As discussed in paragraph 1011b, all grounding connections at the station, includ ing the buried grid, if any, should be made to a common ground bus.





1011. GROUNDING.



q. Grounding Connections.


	(1) Every reasonable effort should be made to get low-resistance grounding connec tions. Under emergency conditions, it may be necessary to use a very rudimentary connec tion, such as a bayonet plunged into the earth. Under other conditions, a very extensive sys tem may be warranted, such as the grounding grid for a high-power radio transmitter.

	(2) Water pipes, gas pipes, or other ex tensive underground metallic structures should



be utilized where available; otherwise driven grounds or buried wires should be used.


	(3) Driven grounds are made by driving one or more ground rods (preferably at least 5-feet long and 1/2 inch in diameter) in the earth. The grounding resistance of a ground rod may be anywhere from a few ohms to sev eral thousand ohms, depending on the resis tivity of the earth and the depth to which it is driven. High grounding resistance is found in sandy or rocky ground, and very dry or frozen ground. The grounding resistance may be reduced by using rods connected in parallel, or by applying a salt solution, or both. Salt treatment may be applied by pouring a solu tion of about 5 pounds of rock salt into the ground at each rod. With high-resistivity earth, this may reduce the grounding resist ance by as much as 10 to 1. A ground rod should be driven into the earth for all or most of its length when practicable. Several 5-foot rods in parallel will give lower resistances than a single long rod, except where a con ducting layer is reached below a high-resist ance layer of some depth or the soil is deeply frozen. Sometimes a depression in the ground, which collects moisture, can be chosen for grounding. Rods should be spaced at least 6 to 10 feet apart to be effective in reducing the resistance when connected in parallel. For ordinary conditions one rod is used at indi vidual telephones or small switchboards, and 3 to 10 rods at larger switchboards.

	(4) Where it is difficult to drive rods, and where space permits, an effective low-fre quency ground can often be obtained by bury ing a bare wire in a shallow trench for a few hundred feet. If more than one trench is used, the trenches should preferably be at right angles or at a separation of not less than 10 feet.

	(5) The length of the ground lead used for carrier telephone systems should be as short as practicable, to keep its reactance low.

	b. Common Grounding. Grounds may be re quired at a particular location for more than one purpose, such as protection of communi cation equipment, a-c power supply ground, cable ground, and equipment ground. For pro tection reasons, it is best to connect all grounds to a common bus, particularly where lightning is prevalent. This will prevent ex cessive potential differences when one of the



grounds is carrying large currents, as may happen in a lightning storm. Such potential differences, unless avoided, may cause insula tion failures and hazard to personnel. For a similar reason it is advantageous from the protection standpoint to interconnect grounds of different communication systems installed at one point. In some cases where the resist ance of the ground is high, it may be necessary to use separate equipment grounds to avoid transmission difficulties; however, wherever practicable a single low-resistance ground should be used, and the ground lead should be as short and direct as practicable.

c. Grounding of Lead Cable Sheath. Sheaths of lead cables should ordinarily be grounded where they terminate at switchboards. Sheaths of underground and aerial cables should be bonded, where both are used. Sheaths of aerial cables should be electrically continuous from end to end, to prevent large differences of potential, which would otherwise occur at sheath discontinuities during lightning storms.



1012. SPECIAL APPLICATIONS OF PROTECTION.

Some of the more common situations occa sionally arising and requiring special protec tion are briefly discussed in this paragraph.



q. Protection of Poles.


	(1) Shattering by lightning of wooden poles in a wire or aerial cable line can be largely avoided, where necessary, by running a wire (for example, 104 copper or 109 iron wire) from the top of the pole to a short dis tance below ground. If new poles are being placed, such wires can be stapled on for the entire length. For the protection of linemen, it is frequently desirable to avoid having a ground at the top of the pole. For this purpose a gap about a foot long may be left in the wire approximately 7 feet above the ground.

	(2) The scheme just described cannot or dinarily be employed where wooden poles are used as antenna masts, since it may interfere with radio communication. For such cases, a series of short gaps may be placed in the wire at intervals not exceeding a quarter wave length.

	b. Protection of Equipment Inserted in Open Wire Lines. Equipment such as repeating coils, portable repeaters, and short sections of spiral four cable installed in open wire lines is vul nerable to lightning if not protected. The prin



ciple of protecting such equipment is shown in figure 10-10. It is important that the protec tion applied to the lines in both directions be connected to a common ground. The resistance of the ground in this case is not important.
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Figure 10-10. Protection of equipment in open wire lines.



1013. EARTH RESISTIVITY.

In the above discussion, earth resistivity is mentioned a number of times. Special test apparatus is required to obtain an accurate measurement of earth resistivity. An approxi mate estimate can be obtained by driving two ground rods 5 feet apart and 5 feet into the earth whose resistivity is desired, and meas uring the resistance between the two rods with Test Set I–49 or equivalent. The average of the two readings obtained by reversing the leads to the test set should be used. The re sistance between rods, in ohms, about equals the earth resistivity in meter-ohms at the spot tested. Resistivities may be rated as follows: low, up to 100 meter-ohms; medium, around 300 meter-ohms; high, 1,000 meter-ohms and up. The above method of obtaining a rough approximation of earth resistivity should not be confused with the measurement of the re sistance of a grounding connection. Informa tion on the measurement of grounding connec tion resistance is given in TM 11–2008 and TM 11–755 (when published).





CHAPTER II — TECHNICAL ADMINISTRATION


Section I. INTRODUCTION


1 101. GENERAL.

This chapter outlines the technical functions of the organization that is to engineer, install, operate, and maintain a communication sys tem, and supplies certain of the necessary basic engineering data required. Information is in cluded for telephone and telegraph (wire and radio) traffic engineering, and for estimating man-hours and time intervals required to in stall wire system offices. Desirable records, routines, and maintenance practices are sug gested. Information relative to the procedure to be followed in the planning of a telephone system, together with the engineering of switchboard installations and wire telephone lines, is given in chapters 2, 5, and 9. Tele graph system engineering is covered in chap ter 3, and radio in chapter 6.



T 102. THEATER EXPERIENCE.

In planning a communication system it is necessary to estimate the number of calls and the duration of the average call expected to be originated by the telephones and teletypewrit ers. It is also desirable to know the call-carry ing capacity of switchboard positions and of wire and radio telegraph and telephone chan nels or trunk groups, and the construction and installation time intervals. Experience from the theaters of operation should be valu able on many of these technical details in plans for a new communication system. The material herein reflects information which has become available from the theaters.



1103. PLANNING A COMMUNICATION SYSTEM.

a. Three Stages. Provision of a communica tion system usually involves planning at three distinct stages: long range and procurement planning to insure delivery of proper quanti ties and types of materials at the proper time; detailed project planning for specific facili ties; and day to day planning for growth, re arrangements, and repair of major damage.

b. Coordination in Planning. The numbers of trunks and local circuits are a traffic problem. The type of switchboard to be selected for a particular situation requires both traffic study and a knowledge of equipment features and limitations. Selection of the types of facilities needed for circuits involves, among other con siderations, a knowledge of transmission, sig naling, and construction. Wire and radio fa cilities must be effectively integrated. These examples are sufficient to illustrate that com plete coordination of the work by all groups concerned is essential to the proper execution of each project.



c. long Range and Procurement Planning.


	(1) This planning must allow 3 to 6 months or more for delivery of materials.

	(2) The estimated requirements as to the quantity, type, and geographical location of speech and telegraph facilities including radio, of all ground, air, naval, and service forces should be obtained at the earliest pos sible date to insure adequacy of supplies and efficiency in combining requirements in com mon user groups, location of long distance centrals and the larger signal centers, and maximum utilization of civil plant. Considera tion should be given to the return of some civil circuits for essential civil needs. Later re quirements for American military govern ment may need to be considered and decision made as to whether such requirements shall be allowed for initially in order to minimize future work.

	(3) The communication system layout should show the location of all centrals and signal centers. The number and calling rate of the local telephones and teletypewriters to be served by each central must be estimated. The number of switchboard positions can then be



determined. The average holding time per call must be estimated. The number of trunks to other centrals can then be determined. Pro curement lists of material and equipment for the entire system can then be prepared.

(4) A communication plan requires fore casts for major users, such as:

Theater headquarters:

Operational and administrative. Joint and combined control and liaison.

Ground forces:

Operational and administrative. Air forces:

Operational and administrative. Aircraft warning.

Weather.

Communications zone:

Administrative. -

Base, intermediate, and advance sections.

Transportation control. and utilities

Governmental and civil agencies.

(5) Intelligence reports may indicate the location of civil telephone lines, cables, radio equipment, central offices, or repeater stations in the area of the proposed operation. If not, highways and railroad routes may be pre sumed as possible line routes, although these are frequently not the best military routes, on account of liability to physical damage and electrical interference. Using the possible routes as a basis, the wire circuit require ments can be consolidated on a circuit dia gram indicating circuit concentrations be tween various points. An analysis of the cir cuit length and concentration will result in the selection of a type of construction and the formulation of a general transmission plan.

The existing civil facilities, if known, may have a major bearing on the plan.

(6) Communications planned 3 to 6 months or more in advance of use may not be built exactly as planned, but the planning aids in assuring materials adequate for the job, however built, and provides a transmission plan as a guide in the type and grade of facil ity to be provided. Consideration should be given in the over-all plan for the possible use of tactical construction as part of fixed plant after its use in the tactical phase.

d. Detailed Project Planning.

(1) This planning is required when the specific need for facilities arises. The materi als needed can then be ordered from the avail able stocks, for construction or installation, operation, and maintenance. The projects will be individual, such as a telephone or telegraph central for a particular location or an open wire pole line, a spiral-four cable between two definite points, radio relay systems, etc.

(2) Typical problems illustrating this type of planning and ordering are given in TM 11-487.

e. Day to Day Planning. This planning which is for unpredictable work such as growth, changes, and damage repair will be more ac curate than the long range planning or the detailed project planning because it can be based on known results or situations, such as counts of traffic, service observations, or in spections. The reasons for changes include: the move of a headquarters from one place to another; change in the volume of traffic from time to time, growing in the early stages and possibly declining in the later stages of an operation; the shift of a highway which will require moving a pole line; and shell or bomb damage, etc.




Section II. TECHNICAL FUNCTIONS


| 104. GENERAL.

q. This section covers the technical func tions of an organization for planning, con structing, operating, and maintaining a com munications system. These functions are tab ulated in figure 11-1 but the form of organiza tion is not indicated.

b. The division of functions for a theater communications system is broadly by staff and field categories. Those responsible for staff planning will rely upon the staff engineering people for estimates, advice, and consultation.



I 105. FUNCTIONS.

a. Staff Functions. Radio, wire, and traffic engineering in general are staff functions be

[image: Figure, page 486]

[image: Figure, page 487]

Figure 11-1. Technical functions for theater communications systems.

cause the work must be started well in ad vance of construction and installation. Cen tralization of engineering functions generally leads to the most effective coordination of the requirements of the several branches of the Armed Forces. Efficient use of personnel and facilities also results. A subdivision between wire and radio functions at a fairly high level may be necessary because of specialized per sonnel, but close coordination of these two functions is necessary. Close coordination also is essential with civil authorities in the use of civil plant to supplement existing military plant. Engineering, traffic, and plant matters may be involved. A communication organi zation requires routine clerical work and also special records such as circuit diagrams, equipment records, service observing data, di rectories, trouble records, etc. which are men b. Field Functions. A communication system may have sufficient plant remote from head quarters to warrant the establishment of sub tioned in various sections of this chapter.

divisions of base sections for effective ad ministration. These field subdivisions are called areas in this chapter. When field func tions are divided among areas, even the plant around headquarters may be operated as an area. Coordination of these areas from head quarters is desirable. The area functions in clude traffic management, plant work, and some aspects of engineering. Plant functions are field functions because they begin with the estab lishment of the first telephone or telegraph faci lities. They continue in the extension of plant and in maintenance after the plant is placed. It is impracticable to supervise the plant work for a large system from one central location. Traffic management is largely a field function. As with plant work, it is impracticable to supervise telephone central operations from one central location.

c. Circuit Control. When long distance circuits pass through several test stations or test offices, which may lie in several areas, experi ence has demonstrated the necessity for a definite rule for the delegation of control au thority." This is necessary for the orderly con trol of procedures such as the allocation of repeater gains and the reassignment of cir cuits under emergency conditions. A simple and clearly understood rule is desirable. A rule which has been successfully utilized is that a circuit which terminates at an inter mediate point on a long distance route will be controlled by the terminal nearest theater headquarters.




Section III. TELEPHONE TRAFFIC MANAGEMENT


1106. TELEPHONE CENTRAL WORK.

q. General. Telephone traffic management is concerned chiefly with supervising the opera tion of telephone centrals and related work such as information service, trouble report handling, directory, and service observing work. The activities include: personnel work; operator training; standardization of methods of handling various types of calls and related operations; determination of operating force and switchboard requirements; service obser vations and study of operating practices to see that efficient use is made of existing facilities; position load adjustment; record work of various kinds; etc. Reference may be made to TM 11-462, FM 24–20, and FM 24–75.

b. Written Practices. Written practices are de sirable for some of the traffic functions. Items to be covered should include operating tech nique and phraseology for handling the sev eral types of calls. These may be calls to dis tant or local points, switched calls, complaints, information calls, and trouble reports. The instructions may vary somewhat for different types of switchboards. Operating technique includes proper rotation of calls between cords, ringing intervals, monitoring, handling delayed calls, conference calls, routing of calls, etc. Directions should be provided for making traffic-load counts (peg counts), holding-time records, and service observations. Directory

*The importance of establishing a control point in European international telephony was recognized at the Budapest plenary meeting of the CCIF (Inter national Consultative Committee on Telephony) in September 1934 at which the following rule was recommended: "One of the stations through which a circuit passes is responsible for satisfactory trans mission on that circuit. This station is called the con trol station; it is chosen by agreement between the technical departments of the Administration and op erating companies involved. Unless otherwise ar ranged between the technical departments interested, the control station will be one of the terminal stations of the circuit."

preparation, distribution, and maintenance should be prescribed.



1107. TELEPHONE CENTRAL MANAGEMENT.

q. General. Operation of telephone centrals requires an adequate and well-trained force, good traffic load distribution between switch board positions, suitable switchboard equip ment location, correct marking of trunks and lines, and careful clerical work.

b. Duties of Officer in Charge. Each central requires local supervision and the officer in charge should have rank commensurate with the size of the central. He should exercise gen eral supervision and be responsible for opera tion as a whole; interpret and apply direc tives; select and train personnel, and provide them with necessary operating instructions, materials, and equipment; establish operator force schedules and coordinate shifts; see that security features are properly observed; make analyses of traffic conditions with a view to effecting improvement; adjust complaints and procedure difficulties; assign equipment loca tions in the switchboards; supervise the prep aration of directories; and provide the neces sary traffic diagrams and bulletins.

c. Duties of Chief Operator. A chief operator is required to supervise each central to see that proper and prompt service is given. As signment of operators to positions, supervision of information service, etc., are additional re sponsibilities. At long distance switchboards it is essential to watch the progress of traffic and to post delay information for the guidance of operators when trunk group trouble or con gestion occurs. The chief operator should su pervise the activities of personnel on duty in his shift; carry out instructions with particu lar reference to moving traffic rapidly and accurately, preserving security and dealing effectively with delays, difficulties, and emer
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Figure 11-3. Telephone route bulletin.

gencies; and keep the officer in charge in formed of any unusual developments. A large switchboard may require section or subsection supervisors with duties similar to those of the chief operator in relation to the operators under his direction. Supervisors also may be required for the evening and night shifts to take charge of the central, with responsibili ties similar to those of the chief operator as to the moving of traffic during their shifts. Such supervisors should report to the chief opera tor.


	d. Operator Attitude. The successful working of a central depends upon the operators. Prompt answers and completions, courtesy, and strict observance of instructions are im portant. Instructions are necessary as a guide but in addition common sense, secrecy, tact, and discretion on the part of the operator are required.

	e. Trunk Designation Strip Marking. Clearly marked designation strips with a minimum of abbreviations are important for good switch board operation. The difference between via and terminal grade long distance trunks ne cessitates marking their designation strips so that operators can distinguish between them where both grades exist between two centrals. One method is to use the initial V, placed on the designation strip after the group name in the case of via trunks, and the letter T in the case of terminal trunks.

	f. Traffic Diagrams. Either traffic diagrams or route bulletins, or both, should be provided for every central, located where they will be read ily accessible to operators, to indicate how to



reach other centrals. This is particularly neces sary when the distant central is reached through another central or has an alternate route. At tactical switchboards, route infor mation is by diagram as illustrated in FM 24–20 and TM 11–462. At fixed plant switchboards, if space is available, diagrams can be posted on or above the face of the switchboard positions with one diagram for every two operating positions. A diagram of traffic routes for a large fixed plant network is illustrated in figure 11-2. For such networks the routing is complex, and it is impractical for operators to use traffic diagrams for all calls. The best arrangement for such situations is to provide route bulletins in ring binders, with the names of centrals and routings arranged in alphabetical order as shown in figure 11-3. These binders can be kept at information positions which can be reached over special lines by all of the operators at the switchboard. In this case, the traffic diagrams located at the operator's positions would cover only nearby points, direct points, and most frequently called points.









	Hour
	
	Percent of busiest

hour traffic



	2400-0700.
	
	a




	0700-0800.
	40
	



	0800-0900.
	
	70



	0900-1000.
	95
	



	1000-1100.
	100
	



	1100–1200.
	80
	



	1200–1300.
	50
	



	1300-1400.
	75
	



	1400-1500.
	100
	



	1500–1600.
	90
	



	1600–1700.
	90
	



	1700–1800.
	90
	



	1800–1900.
	60
	



	1900–2000.
	50
	



	2000–2100.
	40
	



	2100–2200.
	40
	



	2200–2300.
	25
	



	2300–2400.
	25
	





* For the night assignment, a single row of 10 or less positions will require one operator, but a second is desirable for relief and safety. Larger numbers of positions or double lines of positions will require more.

Figure 11-4. Typical telephone switchboard traffic distribu tion by hours.

g. Traffic Distribution by Hours. Where no data are available from the specific central or a comparable one, the information shown in figure 11-4 which is typical of military field conditions, may be used to estimate the num ber of calls in the various hours. It is impor tant, however, to secure actual data as soon as the switchboard is working.


	h. Operating Personnel Requirements. The rhumber of positions in the switchboard lineup usually determines the number of operators on duty at the switchboard during the busiest hour of the day. Since the traffic in most of the other hours is less than that in the busy hour, the operating force can be reduced dur ing those hours in relation to the calls han dled. The number of operators required for each hour may be read from figures 11-10, 11 11, and 11-12 depending upon which table applies. When the number of operators re quired for each hour has been determined a schedule of assignments should be drawn up to cover the actual operating requirements, supervisory requirements, meal hours, and periodic relief periods. In general, the total number of operators on the force will be from 2.0 to 2.5 times the number of operators re quired in the busy hour.

	i. Position load Balance. The load on a switch board should be distributed so that the traffic flow from each switchboard position will be approximately equal. The number of line lamps allowed per line may not always permit lamps in all the appearances of the line mul tiple. This, in general, will not become a prob lem in military switchboards of a type which permit five lamps per line except for switch boards of more than 10 positions. At the West ern Electric Company No. 12 switchboard, which is limited to one line lamp per line (two may be used but this limits the lamp bril liancy), the lamps should be distributed so that each position has approximately the same number. Lamps generally should be placed as fully equipped strips of twenty because it is difficult to keep a record of scattered lamps.

	i. Line Priority Marking. The traffic on a switchboard may result in periods of overload for which it may be desirable to have distinc tive marking on lines that should be given priority. This can be done by use of colored lamp caps on the lines that must have priority service. Another method is to insert color disks made from transparent material such as theatrical gelatin sheets inside the lamp caps, or to slip over the switchboard lamp half of a colored gelatin medicine capsule. Color ap



plied to lamp caps inside or outside, or to switchboard lamps is not entirely successful because it is difficult to obtain uniform colors on a group of lamps by this method. Colored designation cards can be used on lines equipped with designation strips.

k. Operating Room Quieting. The room noise usually prevailing in an operating room, and especially the noise near the operators' heads, should be kept as low as practicable, in order to minimize transmission impairment, and provide more pleasing working conditions, both of which will tend to improve service. Noise in operating rooms results from voice sounds and from many local sources such as footsteps, bells and buzzers, clocks, cord plugs and weights, dials, fans, keys, and miscellane ous room equipment such as typewriters, chairs, doors, windows, etc. In some cases out side noise, such as street noise, is an impor tant factor. The noise may not rise to an ob jectionable value in centrals of a few positions of switchboard but may be high enough to re quire treatment in large centrals. Remedial measures include: removal of typewriters and adding machines to other quarters; local maintenance treatment of squeaky chairs and door hinges, curtains that flap in a draft, noisy fans, and windows that rattle; fasten ing of linoleum to the cord well panels to deaden the sound of cord weights striking them; and elimination of unnecessary travel in or through the operating room.



T 108. TELEPHONE SWITCHBOARD OPERATION.


	q. General. Military switchboards are of various types as described in chapter 2 and in TM 11-487. Operating practices differ for the different types. For example, strictly lo cal switchboards use practices that differ in many respects from the practices required at strictly long distance switchboards. It prob ably will be necessary to use variations to meet local conditions in some cases.

	b. Local Switchboard Operation. Cord pairs should be used in rotation until all have been used. It is usual to work from left to right. Disconnected cords will not be used until reached again in rotation. Cords should be . picked up by the plug shell. When idle, an op erator should hold the plug of the next cord to be used, with listening key open, waiting for a call except, of course, during light traffic hours. Signals within reach, in front and to



right and left should be answered in order of appearance. If a signal exists in a position that the operator cannot answer promptly, an ad jacent idle operator should be signaled by hand to take the call. Correct action on dis connect signals is important. One-lamp discon nects usually indicate need for challenge be fore disconnecting, but two-lamp disconnects do not. It is desirable to monitor and challenge on magneto-line to magneto-line calls before disconnecting because many magneto line users fail to give the operator a ringoff signal.

c. long Distance Switchboard Operation. Cord rotation from left to right is suggested as at local boards. A rear cord should be held in the hand while the operator is idle, with the listening key open on this cord pair. Answers on calls from a local telephone should be by the words long distance. Incoming calls from dis tant places should be answered by giving the name of the central. Service users should be informed of the progress of calls at reasonable intervals. Monitoring is required frequently to assist in call completion. The called num ber need be repeated by the operator only if in doubt. On calls delayed because of no cir cuit or called party busy the operator should ask for the user's name and telephone number and the calling party should be told that the call will be recorded and completed later. The details should be entered on a ticket described in subparagraph e below, which entry should include filing time. These tickets should be passed along the board to one operator whose duty is to handle them, if the operating prac tices requires this method of completing. De layed calls should be completed in the order of filing unless they are urgent (FM 24–20). The originating long distance office is responsible for all calls. At an intermediate point where through calls are switched, no ticket is required on through calls that are not delayed because of trunks busy beyond the switching point. How ever, on through calls that are delayed at an in termediate point because of no circuit beyond, a call order ticket also described in subpara graph g below, should be made at the inter mediate point. No information calls should be handled by a long distance operator, but should be referred either to a supervisor at centrals large enough to have them, to a special posi tion, or to a special desk in the switchboard room. At small centrals they can be referred to the chief operator.


	d. Combined local and long Distance Switch board Operation. Operation of combined local and long distance switchboards requires use of the practices of both local and long distance switchboards. The local switchboard practices are used for handling local calls and the long distance switchboard practices are used for handling long distance calls. These are the practices that are given in subparagraphs b and c above.

	e. Delayed Call Tickets. Tickets are required to be written by the operator at long distance and at combined local and long distance switch boards, only on calls delayed because of no circuit or called party busy. Figure 11-5 shows a suggested form of delayed call ticket. An operator at the long distance switchboard should initiate the subsequent attempts to com plete the call. The service user should initiate subsequent attempts to complete local calls or calls to nearby centrals which do not require use of long distance trunks, when the first at tempt finds no circuit or called party busy.

	f. Delayed Call Recording Desk. One or more local telephone lines may be installed on a nearby desk to which long distance operators can connect calls for delayed call recording during periods of peak traffic or at other times, such as circuit interruptions, when it is desir able to relieve operators of as much work as practicable. The person assigned to answer these telephones can also inform telephone users of posted delays, maintain delayed call tickets in proper order, and distribute tickets to switchboard operators for completion. This work should revert to the regular operator when the load falls off.

	g. Call Order Ticket. Call order tickets may be used for certain types of delayed calls. For example, when a call which is switched through an intermediate central encounters a delay in reaching a circuit to the distant point, it may be desirable for the intermediate op erator, particularly on congested groups, to write a call order ticket and call back the originating operator when a circuit becomes available. Figure 11-5 shows a suggested form of call order ticket. Such calls should be com pleted in the order of filing time.

	h. Urgent Calls. The operator may be called upon to handle calls which have been given the precedence of urgent by proper authority. Such calls may originate on loops at the operator's switchboard or may come in on trunks. If the



called party is busy, or if all trunks to the called switchboard are busy, an existing call may be interrupted.


	i. Order of Attention to Signals. All signals should be answered in the order of their ap pearance. Occasionally signals of different kinds will appear at the same time, and it will be necessary for the operator to decide which signal should be answered first. In such cases, the following order of precedence should gov ern : first, flashing supervisory signal, because the operator of the position is the only opera tor who can answer it; second, incoming trunk signal in order to obtain maximum trunk effi ciency; third, line signal; and fourth, one lamp disconnect signal, because one party may desire additional service. Two-lamp discon nect signals require no answer and the cords should be pulled down as promptly as possible as an overlap operation so that lines and equip ment will be available for use on other calls. An exception to these rules is in the case of priority lines on which the signals should, of course, receive precedence over the other sig nals.

	i. Phraseology. The phrases and practices contained in FM 24–20 and FM 24–75 are to be used where applicable. To avoid confusion both to the users and to operators, it is neces sary that common practices be used throughout a communication system. Military courtesy applies in the operation of all centrals.





k. Special Services.


	(1) Information Calls. Information calls for telephone numbers not listed in directories can be handled by either of two practical methods at local switchboards. If the volume of calls is small, a card with listings in alpha betical order can be mounted between each two operators on the face of the switchboard or key-shelf. For larger volumes, two inter position trunks should be provided to a table which should always be occupied, and where the record should be kept. The two trunks should be multipled before all operators. This table can also handle trouble reports. It is not practicable to attempt information service at a separate long distance switchboard be cause of the difficulty of maintaining direc tories of the many centrals involved. It is better to put the calls through to the called central where the desired information can be obtained.

	(2) Trouble Reports. Trouble reports
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TL 54879 Figure 11-5. Call order and delayed call tickets.

can be taken by the operator or passed to the chief operator at small centrals, and also at large centrals in the hours of light traffic when the volume of trouble is not great. The trouble reports can be recorded on trouble tickets shown in figure 11-6. These can be delivered to the wire chief who can maintain the line record cards of figure 11-46 on which he can record the trouble report, the nature of the trouble found, and the time it is cleared. The trouble tickets do not need to be retained. When the volume is too great for this method, the calls can be passed over interposition trunks which terminate at a table which is occupied by a repair service clerk as discussed in paragraph 1162.


	(3) Service Complaints. Service com plaints on slow operator answer or action, or on handling of urgent, delayed, or information calls should be given to the chief operator, re gardless of number of switchboard positions.

	(4) Special Operation for Priority Lines. One position of a switchboard can be used for giving special service to high priority users. This is suggested as an alternative to provid ing a small switchboard to serve the high priority lines.

	(5) Changed Numbers. Where necessary a list of changed numbers may be posted on the face of the switchboard between each two operators.



War Department, Signal Corps Form 41

Locally printed form

TL 5.4933

Figure 11-6. Trouble tickets.



1109. TELEPHONE DIRECTORIES.

q. General. Telephone directories will be re quired immediately when switchboards are put in service and will require revision from time to time. The frequency for making printed re visions will be controlled by the rate at which additions and changes are made in telephone lines. A master list should be maintained at each switchboard for connected stations. The service orders must provide for a copy to be routed to a clerk in the central who will be wart prºpºr responsible for maintenance of a master rec *ś, RºſBLE RHPSRI ord. The master record can be used by the Telephone ºº2.~:..º.º." operator who is assigned to answer calls routed


tories. For the larger switchboards the size and nature can be varied as required. The cover may list emergency numbers such as: fire station, military police, and ambulance; also instructions as to priority of calls. A page inside the front cover should give brief instruc tions to users of the service. The items covered should include: how to make long distance calls; restrictions on long distance calls, and limiting conversations; how to make com plaints, trouble reports, and information calls; security; and requests for facilities. Office code names may be listed. Local conditions will dic tate the set-up used in listing station numbers as, for example, division of the book into sec tions, one section for each branch of service. Publication may be required once a month or at more frequent intervals. Distribution prob ably will be required at least to each station using the service. Extra copies may be desir able where more than one person uses the same telephone..





II 10. TRAFFIC COUNTS AND OBSERVATIONS.

q. Traffic Counts. Traffic data form the basis for line and equipment engineering and for the provision of operating forces. Therefore, re liable data are important. Counts of local and long distance calls (peg counts) are desirable. Attempts should be counted rather than com pleted calls. Meters which operate by push but ton and give visual count are preferable for taking counts but, if not available, stroke rec ords can be made. This information may not be required for the small switchboards of one or two positions but will be required for large centrals. The counts can be made after opera tions in a new system have reached a settled stage, taking counts for example, for 2 weekdays at weekly or longer intervals. Peg counts may not be practicable in a rapidly changing situation. If they can be taken they will be useful, provided personnel with enough experience to interpret the results are avail able.

b. Continuous Record. A continuous narrative record of all pertinent information as to what occurs on a single long distance line for a period of perhaps one hour in a busy period will provide information which will be helpful in improving effective circuit usage. Such in formation may be interpreted usefully by an engineer familiar with long line operating.

[image: Figure, page 494]

c. Service Observing. Service observations on 30 local telephone loops can be made by using the multiline observing cabinet described in TM 11–487. Trained observers are required to obtain satisfactory results. In order to draw any conclusions as to the quality of service being given at a central, it is necessary to ob tain an adequate sample of several hundred observations or records of individual calls. Personnel experienced in the interpretation of the collected data is also required. A simpler method of service analysis is by visual obser vation of the work at the switchboard, and by monitoring with a head receiver connected in parallel with the operator's telephone re ceiver at the switchboard position. The mon itoring will check use of correct phrases, pro nunciation of names and digits, and courtesy. Visual observations permit correction of poor work as to speed, order of attention to signals, ticket handling, and attention to supervisory signals. These observations will be found use ful at the larger centrals for improving serv Ice.

d. Circuit Holding Time. Circuit holding time is the expression used to indicate the length of time connections are held in use. The cir cuit holding time of a long distance call is the time interval from plugging in on the trunk until removal of the plug at the end of the call. Holding time data are used in determining the number of trunks in a trunk group between centrals. This information can be obtained from four sources. One source is from service observations and another is from the narrative record. A third method is to make tickets which show elapsed time on all long distance calls for short periods, for example, in the busiest hour of two weekdays each week. This source is particularly useful in newly estab lished centrals. A fourth method is by taking plug counts as described in subparagraph e below. After service has become well estab lished, the intervals between the observation periods can be as required, probably every 2 or 3 months.



e. Plug Counts.

(1) Plug counts may be taken to show the average number of circuits in use in the busiest hour. From this information and the number of calls handled, the average holding time per call can be determined.

(2) A plug count consists of a visual count of the number of cord plugs connected to the trunk jacks, a visual count of the trunk busy lamps, or a count made of busy trunks by an electrical test of the trunk jacks. The count may be taken at 2- or 3-minute intervals for several representative busiest hours. When plugs are counted it is necessary to count the sum of the number in each appearance of the jacks. The busy lamp or busy test counts may be made at one appearance of the jacks.

(3) The average circuit holding time per call, in minutes, is determined by multiplying the average plug count by 60 (min per hour) and dividing by the number of calls. For ex ample, assume that the count is taken at 2 minute intervals (30 times per hour) and the total number of plugs counted in the busiest hour for a given group is 123, then the average number of circuits in use during the busiest hour is; = 4.1. Assuming that a traffic count (subpar. a above) made during the same hour shows that 49 calls are handled by the group, the average circuit holding time per 4.1 × 60 49 ample, for simplicity, derives the average holding time per call from one hour's observa tion. Observations over the busiest hours of several days are necessary to arrive at a re liable average for engineering purposes. call will be: = 5 minutes. This ex




Section IV. TELEPHONE TRAFFIC ENGINEERING


1111. GENERAL,

Telephone traffic engineering for a com munication system is required for the follow ing purposes: to decide the type, size, and lay out of new switchboard installations; to deter mine the number of trunks in each trunk group between switchboards; to determine the need for equipment and trunk circuit addi tions, based on growth, peg counts, and service observations; to see that efficient use is made of existing facilities by study of operations and service observing; and to provide for de sirable rearrangements. Traffic engineering for a new communication system should be made from the best possible estimates as to the location and extent of the new layout, and should reflect experience as far as practicable. The size and type of switchboard can be de cided from the information given in this sec tion, in chapter 2, and from the switchboar descriptions in TM 11–487. * w



1112. TRAFFIC EXPERIENCE DATA.


	a. Experience in various theaters of opera tions has provided some useful data for engi neering both tactical and fixed plant telephone centrals.

	b. The following data apply to combined lo cal and long distance centrals.

	(1) Military telephones originate an average of two to three calls per telephone in the busiest hour. This compares with commer cial PBX calling rates in which three calls in the busiest hour is a high average rate.

	(2) A typical distribution of calls at a combined local and long distance central, by types of calls, is:
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	(3) Assuming three originating calls per telephone in the busiest hour, the total traffic (originating, incoming, and through) at a combined local and long distance central is: '. X 3 = 5.5 calls per telephone in the busiest hour.

	c. The following data apply to separate long distance centrals.

	(1) Experience indicates that the num ber of long distance calls (outward, inward, and through) handled at a long distance switchboard in the busiest hour amounts to 0.3 to 0.4 times the number of telephones served on outward long distance calls. This number includes the telephones in nearby lo cal centrals whose long distance outlet is through this switchboard but does not include telephones whose outlet is through other switchboards. To achieve any appreciable re duction in the factors given above, it will be necessary to restrict more than 50 percent of the telephones, because in any event the un restricted telephones generally are the chief long distance service users.

	(2) A typical distribution of calls at a separate long distance central, by types of calls, is:
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	d. The following data apply to separate local centrals.

	(1) A typical distribution of calls at a separate local central, by types of calls, is:
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(2) Assuming three originating calls per telephone in the busiest hour, the total traffic (originating and incoming) at a separate local central is: #x 3 = 4.3 calls per telephone in the busiest hour.



II 13. CHOICE OF SWITCHBOARDS.


	a. Available Switchboards. The Signal Corps tactical and fixed plant switchboards are de scribed in TM 11–487. Certain of the funda mental features are discussed in chapter 2 and in subparagraphs below.

	b. Factors in Selection. Choice of the type of switchboard for a certain location depends upon the questions which follow:

	(1) How many local telephones will be connected to it if it is a local switchboard, or served by it if it is a long distance switch board (par. 1114) 2

	(2) What will the total traffic be, in num ber of calls in the busiest hour (par. 1114a) 2

	(3) Is magneto or common battery serv ice required (ch. 2 and subpar. g below) 2

	(4) If common battery, will a nonmultiple or multiple switchboard be required (ch. 2) 7

	(5) Is speed of installation important (subpar. d below) 2

	(6) Will it do tandem switching for sur rounding centrals (ch. 2 and subpar. f below)?

	(7) Is it to operate as a long distance as well as a local switchboard (ch. 2 and par. 1114b) 2 -

	(8) Will the selected switchboard pro vide all of the necessary features (subpar. c below) 2

	(9) Is there suitable space available for accomodating the central (sec. X)2

	c. Available Features. The switchboard data in TM 11–487 indicate that not all the desirable features may be available in any one switch board and that a choice will depend on the more important features available in the switchboard selected. Considerations involved are discussed in the following subparagraphs.

	d. Commercial Versus Tactical Centrals. Com mercial type switchboards for the larger head quarters centrals have proven satisfactory. These headquarters remain at one location long enough and are large enough to justify commercial installations. Also single position commercial type switchboards can be used for the smaller headquarters centrals. These can



be connected to the commercial switchboards at the larger headquarters where switching can be performed for them to pass calls to other centrals in the system. However, delivery and installation intervals for commercial type multiple switchboards, which may be 2 to 6 months or more, may necessitate use of tactical switchboards for headquarters in the initial phases of an operation. Tactical switchboards are primarily designed for use where speed of installation and mobility are required.

e. Large Versus Small Centrals. Other factors being equal, a few large centrals are prefer able to several small ones. The alternatives are illustrated schematically in figure 11-7.
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Figure 11-7. One large versus several small centrals.

With large centrals the service is better and more uniform because the operators can be more effectively trained and supervised; there is less switching of calls, with reduced chances of faulty routing and cut-offs; the trunk plant is more economical (subpar. f below); the op erating and maintenance personnel are re duced because they work in larger and hence more efficient teams; and the reduction in the number of power plants, particularly engine driven generators, simplifies maintenance and supply. On the other hand, with larger centrals the loops to outlying telephones may be longer. The loops must not exceed the oper ating limits of the switchboard, and the trans mission loss in the loops should not exceed what is permitted under the transmission plan (ch. 2). In specific situations it is frequently de sirable to use two or more smaller centrals rather than one large one for practical reasons. For example, by establishing separate centrals at air fields, hospitals, or dock areas some dis tance from the community center, important economies in material can be realized by not bringing the resultant long loops into the main switchboard, even though the transmission and operating limits would not be exceeded. Dis persal is another advantage of several rather than one switchboard.

f. Tandem Switching. A central at which trunks from local centrals are interconnected is known as a tandem switching point (ch. 2). Most long distance centrals are, in effect, tan dem switching points. As compared to direct trunking of all calls, tandem switching results in a smaller number of and more efficient trunk groups. There are, however, certain hazards in placing complete reliance on tan dem switching, since the loss of the trunk group to a tandem central results in complete loss of trunk service. A compromise, with tan dem trunks and some direct trunks for alter nate routes, gives both safety and economy of plant. In general, tandem trunks will be of the 2-way ringdown type. Figure 11-8 illustrates the difference in the number of trunk groups required with and without tandem switching.

g. Common Battery Versus Magneto Service. A better grade of service can be given with common battery than with magneto centrals. Magneto lines have certain advantages how ever, because they will operate over longér loops. and under bad line leakage conditions, power plants are not required, and the cen trals can be installed quickly. The advantages of common battery lines are that they require less effort by the user; they provide automatic signals to the operators on disconnection and more positive recall signals to operators; and, if telephones such as the TP-6 are used, bat tery maintenance at the telephones is avoided. These factors indicate that common battery telephones and switchboards are best suited for stable situations and heavy concentrations of telephones; magneto telephones and switch boards become more desirable as the front lines are approached and in the less stable areas where the number of telephones is small. Certain of the tactical and fixed plant switch boards are arranged to work with both com mon battery and magneto telephones. This gives the advantage of common battery opera tion on most loops, with provision for serving
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Figure 11-8. Advantages of tandem interoffice trunking plans.
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the more remote telephones on a magneto basis.


	h. Combined Versus Separate local and long Distance Centrals. A separate long distance cen tral, that is, one which has access to long dis tance lines and direct access to only a few loops or no loops, usually can be justified only when the volume of long distance calls is suffi cient to utilize a relatively large and efficient group of long distance operators. Such situa tions are comparatively rare in the Army, occurring only at large headquarters, major port or supply installations, or other similar concentrations. In most cases, long distance calls can be handled more effectively at a com bined local and long distance central having access to both local loops and long distance lines. This will usually be the largest central in the area if there are more than one. All op erators handle both types of calls, thus giving maximum team efficiency and avoiding one switching operation on the calls that originate from or terminate on the loops appearing in that board.

	i. Switchboard Cord Circuits. The type of cord circuit provided in a switchboard is an impor tant factor in the selection of a switchboard for a particular kind of service.

	(1) In magneto switchboards, nonring through cord circuits (ch. 2) with separate supervisory signals on front and back cords are preferable to the ring-through type be cause a ring-off or a rering signal from one line does not ring the other line.

	(2) In common battery switchboards, universal cord circuits (ch. 2) are preferable. These permit nonring-through connection be tween magneto trunks or lines and common battery lines. Experience indicates the desir ability of rering or recall supervisory signals which lock-in, that is, continue to indicate after they are actuated. If they are the non lock-in type they light only momentarily while the actuating ringing current is flowing. Lock in is particularly desirable where switching of calls from one 2-way ringdown trunk to an other is desired. If a common battery switch board is equipped with local common battery cord circuits (ch. 2), it is desirable to have 2-way ringdown trunks of the type that give rering signals on the cord circuit supervisory lamps, rather than on drops or line lamps. If the 2-way ringdown trunks do not give




	the rering feature, the result is one-lamp su pervision on a connection between a 2-way ringdown trunk and a loop. Furthermore it is not desirable to connect one of these ringdown trunks to another because the lack of super visory signals would make it necessary for the operator to monitor. Ringing on both front and back cords is preferable to having it only on the front cord because it is frequently de sirable to recall the party on the answering cord without changing cords.

	(3) A commercial PBX type cord circuit has several features which are not generally advantageous in Signal Corps switchboards, although in many cases they can be tolerated. Among these are the cut-through feature which may require special consideration with common battery trunks (ch. 2); the night and-through-dial keys which are used only with common battery trunks (ch. 2); the rel atively small battery supply currents on con nections between two loops, or between loops and ringdown trunks; and the relatively small conductor resistances permissible in the loops particularly from the nonmultiple type PBX's which were designed for operation on less than 24 volts. The battery supply with a cut through cord circuit comes over the trunk from the distant central. The loop limit of the distant central in this case includes the sum of the local loop and the trunk loop resistances, which permits only rather short loops for the local telephones. Figure 11-9 indicates this sit uation, showing the battery supply to a local loop when connected to a common battery trunk to a distant common battery central. The Signal Corps usually provides 24-volt battery at each common battery PBX-type switch board. The Western Electric Company No. 551B (X–66070) PBX switchboard permits longer local loops by using a special trunk cir cuit in the PBX, which supplies talking bat tery to the local telephone loop from the PBX switchboard instead of from the distant cen tral. This is also illustrated in figure 11-9.

	(4) A dial associated with each opera tor's circuit is preferable to having a separate dial cord because less operator effort is re quired to complete a call, and the dial cord arrangement necessitates a dial jack for each dial-office trunk. However, where the number of dial calls is a small part of the total traffic, the additional effort is not controlling.
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Figure 11-9. Battery supply circuit to a local loop when connected to a common battery trunk.



1114. TELEPHONE SWITCHBOARD POSITION REQUIREMENTS.



c. General.


	(1) The number of positions required to serve a certain number of local telephones is re ferred to as the position requirements.

	(2) The position requirements are de termined by the number of calls handled in the busiest hour and by the type of switchboard provided. The traffic in the busiest hour will depend on the number of local telephones and the average number of calls per telephone. The number of telephones must not be con fused with the number of lines (subpar. f be low). The fundamental plans for a communica tion system laid out by use of the information given in this and other chapters will deter mine the type of switchboards to be used at specific locations and the type of trunk plant used. Some switchboards will be local, some will be long distance, and others will be com bined local and long distance. When the num ber of calls to be handled in the busiest hour has been determined, the number of positions can be determined as stated in subparagraphs b to e below.

	(3) In engineering a new telephone switchboard installation, it may be necessary to estimate the busiest hour traffic from ar



bitrary assumptions. If the assumptions for a new installation prove to be inadequate as to the busiest-hour traffic, service restrictions can be imposed to reduce the traffic until the fa cilities can be increased. Additions can be en gineered from known data and peg counts.


	b. Combined local and long Distance Switch board. Figure 11-10 shows the position require ments for this type of switchboard based on the estimated traffic which is to be handled in the busiest hour. It also shows the number of local telephones which can be served if the average originating calling rate per telephone is two or three calls in the busiest hour. More telephones can be served if the average calling rate is less and, conversely, fewer can be served if the calling rate is higher. The traffic in the busiest hour depends on the number of local telephones connected to the switchboard and the average number of calls per telephone in the busiest hour, including local (loop-to-loop), outward trunk, inward trunk, and through trunk (switched) calls. Long, distance calls originated by telephones connected to this type switchboard are completed by the operators at the switchboard.

	c. Separate long Distance Switchboard. Fig ure 11-11 shows the position requirements for this type of switchboard based on the esti
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	81-110
	1,990–2,140
	14
	547-588
	364–392
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This table is based on the following assumptions:


	1. The number of telephones served is 1.5 times the num ber of loops connected to the switchboard.

	2. Each operator handles all types of calls.

	3. The number of calls per operator in the busiest hour depends on the number in the team on duty. The number of calls per operator per hour is:

	1 operator 100 calls per operator hour




	2 operators 133 calls per operator hour




	3 operators 147 calls per operator hour




	4 operators 150 calls per operator hour




	5 or more operators 153 calls per operator hour º




	4. The distribution of traffic is as given in paragraph



1112 b but the table permits variations as indicated below:
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	5. The switchboard face layout permits every operator to reach every local line and trunk. Additional positions (end positions) may be required to assure this.

	6. Tickets are to be written on delayed long distance calls only.



Figure 11-10. Position requirements, combined local and long distance common battery switchboards.

mated traffic which is to be handled in the busiest hour. It also shows the number of lo cal telephones which can be served if the aver age total long distance calls in the busiest hour (outward, inward, and through) per tele phone served is 0.3 or 0.4 calls as indicated in the figure. More telephones can be served if the average calling rate is less and fewer can he served if the calling rate is higher. The trafic in the busiest hour depends upon the number of telephones in nearby local centrals whose long distance outlet is through this switchboard but the number does not include telephones whose outlet is through other switchboards.

d. Separate local Common Battery Switch board. Figure 11-12 shows the position re quirements for this type of switchboard based on the estimated traffic which is to be handled in the busiest hour. It also shows the number of local telephones which can be served and which will generate this traffic if the average originating call rate is two or three calls per telephone in the busiest hour. More telephones can be served if the average calling rate is less and conversely, fewer can be served if the calling rate is higher. The traffic consists of lo cal (loop-to-loop), outward trunk, and inward trunk calls.
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traffic (outward,

inward, and

through calls)
	Positions

required
	At

0.3 total long

distance calls

(inward, outward,

andthrough)

busiest hour per

telephone served
	At 0.4 total long

distance calls

(outward, inward,

in the andthrough)

in the

busiest hour per

telephone served
	Total busiest-hour

traffic (outward,

inward, and

through calls)
	Positions

required
	-

At

0.3 total long

distance calls

(inward, outward, I (outward, intrard,

and

through) in the

busiest hour per

telephone served
	At

0.4 total long

distance calls

and

through) in the

busiest hour per

telephone serred




	1-60
	1
	1-200
	1-150
	920-1,010
	11
	3,067-3,367
	2,300–2,525



	60-160
	2
	200-534
	150–400
	1,010–1,100
	12
	3,367-3,667
	2,525–2,750



	160–260
	3
	534-867
	|

400-650
	||

1,100-1,200
	13
	3,667-4,000
	2,750–3,000



	260-360
	4
	867-1,200
	650-900
	1,200-1,290
	14
	4,000–4,300
	3,000–3,225



	360-460
	5
	1,200-1,533
	900-1,150
	1,290-1,380
	15
	4,300–4,600
	3,225-3,450



	460-550
	6
	1,533-1,833
	1,150-1,375

|
	1,380-1,470

| |
	16
	4,600-4,900
	3,450-3,675

|



	550–640,
	7
	1,833–2,133
	1,375-1,600
	1,470–1,560
	17
	4,900–5,200
	3,675-3,900



	640–740
	8
	2,133-2,467
	1,600-1,850
	1,560–1,650
	18
	5,200–5,500
	3,900–4,125



	740-830
	9
	2,467-2,767
	1,850–2,075
	1,650-1,750
	19
	5,500–5,833
	4,125-4,375



	830–920
	10
	2,767-3,067
	2,075-2,300
	1750-1840
	20
	5,833–6,133
	4,375-4,600
















	
	served by long distance switchboards
	
	
	
	served by long distance switchboards




	andthrough)

busiest hour per

telephone served
	in the andthrough)

in the

busiest hour per

telephone served
	
	
	and

through) in the

busiest hour per

telephone served
	and

through) in the

busiest hour per

telephone serred



	1-200
	1-150
	920-1,010
	11
	3,067-3,367
	2,300–2,525



	200-534
	150–400
	1,010–1,100
	12
	3,367-3,667
	2,525–2,750



	534-867
	|

400-650
	||

1,100-1,200
	13
	3,667-4,000
	2,750–3,000



	867-1,200
	650-900
	1,200-1,290
	14
	4,000–4,300
	3,000–3,225



	1,200-1,533
	900-1,150
	1,290-1,380
	15
	4,300–4,600
	3,225-3,450



	1,533-1,833
	1,150-1,375

|
	1,380-1,470

| |
	16
	4,600-4,900
	3,450-3,675

|



	1,833–2,133
	1,375-1,600
	1,470–1,560
	17
	4,900–5,200
	3,675-3,900



	2,133-2,467
	1,600-1,850
	1,560–1,650
	18
	5,200–5,500
	3,900–4,125



	2,467-2,767
	1,850–2,075
	1,650-1,750
	19
	5,500–5,833
	4,125-4,375



	2,767-3,067
	2,075-2,300
	1750-1840
	20
	5,833–6,133
	4,375-4,600





In addition to the basic assumptions in paragraph 1112 c, this table assumes:


	1. The traffic is of both long and short haul type.

	2. The number of calls per operator in the busiest hour depends on the number in the team on duty. The number of calls per operator per hour is:



1 operator 60 calls per operator hour


	2 operators 80 calls per operator hour

	3 operators 88 calls per operator hour

	4 operators 90 calls per operator hour

	5 or more operators 92 calls per operator hour

	3. The switchboard face layout permits every operator to reach every line and trunk. Additional positions (end positions) may be required to assure this.

	4. Tickets to be written on delayed calls only.



Figure 11-11. Position requirements, separate long distance switchboards.

e. Magneto Switchboard. Figure 11-13 shows the approximate number of local telephones and trunks that can be served by 1- and 2-posi tion magneto switchboards, for two different originating busiest-hour call rates. It gives data for both local and combined local and long dis tance switchboards. It should be noted that even though a position can be equipped for 100 lines, satisfactory service can seldom be given to that number of lines by one operator. The traffic is assumed to consist of local (loop-to-loop), outward trunk, and inward trunk calls only.

f. Ratio of Telephones to loops. The position requirements of figures 11-10, 11-11, and 11-12 show the number of positions required based on the number of telephones served and not on the number of telephone loops that are con nected to the switchboards. More than one tele phone on a loop is common and therefore in

"most centrals there are more local telephones served than there are loops connected. The switchboards listed in TM 11–487 do not, in general, provide for selective-ringing party line service, and the extra telephones on a loop are extension telephones in which the ringers (bells) may or may not be connected, as de sired. On magneto loops it is common to have more than one telephone because the loops are long and it becomes more desirable to add to the number of telephones on a loop rather than build additional loops. The ringing is done by code, using one short ring to signal the central; and two, three, and four short rings, and com binations of long and short rings if more are necessary, to call individual stations. The prob able resulting ratio in fixed plant may be 1.5 telephones per common battery loop and two telephones per magneto loop.















	Total busiest-hour | Positions
	
	Number
	of telephones which can be

served by local common

battery switchboards
	Total busiest-h
	Positions
	Number

of telephones which can be

served by local common

battery switchboards



	traffic (originating

and

inward calls)
	required
	At

per telephone in

the busiest hour
	two orig. calls | At three orig. calls

per telephone in

the busiest hour
	traffic (originating

and

inward calls)
	required
	At two orig. calls

per telephone in

the busiest hour
	At three orig. calls

per telephone in

the busiest hour
	




	1-150
	1
	1-53
	1-35
	2,300–2,530
	11
	804–885
	536-590
	



	150–400
	2
	53-140
	35–93
	2,530-2,760
	12
	885–965
	590–643
	



	400-650
	3
	140-228
	93-152
	2,760-2,990
	13
	965–1,046
	643-697
	



	650-900
	4
	228–315
	152–210
	2,990–3,220
	14
	1,046–1,126
	697–751
	



	900-1,150
	5
	315-402
	210-268
	3,220–3,450
	15
	1,126–1,206
	751—804
	



	1,150-1,380
	6
	402-483
	268–322
	3,450-3,680
	16
	1,206-1,287
	804-858
	



	1,380–1,610
	7
	483–563
	322-375
	3,680–3,910
	17
	1,287-1,366
	858–911
	



	1,610-1,840
	8
	563-644
	375-429
	3,910–4,140
	18
	1,366-1,448
	911–965
	



	1,840–2,070
	9
	644-724
	429–483
	4,140–4,370
	19
	1,448-1,528
	965-1,019
	



	2,070-2,300
	10
	724-804
	483–536
	4,370–4,600
	20
	1,528–1,608
	1,019-1,072
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	Number
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	traffic (originating

and
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	required
	At two orig. calls

per telephone in

the busiest hour
	At three orig. calls

per telephone in

the busiest hour
	




	1-150
	1
	1-53
	1-35
	2,300–2,530
	11
	804–885
	536-590
	



	150–400
	2
	53-140
	35–93
	2,530-2,760
	12
	885–965
	590–643
	



	400-650
	3
	140-228
	93-152
	2,760-2,990
	13
	965–1,046
	643-697
	



	650-900
	4
	228–315
	152–210
	2,990–3,220
	14
	1,046–1,126
	697–751
	



	900-1,150
	5
	315-402
	210-268
	3,220–3,450
	15
	1,126–1,206
	751—804
	



	1,150-1,380
	6
	402-483
	268–322
	3,450-3,680
	16
	1,206-1,287
	804-858
	



	1,380–1,610
	7
	483–563
	322-375
	3,680–3,910
	17
	1,287-1,366
	858–911
	



	1,610-1,840
	8
	563-644
	375-429
	3,910–4,140
	18
	1,366-1,448
	911–965
	



	1,840–2,070
	9
	644-724
	429–483
	4,140–4,370
	19
	1,448-1,528
	965-1,019
	



	2,070-2,300
	10
	724-804
	483–536
	4,370–4,600
	20
	1,528–1,608
	1,019-1,072
	





This table is based on the following assumptions:


	1. The number of telephones served is 1.5 times the number of loops connected to the central.

	2. The switchboard handles local and incoming calls. Outward long distance calls are passed to a long distance board for handling.

	3. The number of calls per operator in the busiest hour depends on the number in the team on duty. The number of calls per operator per hour is:

	1 operator 150 calls per operator hour




	2 operators 200 calls per operator hour




	3 operators 220 calls per operator hour







	4 operators 225 calls per operator hour

	5 or more operators 230 calls per operator hour

	Distribution of traffic (par. 1112 d) Local calls. . . . . . . . . . . . . . . . . . . . . . . 40% Outward trunk calls. . . . . . . . . . . . . . . 30% Inward calls. . . . . . . . . . . . . . . . . . . . . . 30% Total... . . . . . . . . . . . . . . . . . . . . . 100%

	The switchboard face layout permits every operator to reach every local line and trunk. Additional positions (end positions) may be required to assure this.

	6. No tickets are to be written.



Figure 11-12. Position requirements, separate local common battery switchboards.

4.
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	Telephones per

position sitio
	
	Trunks per

position tio
	Calling rate, local switchboard
	
	Telephones per

position siti
	Trunks per

position »osition



	
	1 pos.
	2 pos,
	I pos.
	2 pos.
	
	1 pos.
	2 pos,
	1 pos.
	2 pos.




	Two

originating calls 20-25
	
	30
	6-8
	6-8
	Two

originating calls 40–45
	
	55
	8-10
	8-10



	Three

originating calls
	15
	20
	6–8
	6-8
	Three

originating calls| 25-30
	
	35
	8–10
	8-10





This table is based on the following assumptions: 4. Distribution of traffic (par. 1114 e):


	of loops connected to the central. Outward trunk calls. . . . . . . . . . . . . . . 30%

	percent as many calls as one at a common battery Through (switched) calls... . . . . . . . . 0

	one group, and for a 2-position board in two groups. 5. Five minute holding time for trunked calls.






	1 pos.
	2 pos,
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	2 pos.
	1 pos.
	2 pos,
	1 pos.
	2 pos.
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3. For a 1-position board all trunks are assumed to be in Total... . . . . . . . . . . . . . . . . . . . . . 100%

Figure 11-13. Telephone and trunk capacity, 1- and 2-position magneto switchboards.



1115. TELEPHONE TRUNK CIRCUIT REQUIREMENTS.


	a General. The number of trunks required in a group between two switchboards to handle a certain number of calls is termed the trunk requirements. In order to determine the size of a trunk group, it is necessary to estimate the total number of calls in the busiest hour and the average holding time per call to be carried by the group. In telephone practice it is recog nized to be wasteful of facilities to provide trunks so liberally that no calls will ever be de layed. As the number of calls increases beyond the number for which the group was engi neered, the percentage of delayed calls in creases. To maintain a desired grade of service the number of trunks in a group must be in creased as the number of calls increases. With respect to the percentage of delayed calls, the grade of service it is feasible to render will in some cases depend on the availability of facili ties such as conductors, carrier equipment, etc.

	b. Total Trunk Equipments. The holding time and the number of calls in the busiest hour to be handled by each trunk group should be esti mated. The number of trunks per group can then be selected from figures 11-14 and 11-15. The sum of the numbers of trunks in all the groups gives the minimum number of trunk equipments required. Some allowance should be made, of course, for growth. If the total number of trunk equipments can not be esti mated by the above method at the time the total trunk equipments are specified, the fol lowing method may be used. Assume the traffic distribution given in paragraph 1112 and de termine the number of trunked calls in the busiest hour originated per telephone. The product of this figure and the total number of telephones is the total number of trunked calls. Divide this figure by 7.5 calls to determine the total number of trunk equipments. Theater ex perience has shown that each trunk will carry on the average about 7.5 calls in the busiest hour for the central as a whole. Trunks usually will be either of two types. One type is 2-way ringdown, for use as long distance trunks and local trunks to magneto switchboards, and the other is the common battery type to other nearby common battery centrals and to manual or dial common battery centrals operated by civil organizations. In the average common battery central, about an equal number of each kind of trunk will be required.

	c. Local Trunks. Figure 11-14 may be used in estimating each local trunk group between cen trals such as those within a city and its en virons. Local trunks usually do not exceed 10 miles in length; however, where lines are avail able they may extend to distances as great as 25 miles. The grade of service resulting from the use of these tables should under normal conditions be comparable with that from pri vate branch exchanges in the United States. In interpolating, to find the trunk requirements, for example for 13 calls, judgment based on knowledge of the availability of conductors, the accuracy of the estimate, etc., should be the deciding factor in determining whether to use the figure for 12 or for 14 calls.

	d. Long Distance Trunks. Figure 11-15 may be used in estimating each long distance trunk group between centrals separated by greater distances than mentioned in the preceding paragraph. The grade of service resulting from the use of this table should under normal con ditions be comparable with that on long toll lines in the United States. In interpolating be tween the values shown, judgment is neces sary, as in the case of local trunks.

	e. Trunk Efficiency. Trunk groups are used most efficiently if all trunks between two cen trals are used as one group to serve all users, rather than with a separate circuit or group re served for a particular branch of the service. For example, figure 11-15 shows that eight trunks will carry 80 5-minute calls per group in the busiest hour, whereas two groups of four will carry only 35 each, or a total of 70 calls in the busiest hour. There may be situations where a trunk reserved for a particular user should be considered; this is seldom justified, however, unless each trunk will be required to handle at least 40 calls per day, even where it is not par ticularly difficult to provide the trunk.

	f. Divided Route for Protection. A method sometimes used to protect the continuity of service on a trunk group between two centrals is to have two separate pole lines or cables be tween them using different routes for the two lines. However, the trunks would be used as a common group from the traffic standpoint for efficiency. The divided route idea is illustrated in figure 11-16-A.

	g. Alternate Routes. An alternate route for reaching another central is desirable for use in case of trouble on the direct route or for use when the direct route is overloaded and the
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	ºp

calls
	*†,

time
	*†,

time
	*

time
	calls

ºp
	iº,

time
	#.

time
	àº,

time




	1–3
	1
	1
	1
	60
	8
	11
	14



	4
	1
	I
	2
	65
	8
	11
	14



	6
	2
	2
	3
	70
	9
	12
	15



	8
	2
	3.
	4
	75
	9
	13
	16



	10
	3
	4
	5
	80
	9
	13
	17



	12
	3
	4
	5
	85
	10
	14
	18



	14
	4
	5
	5
	90
	10
	14
	18



	16
	4
	5
	6
	95
	11
	15
	19



	18
	4
	5
	6
	100
	11
	15
	20



	20
	4
	6
	7
	105
	11
	16
	21



	22
	4
	6
	7
	110
	12
	17
	21



	24
	5
	6
	7
	115
	12
	17
	22



	26
	5
	6
	8
	120
	12
	18
	23



	28
	5
	7
	8
	125
	13
	18
	24



	30
	5
	7
	9
	130
	13
	19
	24



	35
	6
	8
	9
	135
	13
	19
	25



	40
	6
	8
	10
	140
	14
	20
	26



	45
	7
	9
	11
	145
	14
	20
	27



	50
	7
	10
	12
	150
	14
	21
	27



	55
	7
	10
	13
	-
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	10
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	15
	19
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	5
	6
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	15
	20



	20
	4
	6
	7
	105
	11
	16
	21



	22
	4
	6
	7
	110
	12
	17
	21



	24
	5
	6
	7
	115
	12
	17
	22



	26
	5
	6
	8
	120
	12
	18
	23



	28
	5
	7
	8
	125
	13
	18
	24



	30
	5
	7
	9
	130
	13
	19
	24



	35
	6
	8
	9
	135
	13
	19
	25



	40
	6
	8
	10
	140
	14
	20
	26



	45
	7
	9
	11
	145
	14
	20
	27



	50
	7
	10
	12
	-

150
	14
	21
	27



	55
	7
	10
	13
	
	
	
	





Figure 11-14. Local trunk requirements.

alternate route is not. These are usually avail able to reach most of the network centrals, but if a central has but one outlet, it may become necessary to build a line to provide it with an alternate route. Switching of calls at an inter mediate point is required in the use of alter nate routes. The alternate route arrangement is illustrated in figure 11-16-B.

h. Switchboard Face Equipment Layout. The trunk multiple should be located above the pil ing rail and below the local line multiple. The number of panels per trunk multiple and per local line multiple is determined by the type of board to be provided. When end positions are required, some of the trunk and local line mul tiples are extended through part of these posi tions in order to place all jacks within the reach of the first or last operator position. The com mon battery trunks to civil centrals or other nearby military centrals should be located in the top part of the trunk multiple space and the long distance ringdown trunks below these. In
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Figure 11-15. Long distance trunk requirements.

[image: Figure, page 506]

Figure 11-16. Divided and alternate trunk routes.

1-, 2-, or 3-position switchboards, the trunks should be centrally located so that all operators may have ready access to them.



1 T 16. RADiO TELEPHONE TRUNK CIRCUIT TRAFFIC CAPACITY.


	a. Point-to-point radio telephone circuits are usually on a push-to-talk basis, which re sults in the average conversation time being longer than on a point-to-point wire telephone circuit because the push-to-talk technique is in herently slower and, besides, the listener can not break in on the speaker. Furthermore, the percentage of circuit time lost on high-fre quency circuits due to repetitions caused by noise may be greater. Therefore, a radio tele phone channel may have as little as 50 percent of the message capacity of a point-to-point wire circuit.

	b. Radio telephone circuits which use a sep arate frequency for each direction, as in radio links in a wire channel, do not use the push-to talk method of operation. On v-h-f circuits noise is frequently negligible. Hence such cir cuits may have a traffic capacity per channel equal to that of wire circuits.





T 117. TELEPHONE SWITCHBOARD REQUIREMENT CHECK LIST.


	a. General. A requirement check list should be used in preparing a request for a central that is to be ordered through the Army Com munications Systems, for the guidance of the personnel that will order equipment. The check list given in the following subparagraph is ap plicable for commercial-type multiple switch boards. It can also be used as a guide in ordering nonmultiple switchboards as well as tactical switchboards, by omitting the items that do not apply. Notes should be added to a request for a switchboard covering any special features that are desired.

	b. Check list. The following check list is typi cal for use in setting up requirements for a commercial-type common battery multiple switchboard and associated equipment.



Number of operational positions.

Number of common battery line relay equip ments.

Number of common battery lines carried through the multiple.

Number of magneto line equipments for long distance trunks and magneto lines, ar ranged to operate line lamps and busy lamps.

Number of magneto lines carried through the multiple.

Number of common battery trunk equip ments, manual.

Number of common battery trunk equip ments, dial.

Number of common battery trunk jacks in each appearance of the trunk multiple.

Number of interposition trunk equipments. Number and distribution of interposition trunk answering jacks and lamps.

Number and distribution of miscellaneous trunk jacks for intraoffice and miscel laneous use.

Number of lamps.

Number of lamp caps and colors. (Total re quired equals the total number of lamp sockets provided in the switchboard.)

Number of vacant line signal plugs (to plug up unassigned jacks).

Number of cord circuits per position.

Type of cord circuits.

Number of supervisors' circuits.

Number of operators' head and chest sets.

Number of operators' chairs.

c. Other Information. The notes to accompany a requirement check list can include such items as: maximum loop resistance of local common battery lines to be served; resistance of trunk loops (dial and common battery manual); working limits of trunk equipment in connect ing centrals; whether the repeating coil type of trunk circuit is requested; phase, voltage, fre quency, and reliability of available power sup ply, if known; operating room floor dimensions and ceiling height, if available; desired direc tion of growth, left to right or right to left; face layout of trunk and local line multiple; loca tion of supervisors' jacks; location and number of ticket boxes in blank multiple space; quan tity and type of designation strips; whether spring-driven switchboard clocks or a wall type spring-driven clock, is desired.




Section V. TELEGRAPH TRAFFIC MANAGEMENT


1118. GENERAL.


	a. Many considerations in connection with telegraph traffic are different from those for telephone traffic because telegraph traffic in volves the handling of messages in written form. An over-all telegraph communication plan should include a tape-relay system, a switching service (exchange) system, and point-to-point private lines in combination with the tape-relay and exchange service sys tems. These facilities use wire and radio cir cuits which provide world coverage in the Army Command and Administrative Net work for communication between headquar ters within individual theaters of operation and for communication with the zone of the interior. In telegraph operation, switched (ex change) service is relatively less important than it is in telephony.

	b. A tape-relay system is well suited to the accurate and efficient handling of large traffic loads at high speed. Communications to and from tributary stations are handled through relay centers equipped with reperforators and transmitter-distributors.

	c. A switching (exchange) system permits direct to-and-fro communication between two or more stations through centrals and common trunk groups; relatively light traffic loads are handled economically in this manner.

	d. Direct point-to-point private line service involves two or more stations on a fixed circuit and the facilities used are exclusive for inter change of messages between these stations.

	e. This section pertains mainly to traffic management of signal centers where messages are received from, or placed on the net work, and with teletypewriter centrals where switched calls are handled. For information relative to operating practices and traffic pro cedures, reference may be made to FM 24–8, FM 24–10, FM 24–14, FM 24–20, and Traffic Circular Letters 1, 2, 3, 4, 5, and 6 (available through Army Communications Service, O C Sig O).





1119. TYPES OF SERVICE.

a. Telegraph messages for transmission may be received by any means such as messenger, radio or wire telegraph, private-line teletype writer, or a station on the teletypewriter switching network. Most messages are filed in written form in much the same manner as in commercial telegraph systems; in this case the originator of a message is not connected with the recipient for to-and-fro communica tion; the semiautomatic tape-relay teletype writer network is used for the major part of the traffic. In the switched service, the calling station is connected to the called station through a switching system consisting of one or more teletypewriter centrals; the two sta tions are then in direct contact and can work to-and-fro as in commercial TWX (switched teletypewriter service). Teletypewriter equip ment is used for practically all of the trans mission throughout Army networks. Morse code transmission is used only to a minor extent, largely on radio circuits and on field-wire lines in the forward areas.

b. In a signal center, the equipment and as sociated facilities for the tape-relay message service are sometimes at separate locations from that of the switched service, and the problems of management of the two are dif ferent. In the tape-relay network, many mes sages are received on typing reperforators and transmitted automatically from transmit ter-distributors; practically all messages are cryptographed and many of them are in mul tiple-address form (par. 1122g).



1120. SIGNAL CENTER TRAFFIC MANAGEMENT.


	q. Duties of Officer in Charge. At a signal center, it is of advantage to assign officer re sponsibility for handling traffic along the fol lowing general lines. The officer in charge should exercise general supervision and be re sponsible for operation as a whole; interpret and apply directives; select and train personnel and provide them with necessary instructions, materials, and equipment; establish schedules and coordinate shifts of watch officers and per sonnel; see that security features are properly observed; make analyses of traffic conditions with a view to effecting improvement; and ad just complaints and procedure difficulties.

	b. Duties of Watch Officer. The communica tion watch officer should supervise the activi ties of personnel on duty in his shift; carry out instructions with particular reference to moving traffic rapidly and accurately, pre



serving security, and dealing with delays, diffi culties, and emergencies; and keep the officer in charge informed of any unusual develop ments. Section supervisors have duties similar to those of the watch officer and report to him.


	c. Operating Personnel. The number of people required to operate a signal center depends primarily upon the volume of traffic and its distribution throughout the day.

	d. Traffic Distribution by Hours. The distribu tion of traffic by hours of the day for a large signal center in the zone of the interior is shown in figure 11-17 for general informa
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Figure 11-17. Distribution of teletypewriter traffic by hours of a day for a large signal center in the zone of the interior.

tion. The peak in received traffic was at 1900 hours Z time (Greenwich civil time), which in this case corresponded to 1400 hours local standard time (Eastern time belt), and the peak in sent traffic was at 2000 to 2400 hours Z time. For a theater signal center, the time at which the peak occurs would be different, and the distribution of traffic over the 24 hours is apt to be less uniform than that shown in the figure. Hence a distribution chart of the traffic at a particular signal center should be made as soon as practicable after the center begins operations.



1121. LOCATOR SYSTEM.

For efficient delivery of messages to the various units, it is essential that the headquar ters signal center arrange to be kept in formed as to the location of every unit in its area, preferably by daily reports. Subsidiary centers need to have similar information for their respective areas. When a new unit arrives in an area it should be advised promptly where to pick up and where to file messages.



1122. TELETYPEWRITER NETWORK MESSAGE HANDLING METHODS AND OPERATION.

a. Manual-relay Station Methods. At manual relay stations, messages are received on page type teletypewriters. Each message is pro vided with transmission instructions and routing information. An operator may re transmit the message to the next station by direct keyboard operation, or perforated tape may be prepared locally, in which case the transmission to the next station will be auto matic.


	b. Tape-relay Station Methods. Reception at tape-relay stations is on typing reperforators, which record the message in the form of per forated tape; the message is typed at the same time on the perforated tape. This received perforated tape is then placed in a transmit ter-distributor for automatic transmission to the next station in accordance with routing instructions. An elementary traffic flow dia gram of messages to, from, and within a semi automatic tape-relay signal center is shown in figure 11-18.

	c. Traffic Diagrams. Traffic routing informa tion as illustrated by figure 11-19 will be re quired at each signal center to indicate how to reach distant signal centers. If a network is extensive, and the traffic diagram such as illustrated in figure 11-19 is too complicated for the operators to use, a route bulletin along the same general lines as illustrated in figure 11-3 can be provided for the operators. Traffic diagrams may be satisfactory for use in small networks.

	d. Message Heading. Each message as written by the originator is directed to one or several addressees. These addressees are not signal centers except in the case of service messages pertaining to the handling of traffic. The mes sage may be transmitted to some addressees for action and to others for information only. Most transmitted messages have a heading which is divided into two primary parts, namely: the signal center's part and the originator's part. The signal center's part, which may be changed to suit conditions, consists of two portions, namely: the call and the preamble. The call con sists of the called and calling station designa tions; the preamble consists of the message identifying number, the precedence and the transmission instructions. The originator's part, which is fixed, is also made up of two parts, namely: the message address and the message instructions. The message address contains the originator's name or equivalent, the date and time of filing, together with action
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Figure 11-18. Elementary traffic flow diagram in a tape-relay signal center.

and information addresses as required. The message instructions contain signals to facili tate handling of multiple-address messages and the group count" for text of message only.



e. Message Numbering.


	(1) In the operation of a network where in messages are relayed (manually or auto matically), it is important that established procedures be followed for identifying mes sages and for checking the continuity of traf fic to prevent losing any messages.

	(2) In general, messages handled on a station-to-station direct communication basis carry a serial number and both stations in volved check the number of messages sent and received. When a message is relayed manually it receives a new serial number.

	(3) In tape relaying, originating traffic is numbered consecutively with, a message identifying number including a channel letter when there is more than one circuit between



the two signal centers. When a message is re layed, the message-identifying number is re tained but preceded by a channel message number with a channel letter if necessary. These numbers serve to check the continuity of traffic between the first and last and all intermediate signal centers. In some cases, channel message numbers are inserted in the message tapes automatically. A new sequence of message-identifying numbers is commenced each 24 hours.


	f. Message Number Checking. At a specified time, generally once every 24 hours, each sta tion in the network makes a message number check with all stations to which messages have been transmitted during the past 24 hours, in order to find out if all sent messages have been received.

	g. Multiple-address and Book Messages. A multiple-address message is one directed to a number of addressees and the contents of such messages often require coordinated action on the part of two or more of the addressees.
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* Each combination of characters (letters, figures, or symbols) separated from other combinations of char acters by spaces, is called a group.
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Book messages are multiple-address messages which do not require coordinated action on the part of two or more addressees. Traffic opera tion practices are available and these describe a procedure in which a single tape is pre pared for the original multiple-address mes sage which is handled basically like a single address message. The message is relayed throughout the network, and the network sig nal centers or stations prepare the message for delivery to the addressees within their respective delivery areas.

h. Service Messages. Test and check mes sages are transmitted throughout a network at specified times or when traffic conditions per mit, to check circuit continuity and quality of transmission. Verification and correction of messages are handled informally or by service messages.



1123. TELETYPEWRITER CENTRALS AND ASSOCIATED STATIONS: OPERATION AND MANAGEMENT.


	(1) At a teletypewriter central, it is ad vantageous to assign officer responsibility along the general lines stated for signal cen ters in paragraph 1120.

	(2) Teletypewriter central management also is concerned with operation of teletype writer switchboards and related work, such as trouble-report handling, information and directory services, and monitoring. The ac tivities include: personnel work; operator training; assignment of operating forces; message numbering; study of operating prac tices and traffic flow to see that efficient use is made of existing facilities; record work of various kinds; etc. Practices used in operating teletypewriter centrals should be uniform within a communication system. Switchboard instructions will be needed on: placing and completing calls, teletypewriter privacy calls, precedence of calls, conference connections, disconnection of circuits, prosigns (conven tional abbreviations or procedure signals), and handling delayed calls.

	(3) Combined U. S. Army and British Army switching procedure has not been pre pared because of differences between switch boards and teletypewriters. However, British 15-line and 40-line teleprinter switchboards are used in some cases by the U. S. Army. In teroperation of these switchboards and U. S.



Army teletypewriter switchboards is not pro vided for.


	(4) Instructions to the teletypewriter stations in regard to switched calls will be required which will fit in with the practices used at the switchboards. FM 24–14 pre scribes the procedures for the establishment and control of teletypewriter connections in volving one or more manual switchboards such as Switchboard BD–100. This manual also covers procedures for relaying messages manually and through centrals equipped with reperforators and transmitter-distributors but not with semiautomatic tape-relay equip ment.

	b. Operation of Switchboard BD-100. Atele typewriter station calls the switchboard by depressing the break key of the station tele typewriter for 2 or 3 seconds. This lights a line lamp on the switchboard. The switchboard op erator calls a station by sending a short break and, if necessary, bell signals. The operator completes calls by means of patching cords, ex cept when switchboards are arranged for group operation as described in chapter 3. In the latter case, cord circuits are used. (Refer to chapter 3 for traffic information on the han dling of calls if the switchoards are arranged for group operation.) The operator signals a
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Figure 11-20. Theater signal center operating room with teletypewriter switchboards.

distant switchboard operator by plugging in on an outward trunk, waits 2 or 3 seconds, and then completes the patching connection to the calling station line. The necessary information is passed from the originating operator to the distant operator by typing. The operator may then disconnect the switchboard teletypewriter for use on other calls. A disconnect signal, like a call signal, shows on a lamp; therefore the op erator should monitor a circuit showing a lamp signal before taking down the connection. Figure 11-20 shows a teletypewriter operating room with means for switching, using Switch boards BD–100 arranged for group operation.


	c. British Teleprinter Switchboards. The Brit isn 15-line board has 7 cord circuits and the 40-line board has 15 cord circuits. The line circuits operate on a reversible one-way polar basis (switched simplex), the connec tions being cut through directly by means of the cords; the operator may then monitor by means of a high-impedance bridge circuit to ground. Station equipment may be British Mark IV Terminal Unit using Teleprinter 7B(WD). Broadcasting from the boards to as many as six lines is provided for. Further descriptive information on these boards will be found in chapter 3.

	d. Traffic Diagrams. Either traffic diagrams or route bulletins, or both, should be provided for every teletypewriter central, located where they will be readily accessible to operators to in dicate how to reach other centrals and stations. The information is particularly necessary when the distant central is reached through another central or has an alternate route. Route infor mation is by diagram as illustrated in figure 11-19. For such networks ring-binder type route bulletins may be required with the names of centrals and routings arranged in alphabetical order similar to that shown in figure 11-3. In this case, the traffic diagrams located at the operators' positions would cover only nearby points, direct points, and most frequently called points.

	e. Written Practices Required. The various sit uations that may develop in handling the dif ferent types of calls indicate need for written instructions. The latest material available with any necessary modifications and additions should be provided before communication sys tem service begins and should be modified periodically to suit any changes in conditions.

	f. Operators Required. The number of oper ators required for a teletypewriter central primarily depends upon the calling rate dur ing the busiest hour and the traffic distribution throughout the day, and is limited by the num ber of operator positions. Since the traffic in most of the other hours is considerably less than that in the busy hour, the operating force



can be reduced during those hours in propor tion to the calls handled. In general, data will not be available to show the traffic distribu tion by hours of the day for a new installation, and it will be necessary to make arbitrary force assignments until data from actual op eration of the switchboard can be obtained. An estimate of operator requirements for Switchboard BD-100 installations may be ob tained from paragraph 1129. -



g. Special Services.


	(1) Information Calls. Information calls should be directed to the chief operator in busy hours but probably can be answered by oper ators in periods of light traffic.

	(2) Trouble Reports. Trouble reports should be referred to the chief operator who should make a trouble ticket, similar to figure 11-6, which should be referred to the wire chief for attention.

	(3) Service Complaints. Service com plaints on such things as slow operator an swer, delays, etc., should be referred to the chief operator.

	h. Directories. Teletypewriter directory in formation is necessary for the use of opera ting personnel in the teletypewriter network at centrals and stations. Directory informa tion can be transmitted by automatic tape transmission. The network control station can be responsible for the issuance of the direc tory. The frequency of reissue will depend on the activity in adding or removing stations in the network. Reports from each central as to changes since the last issue will be necessary in order to prepare copy for reissue of a direc tory. A directory should list the following: all teletypewriter switchboards alphabetically by name, with a list of circuits from this central to all others to which it has direct trunks; all major relay stations, with a list of circuits from each to all other centers; and all stations in operation, listed alphabetically by call sig nals, followed by the unit designation and the central to which they are connected. Example of items making up the above are:

	(1) Teletypewriter Switchboards, ALMA SWBD-ALMA AREA-CCTS TO: LUCY SWBD.

	(2) Major relay stations, LCDE-GHQ CCTS TO: ALMA SWBD, LJAM SWBD.

	(3) Stations in current operation, LBCD 5TH INF REGT-CCTS TO: ALMA SWBD.

	i. Traffic Counts and Observations. Traffic






counts may be made in a manner somewhat similar to that discussed in paragraph 1110. Service-observing equipment equivalent to that used in large commercial will ordinarily not be provided but checks of operation by monitoring will assist in main taining high standards. installations



1124. TYPICAL SIGNAL CENTER LAYOUT WITH ASSOCIATED FACILITIES.

at a large theater q. Figure 11-21 shows the different types of facilities and equipment likely to be involved circuits and radio channels. The quantities of equipment and circuits are not specified and signal center using wire
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Figure 11-21. Signal center with associated transmitter and receiver parks.
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Figure 11-22. Signal center in a theater.

this sketch is not intended for use as a floor plan. From the signal center there will be, in addition to the wire and radio facilities, mes senger routes for collection and delivery of messages.

b. Figure 11-22 shows a typical signal cen ter in a theater, with sending and receiving teletypewriter equipment together with facili ties for filing and delivering messages.



1125. TYPICAL WIRE AND RADIO NETWORKS.

a. Wire and Radio Teletypewriter Network. An example of a communication zone network using wire and radio for point-to-point cir cuits, and wire circuits for interconnecting teletypewriter switchboards, signal centers, and local stations is shown in figure 11-23. A teletypewriter installation at an operational base where messages may be received on page type teletypewriters and transmitted auto matically from transmitter-distributors, or manually from keyboards is shown in figure 11-24.
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Figure 11-23. Typical communication zone teletypewriter network (wire and radio).
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Figure 11-24. Installation of teletypewriter equipment at an operational base.

b. Radio Morse Network. An installation of radio equipment (Morse operation) where messages are sent manually by telegraph keys and received by ear in headphones and re corded with typewriters, is shown in figure 11-25. A radio traffic diagram of a group of Morse networks in a theater is shown in figure 11-26.
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Figure 11-25. Manual Morse code radio telegraph installation.
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Figure 11-26. Radio Morse network traffic diagram.




Section VI. TELEGRAPH TRAFFIC ENGINEERING


T 126. GENERAL.



a. Purpose.


	(1) Telegraph traffic engineering infor mation is given in this section for planning the number of trunks per trunk group, tele typewriter or manual, and the size of teletype writer centrals based on estimated traffic. Some data, based on limited experience, are included as to average length of call, word groups" per message, and circuit capacity in word groups per day for both teletypewriter and Morse-code transmission. The tendency is to use teletypewriter operation for all of the heavier-traffic circuits and to confine usage of Morse code to certain mobile and front-line services.

	(2) As a general rule, it will be advisable to use teletypewriter operation on any trunk which is required to handle traffic of over 10,000 groups per 24-hour day. Accordingly, very little traffic engineering will be required in the case of Morse-code operation and this section deals almost exclusively with teletype writer traffic.

	(3) The provision of private line facil ities is seldom warranted between two stations that exchange an average of less than 40 calls a day.





b. Critical Considerations in Planning Tele typewriter Communications.


	(1) The three most critical considera tions in connection with furnishing military teletypewriter communication service are per sonnel, teletypewriter equipment, and line facil ities. The relative importance of these items varies from time to time and in different areas. Army traffic is not stable; its peaks rise and fall and move from point to point, reflecting sudden changes in the course of the war and in the requirements of movement of troops and supplies. Therefore, the engineering methods should be sufficiently flexible to provide the relief required at any time, at any place, and for any of these considerations.

	(2) The concentration of traffic into tape-relay network operation tends to reduce the over-all personnel requirements, but it



may concentrate,loads at relay centers which may materially overload personnel. Pending an increase in force, this may be relieved by handling as much of the traffic as possible by other facilities and by rerouting some of the traffic around the signal center affected.


	(3) In case of shortage of teletypewriter equipment or of line facilities, the desirable procedure is to concentrate as much of the traffic as possible on the tape-relay network and minimize the switched and private line services.

	(4) It is essential that the users of tele typewriter service understand the current problem and the treatment which is used so that they will cooperate promptly in making the routing changes and shifts from one type of operation to another to meet the changing conditions. Accordingly, steps should be taken to keep them informed.





c. Estimates Required.


	(1) The number of point-to-point cir cuits in any group will ordinarily be deter mined by estimating the total volume of traffic and dividing this by the traffic-carrying ca pacity per circuit. Traffic data for normal days should be used, avoiding unusual peaks, such as semimonthly traffic peaks which arise from the handling of routine reports, since it is not necessary to engineer the layout for such large volumes of traffic. In exceptional cases the number of circuits may have to be increased on account of quick delivery requirements. It is sometimes necessary to provide additional equipment in a signal center in order to equip direct lines between particular stations.

	(2) The size of a teletypewriter switch board and the sizes of its associated trunk groups are determined by the traffic to be handled in the busiest hour. This in turn is a function of the number of stations served, the number of calls per station in the busiest hour, and the average length of call.

	(3) In engineering teletypewriter switch board installations, it will be necessary to esti mate the busiest-hour traffic, either from known data or from arbitrary assumptions. Paragraph 1129 below discusses the deter mination of teletypewriter switchboard re quirements from estimates of busiest-hour traffic.



* Each combination of characters (letters, figures, or symbols) separated from other combinations of char acters by spaces, is called a group.



1127. TRAFFIC EXPERIENCE DATA, POINT-TO POINT CIRCUITS.


	a. Experience in various theaters of opera tions has provided some useful telegraph traf fic engineering data on point-to-point circuits.

	b. Hand sending by International Morse code on the single basis, described in chapter 3, permits an average of about 6,000 net text groups (fig. 11-30, note 1) per channel per 24 hour day. This includes allowance for pro cedure signals, correction of errors, circuit interruptions, etc. It is believed that the per formance varies rather widely, however, from one case to another. With comparatively skilled operators and favorable circuit condi tions, 10,000 to 20,000 groups per day are pos sible. With duplex operation, the volume of traffic can be approximately doubled, as com pared to single; that is, each direction of trans mission has a capacity of at least 6,000 groups per day.

	c. A stable point-to-point tape-sending tele typewriter circuit operated single at a nom inal 60-word-per-minute speed may handle as many as 50,000 net groups of text per day in addition to the headings (par. 1122d). In du plex operation, this amount of traffic may be handled in each direction simultaneously. Such loads are achieved by keeping the circuit working to full capacity about 75 percent of the time in each 24 hours, the net text group speed being about 50 words per minute for tape transmission and 25 for keyboard opera tion. With keyboard sending, the capacity will be about one half that with tape sending. Un stable circuits generally carry less than half the above amounts.

	d. If the ordinary command and administra tive circuit is engineered to carry about one half the 50,000 groups per day (25,000 groups per day) by tape-sending, there will be ade quate facilities available for handling the service in the busiest hour.

	e. The average number of net groups of text per message is generally between 70 and 120 groups for telegraph traffic within a theater. Between a theater headquarters and the zone of the interior, the average may be as high as 220 groups.





1128. TRUNK CIRCUIT REQUIREMENTS: POINT-TO-POINT SERVICE.


	a. Teletypewriter Point-to-point Service.

	(1) Telegraph trunk circuit require







	ments for signal centers are drawn up for a theater of operations so that they are coordin ated properly with the general communication plan. General information on the traffic-carry ing of trunk circuits is given in this paragraph.

	(2) To determine roughly the number of half-duplex trunks required between two points, the total volume of traffic per day (sent and received) should first be estimated by mul tiplying the expected number of messages per day by the assumed groups per message; di viding this volume by the 25,000 (par. 1127d above) gives a figure for the minimum num ber of trunks required for tape-sending. If engineered on this basis, there is adequate provision for service during the busiest hour. If the result does not give an integral num ber, it is then necessary to decide whether or not to provide the next higher integral num ber. Where physical limitations preclude mak ing adequate provision for service during the busiest hour, or where for other reasons sub stantial delays can be tolerated during the busiest part of the day, the capacity of the trunk group can be determined on the basis of the higher figure of 50,000 groups per trunk per day.

	(3) In the case of full-duplex trunks, the required number of one-way channels must be figured separately for the two directions of transmission. The larger of the two numbers then determines the number of full-duplex trunks which must be provided.

	(4) In multichannel long-haul radio tele graph systems, certain channels are in some cases operated on a one-way basis. In this case, it will be necessary to make computations of the type outlined above for such channels on a one-way basis.

	(5) In engineering additional facilities, it is customary to determine the requirements on the basis that the volume for a representa tive day is the average of the two busiest days of a normal week. This average peak-day vol ume is generally about 1/26 that for the total month. Messages sent and received in the busiest hour (excluding deferred messages) are the basis for determining the busy hour circuit load in words.

	(6) The determination of requirements for radio stations for part-time communica tion on a scheduled or nonscheduled basis with a number of distant stations will have to be handled on a special basis for each particu



lar case. When the volume of traffic to be han dled with each of the distant stations, has been estimated, a plan or schedule of operation may be drawn up from which a decision may be reached as to the number and types of trans mitters and receivers, including spares, which should be provided.

b. Morse-code Point-to-point Service. The num ber of Morse-code trunks required, either manual or automatic, can be readily estimated from the volume of traffic expected and an estimate of the operating speeds. Operating speeds will depend upon the skill of the oper ators; the extent to which the circuits will be affected by interference, both natural and man made, including jamming; transmission instability resulting from fading; equipment instability; improper adjustment; distraction caused by battle noise, etc. Net text manual speed will usually be 5 to 10 words per minute. Net text automatic speed varies greatly, from about 20 to about 300 words per minute, de pending on the grade of transmission over the circuit; hence estimates of the speed obtainable may have to depend on specific experience over the same or similar routes.



I 129. TELETYPEWRITER SWITCHBOARD POSITION REQUIREMENTS.

c. Switchboard BD-100. Figure 11-27 shows the number of Switchboards BD–100 and the number of operators required for two differ ent busiest-hour calling rates. The length of message is of secondary importance in deter mining the number of operators required, operator time being used chiefly in setting up and taking down connections and incidentally in monitoring. The traffic handled by a tele typewriter central consists of local calls and calls over trunks to and from other centrals. The distribution between various types of calls with Switchboard BD-100 is unimpor tant, figure 11-27 being generally applicable. Switchboard BD-100 is equipped for 10 line circuits which can be used for either station lines or trunks. Three positions are therefore limited to a total of 30 trunks and station lines. Thus, if there are 25 teletypewriter sta tion lines, only five trunks can be installed. These switchboards are nonmultiple, and con nections are made by means of patching cords. Eighteen-inch and 72-inch patching cords are supplied with each board. If more than three positions of switchboard are required, impro vised group arrangements of the equipment should be considered (ch. 3).
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	1
	1
	1-10



	
	2
	1
	11-13



	1.5
	2
	2
	14-20



	3
	2
	21–30



	4
	3
	31-40



	5
	3°
	41-50



	
	1
	1
	1-10



	
	2
	2
	11-20



	
	3
	2
	21-24



	2.0
	3
	3
	25–30



	
	4
	3°
	31-40



	
	5
	3d
	41-50





* Station lines and trunks use identical switchboard terminations and equivalent supervisory features. Lines include station lines and trunks to other switchboards.

Figure 11-27. Switchboard and operator requirements, Switchboard BD-100.

b. Commercial-type Multiple Teletypewriter Switchboards. Figure 11-28 shows the position requirements of commercial-type multiple teletypewriter switchboards. These switch boards allow teamwork between operators on adjacent positions which gives them a greater traffic-carrying capacity than that of Switch boards BD–100; which do not permit team work; that is, operators assist adjacent operators in handling peaks of traffic. These data have been included for general informa tion, although it is expected that the Signal Corps will seldom use boards of this type.



1130. TRUNK CIRCUIT REQUIREMENTS; SWITCHED SERVICE.



q. General.

(1) The number of trunks bears no fixed relation to the number of station lines. In

& quot;One teletypewriter is required for each operator.

* Service may be slowed up during peak loads.

& quot;Service may be unsatisfactory during peak loads.










	
	
	Number
	of teletypewriter

loops plus trunks



	Total busiest-hour

traffic (outward,

inward, and

through calls)
	Positions

required
	At

1.5 calls

(outward, inward,

and

through) in the and

busiest hour per

teletypewriter

loop served
	At

2 calls

(outward, inward,

through) in the

busiest hour per

teletypewriter

loop served




	1-20
	1
	1-13
	1-10



	21-48
	2
	1832
	10-24

||



	49-78
	8

||
	32-52
	24-39



	79-104
	4

||
	52.70

||
	30-52



	105-188
	5
	70-92

||
	52-69



	139–169
	6
	92-113
	69–85



	170-202
	7
	113-135
	85-101



	203-238
	8
	135-159
	101-119





This table is based on the following assumptions:


	1. Each operator handles all types of calls and the total busiest-hour traffic is the sum of all types.

	2. Distribution of traffic:











	100

Total
	
	100



	Outward

trunk

calls

Inward

calls
	40%

to

40%

to
	45%

45%



	Local

calls
	20%

to
	10%






3. The switchboard face layout permits every operator to reach every loop and trunk.

4. If busiest-hour calls per teletypewriter are assumed to be different from the above, the number of teletype writer loops shown should be reduced in inverse ratio to the calling rates.

Figure 11-28. Position requirements, commercial-type multiple teletypewriter switchboards.

order to determine the number of trunks re quired in an individual group, it will be neces sary to estimate the number of calls to be carried by the group in both directions. An effort should be made to provide facilities and operating personnel adequate to handle the maximum volume of traffic which is likely to be offered in connection with preparing for and carrying out expected military operations.

(2) As in the case of telephone traffic (par. 1115e), more teletypewriter traffic can be handled if all service between two switch boards is handled over one trunk group, rather than by having certain circuits re served for a particular branch of the service.

One group can handle more traffic than two groups of half the size.

(3) Trunk circuit requirements may be estimated either from the holding time or from the group count as described in subpara graphs b and c below.

b. Trunk Requirements Based on Holding Time. Figure 11-29 shows the number of trunks re quired in a group for various numbers of busiest-hour calls of three different average holding times, namely: 15, 20, and 25 min utes. Trunks may be held in some cases for periods up to several hours and, if this condi tion is to apply to a large percentage of con nections, the trunk groups may require liberalizing beyond what is shown in figure










	Total busiest-hour
	
	Trunks per trunk group
	



	Čtº
	is nºw.

holding time
	| *-au.

holding time
	*-*.

|

holding time




	1
	1
	1
	1



	2
	2
	2
	2



	3
	2
	2
	3



	4
	2
	3
	3



	5
	3
	3
	4



	6
	3
	4
	4



	7
	3
	4
	5



	8
	4
	4
	5



	9-10
	4
	5
	6



	11-12
	5
	6
	7



	13
	5
	6
	8



	14
	6
	7
	8



	15
	6
	7
	9



	16-17
	6
	8
	9



	18
	7
	8
	10



	19
	7
	9
	10



	20
	7
	9
	11





Figure 11-29. Teletypewriter trunk circuit requirements based on holding time.

11-29. Available information indicates that the average length of call (holding time) is about 20 minutes in a teletypewriter exchange network.

c. Trunk Requirements Based on Group Count. Figure 11-30 shows the number of trunks re quired in a trunk group for various numbers of word groups transmitted in the busiest hour.










	Total busiest-hour group count

per trunk group (outward plus inward)
	Trunks per
	Total busiest-hour group count
	



	
	
	per trunk group (outward plus inward)
	



	Tape transmission
	trunk group
	Keyboard transmission
	Tape transmission




	1-1,400
	1
	4,700-5,900
	10,300-13,000



	1,400–3,400
	2
	5,900-7,200
	13,000-15,700



	3,400-5,700
	3
	7,200-8,400
	15,700–18,400



	5,700-8,000
	4
	8,400-9,700
	18,400-21,100



	8,000-10,300
	5
	9,700-10,900
	21,100-23,800





This table is based on the following assumptions:


	1. One group of text is assumed to consist of five typed characters and a space.

	2. Twenty-three net groups per minute is taken as the average message speed with keyboard transmission.



The information in the table covers keyboard transmission at an average net speed of 23 groups per minute, and one based on tape transmission at an average net speed of 50 groups per minute (ch. 3). The requirement for trunks that are to be utilized for both keyboard and tape transmission may be obtained from these two columns by interpolation.












	Total busiest-hour group count

per trunk group (outward plus inward)
	
	Trunks per
	Total busiest-hour group count

per trunk group (outward plus inward)
	
	Trunks per



	Keyboard transmission
	Tape transmission
	trunk group
	Keyboard transmission
	Tape transmission
	trunk group




	1-650
	1-1,400
	1
	4,700-5,900
	10,300-13,000
	6



	650-1,550
	1,400–3,400
	2
	5,900-7,200
	13,000-15,700
	7



	1,550–2,600
	3,400-5,700
	3
	7,200-8,400
	15,700–18,400
	8



	2,600-3,700
	5,700-8,000
	4
	8,400-9,700
	18,400-21,100
	9



	3,700–4,700
	8,000-10,300
	5
	9,700-10,900
	21,100-23,800
	10






	3. Fifty net groups per minute is taken as the average message speed with tape transmission.

	4. Group counts are for the message text only; they do not include headings. For definition of group see paragraph 1122d, note 2.



Figure 11-30. Teletypewriter trunk circuit requirements based on group count.




Section VII. LOCAL CABLE PLANT ENGINEERİNG


I 131. INTRODUCTION.

a. General. Army fixed plant building proj ects or installations may justify cable distri bution plant to serve a local area. The cable will be lead-covered, nonquadded, and paper insulated, and is known as exchange cable. In general, the circuits will leave the central in feeder cables which will connect to distribu ting cables. Distributing cables are provided with terminals giving ready access to the cable pairs for connection to the drop wire or house wiring installed along with the telephone.

b. References. The methods of constructing aerial cable for this type of outside plant are given in TM 11–363. Some of this lead-cov ered, paper-insulated cable may be required along building walls or in buildings. Construc tion methods for this type of cable are given in American Telephone & Telegraph Company, Specification 3931, Block Cable Construction, and American Telephone & Telegraph Com pany, Specification 3933, House Cable Placing. Underground lead-covered, paper-insulated cable probably will be restricted to buried cable placed by hand or plow as described in chapter 9.

c. Information Required. A plan or map, drawn to scale, of the project, showing the estimated number of telephone, telegraph, and signal circuits required in each building will be necessary to plan the cable plant. All uses of cable conductors should be included, such as for fire alarms, crash alarms, emergency reporting systems, and radio control circuits. The conductor requirements for long distance trunk circuits must be determined so that necessary quadded cable and loading can be pro vided, as described in chapter 5. The location of the telephone and teletypewriter centrals and the signal and message centers should be shown.



II32. NECESSARY RECORDS.


	a. General. The information mentioned in the preceding paragraph will permit the de velopment of the cable plan and the records. The records are described in the following subparagraphs. In small installations, certain of the records can be combined. The function of these records is to supply all information relating to the cable, required by the planning engineer and cable test man. They furnish the means for maintaining a continuous record of cable fills which are the guides to future growth. The records should be tracings so that multiple prints can be made. A typical cable map record is shown in figure 11-31. The data recorded should include:

	(1) The number of pairs, gauge of con ductors, and count (pair numbers) of each cable.

	(2) For quadded cable: the type of cable; the number of quads; their gauge and count; the number of nonquadded pairs, their gauge and count.

	(3) The type of terminal, count (pair numbers terminated), and designation of each terminal by geographical location (pole num ber or serial number).

	(4) Cumulative cable lengths from the telephone central main distributing frame end of the cable to the center of each cable ter minal splice, each splice where a branch cable is spliced to the main cable, and other splices of importance to the planning engineer and cable test man.

	(5) When the telephone lines are loaded, the location of each loading pot, type of case, its distance from the central, number and type of phantom and side circuit loading coils, and the count of the cable pairs to which they are spliced.

	b. Cable Records. Cable records described above should be provided for the following:

	(1) Aerial Cable. This map may suffice for the entire lead-covered, paper-insulated cable used in a small area, whether the cable is underground, aerial, block, or house cable. If the installation is large, this map can be limited to the aerial cable only.

	(2) Underground Cable. A separate map for this type of cable will only be required in unusually large installations. In a medium or small installation, this map can be combined with the aerial cable map mentioned in sub paragraph (1) above.




	(3) Block Cable. This map is used where the distributing cable around a group of build ings is so extensive that the information about it cannot be included on the aerial cable record. These cables may terminate in a cross-connec tion box (cross-box) where they cross-connect to the cable that feeds them, which may be aerial or underground.

	(4) Howse Cable. This map is used only where an extensive distributing cable system is used in a large building. In small installa tions, this cable information can also be carried on the aerial cable record.

	c. Cable Pair Records. Cable pair records, dis cussed in paragraph 1149e, show the location of terminals on each cable and the count (pair numbers) that appears in each terminal. They show what service is on each working pair and at which terminal the service is connected. They are used and maintained by the circuit assignment personnel in preparing installa tion orders for telephones, teletypewriters, etc.





1133. CABLE SIZES AND GAUGE.


	a. Cable Sizes. Ordinarily the cable sizes in numbers of pairs diminish progressively from the central out toward the cable ends, at suit able points, rather than being uniform from end to end. This is indicated in figure 11-31. The cable should ordinarily be reduced in size about 50 percent at each diminishing point. The diminishing points, which will be deter mined in accordance with the line require ments along the cable run, should be at junctions of branch cables, and the multipling explained in paragraph 1135 should be so ar ranged as to make greatest use of the pairs that are dropped at each point.

	b. Gauge of Conductors. Satisfactory tele phone service requires that the gauge of cable conductors be such that the transmission loss in the station loops served by a central will not exceed specified limits (ch. 2). Information as to limits of various switchboards is given in TM 11–487. The conductors provided usually will be 22 gauge.





1134. SIZE AND LOCATION OF TERMINALS.

The location of distribution terminals along aerial and block cables is determined directly by the location of equipment and the number of circuits that are to be established through the terminals to serve this equipment. As a general rule, a terminal should be placed where

[image: Figure, page 523]

NOTE: IT IS CUSTOMARY TO NUMBER ALL POLES

Figure 11-31. Cable record map. TL54902

excessive use of drop wire paralleling the cable would otherwise be required to reach the equipment served. The usual terminal sizes are 10-, 16-, and 26-pair. The size chosen for a specific location should not be smaller than three times the number of circuits that are to be served through the terminal, with liberal interpretation of this rule. Therefore, a ter minal should be placed on any pole that is lo cated where three or more lines will terminate to serve the immediate vicinity, or where long runs consisting of one or two drop wires would be required to reach another terminal.



1135. CABLE MULTIPLING.



c. Distribution Cable Terminal Multipling.

(1) Repeated termination, or overlap of the same cable pairs at more than one ter minal is known as multipling. The multipling of cable pairs offers almost unlimited permuta tions and combinations but practical con siderations and operating features usually narrow the field to a comparatively few feasi ble plans. The choice of multipling arrange

[image: Figure, page 524]

Figure 11-32. Cable multipling.

ment must consider future requirements and the following objectives:


	(a) To provide for probable variations in location and amount of growth with a mini mum number of cable transfers.

	(b) To make the same cable pairs (counts) available by overlap at a sufficient number of terminals to permit the best possi ble use of circuit pairs.




	(c) To avoid early congestion in any one terminal or cable pair count.

	(2) A method of multipling which pro vides good flexibility is illustrated in figure 11-32. The pair counts in a series of eight ter minals are given, which illustrate the overlap of pairs so that each pair appears in more than one terminal. Figure 11-31 is an example of the application of the principles involved.

	b. Feeder Cable Multipling. The multipling of feeder cables consists in assigning the pairs of distributing cables, subsidiary cables, ter minals, and stubs. This presents a problem simi lar to that explained in the preceding para graph for distributing cables. The main ob jectives are flexibility, even distribution of ultimate lines, and avoiding early congestion of cable counts which would necessitate cable transfers to provide relief.





1136. CABLE CONGESTION AND RELIEF.

a. Congestion. Periodic examination of the cable pair records (par. 1149e) will show whether cables or portions of cables are ap proaching mazimum fill, that is, maximum number of pairs in use which it is practicable to permit before relief is decided upon. Ex cessive fill will restrict the freedom that is necessary in making new arrangements for the use of pairs. Congestion also will cause resort to temporary expedients, such as long drop wire runs, in order to connect additional tele phones. Certain terminals or branch cables may approach congestion before the cable as a whole is in need of relief. When the line as signment personnel notice approaching con gestion, it should be their responsibility to notify the proper authorities.



b. Relief.

(1) General. The object of relief is to provide adequate numbers of cable pairs and terminals in the congested location, without creating congestion in other localities. Allow ance should be made for spare pairs for exist ing lines and for reasonable growth. Methods of relief for cables approaching congestion in clude cable transfers, the use of cross-connect ing terminals, reinforcement, replacement, or division. The first two named are for short term or temporary relief. A complete relief plan may include various combinations of two or more of the methods as one project.



(2) Cable Transfers.

(a) A cable transfer is the shifting of one or more terminals, distribution circuits, or branch feeder circuits from certain con ductors in one cable to other conductors either in the same or a different cable. The result of this plan is a redistribution of both existing lines and expected growth in existing cables, thus making idle pairs available where they can be used to the best advantage.


	(b) Cable transfers will provide relief in specific terminals or sections of cable by changing the count of the pairs in congested terminals so as to effect a redistribution of existing lines. This method is applicable when the congestion results from the multipling of certain pairs at two or more points, and when it is feasible to transfer to other cables or to other counts in the same cable which contain spare facilities.

	(3) Cross-connecting Terminals. A cross connecting terminal (cross-box) may occa sionally be used to provide relief to a con gested cable or cable complements. These cross-connecting terminals permit a redistri bution of working lines on the telephone-cen tral side of the cross-connecting terminals. The cross-connecting terminals are inserted at some suitable point along the cable thus per mitting any spare pair toward the central to be connected to any pair in the distant end of



the cable. This method of relief is resorted to only when the possibilities of relief by-cable transfers have been exhausted. Cross-connect ing terminals akso permit feeding one or more distribution cables in which the total pairs exceed the pairs in the feeder cable. They have the disadvantages that they increase the work of assignment, installation, and maintenance.


	(4) Reinforcement. Reinforcement is the placing of cable parallel to the existing cable with the transfer of some of the branch dis tribution cables from the original to the new cable.

	(5) Replacement. Replacement of a sec tion of the cable is used when the relief must be confined to the original route and the ca pacity of the pole line or underground plant in that route has been reached.

	(6) Division. Dividing the congested cable consists in cutting the existing cable at one or more points and providing a different feeder to the central for the severed section or sections. This arrangement is mainly applica ble to the distribution cables but may, under certain conditions, be used to provide relief of a feeder cable. It results in two or more cables each of which provides facilities for some existing lines and a certain amount of growth.






Section VIII. TRUNK PLANT ENGINEERING


I 137. GENERAL.

After determining the long distance trunk circuit requirements, based on traffic engi neering procedures discussed in preceding sec tions, certain information must be available in order to make the best possible use of ma terials and equipment, so that an intelligent choice can be made between several different methods that might be used to provide the circuits. This information should be secured before making any definite plans as to how the circuits are to be obtained. Reference can be made to FM 24–20, TM 11–363, TM 11–368, TM 11–369, TM 11–462, TM 11-487, TM 11–2001, TM 11–2022, TM 11–2253, and to other chapters of this manual.



1138. INFORMATION REQUIRED.

a. General. When engineering long tele phone and telegraph trunk circuits which are to be relatively permanent, a considerable amount of information should be assembled regarding the conditions involved and circuits required. The information needed is listed in the following subparagraphs. When engineer ing short telephone and telegraph trunk cir cuits which are to be less permanent, a number of the items listed will not be re quired; the amount of information needed in any specific case will depend on the circum stances. In general, more complete informa tion will be required for the installation of fixed plant equipment than for tactical equipment. The procedure to be followed after this infor mation has been made available is indicated in paragraph 1139.

b. Circuit Information Check list. The follow ing list includes the items of circuit informa tion required:

(1) Number of telephone circuits re quired between any two centrals or points and the desired net loss of each.


	(2) Date each circuit is needed.

	(3) Location of any intermediate bridges on each telephone circuit.

	(4) Number of telegraph circuits re quired between any two or more centrals or points and the location of each station on each circuit.

	(5) Type of operation of each telegraph station.

	(6) Hours of use per day if the telephone or telegraph circuits are required to give only part-time service.

	(7) Probable number and type of future telephone and telegraph circuits between the same centrals or points.

	(8) Complete information on any special conditions or usage; such as for connections to existing circuits, or circuits provided by civil or Allied Army equipment; signaling used on connecting circuits; speed of tele graph operating; whether the circuits are op erational or administrative; etc.

	(9) Resistance of trunk loops of the in terconnecting dial and common battery man ual central office trunks.

	(10) Working limits of trunk equipment in connecting centrals.

	(11) Whether or not the repeating coil type of trunk circuit is requested.

	c. Information for New Open Wire or Cable Lines. The following table lists the items of in formation required when a new open wire or cable line is to be constructed. This informa tion is necessary before proceeding. with the detailed outside plant and circuit engineering.

	(1) Map of possible line routes, showing:




	(a) Route miles between towns, pro posed centrals, repeater stations, and line junc tions.

	(b) Terrain and soil conditions af fecting line construction.

	(c) Location of rivers or other ob structions which might affect line layout or type of cable or open wire required.

	(d) Exposures to hazards such as highway traffic, bombing, maneuvering of troops, tanks, motor vehicles, etc.

	(e) Exposures to hazards of weather (wind, floods, ice forming elevations, etc.).

	(f) Transportation routes available for construction and maintenance of the line.

	(g) Location and length of entrance and intermediate cables required for each route on open wire lines.




	(2) Storm loading area (heavy, medium, or light) (ch. 9).

	(3) Power exposures and hazards.




	(4) Special factors, such as type of con struction material available, maintenance con ditions, expected life of line, etc.

	d. Information for Existing Open Wire Lines. The following table lists the items of informa tion required in engineering circuits on an existing open wire line.

	(1) Route map (par. 1141a) or equiva lent, showing:

	(a) Route miles between offices (cen trals and repeater stations).

	(b) Type, gauge, and condition of existing wire.

	(c) Type and condition of insu lators.

	(2) Entrance and data (ch. 5) showing: intermediate cable

	(a) Location and condition.




	(b) Gauge, length, loading, present usage of each pair. and

	(c) Type of cable.




	(d) Type of construction; that is, aerial, underground, submarine, or buried.

	(3) Pole head diagram of each uniform section of the line showing idle and occupied pin positions. Spacing of pins and crossarms, and wire sizes should be shown on this dia gram.

	(4) Pole line construction data (ch. 9), showing:

	(a) Height, size, average ground line dimension, and condition of poles.

	(b) Type and condition of cross arms.

	(c) Possibility of adding crossarms and wire.

	(d) Adequacy of guying.




	(e) Types of pins and transposition brackets.

	(5) Transposition system of existing wire and location of each S pole (ch. 5).

	(6) Long distance circuit layout map or equivalent such as office diagrams (par. 114.1a), showing:

	(a) Type and name of circuit in op eration on each pair and each phantom group.

	(b) The net loss of each telephone circuit.

	(c) The location of all carrier ter minals, carrier repeaters, voice-frequency re peaters, intermediate bridges, telegraph



repeaters, telegraph stations, regenerative re peaters, and other equipment on each circuit.


	(d) Which, if any, circuits or pairs are idle.

	(e) The type, frequency allocation, and direction of transmission of each carrier telephone system.

	(f) The output level of each carrier telephone terminal and of each voice-frequency and carrier telephone repeater in each direc tion.

	(g) The type of signaling used on each circuit.

	(7) Prevailing weather conditions along the line, including exposures to wind, floods, ice forming elevations, etc. (ch. 9).

	(8) Power exposures and hazards.




	(9) Special conditions.




	e. Information for Existing Cable. The follow ing lists the items of information desirable for engineering of circuits in existing cables. In formation regarding rehabilitation of cap tured cables is given in chapter 5.

	(1) Route map or equivalent:




	(a) Route miles between offices (centrals and repeater stations).

	(b) Type of construction; that is, aerial, underground, submarine, or buried.

	(2) Cable data:

	(a) Condition of cable.







	(b) Type of construction; that is, paired, multiple-twin quads, or spiral-four quads.

	(c) Gauge, capacitance, and total numbers of quads, or pairs of different gauges.

	(d) Cable layup, that is, arrange ment of pairs or quads in the cable, including method of segregating 4-wire circuits.

	(e) Method used to reduce within quad capacitance unbalances during installa tion; that is, by test-splicing or capacitance balancing; and location of capacitances in lat ter case.

	(3) Loading data:




	(a) Spacing of loading coils and lo cation of loading points.

	(b) Inductance of the loading coils and identification of pairs which are loaded.

	(c) Physical characteristics of load ing apparatus.

	(4) Long distance circuit layout map or equivalent, such as office diagrams (par. 1141a):




	(a) Type and designation (par. 1140) of circuit in operation on each pair and each quad.

	(b) The net loss of each telephone circuit.

	(c) The location of all voice-fre quency repeaters or carrier equipment, in termediate bridges, telegraph repeaters, extensions, regenerative repeaters, and other equipment on each circuit. -

	(d) Which circuits or pairs are idle.




	(e) General plan of the transmis sion layout covering such items as usage of 2-wire and 4-wire circuits, phantoms, trans mission levels, etc.

	(f) The type of signaling used on each circuit.

	(5) Power exposures, hazards, and other special conditions.

	f. New Office Information. The following table lists the items of information required when a new office (central or repeater station) is to be erected:

	(1) Location of possible sites relative to route of line.

	(2) Transportation routes available to each site.

	(3) Feasible types of construction and the time required to complete construction.

	(4) Amount of floor space required and the arrangement of equipment.

	(5) Available methods of power. supplying

	(6) Method of heating.




	(7) Suitable living quarters for the op erating personnel.

	g. Existing Office Information. The following table lists the information required when an existing office (central or repeater station) is to be used:

	(1) Floor plan, showing:




	(a) Location of each existing ap paratus cabinet or other item of equipment whose location is fixed.

	(b) Location of each cable runway.




	(c) Location and size of windows, doors, and passageways.

	(d) Ceiling height.




	(e) Location of all space available for the installation of additional equipment.

	(f) Probable floor strength in per missible pounds per square foot.

	(g) Location of existing cable en trance.




	(2) Equipment record, showing as much information as necessary:

	(a) Type and location on the floor plan of all equipment associated with each pair, quad, or phantom group entering the office.

	(b) Type and location of all idle equipment.

	(c) Amount and location of all va cant space in apparatus cabinets or bays suit able for use in mounting packaged equipment.

	(d) An inventory of all testing equipment.

	(3) Heating and lighting arrangements.




	(4) Power record, showing:




	(a) Voltage, frequency, and reliabil ity of present power supply.

	(b) Present power load and method of distribution.

	(c) Permissible power load on pres ent power supply.

	(d) Size of each power lead and present load on each lead.

	(5) Suitable living quarters for operat ing personnel.

	(6) Special factors.








1139. SELECTION AND LAYOUT OF CIRCUITS.


	a. The layout of a complete communication system or the addition of circuits to an exist ing system requires a choice to be made be tween various kinds of lines and wire and between various types of voice-frequency, car rier, and radio systems. Information describ ing the various systems and their limitations is given in chapters 3, 5, and 6. Line construc tion methods are covered in chapter 9. By using the information in these four chapters, together with the information assembled as indicated in paragraph 1138, selections of equipment and line facilities can be made to establish the required type and number of cir cuits. An example of a procedure for laying out circuits is given in TM 11–2022.

	b. It will be noted from chapters 3 and 5 that each type of circuit and system has a max imum allowable line section length between repeaters. The system or circuit requiring the shortest repeater section length along a given route will determine the maximum distance between adjacent offices. In order to avoid hav ing too many repeater stations, and also for coordination reasons, common stations should be used for the repeaters on all circuits or sys tems taking the same route.




	c. In planning the layout of circuits, consid eration should be given to the effect that a failure of a pair or carrier system will have on service to a central. It is desirable, when prac ticable, to assign circuits so that a failure will not interrupt all of the circuits to a given cen tral. It is also desirable to arrange carrier sys tems so that a suitably transposed pair is available for use if any regularly assigned pair fails. The desirablility of providing extra equip ment or wire in order to protect service will be determined by circumstances.

	d. Arrangements for communicating be tween offices by telephone or telegraph should be available on all routes carrying long circuits. Telephone communication can be established through the switchboard at centrals where terminating circuits exist. A d-c telegraph cir cuit can be assigned to interconnect any number of offices and used as an order wire with a tele typewriter at each office. Bell signals on the teletypewriter may then be used as a code to call a particuar office. These circuits are usu ally called test or order wires.





1140. CIRCUIT DESIGNATIONS.

a. Circuits can be conveniently designated by the names of the terminal centrals, unless security requirements make it desirable to use fictitious names, in which case L. of C. (Line of Communication) numbers can be assigned without terminal names. The number series may be expanded if desired, to provide a dif ferent number series for a particular branch of the Armed Services, or for point-to-point circuits. The principal kinds of circuits and a suggested number series follows:








	Type

of

circuit
	Number

series




	Message

grade

telephone,

via
	1–50



	Message

terminal

telephone,
	51–100

grade



	Message

grade.

telegraph,

via
	101–150



	Message

terminal

telegraph,
	. 151–200

grade.



	telephone

Point-to-point
	201—300



	telegraph

Point-to-point
	301–400





b. In the case of carrier systems, it is also desirable to include the type of carrier system in the carrier designation. For example:

Circuit Type Algiers-Tunis, H carrier...Single-channel system No. 1 telephone Algiers-Tunis, C carrier. .3-channel system No. 3 telephone Algiers-Tunis, v-f carrier. 4-, 8-, or 12-channel system No. 101 telegraph



1141. CIRCUIT RECORDS, PREPARATION, DISTRIBUTION, AND MAINTENANCE.



ca. Records Required.


	(1) General. The information on existing and new wire lines and offices assembled as in dicated in paragraph 1138 should be recorded so as to become a permanent set of records for the circuit assignment office. The amount of information assembled and recorded will de pend on circumstances, but, in general, it should be adequate so that additions or circuit rearrangements can be planned in advance. In addition, adequate pertinent information should be recorded on circuits or carrier sys tems so that they can be properly installed and maintained. The form of the required records may vary, but, in general, forms similar to those described in the following subpara graphs will usually be required as a part of any system of records. TM 11–462 gives the meaning of the symbols used in these records.

	(2) Lime Route Map. A line route map of the type shown in figure 11-33 serves as a permanent record of the geographical location of the line and offices on the route.

	(3) Circuit Layout Chart. A chart simi lar to that shown in figure 11–35 serves as a permanent record of an existing open wire line. The pole head diagram (par. 1138d (3)), together with the information shown, is suffi cient so that additions of wire can be planned.

	(4) Circuit Diagram. A circuit diagram of the type shown in figure 11-34 shows the present use of outside plant facilities, the types and gauges of pairs, the location of equipment, line assignments, etc. The diagram is built up, beginning with the selection of the types of wire and equipment to be used. It may be necessary to prepare several diagrams before the best arrangement of lines and equipment is secured. For convenience such diagrams will be schematic (only roughly geographical at best) and will preferably be prepared to show as large a section as feasible on a single diagram. A drawing about 4 feet square is about as large as can be handled satisfactorily. Where a series of diagrams is necessary to show the complete layout, they should be de signed for ready cross reference and prefer ably arranged so that they can be mounted, as on a large wall, to form connecting sections of a large over-all diagram. A circuit diagram may ordinarily be made complete where the



number of facilities does not exceed about 30 in any section. Where a greater number of fa cilities exist in a single cross-section, as in the case of large cables, a supplementary record, in book form, may be desirable. Circuit diagrams should be prepared to permit ready posting and reposting of circuit assignments. One sat isfactory arrangement for accomplishing this purpose involves a tracing on which the facili ties are drawn on the back with the numbering of facilities and posting of circuits assigned to them on the front of the tracing. This permits erasure of circuit designations without dis turbing facility symbols. If the time lag be tween issuance of orders and actual execution of circuit order changes is short, it will usually be satisfactory to post the new layout on the diagram prints used by the circuit assignment group at the time the orders are issued. If the time lag promises to be considerable, it may be necessary during the interim to show both old and new layouts, such as by striking out the old assignment instead of erasing it. The latter arrangement will be particularly desirable if there is a change in operating personnel, such as from day to night shift. At a minimum, the circuit diagrams should show:


	(a) Length and kind of wire, includ ing gauge.

	(b) Pair numbers available and de signation of line.

	(c) Carrier systems established.




	(d) Ownership of facilities, such as civil or Army.

	(e) Circuit designation (name and number) of telephone and telegraph circuits assigned to various facilities.





(5) Circuit Record Cards.


	(a) A circuit record card should be made up by the circuit assignment office for each telephone circuit, for each carrier system, and for each telegraph circuit. The forms shown in figures 11-36 and 11-37 may be used for all types of voice-frequency telephone cir cuits and for telegraph circuits respectively.

	(b) The cards should be prepared be fore a circuit order is issued. In the field, the centrals and repeater stations will need the data on the cards to complete the circuit order. These cards are also needed for maintenance of the circuits. For further information, see paragraph 1142 and TM 11–2022.

	(6) Circuit Assignment Indez. An index






or record of each trunk circuit and carrier sys tem channel should be made up for each cen tral and repeater station. This can be made by the circuit assignment office for the initial in stallation but probably will be maintained by local wire chiefs thereafter. It should show the line wire and entrance cable assignments, voice-frequency ringers, composite sets, and

[image: Figure, page 530]

Figure 11-33. Line route map.
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Figure 11-35.Circuit layoutchart(continuedonppositepage).
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Figure 11-35.Circuitlayou chart(continued).

switchboard location of each channel. This record (office diagram) will be required for quickly locating the equipment to permit test ing in case of trouble.

TL --9-3 Figure 11-36. Telephone circuit record card.



b. Distribution and Maintenance of Records.


	(1) The distribution and maintenance of records should be limited to actual need, with due regard to security requirements.

	(2) The essential records for area offices are the line route maps and circuit diagrams for their particular area, the equipment record for each central and repeater station, and the circuit record cards for each trunk circuit in the area.

	(3) The wire chief at each central and repeater station will require an equipment record of his office showing the chief items of equipment that are used in trunk circuits, a circuit record card for each through or term inating trunk circuit, and a circuit diagram for that part of the system for which he is responsible. The last, for use in trouble clear ing, should show junctions, etc. He will also require and keep up to date the circuit assign ment index.

	(4) The best rule that can be given for issuance of new circuit diagrams is to do it as



often as necessary, that is, when major changes occur or minor changes accumulate.


	(5) An economical procedure is to re quire the area offices to post ordinary changes on their circuit diagrams, leaving it up to them to request new copies when needed, either be. cause too many changes have accumulated or because their records are wearing out.

	(6) Circuit record cards should be dis. tributed to every location that will have work to do in connection with establishing or main taining the circuit, including terminal cen trals, intermediate centrals, and repeater sta tions. The cards should accompany the circuit order that establishes the circuit or they can be sent later in case of telegraphic circuit or. ders.



[image: Figure, page 534]

TL. -4-5- Figure 11-37. Telegraph circuit record card.

TELEGRAPH REPEATER CARRIER TELEGRAPH



1142. COMPUTATIONS FOR RECORD CARD, VOICE-FREQUENCY REPEATERED CIRCUIT.

q. This paragraph describes a method which can be used to obtain the data required to fill out a record card (fig. 11-36) for a circuit using packaged voice-frequency repeaters. The required information consists of the amplifier gain, the attenuator loss, and the repeater out put level for each repeater on the circuit. The column BAL is provided on the record card for recording the value of the balance between the line and the network, as measured in accord ance with the procedures given in manuals on the repeater.


	b. Transmission level diagrams based on in formation given in chapter 5 and illustrated in figure 11-38 will indicate the transmission levels into and out of the repeater and the re quired gain of the repeater, for each direction of transmission. This information, together with the input and output equipment losses, can be used to determine the required amplifier gain and attenuator loss. An example of the factors involved in making the amplifier and attenuator adjustments is shown in figure 11-39. The input and output equipment losses, the magnitude of which depends upon the types of connecting lines, are shown in figures 11-40 and 11-41. Equipment losses for 4-wire circuits are given in figure 11-42.

	c. An example of the computations involved in repeater adjustments is shown in figure 11-43. It is assumed that the repeaters are used on an 080 copper-steel open wire line. The computations are made in the following manner . -

	(1) Prepare a level diagram (chs. 5 and 12) such as that shown in figure 11-38.



[image: Figure, page 535]

[image: Figure, page 535]

Tu- 53204-3 Figure 11-38. Level diagram for a voice-frequency circuit and repeater.

(2) Compute an attenuator loss such that the transmission level at the amplifier input (fig. 11–39) will be as close as possible to -23 db after taking into account the input equip ment loss and the transmission level at the repeater input, as read from the level dia gram. The attenuator is adjustable in 2.5 db

[image: Figure, page 535]

Figure 11-39. Two-wire voice-frequency repeater circuit and level diagram.

steps from 0 to 17.5 db, so in general it will not be possible to adjust exactly to —23 db. The transmission level at the amplifier input should be computed for the attenuator setting used.


	(3) Compute the level at the amplifier output (fig. 11–39). This is equal to the trans mission level at the repeater output, as read from the level diagram, plus the output equip ment loss.

	(4) Compute the amplifier gain by sub tracting the transmission level at the amplifier input from that at the amplifier output.

	d. The computations given in subparagraph c above cover only one direction of transmis sion, A to C. Similar computations are re quired for the opposite direction of transmis sion, C to A.

	e. The procedure for 4-wire circuits is essen tially the same as that described for 2-wire circuits.












	Type of circuit
	#:
	
	Equipment losses (db) *



	
	
	Input
	Output



	165

Copper
	Side
	6.0
	4.5



	Copper

165
	Phantom
	6.3
	4.5



	Copper

128
	Side
	6.0
	4.5



	Copper

128
	Phantom
	6.3
	4.5



	Copper

104
	Side
	6.0
	4.5



	Copper

104
	Phantom
	6.3
	4.5



	080

Copper
	Side
	6.2
	4.4



	080

Copper
	Phantom
	6.4
	4.5



	165

C-S

40%
	Side
	6.5
	4.4



	165

C-S

40%
	Phantom
	6.4
	4.6



	128

C-S

40%
	Side
	6.9
	4.2



	128

C-S

40%
	Phantom
	6.7
	4.4



	104

C-S

40%
	Side
	6.9
	4.1



	104

C-S

40%
	Phantom
	6.8
	4.3



	080

C-S

40%
	Side
	7.5
	3.9



	080

C-S

40%
	Phantom
	7.4
	4.1



	128

C-S

30%
	Side
	6.9
	4.1



	128

C-S

30%
	Phantom
	6.8
	4.3



	104

C-S

30%
	Side
	7.5
	3.9



	104

C-S

30%
	Phantom
	7.3
	4.2



	109 GS
	Side
	8.9
	3.8



	109 GS
	Phantom
	8.8
	3.9



	083 GS
	Side
	7.7
	3.7



	083 GS
	Phantom
	7.8
	3.9



	Switchboard

side of

terminal

repeater
	
	5.5
	5.0





• The losses are for 1,000 cycles and 600-ohm measuring sets. Figures apply to any spacing of wires which may be found, since impedance variations from this cause are small (ch.5).

Figure 11-40. Equipment loss data for packaged voice frequency repeaters on open wire circuits.










	
	*:::::
	
	Equipment loss (dē)*



	Type of circuit
	
	Input
	Output




	
	Paper-insulated
	cable
	



	16

a

side
	6000-88-50
	5.0
	4.2



	is

phantom

ga.
	6000-88-50
	6.0
	4.4



	19

ga.

side
	6000–88-50
	5.0
	4.2



	phantom

19

ga.
	6000–88-50
	6.0
	4.4



	16

ga.

side
	|

6000-172-63
	6.2
	4.1



	16

ga.

phantom
	6000-172.63
	6.0
	4.3



	19

ga.

side
	|

6000-172-63
	6.2
	4.1



	19

ga.

phantom
	6000-172–63
	6.0
	4.3



	16

ga.

side
	|

6000-44-25
	6.0
	4.4



	phantom

16

ga.
	6000-44-25
	4.9
	4.6



	19

ga.

side
	6000-44-25
	6.1
	4.3



	phantom

19

ga.
	6000–44-25
	5.9
	4.6



	16

ga.

side
	3000–88-50
	6.2
	4.1



	16

ga.

phantom
	3000-88-50
	6.1
	4.2



	19

ga.

side
	3000-88-50
	6.2
	4.1



	phantom

19

ga.
	3000-88-50
	6.1
	4.2



	16

ga.

side
	Nonloaded
	10.8
	3.5



	19

ga.

side
	Nonloaded
	10.7
	3.5



	
	Rubber-insulated
	wire and cable
	



	Wire W-143
	Nonloaded
	10.9
	3.3



	Wire W-143
	3300-44
	7.5
	4.3



	Wire W-143
	3300-88
	6.1
	4.2



	Cable

Assembly

CC–358-(

)
	1320-6
	6.1
	4.6



	Switchboard

side of

terminal

repeater
	
	5.5
	5.0





* The first number is the coil spacing in feet, the second is the inductance of the side circuit loading coil in millihenries, and the third, when present, is the inductance of the phantom loading coil in millihenries.

b The losses are for 1,000 cycles and 600-ohm measuring SetS.

Figure 11-41. Equipment loss data for packaged voice frequency repeaters on 2-wire cable circuits.














	
	-
	
	Equipment loss (db)b
	
	-
	
	Equipment loss (db)b



	Type

of circuit
	::::::
	Input
	Output
	
	
	Input
	Output




	19

ga.

side
	6000–88-50
	2.4
	1.0
	19

ga. side
	6000-172-63
	2.4
	1.0



	19

phantom

ga.
	6000-88-50
	2.4
	1.0
	ga. phantom

19
	6000-172–63
	2.4
	1.0



	19

ga.

side
	6000-172-63
	2.4
	1.0
	19

ga. side
	Nonloaded
	5.9
	1.0



	19

phantom

ga.
	6000-172-63
	2.4
	1.0
	Switchboard

side of
	
	5.5
	5.0











	The

first number

second

•

is the

coil spacing

in feet, the

is




	the

inductance

of the

side circuit loading

coil in millihenries,



	and

third, when

phantom

the

inductance

present, is the

of the
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1142-1143
	



	-
	
	Equipment loss (db)b
	
	º

-
	Equipment loss (db)b



	
	Input
	Output
	Type of circuit
	
	Input
	Output
	




	
	
	
	terminal

repeater
	
	
	
	





loading coil in millihenries.

* The losses are for 1,000 cycles and 600-ohm measuring sets.

Figure 11-42. Equipment loss data for packaged voice-frequency repeaters on 4-wire cable circuits.















	Item
	Transmission

levels, losses,
	Values obtained from
	Repeater location (fig. 11-38)



	
	and

gains
	A
	B
	C
	
	
	




	1
	Level

at

repeater

input
	Figure

11-38
	0
	–9
	–8
	
	
	



	2
	equipment

Input

loss
	Figure

11-40
	5.5
	7.5
	7.5
	
	
	



	3
	Attenuator

loss
	Computed

-
	17.5
	7.5
	7.5
	
	
	



	4
	Level

amplifier input

at
	1 —

—

Computed

2

item

item

(item

3)
	–23
	–24
	—23
	
	
	



	5
	output

Level

at

repeater
	Figure

11-38
	+6
	+6
	–6
	
	
	



	6
	Output

equipment

loss
	Figure

11-40
	3.9
	3.9
	5
	
	
	



	7
	amplifier output

Level

at
	+

Computed

5

item

(item

6)
	9.9
	9.9
	–

1
	
	
	



	8
	gain

Amplifier
	—

Computed

7

item

(item

4)
	9

32
	33.9
	22
	
	
	





Figure 11-43. Illustration of computations of attenuator loss, amplifier gain, and amplifier output.




Section IX. CIRCUIT ASSIGNMENT WORK


1143. GENERAL.

a. The problems of making circuit assign ments for both radio and wire circuits in a theater of operations are somewhat similar. Circuits in the fixed plant, such as long dis tance telephone trunks and radio circuits, may be assigned by the theater of operations sig nal staff as indicated in figure 11-1. Circuits extending beyond the fixed plant into the tac tical zone may be controlled from theater headquarters. The circuit assignment work de scribed in the following paragraphs applies particularly to the long distance telephone and radio circuit assignments made by the staff for the fixed plant. However some of the sug gestions may have application in the assign ment of tactical circuits.

b. The work of preparing and issuing trunk circuit orders is called trunk circuit assign ment work. The organization responsible for the initial system circuit layout should con tinue to operate as a centralized assignment organization for the day to day circuit changes, unless otherwise specified.

c. Each long distance wire or radio trunk circuit added, changed, or discontinued will require a circuit order authorizing the work. It should be issued to each location which will have work to do in connection with the order or which will be involved in maintaining the circuit. Written orders are desirable for rec ord purposes, but it may be necessary at times to transmit them by telephone or teletype writer with subsequent confirmation by a written order. A circuit order assigns the facilities that are to be used to make up a trunk circuit. A pair, a phantom, a carrier channel, a simplex, or a composite channel are called facilities.


	d. Because of the various types of long dis tance wire circuit facilities and terminal equipment, circuit assignment work is fre quently complicated and must be planned and carried out with extreme care. There may be 25 or more circuit orders per week in a given active theater of operations, depending upon its size. Many of the orders will require rapid and accurate planning and execution.

	e. Radio circuit changes may not be as nu merous as in the wire service but will require similar distribution of circuit orders to the locations involved in changes.





1144. CENTRALIZED CIRCUIT ASSIGNMENT OFFICES.


	a. General. In the proper handling of circuit assignment work, centralized circuit assign ment offices are necessary. The one for wire service probably will be in the wire engineer ing group and the one for the radio service probably will be in the radio group. However, control for a base section area may be dele gated to base sections, if desirable. The as signment office, in the wire service, functions to plan the work required to accomplish the desired circuit changes, and to coordinate it within the various organizations involved. The office in the radio service coordinates call sign and frequency assignments. Responsibil ity for prompt execution of the plans norm ally is delegated to a particular office known as the control office, and designated by the centralized assignment office (par. 1105).

	"b. Wire Service; Requirements. In order to ac accomplish the work required of a centralized circuit assignment office in the wire service, the basic requirements are:

	(1) Skilled and careful personnel, aware of the importance of this work.

	(2) Records of facilities and equipment available or in prospect, and of the current use of existing facilities and equipment.




	(3) Requirements for circuit changes.

	(4) Knowledge of the field personnel who will be engaged in the actual work, par ticularly with regard to their qualifications for doing such work.

	(5) Authority to issue, and means of is suing circuit orders for necessary changes.

	(6) Means for receiving reports of com pletion on circuit orders issued.

	(7) Systematic designation of facilities and circuits.

	c. Wire Service; Personnel. The personnel re quirements for an assignment office in the wire service are:

	(1) Engineers with ability to plan and direct the work and whose duties include:

	(a) Proper design of circuits and circuit changes to meet allowable transmission losses in the most economical manner with minimum lost circuit time in making circuit changes.

	(b) Prompt investigation of all diffi culties encountered in new or existing circuit layouts and issuance of adequate instructions for applying suitable remedial measures.

	(2) Clerical personnel to:

	(a) Prepare and maintain records.







	(b) Prepare and issue authorized circuit orders and circuit record cards.

	d. Radio Service. The personnel assigned to this work should be engineers or others with a thorough understanding of radio communi cation. They must have authority and means for issuing circuit orders for necessary changes.

	e. Records. In assuming control of an exist ing record layout, a review as to its adequacy and accuracy should be made. Where record layouts are to be newly established, careful work is required to provide a satisfactory rec ord. Improving the records is a continuous process, requiring constant alertness to detect errors, conscientious reporting of errors found, and a routine for such reporting. The records listed in paragraph 1141 are essential for wire circuit assignment offices.





1145. LONG DISTANCE WIRE CIRCUIT ORDERS: GENERAL.


	a. Circuit orders for long distance wire trunks may be issued in different forms and convey various information.

	b. Planning of these trunk circuit orders requires skill and ingenuity in order to devise a



smoothly working arrangement for making a required set of circuit changes in proper se quence. The objective is to give adequate, con cise, and precise instructions.

c. In the ordinary case, particularly at the start, the assignment office is likely to be con tinually pressed to set up more or different circuits. This will require careful scheduling and coordination so that, as far as possible, the more urgently needed circuits are estab lished first, and future changes can be sched uled with a fair degree of assurance that the schedule can be met. In addition to ordinary circuit changes, temporary changes may have to be made quickly to minimize the effects of line trouble or to meet a temporary increase in traffic to a particular office. Wire chiefs on their own initiative may make temporary patches to replace a section of a trunk that is in trouble.



I 146. CIRCUIT ORDER DETAILS.


	q. Introduction to Order. The introduction to a trunk circuit order should show pertinent information as follows:

	(1) Date and place of issuance, serial number, and the person who has authorized it to be issued.

	(2) Purposes for which the order is is sued. This normally consists of statements summarizing the changes covered, including such items as circuits added, discontinued, or changed; facilities or equipment released from service (as when they are to be re moved); and the establishing of a new central or signal center or the moving of an existing One.

	(3) Conditions under which the changes are to be made, including such items as:

	(a) New facilities or equipment re quired for completion of the order, showing the time at which they are expected to be avail able (and preferably under what order they are being installed). The places involved can correct their records from circuit orders.

	(b) Coordination with other circuit orders, such as, assumes circuit order CO 259 in effect.

	(c) Time when order is to be com pleted, as on a specific date, as soon as possible, etc.

	(d) Assignment of responsibility for supervising the execution of the changes, usually one of the following arrangements:




	1. Circuit control offices." (If there are several separate and distinct changes on one order, the control office on each individual circuit involved controls the work on that cir cuit.)

	2. Circuit control office of the prin cipal circuits involved (if there are several changes most of which involve the one control office.)

	3. The office that will have to exe cute all of the changes. (If a new entrance cable is being installed and many circuits have to be transferred from their existing entrance facilities to the new cable, thus involving vari ous control offices.)

	(e) Completion tests required, if different from the standard tests.

	(f) Completion reports required, if different from the regular reports. (In case of special urgency, telegraph or telephone report may be required.)

	(g) Special conditions, such as, cir cuits involved may be taken out of service only between 2400 and 0500 hours.

	(h) An index or list of items, espe cially in the case of large orders. Such a list may be used conveniently for assigning super vision and indicating completion reports as re quired.

	b. Body of Order. The body of the circuit order can be prepared in memorandum form, written in a systematic manner. It should in dicate the end of groups of related changes, commonly called steps, that is, the points at which work can be stopped without leaving any circuits out of service, and should show an item number for each change. The style preferably should permit transmission by teletypewriter, facsimile, or even by tele phone. It can list a moderate number of re lated changes or a large number of independ ent changes. Where a large number of similar changes are required, time can often be saved



& quot;The importance of establishing a control point in European international telephony was recognized at the Budapest plenary meeting of the CCIF (Interna tional Consultative Committee on Telephony) in September 1934 at which the following rule was recom mended: "One of the stations through which a circuit passes is responsible for satisfactory transmission on that circuit. This station is called the control station; it is chosen by agreement between the technical depart ments of the Administrations and operating companies involved. Unless otherwise arranged between the tech nical departments interested, the control station will be one of the terminal stations of the circuit."

by tabulating the changes, that is, describe the change once and list the circuits and facil ities involved. The order should be a natural arrangement to consist of the information the engineer would normally write out in plan ning an order, working either directly from records or, in a complicated case, from a work diagram, to describe the changes. This nar rative form of order places reliance on the assumption that the centrals, repeater sta tions, and signal centers have circuit record cards for each existing circuit entering or passing through their office, and receive cards with the circuit order for each new or rear ranged circuit. There is considerable oppor tunity for use of abbreviations. A sample circuit order and a sample completion report shown in figures 11-44 and 11-45, respectively, illustrate the application of many of the above items.

LAYY wirt Div. FMQ271500A to centrl city wire chier rac wirit officIR, 3263RD src REGT Plant branch western case section Cso Lac Artantis attn Lines orzicer 3 coy, 91st L/c sicNALs nudson wine chirr

Lebe circuit order No. 627 º 27 April 1944

PURPOSE Discontinue SERVICE SNAPPY /ºrncston/ to lookout starr stryict SNAPPY axingston/ to topprº

REQUIREMENTS NEW PAIR HUDson - TopPER, Hudson wikE chrrr Provides. REMOVE PAIR CENTRAL CITY-Lookout, sIGNAL officer was Recovers, supervision central city wire chier supervises these chances which are to be completed forthwitne

Dºrails


	is discontinue snappy /ringston/ Lookout spetch circuit L or cez from PR 24 central city - ringston tº c cable local facilities kingston - snappy are reused by item as local racilities central city - lookout to be removed.

	2,3 RERouTE snappy / RIncston/ FLINT SPEEch circuit L or c 67 AND s Plus p, 1 of c 73 THEREon from PR 13 CENTRAL city • Hudson u c cable ph 29/30 MUDson kingston u c cable to PR 24 central city - xingston u G CABLE CltARED BY ITEM i, Assunts in cozad IN EFFEct

	A, ADD L of c 31, SNAPPY /xingston/ topper SPEEch circuit on Ph 29/sº hudson - xingston u c cable At Kingston REust local facilities RELEAsed by ITEM 1 at Hudson Provide new local facilities.

	5, leave idle Prix central city nudson u q cable



Bt 2715998

AP r Tu- 53.207-s

Figure 11-44. Sample circuit order.

To wirr orws rho wire or 32.63 sic rect cso lac art arris…attºrtion lines officer Plant branch westrºn as Mupon wire chirr rºom cºntral cirr wire chirr conſpirrion ºrport roll circuit onarm no. 627 27 April 1944 1. in circuit ombrº car confirrip witHour ExcEPTIon's 28/4/** 21% 2. All Orricts concºrp MAwt Brix motirirp ch 239815A aR ru. 53208-3

Figure 11-45. Sample completion report.


	c. Special Circuit Corders. Special circuit or ders may be desirable, such as a preliminary order to prepare for later changes, subdivision of a large order into parts, or a supplement to the original order covering changes in plan. The supplement should cancel the items in the original order which are incorrect or no longer required, and then list the changes. Ex tensive corrections are very difficult to handle. In each of these special cases the various parts of the order carry the one serial number as CO 140A, or CO 140A supplement No. 1, to show its relation to the original order CO 140.

	d. Distribution of Orders. Distribution of cir cuit orders and cards should be direct to all concerned and not via lines of organization. Wherever possible, circuit orders should be originally delivered in written form. When greater speed is required, transmission of or ders by teletypewriter is the first choice. The teletypewriter test wire network which gen erally exists along the main routes can be used for the distribution of circuit orders. Oral or ders are the last choice and should be con firmed promptly by written orders and circuit record cards to avoid errors and omissions in records. The circuit assignment office should keep a record of the distribution made on all orders and cards issued.





e. Filing of Circuit Orders and Cards.


	(1) The circuit assignment office should maintain a complete file of all circuit orders (with useful work sheets) and circuit record cards issued, transferring cards to a dead file when they are superseded. It is frequently convenient to refer to these dead cards in planning later changes or reviewing former layouts.

	(2) Area offices, centrals, repeater sta tions, and signal centers need to maintain only an active card file, destroying superseded cards when the superseding change is com



pleted. Circuit orders need be retained only until they are completed or for a short period, such as one month, after completion.



T 147. CIRCUIT ORDERS FOR PACKAGED CARRIER EQUIPMENT.

a. The general plan can be applied to trunk circuits using packaged carrier equipment. However, some differences in detail will be re quired. TM 11–2022 and TM 11–2037 give complete details of the circuit order informa tion required for use with packaged carrier equipment. - b. It is desirable to send a complete set of the various forms to each place involved in a change of circuit layout. When this is not practicable the equivalent information should be sent by teletypewriter or telephoned.




Section X. INSTALLATION


1148. GENERAL.

This section gives a general outline of the practices applicable to the installation of tele phones, teletypewriters, centrals, signal cen ters, and carrier equipment. The information relates chiefly to fixed plant installations and mobile equipments. References are given to the appropriate technical manuals that apply to the different types of installations.



1149. TELEPHONE STATION INSTALLATION.

q. General. The methods, wire, miscellaneous material, and tools used in placing telephone and teletypewriter wires outside and inside of buildings, and for placing the telephones, are described in detail in TM 11–474 and FM 24–20. Placing cable outside and inside of buildings is discussed in section VII.



b. Installation of Drop Wires.

(1) Wiring Practices. Commercial prac tice is followed in the methods of terminating drop wires on poles and buildings. Drop wires are used in spans between poles, from pole to building, from open wire to telephone protec tor, and from cable terminal to telephone pro tector. A variety of fixtures such as drive hooks, clamps, drive anchors, toggle bolts, knobs, and insulator supports are available. Clearance from objects that may damage the wire covering by abrasion is important. Suit able clearance is necessary above objects such as tracks, roadways, and traveled pathways. Separation" from power wires in crossings, parallels, and joint use must be observed. Re quirements on clearances are given in TM 11–474.

(2) Types of Drop Wire.

(a) Wire W-50, twisted pair, solid No. 14 B&S gauge hard drawn copper separately insulated with rubber compound and asphalt impregnated weatherproof braid with a tracer thread in the braid of one wire.


	(b) Wire W-108, two conductors, solid No. 17 B&S gauge bronze or copper-clad steel, separately insulated with rubber compound on each wire but both wires encased in the same outer covering which is asphalt-impregnated braid with a tracer ridge on the compound of one conductor.

	(c) Wire W-108—A, is a modification of Wire W-108 in having solid No. 18 B&S gauge conductors; otherwise the same as Wire W–108.

	(d) Commercial parallel drop wires, designated BP, TP, BR, or TR (Western Elec tric Company designations). The BP (same as W–108) and TP (same as W-108–A) are for normal runs, and BR and TR, which have heavier braid and heavier rubber insulation on the individual conductors, are for drops subject to slight abrasion against foliage or branches.





c. Telephone Station Wiring.


	(1) General. The practices for wiring in side of buildings to connect the outside wire to the protectors and from there to the tele phones, are similar to those of the commercial telephone companies and are shown in detail in TM 11–474. -

	(2) Wiring Practices. If the point of en trance is subject to choice, it should be located to obtain minimum length of inside wire and in such a manner that the inside wiring can be protected from ordinary mechanical and moisture damage. Sections of the wire likely to be subject to damage should be wrapped with friction tape. Wiring should usually be run clear of the floor and fastened about every 3 feet with wiring nails or cleats, or be sup ported in drive rings. Drive rings permit



greater flexibility, as four to six pairs can be strung through the same rings. On semi permanent installations, splices should be sol dered or made with sleeves. The installation time per telephone will average approximately 0.75 man hour under ordinary conditions.


	(3) Telephone Location. In locating a telephone, the installer should be guided by the wishes of the using personnel, but should have a few fundamental requirements in mind and endeavor to fit these in with the wishes of the user. These requirements are: a location where the bell will be clearly heard by the user; a dry location; separation from metallic substances such as radiator or sink; sufficient light at all times, particularly for dial tele phones; accessibility for inspection and re pair; and avoidance of excessive vibration. Backboards should be used where bell boxes or wall telephones are to be mounted on ma sonry, solid metal, metal lath, or metal sheath walls, and on rough, uneven, or damp sur faces.

	(4) Protector Location. Electrical pro tection of telephones is discussed in chapter 10. If a suitable location for the protectors cannot be found inside the building, they may be placed outside if located where it is well sheltered from rain and snow. Inside protect ors may be mounted on any substantial sur faces or on a backboard if the surface is rough or damp. They may be mounted on ceilings. On walls they should be mounted with the fuses vertical. Outside use requires a special mounting for certain types of protectors.

	(5) Protector Grounding. This subject is covered in chapter 10.

	(6) Types of Station Wire.




	(a) Wire W-117, twisted pair, solid No. 22 B&S gauge tinned soft copper, sepa rately insulated with a rubber compound and green cotton braid. Supersedes Wire W-33.

	(b) Wire W-118, 3-conductor, solid No. 22 B&S gauge tinned soft copper, separately insulated with rubber compound and green cotton braid, with red thread in one braid and a yellow thread in a second and no tracer in the third.

	(c) WPB (War Production Board) special wire, a commercial product, twisted pair solid No. 22 B&S gauge, tinned soft cop per, separately insulated with rubber com pound and with a single brown cotton braid covering, both conductors, giving the appear



ance of a single wire, with a raised ridge as tracer on the rubber compound of one wire. It is a permissible substitute for Wire W-117.


	(d) Wire W-143 or Wire W-110-B, described in chapters 5 and 9, may be used in damp locations.

	(e) Duct wire, twisted pair, solid No. 22 B&S gauge tinned soft copper, separately insulated with rubber compound and a tight. wrapped paper jacket impregnated with a sealing, waterproof compound. It should not be used where subject to abrasion. It has nº Signal Corps code number or equivalent.

	(f) Bridle wire, Wire W-69–A, a de scription of this wire is described in para. graph 1151e.

	(g) GN station wire, a Bell System commercial-type wire, twisted pair, solid No. 22 B&S gauge tinned copper, separately in. sulated with rubber compound, covered with cotton braid, with a red tracer thread in the braid of one. It is obtainable in either brown or ivory and offers an inconspicuous installa tion against colored backgrounds. It can be used in damp but not wet locations. Under most conditions GN wire may be substituted for either inside or bridle wire.





d. Installation Order Routine.


	(1) Necessity. A routine to systematize the installation of telephones and teletype writers may be needed at locations where more than four or five installers will be work ing at one time. In any case, an order routine can assist in orderly handling of the installa tion work, plant records, switchboard mark ing, and directory work. It also can be used in processing requests for the installation, change, or termination of wire service such as local telephone or teletypewriter stations. The functions involved in the origin and comple tion of an installation order for a telephone, are: origination of service request; approval; assignment of facilities; central office cross connection work; installation and test; prop erty record work; switchboard marking; and directory.work.

	(2) Adaptability. The routine can be varied to meet different conditions, such as for those cases where civilian facilities are re quired. In using civil plant, the civilian tele phone authority, civilian installers and civil ian wire chiefs will be involved, in addition to the Army personnel, in completing service orders. Some of the functions listed in the sub



paragraph above may be combined in the smaller areas.


	(3) Forms. A form, with at least three copies, will be desirable, which will indicate the facilities to be used, and the address of the telephone location.

	(4) Distribution. One copy should be held by the approval authority and two should be forwarded to the assignment clerk. The lat ter should enter the cable pair and switch board assignments on both copies. One should go to the wire chief who performs the work of connecting the loop at the switchboard and who forwards his copy to the chief operator after he has tested the loop with the installer. The chief operator should post the directory record and return the copy to the approval authority. The second, or work copy, should be forwarded by the assignment clerk to the tele phone installer. The installer should call the wire chief for test upon completion of his work and indicate the amount and type of equipment used and forward his copy to the wire chief. The wire chief should record per tinent information, such as the type of equip ment used, on a new line record card for the installation, and then forward this copy to the property clerk who makes his records there from and files the order. Variations and



modifications may be found desirable to fit conditions not covered in the above routine.


	(1) Switchboard Assignment Records. It may be desirable to maintain local records at each central which will show the quantities of line and trunk equipments that are available, particularly at the larger switchboards, so that assignments can be made correctly in connection with service growth.

	(2) Lime Record Cards. Line record cards are individual for each local loop, as shown in figure 11-46 and in TM 11–473. In formation they carry is necessary in connec tion with maintenance work. Suitable columns for trouble records permit one set of cards to be used for both assignment and trouble clear ing purposes. The line record cards should be filed numerically in a suitable way, convenient to the trouble clerk.

	(3) Trunk Circuit Record Cards. Trunk circuit record cards are individual for each telephone and telegraph trunk or point-to point circuit that enters the central. These are shown in figures 11-36 and 11–37.

	(4) Cable Records. Where lead-covered, paper-insulated cable, or other multipair ca bles are installed for the entrance cables to the centrals, for local loop distribution plant, or
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Figure 11-46. Line record card, Signal Corps Form 1156.

TL 5.4923 for long distance trunks, cable records are re quired to show the individual pair assign ments. A cable record is shown in figure 11-47 and in TM 11–473.

SIGNAL CORPS, UNITED ST Post Tel-er-one system ca--- CABLE No. —2— Name of Post f AERIAL or underground 46. No. of Pains /02 Gauce £2. "unoRED —2— (for casus or over tº rains use fouenna racts, moicº S. C BLock on terminal. NuMetr And LoCATION : ; : i 5 i e i z I - I - 11||12||1314||13116,117 ru.-7479 Figure 11-47. Cable record, Signal Corps Form 1160.



1150. TELEPHONE CENTRAL INSTALLATION.

a. References. Several technical manuals in clude useful information on installing centrals, telephones, teletypewriters, and the associ ated equipment. These are: TM 11–353, TM 11–457, TM 11–458, TM 11–471, TM 11–473,

TM 11–474, TM 11-487, TM 11–2001, TM 11–

2022, TM 11–2037, and FM 24–20. b. Installation of Tactical Centrals. Instruc tions for installaton of tactical switchboards and telephone central office sets are given in the technical manuals that are furnished with them. The work is relatively simple because the switchboards and associated equipment are designed for rapid installation with a mini mum of effort and skill. Figure 11-48 shows an installation of two Telephone Central Office Sets TC–4 and figure 11–49 shows an installa tion of two Telephone Central Office Sets TC–1.

[image: Figure, page 544]

Figure 11-48. Installation of two Telephone Central Office Sets TC4.

[image: Figure, page 544]

Figure 11-49. Installation of two Telephone Central Office Sets TC-1.



c. Installation of Fixed Plant Telephone Centrals.

(1) General. The major features of fixed plant telephone central installation work are described in TM 11–471. These features are:

Iplacing the equipment; constructing the cable rack; running, lacing, stripping, butting, splic ling, and forming switchboard cable; skinning and soldering cable conductors; installing and testing the power plant; installing the wire chief's cabinet; and adequate marking of the equipment by stenciling. The work is summar ized in the following subparagraphs.


	(2) Common Battery Multiple Switch boards. Commercial multiple switchboards re quire extensive cabling between the switch board sections, and between the switchboard and the relay racks and distributing frame. Power plant wiring is also required. The cabling, on all but one commercial-type mul tiple switchboard, requires forming, attach ing, and soldering of the multiple cable con ductors to the multiple jacks and distributing frame by the installers on the job. The ex ception is the Western Electric Company No. 12 switchboard, in which the multiple cable is attached to the multiple jacks and terminal blocks at the factory. The power wiring always is done completely on the job. Commercial switchboard cables are of several types, num bers of conductors, and wire gauges. ASF cata log Sig 5 lists a considerable number of switch board cables of various make-ups and sizes. Power wires are made in sizes from small rubber-covered solid conductor wire to the large stranded wires. Wire and switchboard cable is furnished by the Army Communica tions Service in proper quantities and sizes to fit the requirements of each installation.

	(3) Location of Central. Factors to con sider in selecting a suitable location for a cen tral include: nearness to the center of the area served; availability of necessary space; fire hazards; floor strength; roof strength; door or window size to permit entry of equip ment units; water supply; sanitary conveni ences; heat; light; electric power availability; dampness; building vibration; disturbing noise; exposure to bomb damage requiring shielding of windows; and protection from bursting water pipes. It may be necessary to provide supplementary strengthening of the floor, walls, or roof.

	(4) Location of Switchboard. Factors to consider in placing a telephone switchboard include: clearance of not less than 6 feet between keyshelf and wall; 3 feet from rear of board to wall; not less than 2 feet from wall



at fixed end of board; door clearance to avoid striking board; space for added positions in case of growth; and light. Low type switch boards should not have their backs towards windows as the light will shine directly in the face of the operators and make it difficult to see lighted switchboard lamps. Backs of high switchboards should be toward the windows. Direct light from a window or skylight should not fall on the face or keyshelf of a lamp sig nal switchboard. Strong light makes it diffi cult for the switchboard operators to see whether the lamp signals are on or off. If such a location cannot be avoided, suitable blinds should be used to control the light.


	(5) Location Of Associated Equipment. Chapter 2 gives a typical layout of a telephone central. Distributing frame clearance should be not less than 40 inches from the face of pro tectors to the wall; not less than 40 inches from the face of the terminal strips to the wall or nearest obstruction; and not less than 1 foot from the permanent end to the wall. Suffi cient space on the other end for growth to the ultimate size should be allowed. Where wall type distributing frames are used, the pro tectors should be mounted as near the cable entrance as possible. Relay racks, where re quired, preferably should be installed approxi mately 40 inches from, and parallel to, the terminal strip side of the distributing frame. Cabling between the distributing frame, the switchboard, and the relay racks and power plant preferably should be run overhead.

	(6) Typical Installation. Figure 11-50 il






[image: Figure, page 545]

Figure 11-50. Installation of commercial-type multiple switchboard.

lustrates a fixed plant commercial-type mul tiple switchboard in the process of installation. Figure 11-51 illustrates the installation of a main distributing frame.

[image: Figure, page 546]

Figure 11-51. Installation of main distribution frame for a commercial-type multiple switchboard.



d. Fixed Plant Centrals; Installation Intervals and Man-hours.

(1) General. The interval for the instal lation of commercial switchboards and asso ciated equipment in buildings will depend on the number of positions, the number of installers, the experience of the installers, and whether the work is done by one, two, or three shifts per day. Inexperienced installers will increase the intervals considerably.


	(2) Installation Intervals. Installing in tervals are given in figure 11-52 for commercial switchboard installations, based on working a seven day week. Intervals can be reduced about one half if two shifts are used and about two thirds if three shifts are used. The inter vals are based on an installing force of normal size. The use of more men will lessen the in tervals but crowding limits the practicable size of the force. The interval required to put a switchboard into service can be shortened by deferring such work as cable lacing, stencil ing, etc., until after the service begins. The intervals given are based on the assumption that no delays occur because of material short ages, and are for the completion of the entire job, except in the figures on the rush basis, in which case it is assumed that as much work as possible would be deferred until service begins.

	(3) Installation Man-hours. The man hours of work required to complete the instal lation of a multiple telephone central can be estimated by using time factors for a few major items of work, as shown in figure 11-53.

	(4) Example of Use of Man-hour Data. An example of the use of the man hour data for a switchboard of eight operating positions, one end position, one test position, (total 10 positions), 1,000 lines, power plant, chief op erator's cabinet, wire chief's cabinet, and re pair clerk's desk, is given in figure 11-54.
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• The interval on a rush basis assumes a 3-shift work schedule, with as many installers on each shift as is practicable, and deferring as much work as possible such as stenciling, etc., until after service begins.

Figure 11-52. Installation intervals for commercial type multiple telephone centrals.
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• Add 20 percent to the computed hours for abnormal job conditions. This gives the productive hours. Add another 20 percent to the productive hours, to cover supervision,

Figure 11-53. Telephone switchboard installation man-hour data.

material handling, record work, janitor work, etc. * This time is allowed for organizing the job.
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Figure 11-54. Example of use of man-hour data.



1151. CARRIER EQUIPMENT INSTALLATION.

a. Spiral-four Equipment. TM 11–2001 con tains detailed instructions for the installation of the carrier equipment used with spiral-four cable. Any one station on a single system has only a small amount of equipment, which is easily arranged. However, when more than one system is being used, or when a single sys tem is to be placed alongside other equipment, a logical floor plan should be established. The main considerations are adequate passage ways, working space, and convenient wiring and interconnecting layouts. It is usually desir able to locate the telephone equipments togeth er and the telegraph equipments together, to avoid congestion when it is necessary to have work in progress about each group of equip ment. Cabling between the units and to the power equipment, outside plant, etc. should be overhead when possible. Wire W-69–A (sub par. e below) is provided with the equipment for use in making interconnections.

b. Packaged Carrier Equipment. TM 11–2022 and TM 11–2037 contain detailed instructions for the installation of packaged carrier equip ment. Figures 11-55 and 11–56 show a typical packaged carrier equipment installation. The following information must be furnished the installer: line layout chart; circuit diagram; circuit record cards for both telephone and telegraph trunks; floor plan layout; list of

[image: Figure, page 548]

Figure 11-55. Packaged carrier equipment installation.

trunk assignments; equipment list of packages furnished; office wiring diagram; and equip ment wiring record. Immediate steps should be taken by the installer to obtain any of the data that may be lacking. If the information cannot be obtained, the installer should re fer to TM 11–2022 and to the technical manuals furnished with the individual units of equip ment and endeavor to work out the needed in formation. The equipment cabinets are open at the bottom and are placed on timbers. Cable runs along the floor connect the lines of cab inets. A method of constructing the cable run way and cabinet supporting timbers is shown in figure 11-57. Panels of the same type pref erably should be grouped together; for exam ple, all line terminating and simplex panels should be mounted adjacent to each other. Each unit is wired for several optional wiring ar rangements, each option being for a particular set of conditions. The manuals furnished with the equipment describe in detail the connec tions required for each option. A list of connec nection tables, figures, etc. (corresponding to the options) should be made up by the installer

[image: Figure, page 549]

Figure 11-56. Packaged carrier equipment installation.

in advance. After setting up the equipment the wiring is run, including power wiring, but fuses should not be placed until testing is to begin. Cross connections to other cabinets should be made through the open bottom. Wir ing from entrance cable or protectors is direct to the equipment. Initial local tests of each equipment unit are necesary, after which cir cuit and system line-up tests and telegraph circuit transmission measurements can be made.



c. Packaged Carrier Cross-connections.

(1) To establish a long distance telephone trunk circuit or a telegraph circuit certain cross-connections must be made between var ious equipments. In small offices where all of the equipment can be placed in one line of bays, the separation between all the terminals in the office is small and the labor of running wires from terminal to terminal is small. Saving on this labor does not justify a distributing frame. In a large office the amount of labor re quired to run wires from terminal to terminal could be large. To reduce this labor, it may be desirable to have a distributing frame with permanent wire from there to the equipment for certain of the circuits. This will not, how

[image: Figure, page 549]

Figure 11-57. Method of constructing cable runway and cabinet supporting timbers for packaged carrier equipment.

ever, reduce the number of wiring changes re quired for a circuit change.

(2) For example, on a type C carrier ter minal there are three distinct possibilities for consideration as to what circuits to bring out to a frame, to facilitate the making of circuit changes or assignments. One is to bring out a small group (8 wires) which permits reas signing channels and telegraph composite legs only, if the channels are 2-wire. Bringing out 42 more wires to the frame permits changing any of the three channels from a 2-wire to a 4-wire termination or vice versa, at the frame. Bringing out 18 others permits the voice fre quency circuit on which the carrier is super posed to be connected to any voice-frequency repeater or other equipment, at the frame. The cross-connection blocks can be either of the following: vacant terminals on an existing frame in the office; protection and distribut ing frame X-61823G (packaged unit); or a separate distributing frame of the type usually furnished with telephone switchboards. Al though it is convenient to have all the wires that are involved in circuit changes brought out to a distributing frame, there are certain disadvantages. These are that fewer men can work on changes at one time and that exact records must be maintained as to what is con nected to each punching of the terminal blocks on the distributing frame.



d. Wire for Packaged Carrier Cross-connections.


	(1) Type AM, No. 20 AWG paired wire, solid tinned copper conductors, each of which is covered with enamel, double cellulose ace tate yarn, cotton braid, and colored lacquer, one conductor black and the other black-red. This is Western Electric Company P368247 wire, of which considerable quantities are fur nished with each packaged equipment.

	(2) Type AM, No. 20 AWG single wire, same as item (1) as to insulation but single wire, colored green. This is Western Electric Company P368403 wire, of which about 2,500 feet is included with each packaged test board.

	(3) Type P, No. 22 AWG single wire, solid tinned copper conductors each of which is covered with enamel, double cellulose acetate yarn, single cotton and lacquer, shielded with No. 36 AWG tinned wire braid, and insulated with paper tape and slate colored cotton braid. This is Western Electric Company P368446 wire, of which about 100 feet is included in



each packaged equipment for use in strapping.


	(4) No. 720 cable, No. 22 AWG paired wire, solid tinned copper conductors, each of which is covered with a rubber jacket, a braided copper shield, crepe paper tape, and an external slate cotton braid, with a longitudinal ridge on the rubber insulator of one conductor as identification means. About 100 feet is in cluded with each packaged equipment, for con nections from line wires to type C carrier equipment.

	(5) Type P, No. 22 AWG paired wire, same as item (3) as to insulation of each con ductor, but with shielding of No. 36 AWG tinned wire braid over the two wires. One wire is colored slate and the other slate-red. This is Western Electric Company P357170 wire, of which a small quantity is included in each packaged equipment for connecting telegraph terminals to telephone terminals.

	(6) No. 8 AWG bare copper wire. A small amount of this wire is included in each pack aged equipment for use in making ground con nections between packaged equipment units.

	e. Wire for Spiral-four Cross-connections (Wire W–69–A). Wire W-69–A is twisted pair cross-connecting wire for use outdoors or in humid places. Two No. 20 solid conductors of soft, tinned copper have insulation of rubber and weatherproofed, though not flameproofed, braid. The braid covers each conductor and over-all. Weight is 13 pounds per 1,000 feet. Wire W-69—A is approximately the same as Graybar duct wire, American Telephone and Telegraph Company Specification No. 6423.





1152. INSTALLATION OF TELETYPEWRITER SETS.

a. General. In general, teletypewriter equip ment consists of sending and receiving page teletypewriters, reperforators (typing and nontyping), and transmitter-distributors. These units require table or cabinet mounting and are supplied in various combinations to form teletypewriter sets. The installation work usually pertains to installing a set rather than an individual piece of teletypewriter equip ment. In general it is not necessary to do any internal wiring in a teletypewriter unit when installing the set. Sets arranged for tactical use are designed for rapid installation using jack and plug connections and binding-post terminals. Fixed plant equipment is arranged much like commercial equipment, the external connections generally requiring soldering or attachment to terminals; and the wiring is therefore done in a semipermanent manner. When installing teletypewriter equipment, every effort should be made to provide ade quate lighting and dry and warm operating conditions. At ambient temperatures below 40°F, the temperature under the teletypewriter cover should be raised artificially, otherwise lubricants and lubrication intervals other than standard, will be required. A location not ex posed to the weather is required to protect the paper and tape used for recording teletype writer messages. TM 11–353 may be referred to for general information on the installation of teletypewriter equipment. The types of drop wire and station wire used for telephone sta tions may be used for teletypewriter stations.


	b. Fixed Plant Installations. In fixed plant, the teletypewriter tables or cabinets, afford a Innounting which conserves space and provides access to the wiring of the equipment for main tenance. Space not occupied by the teletype writer apparatus is often used for rectifiers, a terminal and jack box for making external connections, and table cord connections. Ex ternal connections consist of power wiring for the teleypewriter motor, and wire connections for the sending and receiving signaling cir cuits. Motor wiring should conform to standard power-wiring methods, and common fusing with lighting circuits should be avoided when practicable. Typical fixed plant teletypewriter sets are shown in chapter 3.

	c. Tactical Installations. Tactical teletype writer equipments are transported in wood chests. A portion of the chest often serves as a table when the equipment is in service. In stallation connections, including power supply and signaling circuits, are made without the use of other than simple tools. Chapter 3 shows a typical tactical teletypewriter set in which the installation work consists essentially of connecting the components of the set by means of cords and plugs.

	d. Installation Order Routine. The installation order routine for teletypewriter set installa tion can be similar to that given for telephones in paragraph 1149d.





e. Installation Records.

(1) Telegraph Equipment, Assignment Records. It is desirable to maintain local rec ords to show the quantities of telegraph equip ment and teletypewriter equipment that are available so that assignments can be made cor rectly in connection with service growth and replacements.

(2) Desigmation Cards. Sample cards for maintaining records of line assignments for packaged equipment are shown in TM 11–2037. These are attached to the equipment units by inserting in card holders or otherwise fas tening them. This same general designation plan is applicable to tactical equipments. Fig ure 11-58 shows typical designation cards for a v-f carrier telegraph channel terminal and a v-f carrier telegraph cabinet (packaged equipment).
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Figure 11-58. Typical designation cards for v-f packaged carrier telegraph equipment.



I 153. TELETYPEWRITER CENTRAL INSTALLATION.

A teletypewriter manual switching central, sometimes called teletypewriter exchange (TWX), consists of teletypewriter switch boards which provide means for interconnect ing stations for 2-way communication and a means of interconnecting switchboard trunks and station lines. A teletypewriter cen tral may be installed in or near a signal cen ter. Teletypewriter switchboards may be Switchboard BD-100 (10 lines), or the British 15-line or 40-line teleprinter switchboards. Switchboard BD-100 should not be installed for tandem operation with the British switch boards because the types of transmission used do not permit interoperation. When installing Switchboard BD–100, it is essential to secure a low-resistance ground connection. When the switchboard is installed in a signal center, the external wiring should be made on a semi permanent basis and the same considerations given to securing a good ground connection. The switchboard line relays should be lined up for the proper bias adjustment prior to starting service. If the rectifier furnished with the switchboard is not to be used, the local power supply must be adequate for meeting the operating requirements of the switchboard. Refer to TM 11–358 for detailed information on Switchboard BD–100. The rectifier power supply furnished with the telegraph central office switchboard will supply up to three boards. Improvised arrangements which per mit installing a group of five switchboards are described in chapter 3. Group operation of five boards might be required in a teletype writer central operated in conjunction with a large signal center.



1154. TELEGRAPH AND TELETYPEWRITER EQUIPMENT INSTALLATION.


	a. References. A number of technical manu als include useful information on installing telegraph line transmission equipment, tele typewriter signal center equipment, teletype writer centrals, and teletypewriter stations. The more important manuals, some of which also give information on systems, are: TM 11–353, TM 11–354, TM 11–358, TM 11–487, TM 11–2001, TM 11–2022, TM 11–2037, and TM 11–2207.

	b. Telegraph Line Transmission Equipment. Telegraph line transmission equipment for wire circuits generally includes voice-fre quency carrier telegraph equipment for long haul circuits, d-c telegraph repeaters for the shorter circuits, and d-c regenerative telegraph repeaters for multisection circuits. In addi



tion, voice-frequency carrier telegraph equip ment may be installed for use on single-tone and 2-tone multichannel radio teletype sys tems. To facilitate the use of tools and test sets and to organize maintenance forces, it will be preferable to locate the telegraph and telephone line transmission equipment in the same room. In many cases, fixed plant tele graph equipment will be packaged, the instal lation of which is discussed in paragraph 1151 and in TM 11–2022 and TM 11–2037. A method of constructing cable runs with cabinet-sup porting timbers is shown in figure 11-57. TM 11–2001 contains detailed information for installing spiral-four cable carrier systems using telephone and telegraph terminal equip ment. A floor plan layout should be prepared prior to installation and it is recommended that carrier telegraph equipment be installed in a group and d-c repeater equipment in an other group. Tactical telegraph equipment may also be used in fixed plant installations, and in such cases it will be preferable to install the equipment in a semipermanent manner.



c. Signal Center Installation.


	(1) General. The installation of teletype writer equipment in a fixed plant signal center involves the selection of a suitable location and the arrangement of equipment for efficient flow of telegraph messages inward and outward.

	(2) Location of Center. The following factors enter into the selection of a signal center: availability of necessary space, prox imity to wire and cable routes and to headquarters, fire hazards, floor and roof strength, water supply, sanitary conveniences, heat, light, electric power availability, damp ness, building vibration, exposure to bomb damage requiring shielding of windows, and protection from bursting water pipes. It may be necessary to provide supplementary strengthening of floor, walls, or roof. The ability to conceal the location of the signal cen ter may be important under some circum stances.

	(3) Equipment Layout. The layout of the equipment and the associated furniture will vary; it should, however, be based on the flow of messages, with minimum travel of per sonnel in the movement of an outgoing mes sage from receipt to transmission, and of an incoming message from receipt to delivery. Equipment should be located so that there is



ample access for maintenance; at least 40 inches is desirable between equipment and ad jacent obstructions such as walls, columns, or other equipment. Space for orderly growth should be provided where feasible. Cabling between units ordinarily will be overhead on suitable cable racks, which can be made of wood or steel. A floor plan layout should be prepared before installing teletypewriter equipment in a signal center. In addition to the location of the equipment, this plan should show power wiring with power outlets, and signaling circuits to the associated telegraph line transmission equipment, the radio trans mitters, and the radio receivers, together with monitoring and control circuits as required. It is preferable to locate the telegraph line transmission equipment in or near the operat ing room. Line transmission equipment will usually consist of v-f carrier telegraph ter minals and d-c telegraph repeater equipment. The d-c signaling circuits between the operat ing room and the telegraph line transmission equipment are generally not composited or sim plexed. Adequate telephone facilities must be provided for order wire and control purposes. The d-c circuits should be carried through loop Switchboards SB-6/GG, sometimes called jack panels, to permit reassignment of the tele typewriter sets in the operating room as re quired by service conditions. TM 11–2207 de scribes the installation of radioteletype code room and signal centers.



d. General Plan for Signal Center Radio Equipment.


	(1) The principles discussed below should be followed where feasible in selecting sites for radio equipment associated with the signal center. In the discussion which follows, refer ence should be made to figure 11-59. Reference should also be made to FM 24–18.

	(2) The radio transmitters, particularly the long-haul, high-powered, h-f types, should be located from 2 to 10 miles from the signal center. This avoids interference with the radio receiving equipment; it also minimizes the likelihood of disclosing the exact position of the signal center, by either radio direction find ing or aerial reconnaissance. The technical requisites for antenna siting are discussed in chapter 6. It is good practice, where feasible, to divide the transmitters into two groups to minimize the likelihood of having service dis



rupted by enemy action. Siting considerations may require separate locations for h-f and v-h-f transmitters or receivers. Excessive dis persal of indiyidual transmitters is undesir able because of the problem of guarding them.

[image: Figure, page 553]

Figure 11.59. Relative locations of signal center and associated radio transmitters and receivers.


	(3) It is desirable to have independent wire routes to each transmitter park, each capable of handling the traffic through all transmitters, with a supplementary wire route of about half that capacity between the two parks. By providing suitable terminal blocks at the ends of the wire circuits, they can be rerouted in case one of the main routes is lost. In determining the number of wires in each route, provision should be made for one or more wire telephone circuits for intercommun ication between the signal center and the radio attendants. Information covering the layout of radio parks is given in chapter 6.

	(4) The receivers for regular use should likewise be located at a distance from the sig nal center, principally to avoid the man-made noise usually encountered at places where there is considerable activity. These receivers



are preferably placed in the opposite direction from the transmitter to obtain maximum free dom from interference. The distance from the signal center will vary from 1 to 10 miles, as governed by available sites which are satis factory from a technical standpoint, as dis cussed in chapter 6.

[image: Figure, page 554]

Figure 11-60. Fixed plant radio transmitting station, (showing three Radio Transmitters BC-339 in the right center).

(5) Duplicate radio receiving equipment for standby service can usually be located within or adjacent to the signal center, since the antenna systems for this service are usually much less extensive and conspicuous than transmitting antennas.

[image: Figure, page 554]

Figure 11-61. Fixed plant radio transmitting station.

(6) For interconnecting the signal cen ter with both transmitter and receivers, buried cable is ideal. Where this is not prac ticable, aerial lead-covered or rubber-covered

[image: Figure, page 554]

Figure 11-62. Fixed plant radio receiving station, (showing Hammarlund super-pro receivers in the foreground and National HRO receivers, with their associated spare coil sets on the wall, at the right).

cable, open wire, or long range tactical wire can be used.

(7) Under circumstances where the wire circuits are unreliable or alternate routes are not feasible, multichannel v-h-f radio links between the signal center and the remote radio transmitters and receivers can be used effec tively. Either wire or v-h-f radio may be used for regular operation, with the other serving as a standby, depending on local circumstances.

e. Radio Station Layout. The physical layout of different radio stations will vary consider ably, depending on local conditions and other factors. Figures 11-60, 11-61, 11-62, and 11-63 show photographs of portions of a few fixed

[image: Figure, page 554]

Figure 11-63. Fixed plant radio receiving station, (showing single side band receiver Western Electric Company D–999.45 in left foreground).

ant military radio station installations. They low orderly layout with sufficient room for aimtenance. A floor plan for a 10-kw radio ansmitter station is shown in figure 11-64.

[image: Figure, page 555]

Figure 11-64. Floor plan requirements and equipment arrangement for 10-kw radio transmitter.



I 1.55. MOBILE INSTALLATIONS.



ca. General.


	(1) Mobile arrangements of telephone >entrals, teletypewriter centrals, carrier term inal sets, and multichannel radio terminal or relay sets can be provided for tactical condi tions where the equipment may have to be moved frequently and where the vehicles or mobile shelters are available. There are no Sig nal Corps standards of this type available ex cept for the Telephone Central Office Set TC–2. The information and drawings contained in this paragraph are intended to serve as a guide for making such arrangements. For this pur pose, the sets can be mounted in standard Army semitrailers or shelters.

	" (2) The first consideration in making such an arrangement is to determine the inside dimensions of the available truck, semitrailer, or shelter. Consideration should be given to the head room and a check should be made to see that there are no inside projections or off sets in the floor which will interfere with the layout of the equipment. In arranging the



equipment, care should be taken to see that there is ample space for items such as the operators' chairs in the front of a switchboard, and aisle space in the rear of switchboards and around the frames, power, and testing equip ment for maintenance. In case there is more space available than is needed for operation and maintenance, the equipment should be lo cated so that the unused space can be used to store the power equipment and packing cases when the outfit is being moved. Where it is necessary to add windows in semitrailers or shelters or if blackout restrictions preclude windows for light and air, consideration should be given to adding forced convection unit heat ing equipment and the necessary lighting out lets at the same time. TM 11–2525 describes the Miller utility heater model OG-31–A which is a portable unit suitable for heating trailers and shelters.


	(3) Minimum lighting requirements have been shown on some of the floor plans. Care should be taken in locating the lighting outlets and windows to see that the amount of light provided on the face and keyshelf of a switch board is not of high intensity, which would make it difficult for the operator to see the lamp signals.

	(4) The equipment which is to remain in place should be securely fastened to the floor. In most cases it may be necessary to supply supplementary bracing from the top of the switchboards or frames to the ceiling or side walls to prevent tipping when the outfit is being moved. It may also prove desirable to Secure the operators' chairs to the floor. The procedure for fastening the components of Telephone Central Office Set TC–2 by either lag screws, bolts and nuts, or toggle bolts to the shelter, as described in Changes 2 to TM 11–340 (15 April 1944), may be used in other arrangements. Other methods of fasten ing equipment, which may be employed in the mobile installations, are described in HQ, AAF, Technical Order No. 03-1-39, Instruc tions for Operation and Maintenance of Cargo Tie-Down Equipment. These methods, which are used in securing cargo in Army cargo planes, make use of two tiedown rods, a beam, and a jack.

	(5) When motor vehicles are used for transportation of mobile installations, con sideration should be given to the possibility of deep-water fording. The waterproofing of such
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Figure 11-65. Floor plan of one-position Telephone Central Office Set TC-2 in Shelter HO-17-( ) or HO-27-( ).

vehicles for this purpose is described in TM 9–2853. These arrangements, in general, provide breather pipes and exhaust extensions to a point above the expected water level.



b. Mobile Telephone Centrals.


	(1) General. Mobile telephone central arrangements are included for a 1-or 2-po sition switchboard mounted in a Shelter HO–17–( ) or HO–27–( ) or a semitrailer, and for a 4-position switchboard in a semi trailer. Arrangements similar to these have al ready been used in the theaters of operations.

	(2) One- or 2-position Telephone Switch board. -

	(a) The arrangements for mounting a 1- or 2-position switchboard using Tele phone Central Office Set TC–2 in Shelter H0–17–( ) or HO–27–( ) are described in Changes 2 to TM 11–340 (15 April 1944). Shelters HO-17–( ) and HO–27–( ) are identical, except that shielding is provided in Shelter HO–17–( ). When available, Shelter HO–27–( ) should be used for the Telephone Central Office Set TC–2.

	(b) The bare floor plan showing the complete installation of all items in Shelter H0–17–( ) or H0–27–( ) for a 1-posi



tion Telephone Central Office Set TC–2 is shown in figure 11-65. For a 2-position switch board, another floor plan arrangement in Shel ter HO–17–( ) or HO–27–( ) is shown in fiure 11-66. This figure also shows the ar rangement of equipment in a Trailer, Cargo, 1-ton, which is required in addition to the shelter for transporting some of the equip ment. In both of these cases the Shelter is transported in Truck, Cargo, 21/3-ton, 6 x 6.


	(c) An arrangement for mounting a 2-position Telephone Central Office Set TC–2 in a semitrailer, is shown in figure 11-67. This arrangement is not described in TM 11–340. This plan requires the use of a Semitrailer, Van, 3-ton (6-ton gross) and has sufficient room for storing the unfastened equipment when the outfit is being moved.

	(3) Four-position Telephone Switch board. s

	(a) Arrangements for a 4-position in stallation of Telephone Central Office Set TC–10 are shown in figures 11-68 and 11-69. Similar arrangements no doubt could be used with the Telephone Central Office Sets TC-1 and TC–20 but are not included.

	(b) The two floor plans shown are
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(3) INDICATEs REcoMMENDED APPROxIMATE LOCATION OF LIGHTING EQUIPMENT
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Figure 11-66. Floor plan of 2-position Telephone Central Office Set TC.2 in Shelter HO-17. ( ) or HO-27- ( ) and trailer.

suitable for the most commonly available semi trailers. Figure 11-68 assumes the use of a Semitrailer, Van, 3-ton (6-ton gross). Figure 11-69 assumes the use of a Semitrailer, Van, 6-ton (10-ton gross). The latter is preferable since the operators' space is more liberal, and there is room for transporting the two engine alternators and the empty packing cases when the outfit is being moved. The plan in figure 11-68 shows the proposed location of some of

[image: Figure, page 558]

Figure 11-67. Floor plan of 2-position Telephone Central Office Set TC-2 in Semitrailer, Van, 3-ton (6-ton gross).

1 only insidt DiMENSIONS OF SEMITRALER VAN, 3-ton (6 Ton GRoss) ARE SHOwn.

the empty packing cases in the semitrailer with the remainder located in a Trailer, Cargo, 1-ton, when the outfit is being moved.

(c) Because head room is somewhat restricted in the two arrangements for the TC–10, it is recommended that the cable racks be omitted and the cables be attached to the ceiling or side walls in any suitable manner.



c. Mobile Spiral-four Carrier Terminals.


	(1) An arrangement for mounting the three carrier telephone and three carrier tele graph terminals of three spiral-four carrier systems in a Semitrailer, Van, 6-ton (10-ton gross) is shown in figure 11-70. Each group, composed of a Telephone Terminal Set TC–21, Telegraph Terminal Set TC–22, and two Ringer Sets TC–24, is arranged to operate as an indi vidual terminal on one spiral-four cable. When mounting three of these complete terminal sets in a semitrailer, duplication of all items of equipment contained in the TC–21, TC–22, and TC–24 sets is not necessary. The arrange ment shows the essential units required for the proper operation and maintenance of three separate spiral-four terminals.

	(2) A typical floor plan arrangement






suggested in figure 11-70, shows the equip ment located in such a manner that the cords, which are a part of the equipment, will reach the associated apparatus, except in the case of the Teletypewriter TG–7–( ), for which it will be necessary to furnish longer cords in order to connect the TG-7–( ) to each CF–2–B.

2. NSIDE HEADROOM is 76 v2" TL 54959


	(3) In order to save space, two Ringing Equipments EE–101—A are mounted one above the other. It is suggested that a rack or shelf be built to hold the six ringers that are provided. A shelf above the ringer rack is also suggested in order to provide space for mounting the two Rectifiers RA-83–A. This shelf can also be used as a writing shelf and as a place to keep the miscellaneous testing and maintenance equipment when the unit is in operation.

	(4) In fastening the carrier terminal carrying cases in the semitrailer, they should be placed tight against the sides and bolted to the floor. In addition, an arrangement sim ilar to that used in Operations Center AN/- TTQ-1 (TM 11-438) can be used for fasten ing the carrying cases to the sides of the semi
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Figure 11-69. Floorpan of4-position Telephone Central Office Set TC-10 inSemitrailer Van,6-ton (10-ton gross).

[image: Figure, page 561]



Notes:


	1. only INSIDE DIMENSIONs of SEMITRAILER, VAN, 6-Ton (Io-TON GROSS) ARE SHowN. 2. Inside HEADROOM is 78." IN THE FRONT AND 67 laz"IN THE REAR.

	

	3. CONNECT THE Two 12v Battery units (E) IN PARALLEL to supply THE Six RINGING tourPMENTs EE-not-A (12 RINGERs).

	4 connect THE Two 12v BATTERY UNITs (F) in PARALLEL to supply THE THREE cF-I-A TERMINALs.

	5. It is Recommended that the front of the TERMINALs face TOWARDS THE front of the SEMI TRAILER, VAN.

	6. FULL DOOR AT TOP, TAILGATE AT BOTTOM. (PROVIDE BLAck-OUT cuRTAIN ENTRANCE when Door is OPEN AND TAILGATE is Down).



TL 54-772

Figure 11.70. Floor plan of spiral-four carrier terminals in Semitrailer, Wan, 6-ton (10-ton gross).

trailer. In order to mount the carrier terminal carrying cases in this manner, it is necessary to remove the front and rear covers of the ter minals, and leave them off at all times. Where dust or moisture is excessive during transpor tation, a canvas cover should be provided for both the front and rear of the terminals.

(5) Since the six Ringing Equipments EE–101–A are mounted on a rack or shelf, it is necessary to omit the covers when fastening them to the rack. If a rack is employed such that the first layer of three Ringing Equip ments EE–101–A is set on the floor, it may be necessary to provide a narrow foot guard to protect them.


	(6) In order to eliminate the need for several storage batteries, it is recommended that two 12-volt battery units be connected in parallel to serve as the emergency battery for the three Telephone Terminals CF–1—A, and two more units similarly connected, for sup plying the six Ringing Equipments EE–101—A. Since an emergency Power Unit PE—75–( ) is carried in the semitrailer, the emergency storage batteries required can be carried as removable equipment.

	(7) In cases where it is found necessary to run cables along the floor, wooden protect ing ducts should be provided.

	(8) The Teletypewriter TG-7–( )






should be provided for lining up the carrier telegraph circuits and to provide for general testing and maintenance of the equipment.

(9) Two Rectifiers RA-83–A, one regu lar and one emergency should be provided.



d. Mobile Teletypewriter Centrals.


	(1) A floor plan for a mobile teletype writer central arrangement is shown in figure 11-71 for two Switchboards BD–100 and a teletypewriter station in a shelter. In addition to the switchboards and teletypewriters, a line unit with power supplies, and one Repeater TG-30 are provided. There is not sufficient space for more than two teletypewriters; one of these can be used by the switchboard oper ator for operating the two switchboards and the other for use on a switchboard line that terminates in the shelter.

	(2) The equipment mounted in Shelter HO–17–( ) or HO–27–( ) (fig. 11–71), consists of one Switchboard BD–100, one Tele typewriter Set EE–98—A, one Repeater TG-30, spare Power Unit PE–75–D, and one Tele graph Central Office Set TC–3 (one position).



NotEs:

I. OnLY inside. DiMEnsions of shelter HO-17-(4) OR Ho-27-(a) ARE SHowN.

Components of these sets include ground rods, running spares, major tools, rectifier power units, and teletypewriters with accessories and supplies. Field wire may be used to intercon nect equipments which are not furnished with cords. Circuits operated on a simplex (simul taneous telephone and telegraph) basis are derived from simplex coils located with the telephone line terminating equipment. This floor plan layout shows the location for two gas-engine power units. When the outfit is be ing moved, care should be taken to insure that the power units and chests, which are not permanently secured to the floor, are tempo rarily fastened in some manner so that no damage is done to the equipment while being transported (subpar. a (4) above). If terrain is such that the weight of the equipment in shelters is excessive, then the two power units can be placed in a separate truck.



e. Mobile Multichannel Radio Terminal or Relay Arrangements.

(1) A mobile installation of the compo nents of two Radio Terminal Sets AN/TRC–3
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Figure 11-71. Floor plan of mobile teletypewriter central in Shelter HO-17. ( ) or HO-27-( ).

tu. 54.995

2. HEIGHT INSIDE of shel TER Ho-17-(a) or Ho-27-(a) At center is so 3/4".

and three Radio Relay Sets AN/TRC-4 has been used in one theater. This equipment, mounted in eight Trucks, Weapons carrier, %-ton, 4 x 4 and eight Trailers, Cargo, Am phibian, 14-ton can be used to provide a com plete 100-mile system consisting of two ter minals and three relays. Five of the individual truck-trailer combinations can also be used as radio terminals (subpar. (2) below) which may be used alone or in conjunction with the mobile spiral-four equipment described in sub paragraph c above. The same radio equipment can also be mounted in eight Trailers, Cargo, 1-ton in place of the above truck-trailer com binations.

(2) The two Radio Terminal Sets AN/ TRC–3 and three Radio Relay Sets AN/TRC–4 are broken into their component parts, thus providing 13 Radio Transmitters T-14/TRC–1 and 13 Radio Receivers R–19/TRC–1 and an adequate number of antennas, power units, maintenance equipments, etc. to operate these transmitters and receivers, when distributed throughout the truck-trailer combination, as described in subparagraphs (3) to (5) below.

(3) Two each of the transmitters, receiv ers, antenna systems, and power units are in stalled in each of five truck-trailer combina tions. Figure 11-72 shows the arrangement of the major components, which mount in the truck. Only two Power Units PE–75–( ) are used with each station and these are carried in the associated trailer. The arrangement of the power equipment in the trailer has not been shown but space is available to carry the necessary gasoline, oil, water, and personal equipment. The floor space in the bottom of the trailer is about 38 x 72 inches.
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Note ONLY INSIDE DIMENSIONS OF TRUCK. WEAPONS CARRIER, % Ton,4x4 1 s shown. TL 5.4939

Figure 11-72. Typical AN/TRC-3, AN/TRC-4 mobile set-up.


	(4) Each of the remaining three truck trailer combinations is equipped with one transmitter, one receiver, two antenna sys tems, and two power units.

	(5) The five truck-trailer combinations described in subparagraph (3) above serve as a terminal station having an operating transmitter, an operating receiver, and a spare of each. For a radio relay station, one truck-trailer combination, described in sub paragraph (3) above and one truck-trailer combination described in subparagraph (4) above are required.

	(6) In order to make the five truck trailer combinations, described in subpara graph (3), independently operable, it is nec essary to divide the maintenance equipment so that each will have the items and amounts of maintenance equipment which are a part of Radio Terminal Set AN/TRC–3. The mainte nance equipment provided with the two radio terminal and the three radio relay sets is con tained in two Chests BC–5 for the AN/TRC–3 (one for each) and six Chests BC–5 for the AN/TRC-4 (two for each). The material is removed from the two chests of each AN/ TRC-4 and those items which are normally

	a part of the chest of each AN/TRC–3 are put in one of the chests and the remaining items are put in the other chest. Five AN/ TRC-3 maintenance equipments will then be available for use in the five truck-trailer com binations described in subparagraph (3) above and the excess items in the three spare chests can be used with the three truck-trailer com binations, containing only a single transmitter and receiver, described in subparagraph (4) above.

	(7) In order to conserve space, all of the Cases CY-29/TRC–1 and all except eight of the Cases CY-30/TRC–1, which contain the antenna mast sections and other antenna parts, are discarded and their contents are distributed among the eight truck-trailer com binations as required. The mast sections are carried on the side seats, and the remainder of the antenna equipment is carried on the floor, and in the one Case CY-30/TRC–1 which is in each of the trucks. In order to provide more room in the Cases CY-30/TRC–1 which are retained, the element racks are re moved. The Cords CD–800, which are normally stored in Case CY-30/TRC–1 are placed in the rear pocket of the truck.






Section XI. MAINTENANCE


1156. GENERAL.


	q. Necessity. Maintenance is required to pre vent or correct the undesirable effects of wear and dirt, damage from the elements such as storms and moisture, and damage from friendly or enemy action. Maintenance also includes day-to-day rearrangements and changes, such as placing cross-connections for telephone installation and trunk circuit orders. The work can be classified broadly as pre ventive maintenance, corrective maintenance, and service order work. Maintenance varies in character according to whether it involves telephone and teletypewriter switchboards, local loops and telephones, test rooms, tele typewriter and telegraph equipments, station sets, repeater stations, radio stations, long dis tance lines, and power plants. All maintenance work requires personnel with specialized training.

	b. Maintenance Instructions. Maintenance work is based largely on the experience and

	training of the maintenance personnel. How ever, it is desirable to have written instruc tions available covering certain features of the work, as a source of information and for periodic review. This section gives a general outline of the maintenance procedures. Main tenance instructions are given in TM 11–473, TM 11–353, TM 11–2037, and manuals pro vided with various types of equipment. It is sometimes advisable to supplement the infor mation in the technical manuals with written instructions covering routine work items, par ticularly when the work involves more than one organization. Reference can be made to FM 24–20, and TM 11–473 for methods, routines, and forms to be used in maintenance.

	c. Maintenance Supplies. Suitable tools and testing equipment (par. 1167) are essential, as are adequate stocks of spare parts and ma terials. Recovery and prompt repair of equip ment at supply depots is desirable. Informa



tion concerning tool, test, and maintenance equipments may be obtained from TM 11–487.



1157. PREVENTIVE MAINTENANCE.


	q. General. This is work done to detect con ditions which may cause trouble and to correct them before they have a chance to affect serv ice. Illustrations are: tree trimming before limbs touch wires; routine inspection of the entire station installation when a visit is made to clear a case of a trouble; testing all cord circuits of a switchboard to see that they give correct supervisory signals; periodic line-up of repeaters on a circuit; and patrol of wire lines by crews equipped to correct minor troubles. Important factors in maintenance are clean liness of equipment, care in the use of tools and in handling equipment, and accuracy in making adjustments. Effectively used, pre ventive maintenance will contribute greatly to good service with economical use of facili ties and personnel.

	b. Effect of Construction and Installation Work. Service interruptions will be minimized if the planning anticipates and eliminates potential sources of trouble. For example, the location of a line where it may be washed out under flood conditions is an invitation to trouble. Careless work when installing local lines and equipment can be the cause of trouble at a later date. A pole line failure may be traceable to insufficient depth of setting of a pole or anchor, or to insufficient ground clearance in a span at a point where it becomes necessary to divert traffic from the highway.

	c. Initial Tests. It is desirable to make tests of the components of any communication instal lation before placing it in service, that is, cut over tests, to assure that they will function properly. This work can be performed by the personnel that is to be responsible for main tenance, thus familiarizing them with the equipment and its maintenance. A check list of work items, called a cut-over program, made in advance will be helpful.

	d. Periodic line Inspections. Line troubles may be minimized through periodic inspections by patrol crews to repair minor defects and re port major ones. Progressive deterioration of supporting structures or the introduction of new hazards along the route can be detected. For example, an anchor may be found to have pulled up; insulated wires and cables, where laid on the ground, may become exposed to



grass fires in dry seasons, which can be avoided by burning the grass under control; etc.


	e. Periodic Equipment Tests and Inspections. Periodic tests, sometimes called routime tests, should be made on many items of equipment, in centrals and carrier stations. The necessary tests for carrier equipment are stated in the technical manuals that accompany the equip ment. Tests that take trunk circuits out of service should be scheduled by the control office. Preventive maintenance testing is scheduled work which requires: provision of a list of work items to be performed; a sug gested frequency such as daily, weekly or monthly, at which they should be performed; instructions as to how each should be per formed; and forms for recording the tests and the trouble detected. Practices for some types of switchboards are available in Bell System Practices which can be obtained through Army Communications Service. Special instructions may have to be prepared locally for special types of equipment. The routine instructions should cover: tests for the correct operation of such items as alarm circuits, emergency ringing and power supplies, and trunk and cord circuits; inspections to determine items such as the level and specific gravity of storage battery electrolyte, and the state of wear on switchboard cords and plugs; and, work items such as apparatus cleaning and the polishing of switchboard plugs.

	f. Apparatus Cleaning. Equipment trouble can be caused by dust and dirt which can come from outside a central or be generated within the office. The entrance of external dirt can be reduced by preventing the free intake of out side dirt-laden air. Air filters, if available, aid in preventing this. Precautions can be taken to minimize internally generated dust and dirt by preventing unnecessary travel of personnel through an office. Accumulated dust and dirt can be removed by cloth (very lightly damp ened with water if desired) or a vacuum cleaner.

	g. Switchboard Cord Repair. Switchboard cords that become worn or frayed are repaired either while attached to the switchboard cord shelf or after their removal from the switch board. On busy switchboards it may be desir able to replace the cords and then repair them, to avoid interference with operators. Cord re



pair tools and methods are described in TM 11–473.

h. Teletypewriters. Teletypewriter mainte nance should consist of systematic periodic inspections, lubrication, and adjustment. The inspections and readjustments as required should reveal and correct faults before serious equipment damage or interruption to service occurs. By keeping the equipment clean and free from dust and by proper lubrication, not in excess, it is possible to prevent a very large number of failures and consequently reduce the amount of corrective maintenance to a minimum. Preventive maintenance may be executed without great loss of operating time and should not materially tie up traffic. Oper ating personnel should cooperate with main tenance personnel by keeping the equipment clean and by reporting any abnormal operat ing condition. -



1158. CORRECTIVE MAINTENANCE.

This is the work of testing and clearing troubles after they have started to affect serv ice. These troubles are predominantly those which are reported by the service users, but also include those detected by operators or maintenance men. Corrective maintenance will probably take more of the maintenance force's time than preventive maintenance. Para graphs 1164 and 1166 describe trouble testing and clearing.



1159. SERVICE ORDER WORK.

This is the work of placing cross-connec tions for local loops and trunks, between in coming line or cable pairs and the office equip ment in centrals, and the testing of new installations in conjunction with the telephone installers. It constitutes a considerable per centage of the total work in the larger cen trals, when installing and changing location of telephones is active. Work occasioned by rearrangement of voice-frequency and carrier long distance circuits, also falls in this cate gory.



1160. MAINTENANCE OBJECTIVES AND PERSONNEL REQUIREMENTS.

q. Training. Men specially trained for the maintenance work to which they are assigned are essential. Training does not stop when the training course ends but is a continuing proc ess to which officers and other supervisory personnel must contribute effectively from day to day in the theater in order to render good communications service.

b. Telephone and Teletypewriter Station Main tenance. Some station troubles will take 1,3 hour to find and clear, others three times that long or longer. The nature of the trouble will have an important bearing on the time required to clear it. An average to expect of the repair force is about 1 hour per trouble, if travel time is not excessive. With temporary open wire or field wire used extensively for the station loops, one repairman per 100 or less tele phones probably will be needed. More perma nent wire or cable plant will reduce this con siderably. Six to 10 teletypewriter stations may require one maintenance man. Field wire can be expected to have 15 or more troubles per 100 miles of wire per week. Open wire lines will probably have 5 or more troubles per 100 pair miles per week. Lead-covered underground cable may have more than 2 sheath troubles per 100 sheath miles per month, and aerial cable possibly as high as 12 sheath troubles per 100 sheath miles per month. The trouble expectancy figures quoted are on plant not exposed beyond ordinary non combat conditions and can be expected to be much greater where activity is greater. A local area with only three or four repairmen does not require a supervisor for the local loop maintenance since the men can be directed by the wire chief. Larger groups of men probably will require a group supervisor. In an instal lation of six or more switchboard positions serving several hundred telephones, the full time of one tester probably will be required to test and handle the trouble work.



c. long Distance line Maintenance.

(1) Long distance lines may need to be maintained by patrol crews, each responsible for a short section of line, in the order of 5 to 10 miles long. The length of section will depend on the importance of the line and the nature of the territory traversed. The number of wires on an open wire line may not always indicate the importance of the line because a few wires may carry many communication channels if carrier equipment is used. The crews should be on call 24 hours per day. A terminal circuit 10 miles long which is inter rupted 5 percent of the day might be consid ered tolerable. A circuit consisting of 10 such sections would be considered highly unsatis factory since the circuit might be working

– only 60 percent of the day. A suggested stand ard for open wire lines of the order of 100 miles in length should be that each section between 10-mile test points is free from inter ruptions for at least 99 percent of the time. Interruptions must be kept to less than 1 hour in every 4 days per 10-mile test section to achieve this result. This standard can be achieved by attention to preventive mainte nance, by the instantaneous readiness of line men, vehicles, and supplies at the terminals and at every test point, and by the provision of telephone communication between the ter minals and the test points concerned. For 1,000-mile lines, a better standard should be achieved. Long line preventive maintenance may require wholesale cutting of tree branches; permanent diversion of the route when break-downs are found to recur at cer tain points because of traffiic or enemy action; and the elimination of incipient troubles by frequent patrol of the route, for example, at dawn, midday, and late afternoon. The line man should be prepared to climb on his vehicle, knowing that all necessary testing equipment and supplies for permanent and temporary repairs are already there.


	(2) Priority may be required covering the maintenance and restoral of important operation circuits, including rerouting if the circuit is-out of service for longer than some definite period.

	d. Maintenance of Centrals. Multiple switch boards should have a wire chief in charge to supervise the switchboard maintenance and the test room operation where both local as well as long distance line testing is performed. . If the central is not too large he may also di rect the local telephone and teletypewriter station maintenance, the installation of tele phones and teletypewriters, and the carrier equipment maintenance. Large centrals may require three separate supervisors, one for the switchboard and test room, another for the carrier equipment, and a third to supervise the installation and maintenance of telephones and teletypewriters. Telephone and teletype writer maintenance supervised separately from their installation is a further possibility, justifiable only in unusually large and active situations. Single-position local switchboards can often be maintained by the same force that maintains the associated larger office.





e. Carrier and Repeater Station Maintenance.

The outlying repeater or carrier stations may require 24-hour coverage, particularly if en gine-driven generators are installed, or if the installation is large. In any case, attendance at least during day and evening hours proba bly will be necessary to operate the gas engine power plant, to assist in locating line trouble, and to maintain the telephone, telegraph, and carrier equipment that may be there. A small office may combine this work under one small group of men. In large offices it may be nec essary to have one group for the line testing, another for equipment maintenance, and a third to operate the power plant.



f. Dispatching Installers and Repairmen.


	(1) It is generally preferable to dispatch all of the installers and repairmen for a local area from one central point. Such an area may consist of one central or several in a group and assumes that travel time will not be exces sive to reach the average telephone or tele typewriter station in the area.

	(2) It is preferable to dispatch from a test cabinet, which has voltmeter testing facili ties and local lines between the switchboard and the test cabinet, in order to test lines and to assist the outside men in their work. Where a test cabinet is not provided, a 506B cordless PBX, or a simple wiring plan (ch. 2) with pickup keys at the telephones, can be used to terminate the local lines from the switch boards.





1161. TROUBLE REPORTING, GENERAL.


	a. Trouble Sources. Trouble that develops in a communication system is detected by the serv ice users, the operators, or the maintenance force, and trouble reports from each of these three sources takes a different course through the maintenance organization. The methods suggested for handling the trouble reports are described in paragraphs 1162 and 1163.

	b. Instructions to Service Users. Telephone di rectories should instruct service users how to report trouble. Instruction cards at teletype writer stations should carry similar instruc tions. These instructions should specify that trouble be reported through the operators to someone assigned to take such reports. This person can be the operator or the chief oper ator at small centrals, or a clerk at larger cen trals.





1162. TROUBLE RECORDING.


	a. General. Service users' trouble reports can be recorded and handled as follows:

	(1) At small centrals and in the light traffic hours at large centrals, the calls can be answered by the operator or chief operator as described in paragraph 1108k.

	(2) At large centrals or when the volume of reports warrants, a repair service clerk can be located at a table where the trouble report ing trunks from the switchboard terminate. The original record by the repair clerk should be on a daily trouble report, shown in figure 11-73. Immediate transcription should be






	
	* creas out one.





Figure 11-73. Daily trouble report.

made to the line record card (fig. 11-46) for the line involved in the trouble. This card is then used by the wire chief or test deskman in handling the work of clearing the trouble. These cards should be filed numerically in a tray convenient for use by the repair service clerk. After the trouble is cleared and the wire chief or deskman has entered the trouble rec ord on the line card, it is returned to the re pair service clerk. This clerk then completes the entry of the trouble found on the daily trouble report and returns the card back to file. The daily report is useful for subsequent analysis and control.



b. Long Distance Trunk Trouble.

(1) General. Each wire chief should have in file a circuit record card such as shown in figure 11-36 for each long distance telephone trunk and one like figure 11-37 for each tele graph trunk. These can be printed on the re verse side, as shown in figure 11-74, so that trouble reports and subsequent action can be entered on them.

TL. 54:332

Figure 11-74. Telephone and telegraph trunk circuit trouble record.


	(2) Telephone Trunk Trouble. In gen eral, circuits that are kept busy do not require as frequent routine test, since a busy circuit obviously indicates that it is not in trouble. Circuits that have been handling considerable traffic and suddenly become idle should always be tested at the first opportunity by the switch board operator. In addition, daily or more fre quent tests of all telephone trunks, both long and short, are advisable, and should be made in periods of light traffic. Both operators mak ing tests should report the out-of-order trunk on trouble tickets (fig. 11-6) and make it busy by means of signal plugs, rather than by cord circuit plugs that might open the circuit and interfere with testing. When an operator en counters trouble on a circuit at other times than while testing, the case should be referred to the chief operator who should test the cir cuit with the distant chief operator; if it proves to be faulty it should be reported by ticket and made busy as outlined above.

	(3) Teletypewriter Trunk Trouble. Tele typewriter trunk troubles, encountered by service users or operators, that are referred to the teletypewriter chief operator should be recorded on a trouble ticket (fig. 11-6–B), which should be forwarded to the teletype writer maintenance man. Subsequently the record of the trouble found can be entered on the ticket, which should be returned to the chief operator for his information. If the indi cations are that the trouble is in the outside plant, the teletypewriter maintenance man should refer the trouble to the wire chief.

	c. Preventive Maintenance Trouble. Trouble detected while performing the daily, weekly, or monthly routine tests on equipment should be recorded on a test record to how the date, units tested, trouble encountered, trouble found, frequency of the test, and the identity



of the tester. This record can be a sheet, de signed to record the routine tests made on various equipments.


	d. Telephone Switchboard Trouble. Switch board troubles detected by the operators should be reported to the chief operator. These should include trouble on local loops and tele phones, switchboard lamps, jacks, keys, cords, plugs, hand generators, head and chest sets, clocks, chairs, etc. The chief operator should verify the trouble and refer it to the wire chief by trouble ticket (fig. 11-6-B). The wire chief should enter the trouble found on the trouble ticket, which should then be returned to the chief operator for his information.

	e. Teletypewriter Switchboard Trouble. Switch board troubles detected by the operators should be reported to the officer in charge. Trouble may occur on station lines or trunk lines in the form of unsatisfactory transmis sion, requiring the test and control board at tendant to make a check of the condition of the line facilities. Line transmission tests (line-up tests) are made from the switchboard. A trouble ticket should be made out by the officer in charge and forwarded to the wire chief for action.

	f. Line and Cable Failures. The simultaneous appearance of several line signals, or several troubles on long distance lines, may indicate a line or cable failure which should be reported promptly by the chief operator to the wire chief and then to the maintenance officer in charge of outside plant maintenance. The line record cards for all of the loops or trunks in volved in a cable failure should be passed to the test deskman, and after the trouble is cleared, a suitable record of the trouble can be made on the cards.

	g. Power Failures. Failure of the power sup ply for telephone, telegraph, or radio opera tion, if from civilian or other distant source, will require prompt verbal report to the re sponsible authority. The time the trouble occurs and the clearing time should be entered on the wire chief's log.





1163. PERIODIC SUMMARY OF TROUBLE REPORTS.

a. When operations in a new system have reached a settled stage, it may be found desir able to summarize reported trouble weekly or monthly for analysis. The size of the main tenance force in relation to the number of troubles can be studied for possible improve ment. The trouble summaries for different locations can be related to the number of units of plant involved, to show the troubles per unit of plant. This permits comparison of trouble conditions at different locations. For this purpose, analysis sheets can be prepared with suitable column headings to summarize the troubles under several general headings. Such a record is illustrated in figure 11-75.

b. For local loop and telephone troubles, a similar record can be used, in which the col umn headings can be: date, name of switch board, station bell, station telephone, station protector, station wiring, drop wire, line wire, cable, and terminal. For this summarization, one line across the page can be used for each day; entries can be made by strokes and added up by weeks with a blank space between the weekly summary and the first day's entry for the following week.



1164. TESTING AND CLEARING TROUBLE.


	a. General. Methods for testing and clearing trouble vary with the size and type of plant. For example, a one-position telephone central may permit one man or a small group of men, to do all the maintenance work at the central and also on the local loops and telephones, whereas a large central with many telephones, carrier equipment, and considerable telegraph equipment, may require specialized groups for the maintenance of the switchboard separate from the carrier equipment, etc. Switchboard testing is described in TM 11–473. The tests that can be made with various test sets and testboards are described in the technical man uals or instruction books which describe the test sets. It is important that suitable test sets be supplied at each switchboard. These sets are described briefly in TM 11–487.

	b. Complete Line or Cable Failure. When a complete line or cable failure is indicated, the wire chief should determine the approximate location of the trouble and dispatch an out side plant maintenance man to ascertain the nature of the trouble and to endeavor to make prompt repair. This is particularly desirable in locations where lead-covered paper-insu lated cable is involved, because a sheath crack may occur which will cause a few lines to be affected at that moment, but which may rap idly develop into a complete failure affecting



all lines in the cable. Prompt action may pre vent the trouble from causing a complete failure.

c. In Small Centrals. To clear local switch board line and telephone trouble in small cen trals, the repairman may do his own testing with the assistance which the switchboard operators can give, such as ringing and talk ing. To test trunk trouble, in addition to a telephone set, he should be provided with a voltohmmeter such as Test Set TS-26/TSM, to test for grounds, shorts, crosses, and opens. Knowledge and use of a Wheatstone bridge also will be desirable for the location of faults.



d. In large Centrals.

(1) Local Loop and Telephone Trouble. It is desirable to assign a testdesk man whose duty will be to test and analyze the local trouble reported by service users. The tests will disclose whether the trouble is at the tele phone, in the loop, or in the central. Voltmeter tests only are required in this work. Upon re ceipt of the trouble ticket or the line record card, the testdesk man will test the loop from his test cabinet with his voltmeter. Local tele phone loops do not appear in test and control boards. Therefore, provision usually is made at one position of fixed plant multiple switch boards for a test cord connected to the wire chief's test cabinet. An order circuit is con nected to the switchboard operator's set at this position, over which the testdesk man can direct this operator to put the test cord in any desired line jack. At small installations (per haps six positions or less of switchboard) and in tactical switchboards such as Telephone Central Office Sets TC–1 and TC–10, it is usual for the tester to remove the heat coils of the loop at the main distributing frame and insert a test shoe, or attach test clips, with cords connecting to the test cabinet, by means of which tests can be made outward toward the telephone as well as inward toward the switchboard.

(2) Long Distance Line Trouble. In the larger centrals, it is usual to assign a test board man to test and analyze troubles on long distance lines. The testboards provided for this work include a Wheatstone bridge. The localization of line trouble at a distance re
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- TL. 549.40 Figure 11-75. Periodic report of line and equipment troubles.

quires bridge measurements because voltmeter tests are inadequate. The long distance lines usually are looped through jacks in these test boards for convenience. The testboard man, upon receipt of a trunk trouble ticket, will monitor on the trunk to make sure no one is talking before he opens the circuit for test. If the trunk is idle he will put up a test cord in the line circuit jacks and test the trunk by means of the test equipment that is provided for the purpose. If the trunk is in service he will have it made busy at both ends before making tests. Preliminary analysis tests can be made by voltmeter but exact locations of trouble on outside plant require a Wheatstone bridge. Troubles in the centrals are located by using a voltmeter.


	(3) Carrier Equipment Trouble. If a preliminary test made by a testdesk man in dicates that trouble exists in the carrier equip ment, the case usually should be referred to the carrier equipment maintenance man. Major troubles on tactical carrier units may require replacement of the defective compo nent and its return to a repair depot. Fixed plant type packaged equipment should not require return of units to the repair depot for most troubles encountered.

	(4) Switchboard Trouble. Telephone cen tral maintenance usually divides into preven tive (routine) testing on a regularly recurring schedule basis and trouble clearing as a result of trouble reports. Both functions are carried on by the same group. If the switchboard is large, the preventive maintenance work may be assigned to one person, and the trouble clearing to others. Test Set TS-190/U, which is a telephone receiver with suitable cords and cord termination, is the chief testing device used in switchboard trouble clearing. At the multiple switchboards, circuits are numerous enough to justify a current flow test set, such as Test Set I–181, for measuring the current flowing through relays. A file of schematic and wiring diagrams for maintenance use should be kept for all circuits in an office. Figure 11-76 indicates the type of informa tion necessary for use in testing and adjusting switchboard relays.





e. Teletypewriter Circuit Trouble.

(1) General. Unsatisfactory operation of teletypewriter circuits, resulting in defective transmission of signals, may arise from any of the following troubles: abnormal line con ditions, improper line-up or adjustments of line transmission equipment, or improper ad justment of station teletypewriter equipment. Checks of the transmission quality may be made by use of teletypewriters and signal dis tortion test sets as covered in chapter 12. Gen eral maintenance information for teletype writer equipments is given in TM 11–353. Detailed information regarding trouble loca tion methods and maintenance procedures for individual equipments will be found in the technical manuals or instruction books fur nished with the equipment.



(2) Testing Procedures.


	(a) In general, the first objective is to locate the trouble either in line or local exten sion conductors or in centrals or station equip ments. On a direct point-to-point circuit this is generally not difficult. However, on a cir cuit composed of a number of sections in tandem, with or without branch circuits from the main line circuit, it will often be necessary to send test signals in one or both directions over the complete circuit from one or more points. By observing these test signals on monitoring teletypewriters at the various offices, it should be possible to determine where the trouble condition exists.

	(b) After the trouble has been located in a particular section, office, or station it may be necessary to make some general tests spe cifically to locate and clear the trouble. Tests which may be made are: voltmeter tests of line and local circuits, polar relay tests, mar gin measurements, and motor speed check of station teletypewriter. Chapter 12 gives data for making teletypewriter margin measure ments. Failure to obtain a supervisory signal may be due to burned-out lamps, or the contacts of the signaling relays may require cleaning. The proper speed for the operators' teletype writer motors should be maintained.





f. Teletypewriter Trouble.

(1) Corrective maintenance is necessary before teletypewriter equipment is returned to service after it has failed to operate satisfac torily, and may require in some cases the use of new parts or complete overhaul. The neces sity of taking teletypewriters out of service for repairs may cause traffic delays. Therefore every effort should be made to reduce the nec essity of corrective maintenance to a mini mum. Corrective maintenance should be per

[image: Figure, page 572]

Figure 11-76. Relay circuit requirement table as found on circuit drawings.

formed in a repair shop where tools and test equipment are available. It is recommended that maintenance personnel who are trained in corrective maintenance be sent to the oper ating station to inspect the faulty apparatus and decide if the repairs should be made at the station or in the shop.

(2) To maintain service while repairs are being made, the maintenance shop should have spare machines in working order which can be used to replace any machine used in the area. It is not anticipated that mainte nance shop spare equipment will be sufficient to cover combat losses. A machine which can not be readily made to continue in service should be replaced by a spare machine.



g. Telegraph and Equipment Maintenance.

(1) Maintenance work should be done with a minimum effect upon service and com plete spare equipment units or components of units should be installed when trouble cannot be cleared at once. Apparatus covers, especially relay covers, should be kept in place, and dust accumulation inside covers should be removed with a clean cloth before 'replacing. Cleanli ness in the care of contacts on keys, jacks, and relays will reduce service interruptions. Cau tion should be exercised in soldering (TM 11–2037). The control office" is responsible for satisfactory operation of circuits under its con trol and in general, supervises the maintenance of equipment connected to these circuits.

(2) Demountable polar relays in tele graph and teletypewriter equipment should be tested and adjusted in standard polar relay test sets when available. A periodic mainte nance schedule may be established for check testing the relays and, if necessary, adjusting them. The frequency with which the relays should be checked will depend upon the amount of time they are actually functioning while in the circuit. This frequency of test may vary from about one week for busy equipment to several months for infrequently used equip

* The importance of establishing a control point in European international telephony was reeognized at the Budapest plenary meeting of the CCIF (Interna tional Consultative Committee on Telephony) in September 1934 at which the following rule was recom mended: "One of the stations through which a circuit passes is responsible for satisfactory transmission on that circuit. This station is called the control station; it is chosen by agreement between the technical depart ments of the Administrations and operating companies involved. Unless otherwise arranged between the tech nical departments interested, the control station will be one of the terminal stations of the circuit."

ment. Spare relays, properly adjusted, should be available at all times for replacement pur poses.



1165. POWER PLANT MAINTENANCE.


	a. General. This paragraph discusses the maintenance of engine-generator sets, storage batteries, rectifiers, and ringing generators. Other matters pertaining to power supplies are covered in chapter 7. Some power equip ments require daily or more frequent inspec tion. Further information on maintenance is contained in TM 11–430, TM 11–473, and in information furnished with the equipment.

	b. Engine-driven Generator Sets. Information on the maintenance of gasoline engines used with generators is given in chapter 7. The in formation for the maintenance of diesel en gines similarly used is given in the manuals provided with the engines. Each diesel engine model is intended to be lubricated by, and oper ated on, certain grades of oil. Because it is not always possible to obtain the suitable grades of oil, the engines are frequently run on and lubricated with improper grades with result ant maintenance difficulties, and compara tively short life.





c. Storage Batteries.

(1) These may be either the enclosed or open type. The open type probably will be en countered only in civil plants. All storage bat teries generate explosive gas, and care must be exercised to prevent igniting this gas by sparks, including those from static, or nearby flame. Distilled water should be used in replac ing that which evaporates. The use of impure water may be unavoidable but it should be recognized that the life of the battery may be shortened thereby. Improper charging rates will adversely affect the plates in a manner readily apparent in open type batteries but difficult to observe in enclosed types. Charg ing rates should be adjusted so that the speci fic gravity of individual cells, when properly filled, is maintained according to instructions provided with the particular battery. New batteries, when shipped dry, require the addi tion of electrolyte and always require pre liminary charging before placing them in serv ice. This may take 24 hours or more. The acid is corrosive to most metals, wood, and clothing and, if spilled, can be neutralized by a strong soda and water solution, (1/3 pound of soda per gallon of water).


	(2) Individual cell voltage readings should be taken after a full charge. Different cells may show different voltage readings. The allowable limit of variation from the average for the string of cells, is 0.05 volts for large and 0.10 volts for smaller cells. These voltage readings preferably should be taken while the cells are on charge at the maximum charging rate used on the battery. A voltmeter with a 3-volt scale is desirable.

	(3) Several methods of charging batteries for particular centrals are available and will be determined when the job is engineered. The charging method has considerable bearing on the life of the battery. The recent designs of power plant which use regulated tube recti fiers require little attention and result in long battery life.





d. Rectifiers.


	(1) In general, the maintenance required for rectifiers may be confined to a few items, such as the replacement of tubes, rectifying discs, fuses, and electrolytic capacitors.

	(2) In the case of Tungar or other tube type rectifiers, the replacement of tubes, which have burned out or otherwise become inactive, will be required. With the disc type rectifiers, whether selenium or copper oxide, their disc assemblies will usually have to be replaced when the particular rectifier output indicates its voltage has fallen off about 20 percent of its rated value, unless specific application dic tates earlier replacement.

	(3) When a rectifier equipped with elec trolytic capacitors is stored or otherwise left idle for considerable periods of time, it will be necessary, in order to maintain the electrolytic film on such capacitors, to connect the réctifier to a source of alternating current for 1/2 hour every 18 months of such idleness. In addition, experience indicates the electrolytic capacitors, will have to be replaced every few years, the period depending on the type of capacitor and the conditions to which it has been subjected.

	(4) Reference to the various technical manuals, or to specific instructions which may be furnished with a particular rectifier, should be made to insure that additional or special maintenance instructions are not overlooked.

	e. Ringing Generators. The types of ring ing generators used by the Signal Corps in clude reed-type Interrupter PE–250–( ) (Telering), pole-changer Interrupter PE–248–



( ), static-type Ringer TA—13/TT (Sub cycle), and various types of motor-generator ringing machines. The reed-type and pole changer interrupters, which have electrical contacts, require attention frequently. Their contacts pit, burn, and may become dirty. Contact springs may require adjustment. The speed of vibration is important and can be checked with a frequency meter, if available. The output voltage is controlled by the amount of swing of the vibrator arms which can be ad justed. Increase of swing increases the out put voltage. Ringer TA–13/TT has no moving parts, is less subject to failure, and requires no periodic attention. Motor-generator ring ing machines require attention daily to see that oil cups are properly filled, that the ma chine is not overheating, that the collector rings and armature contact surface are clean, that the brushes are seated properly, and that the machine is free from dust and excessive oil.



1166. RADIO MAINTENANCE.

q. Preventive Maintenance. Some of this work is performed while the equipment is on the air and some during normal shutdown periods. It is limited to inspection by the using unit, clean ing and lubrication of parts, tightening of as semblies, minor adjustments, etc. The inspec tion, visual and by feeling, detects overheating by temperature or by discoloration and corro sion; it also locates fungus growth and need for dusting or cleaning. Lubrication includes that of parts such as gear trains, shafts, guide motors, etc. Tightening of connections, knobs, and assemblies affected by vibration and use, is required periodically. Adjustments normally are very limited, generally of an emergency nature when required to keep the equipment in service. The technical manuals and instruc tions supplied with each type of equipment give detailed instructions on preventive main tenance, as well as moistureproofing and fungi proofing requirements and methods. Section XII also gives information on these subjects.



b. Corrective Maintenance.

(1) General. This work divides between the using echelons and the higher echelons of repair. Using-echelon maintenance generally is limited to replacement of plug-in parts, ex cept for fixed plant equipment where more ex tensive repairs may be performed within the skill of the station personnel and the facili ties of the station. Higher echelon repairs include those of limited nature which are per formed by the mobile third echelon shop and personnel; and complete reconditioning at fourth and fifth echelon shops. The important consideration is to assure that the repair echelons are equipped with the essential tools, test sets, and technical and repair manuals; and have proper personnel to do the specialized work involved. Also, that the repair parts authorized by the Signal Supply Catalogues SIG 7, SIG 8, and SIG 10 are available in the depots and are issued to the indicated repair echelons.



(2) Test and Repair Procedure.

(a) General. Test and repair on equip ment in place should follow a logical procedure. The methods divide into five parts which are: physical inspection; electrical test; section-by section test; repair and replacement of parts; final inspection; and test run.

(b) Physical Inspection. Physical in spection uses sight, smell, hearing, and touch. The sense of smell detects overheated or burn ing insulation. Hearing detects failures which cause humming, sputtering, or crackling sounds. Glass tubes can be checked by sight for burnouts. Sight also can locate wiring damage, insulation breakdown, and loose con nections. Metal tubes can be checked for burn out by touching envelopes after the set has been warmed up for use. If these tests fail, the next step is to make electrical tests.

(c) Electrical Tests. Radio equipment usually can be sectionalized in making elec trical tests. The testing procedure should pro vide for section-by-section tests in order to locate faults quickly. The first test should be made on the power supply equipment (battery, dynamotor, or vibrator). Then the cordage should be examined for defects. Fuses should be next in order. Blown fuses should not be re placed until the cause of failure has been lo cated and cleared. The current should be checked for normal flow. If the power supply is satisfactory, the tubes should be tested one by one in a tester. Tubes that show an open fila ment or heater on the tube tester can be checked by inspection or with an ohmmeter. Burned out tubes should not be replaced until possible set troubles have been located, so that new tubes will not be burned out from the same cause that ruined the removed tube. Faulty tubes should be replaced, however voltmeter and resistance tests should be made on the equipment because the failure may be due to the tube or improper voltage. Sockets should be inspected for corro sion on the under side. If the set still fails, sec tion-by-section tests should be made.


	(d) Section-by-section Tests. Section by-section tests include voltage, current, re sistance, and dynamic tests. The voltage tests are made with all tubes in operation and nor mal power applied. Resistance tests are made with the power off. Caution should be exer cised in testing so that personnel will not be burned by the high voltages that may be en countered. Measurements are made at points specified in the instructions provided with the equipment. Readings that differ from the maintenance data for the set indicate defects. The current tests can be omitted unless the other tests fail to locate the trouble. However, they are very important in checking trans mitters. When testing sets with expensive tubes it is advisable to make the resistance tests first. The dynamic tests (signal tracing), are made section-by-section through the equip ment.

	(e) Repair and Replacement, Final Inspection, and Test Run. Inspection should be made after repairs or replacement of parts, to be certain that a good job has been done, that soldering is good, and that assembly is correct. A final test run should then be made which will be sufficiently long to assure that the sets will stand up in service, and then they should be checked for correct calibration.





1167. MAINTENANCE TOOLS AND TEST SETS.



a. For Telephone Maintenance.


	(1) Tools. Tool equipments, or main tenance equipments which may include some tools, are furnished as components of certain of the telephone equipment, such as switch boards, central office sets, etc. These equip ments do not include the small pocket tools (pliers, screwdriver, etc.) of Tool Equip ment TE–5, usually employed in mainte nance of centrals and telephones. These are supplied separately in accordance with the Tables of Equipment.

	(2) Test Sets. Telephone EE–8–( ) can be used as a general utility test set in practically all line and telephone maintenance



work. Telephone Unit EE–105 should be used by line repairmen who work on lines with carrier, because it can be bridged on a car rier circuit without interference whereas Telephone EE–8–( ) cannot. If the repair man takes care of small satellite common bat tery or magneto centrals, the small portable Test Sets TS-26/TSM and TS-27/TSM are useful. Suitable test cabinets for local testing and test and control boards for long distance line testing are available. Switchboard main tenance requires Test Set I–181 for adjusting relays. Test sets are covered in more detail in TM 11-487.



b. For Telegraph and Teletypewriter Mainte Incºnce.


	(1) Tools. Tool Equipments TE–50–( ) contain tools and expendable material for the use of teletypewriter repairmen in the main tenance of teletypewriter equipment in the field, in addition to Tool Equipment TE-5 men tioned in subparagraph a above.

	(2) Test Sets. Two forms of test sets are required especially for telegraph and tele typewriter purposes. These are polar relay test sets and signal distortion test sets. Test Set I–193—A (the polar relay test set) and Test Sets TS-2/TG, DXD–1 and DXD–4 (the signal distortion test sets) are generally used in the field; these are discussed in chapter 3. Neutral flat-type relays in telegraph equip ments are adjusted and maintained in the same manner as in telephone equipments.





c. Tools and Tests Sets for Radio Maintenance.


	(1) Tools. Tool Equipment TE-5 (sub paragraph a above) is issued to all required personnel in all echelons. Tool Equipment TE–41–( ) contains an assortment of tools and supplies for 2nd echelon radio and radar maintenance. Tool Equipment TE–113, the individual repairman's kit for radio and radar repair, is issued to each radio repairman of the 3rd or higher echelons, and may be issued to each radar repairman of the 2nd or higher echelons. Tool Equipment TE–114, the basic radio and radar repair kit, is issued to each repair unit of the 3rd or higher echelons. TE–113 and TE–114 contain various small hand tools for repair work.

	(2) Test Sets. Test Equipment IE–9–C is used for radio repair by the 3rd and 4th echelons and contains: analyzers, frequency meter sets, signal generators, dynamotor test



TM 11–487, are provided in repair shops and shop is shown in figure 11-77.

set, tube tester, ammeters, voltohmmeter, etc. by service groups, for use on particular types Various other test equipments, described in of radio sets. A 3rd echelon mobile radio repair
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Figure 11-77. Mobile radio repair shop.




Section XII. EFFECTS OF CLIMATE


1168. PossIBLE world-wide USAGE.

Equipment to be used in any part of the world is subject to wide ranges of tempera ture, pressure, and humidity; to water jam age in shipment and use; and to fungus growth in the tropics. The problems of fungus and humidity are discussed in TB SIG 13, Moistureproofing and Fungiproofing Signal Corps Equipment, and TB SIG 72, Tropical Maintenance of Ground Signal Equipment. TB SIG 66, Winter Maintenance of Signal Equipments, discusses the problems of cold climate usage.



1169. TEMPERATURE EFFECTS.

d. Equipment in transit to various parts of the world may be exposed to temperatures between –40°F and +150°F. Equipment in operation ordinarily will not be exposed to temperatures of such extreme range. The effects of temperature on dry batteries, stor age batteries, and rectifiers of the dry disc type are discussed in chapter 7.

b. Low temperatures may affect the opera tion of certain equipment seriously. Dry bat teries become inoperative at temperatures be tween -10°F and -20°F but they regain their normal characteristics when they again reach normal temperature. At 0°F charged storage batteries lose capacity in the order of 50 percent, but without damage to the cells otherwise. At this low temperature discharged storage batteries may be permanently dam aged. Counter emf cells are subject to freezing at temperatures of 15°F or lower; if enclosed and heated by lamp, vents are required to allow escape of the explosive gas they gen erate when activated by current flow through them. Rubber becomes brittle at low tempera tures, but ordinarily this has no effect on maintenance conditions. Freezing of rotating bearings, shafts, and gears is the most troublesome feature of cold climate operation if these parts are not properly lubricated for cold operation.

c. High temperatures create more problems in maintenance than low temperatures. Pro longed temperatures of 150°F will cause rub ber spring studs in relays to lose their shape when under pressure, which affects the ad justment and operation of the relay consid erably. The increase in resistance of windings of relays in the order of 15 percent may affect the operating characteristics. Paper and mica capacitors which are potted in wax or asphal tic compounds may be impaired permanently. Resistors of the fixed carbon type are sub ject to excessive changes in value at higher temperatures. Rectifiers of the copper oxide disc type age more rapidly when ambient temperatures are high. It is found that recti fiers of the selenium disc type deteriorate rapidly in storage in tropical areas when high temperatures and high humidity are com bined. Reports indicate that satisfactory operation is obtained if they are kept in use. Dry batteries deteriorate rapidly in shipment or storage in hot climates if not protected. Use of refrigerated space for shipment and storage has been helpful. Some use has been made of sealed containers for dry batteries. Caution should be exercised in opening these containers since explosive gas may be gen erated by the batteries in them.



1170. WETTING, HUMIDITY, AND RELATED EFFECTS. -

a. While all equipment for use in the tropics must be capable of functioning efficiently under the temperature ranges encountered, high temperatures alone are not the source of the greatest difficulties. Wetting by salt water or salt spray in landing operations and in temporary, storage causes much damage. Continuous damp warm air causes breakdown of wire insulation, warping, swelling, disin tegration of insulating materials, corrosion of ferrous parts, contact corrosion, collapse of woodwork, and troubles caused by fungus growth.

b. Ordinary insulations consisting of silk, acetate yarn, or cotton alone, commonly used for telephone equipment, even though wax impregnated, are not adequate. Unimpreg nated textiles absorb moisture, which greatly reduces their effectiveness as insulators. An enamel coating on the wire under the textiles is indispensable. A cellulose acetate coating over the outer layer of textiles is superior to wax impregnation from the standpoint of fungus growth. Wax, especially beeswax, quickly becomes covered with fungus growth (mildew) which, if allowed to remain, in time will destroy the outer layers of insulation.

c. Fungus growth often will reduce insula tion resistance to such an extent that service is interrupted. Under favorable tropical con ditions it may form in a day or two on the edges of insulators in spring pileups of re lays, keys, and jacks, thereby causing short circuits. Experience indicates that once such growth begins, even though the insulator is immediately and thoroughly dried, growth will continue more rapidly as soon as the high humidity reappears.

d. Insects create maintenance problems. Spiders build webs everywhere in the tropics, including the wiring of switchboards and sta tion equipment and in the petticoats of line wire insulators. Even lizards have been known to enter equipment and short-circuit main bus bars. Termites eat up wooden structures and some types of insulation.

e. Tropical wind storms sometimes carry large quantities of dust which causes con siderable difficulty by getting into equipment and causing contact and insulation trouble.



1171. MOISTUREPROOFING AND FUNGIPROOFING.

q. TE SIG 13 and TB SIG 72 describe mois tureproofing and fungiproofing treatment adopted for Signal Corps equipment which provides reasonable protection against fungus growth, insects, corrosion, salt spray, and moisture. The treatment is intended for field application as well as in the factory and uses a moisture-resistant and fungi-resistant var nish applied with a spray gun and brush.

b. The method of application in the field briefly is:

(1) Make all repairs and adjustments necessary for the proper operation of the equipment.

(2) Disassemble the equipment partially and strip it as far as necessary to reach in accessible parts.

(3) Clean all parts thoroughly of dirt, dust, rust, fungi, etc., and cover air capac itors, relay contacts, open switches, etc., with masking tape.

(4) Dry equipment thoroughly to dispel moisture which the circuit elements have ab sorbed. (Drying with infra-red lamps or in drying ovens heated by light bulbs or gasoline burner are suggested. In general, 2 or 3 hours at a temperature not exceeding 140°F is re quired.)

(5) Spray all circuit elements with three coats of Lacquer, Fungus-resistant, Specifi cation No. 71–2202 (stock No. 6G1005.3), or equal. Ten minutes in the heating oven is suggested between the first and second coats. Return to the heating oven after spraying is complete, turning off the heat and allowing the oven and contents to cool. Air drying is practicable but takes 20 to 30 minutes longer.

(6) Touch up with a brush the points missed by the spray.

(7) Reassemble the equipment.

(8) Retest and readjust the equipment, realign radio sets, and mark all sets to show that they have received treatments.

c. Moisture and Fungus-proofing Equip ment MK–2/GSM has been developed for use by repair units in the field. This kit contains equipment and materials required for treat ment of signal equipment by third echelon and higher repair units. The kit contains in fra-red lamps, lamp sockets, mounting brack ets, switches, and a control thermostat to be used in moisture removal treatment. The spray gun provided is hand-operated.



1172. OTHER PREVENTIVE AND REMEDIAL MEASURES.

a. Hot-air Blowing. The use of hot-air blow ers frequently may be necessary, depending on the equipment involved and the severity of the moisture conditions encountered. If available, portable 4- or 5-kw fan-type convection heat ers are, useful. Heaters as large as these usually operate on 230-volt ac, 60-cycle, single-phase power. They have been success fully used to dry out telephone central equip ment which has been submerged. Infra-red and ordinary lamps also may be used for dry ing equipment. Ordinary fans may be used to circulate the air that is heated by the lamps. Troubles in switchboard cables or forms caused by wire insulation leakage, heating, or breakdown from moisture may require opening up by cutting away the cable sheath or outer covering so that warm dry air can be blown through the core. Apparatus that can be removed can be dried in ventilated areas in which the temperature does not ex ceed 140°F.

b. Heated Enclosures. For enclosed equip ment, the use of a heating unit in the form of a resistor or lamp will frequently be found helpful. Sufficient heat to raise the tempera ture within the enclosure 5° to 10°F above the normal temperature will be adequate. It is rec ommended that, if practicable, enclosed heaters be used to effect reduction of humidity troubles wherever preventive action is needed. Some times, however, enclosed heaters will create temperature gradients within the apparatus such that objectionable condensation of mois ture will still persist. Proper physical location of heating units and fans may be important.

c. Screens and Enclosures. Where trouble is experienced with insects, all ventilating louv ers or openings in enclosures not already provided with screens should be screened, preferably with copper or other nonferrous material, with a mesh equivalent to 16 mesh, if it is at all practicable. Dustproof enclosures are desirable to protect equipment where dust is a source of trouble. If enclosures are used, temperature rise of equipment enclosed should be considered so that damage from overheating will not occur.

d. Termites. Protection against termites is difficult. Inside of buildings protection can con sist of pans of oil in which the legs of equip ment panels are placed. This prevents access to the structure except through the liquid.



1201. PURPOSE.

This chapter explains some of the terms and basic ideas on transmission which are used in chapters 1 to 11. Other terms and ideas have been explained at the points in the text where they were first used, when it seemed more ap propriate to do so. Chapter 12 should therefore be considered primarily as an auxiliary to the rest of this manual.



1202. POWER RANGES IN COMMUNICATION SYSTEMS.

In a 60-cycle power system, most of the power generated is delivered to the users. In a telephone or a voice-frequency telegraph sys tem, where the frequencies are higher and the wires smaller, most of the electrical power at the start of the circuit does not reach the user (the listener at the other end of the circuit), but is unavoidably lost en route. In a radio circuit this is true to a greater degree than in nonrepeatered wire lines. The power taken from the receiving antenna may be only a billionth or a trillionth of that delivered to the transmitting antenna".



1203. THE DECIBEL (db).

ca. With the great range of powers discussed in the preceding paragraph, it is convenient to measure relative power on a scale which avoids very large or very small numbers. This is done by expressing power ratios on a loga rithmic scale. The unit value of this scale is the decibel (commonly abbreviated db) *.

b. The number of decibels corresponding to a given power ratio is 10 times the logarithm of the power ratio. Thus, for any values of power, P, and P.

db=10logP1P2 db = 10 \log \frac{P_1}{P_2} 

where log is the logarithm to the base 10, found in ordinary logarithm tables. -
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Figure 12-1. Relation betwen db and power ratio.

c. Figure 12-1 is a table of db and the cor responding power ratios. Figure 12-2 ex presses the relation graphically. Adding db corresponds to multiplying power ratios. Thus from figure 12-1, the power ratio correspond ing to 36 db, or 30 + 6 db, is 1000 x 4 = 4000.

amplifier and the ordinary carbon button type of tele phone transmitter. *The decibel is practically universally used in the United States, and has been standardized by the Inter national Advisory Committee on Long Distance Telephony and other organizations.

* The volume of received speech in the listener's ear, however, is not much different from that which he would have if he were a few feet away from the talker. This result is achieved by the use of amplifiers. Two types of amplifier are in common use: the vacuum tube d. As one example, in a well designed tele phone circuit the electrical power at the re ceiving end of the circuit is not less than about one thousandth of that of the electrical power at the start of the circuit. From figure 12-1 we see that the db corresponding to this power ratio of one thousandth is –30 db. The ratio of input to output powers in this case is 1,000, and from the figure the db corresponding to this ratio is +30 db.
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Figure 12-2. Relation between power ratio and db.

e. As shown in figure 12-1, changing the sign of a given number of db from plus to minus, or vice versa, is equivalent to taking the reciprocal of the corresponding power ratio. This also may be stated as

db=10logP1P2=−10logP2P1 db = 10 \log \frac{P_1}{P_2} = -10 \log \frac{P_2}{P_1} 

This is a convenient relationship to remember when using ordinary logarithm tables since it is somewhat simpler to employ the logarithms of numbers larger than unity. This is also use ful in relation to the determination of gains or losses when P, and P. apply to the input and output powers of a network which may contain either gain or loss.


	f. The db is a useful unit for another reason. One db corresponds to about the smallest change in sound power that a careful observer can detect when the sound is at a medium loud. ness level. A person's senses detect changes in terms of ratios, much more nearly than they detect the absolute amount of the change. For example, when a person is riding on 3 train and the speed increases from 1 mile per hour to 11 miles per hour, he readily notices the difference; however, if the speed increases from 60 to 70 miles per hour, the change is much less noticeable. The absolute increase in speed is the same in both cases but the per centage change is much larger in the first instance and therefore the change is more noticeable. This principle also applies to a per son's hearing and some of his other senses. Thus, it is appropriate to measure changes in telephone power in terms of the db, which is a unit corresponding to a fixed percentage change in power.

	g. Relations between db and current or volt. age ratios are given in paragraph 1207. The neper, another unit value for power ratios, is described in paragraph 1208.





1204. USE OF THE dº IN EXPRESSING TRANSMISSION LOSSES AND GAINS.


	a. The transmission loss of a circuit, or of a part of a circuit, is the db corresponding to the ratio of input to output powers. Thus, if the input power is greater than the output power the circuit has a positive transmission loss. If, on the other hand, a part of a circuit has an amplifier in it, such that the output power is greater than the input power, them this circuit element has a negative transmission loss, or a positive transmission gain. This gain is measured by the db corresponding to the ratio of output to input power.

	b. Very often when designing a circuit it is necessary to find the transmission loss result ing from connecting together a number of com ponent parts. The use of the db is convenient in making this calculation, because the total transmission loss in db is merely the sum of the losses in the individual parts". For example, a circuit may run from a supply depot to corps headquarters, then to division headquarters, and then to a local command post. If the loss



* When the impedances of the individual parts are matched to each other.
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rom the supply depot to corps headquarters s 6 db, that from corps headquarters to divi ion headquarters is 6 db, and that from divi ion headquarters to the local command post s 12 db, then the total loss from supply depot o command post is obtained by merely adding hese numbers and is therefore 24 db.


	c. As another example, the power received 'rom one mile of very wet Wire W-110–B is only about 50 percent of the power put in at he sending end. This 50 percent is reduced another 50 percent in the second mile and the resulting 25 percent is reduced another 50 percent in the third mile and so on. By the and of about 10 miles only 0.1 percent is left. Obviously multiplying 50 percent by 50 percent 10 times in order to determine the loss of 10 miles of wire is an awkward method. The use of the db gets rid of this awkwardness. As seen from the above table, when the output power is half of the input power, the corres ponding transmission loss is 3 db. In the case in question this is for 1 mile. The transmission loss for 10 miles can be obtained by adding up the 10 individual losses or, in other words, by multiplying the loss per mile by 10. The result ant loss is 10 x 3 = 30 db.

	d. In adding together the transmission losses and gains of parts of a circuit which contains amplification, it is important to keep correct account of plus and minus signs. To do this, the transmission through each element of the circuit can be expressed in terms of loss, a gain being counted as a negative loss. For ex ample, if a circuit has a transmitting repeater with 6-db gain; a line section with 20-db loss; an intermediate repeater with 19-db gain; an other line section with 20-db loss; and a receiv ing repeater with 9-db gain: then the over-all loss (net loss) of the circuit is -6 +20 –19 +20 –9 = 6 db. An alternative method is to express the transmission through each element of the circuit in terms of gain, and to count each loss as a negative gain. The important thing is to adopt one system for use throughout the problem, and not to mix losses and gains indiscriminately.

	e. The db is commonly used to express losses in transmission lines used in radio circuits, such as a line connecting the radio transmitter with its antenna. It can also be used to express losses in the radio path proper, when sufficient data are available. Other examples of the use of the db in radio are in chapter 6.





1205. STANDARD TESTING POWER.

It will be noticed that the above discussion has been about power ratios, not absolute powers. A decibel is a measure of power ratio. When telephone circuits are set up and tested, it is common to use a standard testing power of 1 milliwatt (one thousandth of a watt). Testing powers received at various parts of the circuit are then measured in terms of db re ferred to this standard testing power. The db referred to a milliwatt is abbreviated dbm. Thus 1 milliwatt is 0 dbm; 100 milliwatts are +20 dbm; 0.01 milliwatt is —20 dbm, etc.". When a circuit is lined up, a standard source of 1 milliwatt testing power is connected to the sending end of the circuit (commonly the sending switchboard), and the received powers at various points are compared with the re ceived powers which would be expected from the design of the circuit. Thus in a circuit consisting of 10 miles of very wet Wire W–110–B, the received testing power would be about -30 dbm. If an amplifier with 20-db gain were connected at the receiving end of this wire, the received power at the output of this amplifier would be –30 +20 = –10 dbm.



1206. TRANSMISSION LEVEL AND NET LOSS.

q. In laying out circuits, it is often conve nient to consider the relative power level at a given point, referred to the start of the circuit (transmitting switchboard). The start of the circuit is conveniently designated as zero trans 7mission level. If the loss from the start of the circuit to a point X is 15 db, then the trans mission level at X is –15 db. If there is a gain of 10 db from the start of the circuit to a point Y, then the transmission level at Y is +10 db. Transmission level diagrams are often convenient in engineering telephone circuits, because there are lower and upper transmission levels beyond which it is not safe to go. An example of such a diagram is given in figure 12-3.

b. If the transmission level at the receiving end of circuit is –L, then the net loss of the circuit (sum of losses minus sum of gains) is evidently L.

& quot;In the past, power levels in radio transmitters and receivers have sometimes been rated in terms of db referred to a power of 6 milliwatts instead of 1 milli watt; and this reference point has sometimes been called zero level in radio instruction books. This usage is not recommended.

c. The net losses in the two directions of transmission over a given circuit are usually but not necessarily the same. The net loss may vary with frequency and with the amount of transmitted power. If no statement about these items is included, the frequency is usually taken as 1,000 cycles, and the power as 1 milliwatt, at the transmitting switchboard.

d. For a length of circuit such as a repeater section the loss will, in general, be different at different frequencies in the transmitted fre quency band. When these differences are large they are usually reduced by equalization. A network placed in the circuit in order to equal ize the transmission losses at various frequen cies is known as an equalizer.



1207. RELATION BETWEEN dB AND VOLTAGE OR CURRENT RATIOS.

In practice it is often convenient to measure the voltage or current at a given point, rather than to measure the power at this point di rectly. If the impedances at two points in a circuit are equal, the ratio of the powers at these two points equals the square of the ratio of the corresponding currents, or the square of the ratio of the corresponding voltages. Thus if the power, current, and voltage at one point are respectively Pi, II, and V1 and the corresponding quantities at the other point are Pa, Iz, and V2,

𝐏𝟏𝐏𝟐=(𝐈𝟏)2(𝐈𝟐)2=(𝐕𝟏)2(𝐕𝟐)2. \frac{\mathbf{P_1}}{\mathbf{P_2}} = \frac{(\mathbf{I_1})^2}{(\mathbf{I_2})^2} = \frac{(\mathbf{V_1})^2}{(\mathbf{V_2})^2}. 

Referring to the definition of a decibel given above,

db=10logP1P2 db = 10 \log \frac{P_1}{P_2} 

(II)? it is seen that db = 10 log (I2)?

or db = 20 log I1I2 \frac{I_1}{I_2}  = 20 log V1V2\frac{V_1}{V_2} .

Thus it is seen that where the impedances at the two points are equal, the db are equal to 20 times the logarithm of the ratio of currents at the two points, or 20 times the logarithm of the ratio of voltages at these two points. The db is, however, fundamentally a measure of power ratio. Figure 12-4 is a table of db and the corresponding voltage or current ratios in the case where the impedances are equal, Where the impedances at the two points ar: unequal, the db can be obtained by using powd ratios. Adding db corresponds to multiplying current ratios or voltage ratios. Thus frº figure 12-4, the current ratio correspondit to 36 db, or 30 + 6 db, is 32 × 2 = 64. º

[image: Figure, page 582]

Figure 12-3. Sample transmission level diagram.



1208. THE NEPER.

An alternative unit of power ratio, which is sometimes used in Europe, and also in matht matical investigations, is the neper. To co vert nepers to db, multiply nepers by 8.7. This conversion factor may be of use in converting European figures of transmission loss, etc., tº values in db. Mathematically, the neper is dº. fined by

nepers=12logeP1P2 nepers = \frac{1}{2} \log_e \frac{P_1}{P_2} 

where P, and P., are two powers and e=2.718 is the base of the Naperian system of log arithms.



1209. MEASUREMENT OF POWER IN TRANS MITTED SPEECH, THE VOLUME UNIT (VU).

It is sometimes necessary to measure the power in the speech currents on a telephone circuit. Speech power is not steady like that from a testing oscillator, but varies from mo ment to moment. Hence a special technique and a special measuring instrument are needed for measuring speech power. The instrument designed for this purpose is known as a volume indicator. It consists essentially of a meter used as an indicating device and certain con trols for changing its sensitivity. Its impedance is high enough to permit bridging across or dinary telephone circuits with negligible loss and its frequency characteristic is approxi mately flat from about 50 to 10,000 cycles. The meter, known as the vu meter, is arranged to have a particular dynamic characteristic (speed of response to a suddenly applied volt age), which approximates the performance of the human ear. When electrical speech cur rents are fed into a vu meter, the meter needle will move about in response to the speech cur rents; the characteristics of speech are such that the motion of the needle will approxi mately follow a certain pattern with peaks and valleys in the deflection. The average of the three highest peaks per 10 seconds, disre garding occasional extreme peaks, is taken as the indication of the meter needle. The scale of vu is a db scale, such that a 1,000-cycle sine wave testing power of 1 milliwatt (0 dbm) reads 0 vu on the volume indicator". Details are given in Bell System Practice Section E47.153. Zero vu corresponds approximately to the power fed into a telephone line when a loud talker talks into an Army local battery telephone set connected to the line, or to the power obtained from a telephone when Army personnel talk over radio circuits to planes in flight.



1210. CROSSTALK.

On account of the relatively high frequencies used in telephone communication and in tele graph communication other than d-c telegraph, there is a marked tendency for the transmission currents to stray from their appointed path and for part of the transmission to appear in other circuits. This phenomenon is known as crosstalk. Crosstalk is measured in the same terms as those used for transmission". Thus, if there is a power PA at a point A on a circuit and a resulting power PB at a point B in an other circuit, due to crosstalk from the first circuit, then the crosstalk loss from A to B, in db, equals 10 log #. It will be observed that B

* In former volume indicators the reference point of the db scale was known as reference volume; this cor responded to a 1,000-cycle sine wave calibrating power of + 8 dbm (about 6 milliwatts).

crosstalk loss, like transmission loss, relates
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Figure 12-4. Relation between db and current ratio or voltage ratio, where impedances are equal.

to power ratio and not to absolute powers. Crosstalk is discussed further in chapter 5.



1211. NOISE.

a. Measurement of Noise. Noise is also meas ured on a db scale. This applies both to noises in electrical circuits and to acoustical noises. Electrical circuit noises are referred to a zero or reference power of 1 micromicrowatt (90 db below 1 milliwatt). If a 1,000-cycle power of this small amount is fed into an ordinary telephone set, a listener in a quiet room can barely hear the resulting sound. Telephone instruments do not have the same efficiency at all frequencies, and this is also true for the human ear. Since telephone receivers are usu ally most efficient in the speech-frequency band in the neighborhood of 1,000 cycles, a micro microwatt at frequencies other than 1,000 cycles will not be as audible in a telephone set as a micromicrowatt at 1,000 cycles; and equal electrical noise powers at different frequencies

* Crosstalk loss is also sometimes expressed in terms of crosstalk units. The scale of crosstalk units is such that 1 million crosstalk units equals 0-db crosstalk loss; 1,000 crosstalk units equals 60-db crosstalk loss; 1 crosstalk unit equals 120-db crosstalk loss, etc. In cir cuits of equal impedance, the crosstalk unit expresses the current in the disturbed circuit as millionths of the disturbing current.

will not have the same interfering effect. Noises in electrical circuits (circuit noises) are commonly measured by means of noise meters, of which the Western Electric Company 2B noise measuring set (fig. 12-5) (stock No.

[image: Figure, page 584]

Figure 12-5. Western Electric Company 2B Noise Measuring Set.

3F4265) is most common. In these noise meters the different interfering effects of different fre quencies are taken care of by a frequency weighting network which is incorporated in the noise meter. The noise meter is calibrated at 1,000 cycles, in terms of the above mentioned reference power of 1 micromicrowatt (90 db below 1 milliwatt). Noise meters have a db scale. One micromicrowatt at 1,000 cycles reads 0 db on the noise meter, and is called reference moise (RN). A noise 35 db greater than this is written 35 dbPN. The meter needle of the noise meter has a dynamic characteristic which is ap proximately the same as that of the vu meter and which therefore corresponds approxi mately to the performance of the human ear.



b. Addition of Noises.

(1) If two circuit noises combine or add, for example, the noises at a circuit terminal which originate in two repeater sections; it is approximately correct to add the noise powers. It is not correct to add the db values. For ex ample, two noises, of 30 and 36 dbPN, do not give a resultant noise of 66 dbPN ; the result ant noise is 37 dbPN, as can be seen by using the information in paragraph 1203 to convert each noise into the corresponding power ratio referred to reference noise. Since 30 db corres ponds to a power ratio of 1,000, the first noise power is 1,000 times the reference; similarly the second noise power is 4,000 times the refer. ence; the sum of these powers is 5,000 times the reference, and the corresponding db value is (par. 1203) 37 db above reference noise.

(2) The following is a short-cut method of adding two noise powers, or other powers, expressed in db above a common reference point. Take the difference between the two dh values; in the following table find the number corresponding to that difference, and add it to the larger db value.
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For example, to add noises of 30 and 36 dbPN: the db difference is 6, hence from the table 1.0 should be added to the larger one (36 dbPN), giving the result: 37 dbPN.

(3) Several noises may be added by re peated applications of this process. If the noises are all equal, the following table may be used; the db value specified is added to the db value of one noise.
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For example, if a circuit has five repeater sections and if the noise at the terminal from each repeater section is 28 dbPN, the total noise at the terminal is 28 + 7 = 35 dbPN.



c. Signal-to-noise Ratio.

(1) Many circuits have receiving ampli fiers with gain which is adjustable over a fairly wide range of values. This is particularly true of radio circuits, especially those with auto matic volume control. In such circuits the ratio of the received signal to the received noise often is more significant than the absolute value of either the signal or the noise, as a criterion of the understandability of the re ceived telephone message. This signal-to-noise ratio is often expressed in db. The signal-to noise ratio in db is thus the db corresponding to the ratio of signal power to noise power.

(2) In the literature various ways of ex pressing the signal-to-noise ratio have been used, particularly in radio circuits. In such circuits it is wise to use the term speech-to moise ratio to indicate the ratio of speech power to noise power, when both are meas ured by the same kind of meter. In radio cir cuits it is generally inconvenient to measure the speech power at radio frequencies since this is contained in sidebands which are gen erally weaker than the carrier which is pres ent at the same time. In this case the radio carrier and the radio noise may be measured, and the ratio of the two preferably called the carrier-to-noise ratio; or, alternatively, the speech-to-noise ratio, for a known talker vol ume, can be measured at the radio receiver output. The relation between the speech-to noise ratio and the carrier-to-noise ratio de pends on the degree to which the talker modu lates the transmitter, and thus depends on the type of radio transmitter and how it is used. For example, it is difficult to talk loudly enough to fully modulate some handy-talkie sets. As another example, in a multichannel radio system such as radio sets AN/TRC–3 and AN/TRC–4 combined with 4-channel car rier terminal equipment, the degree to which a given single talker can safely modulate the transmitter is necessarily less than that which a comparable single-channel system can use. Again, there is no universal method of meas uring radio noise and different methods may yield different numerical values for the same noise. The net result is that quoted values of radio signal-to-noise ratio need interpretation before using them in systems engineering. A standard method of measuring signal-to-noise ratio of a radio receiver (equipment noise only) is to connect to its input a standard signal generator, and to measure the output of the radio receiver (for example, by using a vacuum-tube voltmeter), first with both the signal carrier and the modulation on (30 per cent modulation at 400 cycles) and then with only the carrier on. The ratio of the two meas urements is taken as the signal-to-noise ratio of the receiver for the particular test condi tions.

d. Noise Requirements. It has been found that when telephone speech and noise are both measured by means of a noise meter, and when the noise is typical power induction or is uniformly distributed over an ordinary tele phone channel, a signal-to-noise ratio (more accurately, speech-to-noise ratio) of 6 db is about as poor as can be used for marginal understandability, and a ratio of about 13 db is as small as should be permitted as an engi neering basis for laying out telephone circuits. On many Army landline circuits the average talker volume at the terminals of Telephone EE–8–( ) is thought to be about -5 vu. If speech volume is measured on a Western Elec tric Company 2B noise measuring set (un modified) it will not read as high as it will when measured on a vu meter because the noise meter contains a frequency weighting network while the vu meter is flat over the voice-frequency range. This reduction in read ing has been determined to be about 8 db. Therefore, by comparing the reference points of the noise meter scale and the volume indi cator scale, it follows that this average vol ume of –5 vu will be a noise meter reading of –5 + 90 (subpar. a above) —8 = 77 dbRN. If this speech is transmitted over a 30 db point-to-point circuit, the speech at the receiv ing end will read 77 —30 = 47 dbPN. In order to provide a speech-to-noise ratio of 13 db, the noise at the receiving end must be 47 – 13 = 34 dbPN. Assume, instead of a point-to point circuit, the 30 db is made up of a 6 db sending loop, three 6 db via trunks (long dis tance circuits suitable for switched connec tions as shown in chapter 2), and a 6 db re ceiving loop. Then, as in the case of the 30 db point-to-point circuit the noise at the end of the receiving loop must be 34 dbPN to obtain a 13 db speech-to-noise ratio. Assume that the noise on the receiving loop is negligible, and that the noise on the last via trunk is attenu ated 6 db before it reaches the telephone at the end of the receiving loop. Also assume that the noise which reaches the receiving loop from other parts of the circuit may be neg lected, because it is attenuated more and will therefore be small in comparison with the noise on the last via trunk. Then the noise on the last via trunk, as measured at its junction with the receiving loop, should not exceed 34 + 6 = 40 dbPN. In practice, in order to allow some margin for below-average talkers, long distance tactical wire circuits are de signed for 35 dbRN, instead of 40 dbPN, whenever practicable. In commercial cable or carrier circuits the noise requirement is 29 dbPN at the receiving toll switchboard (com monly the -9-db transmission level); this does not compare directly with the values for Signal Corps Circuits, since Signal Corps and commercial arrangements for building up via circuits are different.



1212. NOISE IN THE AIR.

Acoustical noises are also measured on a db scale. Such noises and other sounds are measured by means of an instrument called a sound-level meter. This consists of a micro phone, a calibrated amplifier with frequency networks corresponding to the way in which the ear appreciates loudness of single frequen cies at different loudness levels, and an indicat ing meter like that used in circuit-noise meters. Sounds are measured in terms of the power per square centimeter in the sound wave. They are measured in terms of db above a power of density of 10-" watts per square centimeter at 1,000 cycles. This extremely small power density is just audible in the ear of a person with somewhat better than aver age hearing acuity, who is situated in a place which has no other sound than the 1,000-cycle tone in question. It is called reference sound level. The range of acoustic noises and other sounds which is encountered in practice is ex tremely wide; and therefore, the db scale is particularly useful in measuring them. Figure 12-6, which is abstracted from one of many such tables which have appeared in the litera ture, gives an approximate idea of the sound levels in db for certain common noises and other sounds.
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Figure 12-6. Sound levels.



1213. RADIO R AND S SCALES.

a. In ear reception of radio signals, the fol lowing scales are in general use to express the listeners' judgment of the signal strength, S, and readability, R, of the message.
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In earlier versions of these scales the numbers ran up to 10. - b. Some radio receivers have S meters, to give an indication of signal strength, from 1 to 5. The higher the number, the greater the signal strength; otherwise the numerical val ues have no precise meaning. The S meter scales on different types of set, even from the same manufacturer, generally will not agree.



1214. RADIO FIELD INTENSITY.

a. The field intensity, or field strength, of a radio wave is measured in microvolts per meter, or in db referred to one microvolt per meter. It is the voltage gradient, or space rate of change of voltage, of the wave. It has both a magnitude and a direction. This direction is that of the lines of electrostatic force at the point in question. A short, straight antenna placed in this direction will pick up more voltage from the wave than if placed in any other direction. The wave is said to be polar ized in the direction of the electrostatic force lines. Thus if the electrostatic force lines are horizontal, the wave is horizontally polarized: if they are vertical, the wave is vertically polarized".

b. Assume a dipole antenna (a straight an tenna broken at its center to permit connec tion to apparatus) of length L meters in a radio field of E microvolts per meter, is placed in the direction to collect maximum voltage from the field. Also assume it is remote from other objects, and is connected to a radio re ceiver whose input impedance matches that of the dipole through a transmission line with negligible loss. Then if the length of the an tenna is short compared to a half wave-length of the radio wave in question, the voltage across the receiver input is 0.25 LE microvolts; if the antenna length is a half wave-length, the voltage across the receiver input is 0.32 LE. Since the free-space wave-length in meters

* Sometimes the term vertical polarization is used to mean any polarization which is not horizontal.

[image: Figure, page 586]

times the frequency in megacycles equals 300, it will be found that at a frequency of about 48 megacycles the voltage (in microvolts) across the receiver input with the above half wave dipole setup is numerically equal to the field intensity (in microvolts per meter). The impedance of a half-wave dipole remote from other objects is about 73 ohms resistance.



T215. ANTENNA EFFECTIVE HEIGHT AND ANTENNA GAIN. -


	a. The effective height of an antenna is the ratio of the open-circuit voltage at its ter minals, when it is used as a receiving antenna, to the field intensity near the antenna pro ducing this voltage. The effective height of a short grounded vertical antenna, on ground waves, is about half its physical length.

	b. The gain of an antenna, with respect to a reference antenna and in a given direction, is the ratio of the power which must be supplied to the reference antenna to the power which must be supplied to the given antenna, when each radiates the same field in the given direc tion. The gain may be expressed in terms of power ratio or in db. The reference antenna must be specified. It need not be a physically realizable antenna; an easily computable ideal antenna, such as a half-wave dipole in free space, is a good reference antenna. The trans mitting gain of an antenna is the same as its receiving gain, for the same direction and po larization of the radio field relative to the an tenna.





1216. IMPEDANCE MATCHING.

a. Characteristic Impedance. The impedance of a uniform line (more accurately, its charac teristic impedance) is the impedance obtained when the line is very long (mathematically, when it is of infinite length). A general idea of the meaning of characteristic impedance may be obtained from figure 12-7 in which

[image: Figure, page 587]

Figure 12-7. Schematic of wire line.

the line is represented as being made up of a large number of series and shunt impedance elements. For a line with a large number of these elements, that is, a very long line, it is apparent that the current sent into the line will be affected very little by the value of the termi nating impedance at the distant end. For ex ample, if the line has an attenuation of 20 db, even if it is open-circuited or short-circuited at the far end, the impedance at the sending end will not differ from characteristic impe dance by more than two percent.


	b. Impedance Mismatch. (1) In communication systems a circuit is seldom, if ever, entirely uniform. The tele phone or telegraph stations at the terminals differ in impedance characteristics from the lines to which they are connected. On switched connections the loops and trunks are generally of different construction and differ in impe dance. Likewise, the trunk may be made up of different types of lines which also differ in impedance. There are, however, connections in which the same type of line is used through out the entire circuit between telephone ter minals, such as some point-to-point circuits, connections through small tactical switch boards where the entire wire plant may be of one type such as Wire W-110–B, or loop-to loop connections through the larger switch boards.

	(2) When lines or apparatus of unlike impedances are connected together in a com munication system the transmission between telephones can be affected in the following ways unless corrective measures are applied.

	(a) Transmission losses may be intro duced because of reflections (par. 1217).

	(b) Telephone repeater balance may be impaired (par. 1218).

	(c) Sidetone at the telephones may be increased (par. 1219).

	(d) Crosstalk may be increased. The effect, on crosstalk, of connecting together lines of different impedances is explained in chapter 5.

	(e) Standing waves may be produced on radio transmission lines (par. 1217i and j); and the operation of radio transmitters may be affected (par, 1217h).





1217. REFLECTION LOSS.

a. It is a characteristic of wave motion that in passing from one medium to another a cer tain part of the energy propagated by the wave is reflected. For example, light-waves striking a pane of glass or some other denser medium are in part transmitted and in part reflected. The amount of energy reflected de pends upon the physical properties of the media through which the wave passes; the greater the dissimilarity, the greater the re flection. Similarly, in communication circuits, wherever there are dissimilarities in the trans mission media, that is, differences in impe dances of the various parts of a circuit, part of the electrical wave will be reflected toward the source and the remainder will be trans mitted toward its destination. In the case where sending and receiving impedances have the same phase angle, the reflection loss is equal to the ratio (expressed in db) of the delivered power with an ideal matching trans former inserted between these impedances to the delivered power without inserting the transformer. A more general definition of re flection loss is given below in subparagraph f.

b. In a simple circuit, consisting of a line connecting two telephones such as shown in figure 12-8, the major part of the total trans

[image: Figure, page 588]

Figure 12-8. Simple telephone circuit.

mission loss between the telephones is generally the attenuation of the line. In addition, since the impedance of the telephone is different from the impedance of the line there are reflect ing effects, generally small, where each set is connected to the line. Furthermore, if the line is composed of long sections of different types of wire, such as open wire and field wire, there is a reflection loss at each junction, and the total reflection loss in the line equals the sum of the reflection losses at each junction. The reflection loss is not large unless there are con siderable differences in magnitude or phase angle of the impedances, as illustrated in figure 12–9. Figure 12-10 gives values of reflection loss versus the ratios of the magnitudes of the two impedances and their difference in phase angle.

c. When a very short section of line is in serted into a line of another type, the total loss due to reflections at the ends of the short length is materially smaller than would be obtained if the inserted section were long. In a voice-fre quency cable circuit, this would be true if the attenuation of the short length were 1 db or less; further illustrations are given in chapter 5. In an open wire radio transmission line, this would be true if the line were substantially shorter than a quarter wave.
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Figure 12-9. Reflection losses between dissimilar lines.

d. Where reflection losses are large it is the usual practice in commercial wire telephone circuits to connect circuits of unequal impe dances by means of a suitable inequality ratio repeating coil. By this means the magnitudes, but not the phase angles, of the two impedances may be made equal. Other methods of impe dance matching, sometimes used in radio work, are quarter-wave line sections, transmission lines of tapered cross-section, and vacuum-tube impedance-transforming devices.

e. If a source of power has an internal im pedance Z1 = R1 + j X1 and is connected to a load Z2 = R2 + jX2, maximum power is deliv ered to the load when the resistances R, and R. are equal and the reactances X1 and X2 are of equal magnitude and of opposite phase. How ever, from the standpoint of controlling effects on telephone repeater balance, crosstalk, or sidetone, it is better to make the two reactances equal in both phase and magnitude, and to make the two resistances equal. In wire lines, particularly repeatered circuits, effects on re peater balance, crosstalk, and sidetone are gen erally more important than adjusting impe dances to obtain maximum delivered power.

f. The reflection loss, in db, at the junction of two impedances Z1 and Z2, has been custom arily defined by the formula

L=20log|Z1+Z22Z1Z2| L = 20 \log \left| \frac{Z_1 + Z_2}{2\sqrt{Z_1 Z_2}} \right| 

Here Z1 and Z2 have both magnitude and phase, and must be added with due regard to phase".

L=10log(R1+R2)2+(X1+X2)24(R12+X12)(R22+X22) L = 10 \log \frac{(R_1 + R_2)^2 + (X_1 + X_2)^2}{4\sqrt{(R_1^2 + X_1^2)(R_2^2 + X_2^2)}} 

& quot;One way of doing this is to use the equivalent formula not es: Given. As A function of THE RATIO #-r y values of THE REFLEction Loss For ANY Two IMPEDANcts Zx AND ZY ARE HERE % where r is THE RAT to of THE MAGNITUDES
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AND 9 is THE DIFFERENCE BET wetN THE ANGLES OF THE TWO IMPEDANCES. The RAtio is ALways To BE TAKEN BY Divi DING THE LARGER IMPEDANCE BY THE SMALLER, THAT IS, SO THAT r will. Not BE Less THAN unitY. IT is immat ERIAL whether Ø is Positive or NEGATIVE. NEGAT ive vaLuts of REFLECTION LOSSES ARE REFLECTION GAINs.

Figure 12-10. Reflection losses; decibels.

TL 5466 i (The sign indicates the numerical or abso lute value of the quantity within it.) The reflec tion loss depends on both the magnitudes and phases of the two impedances. When one im pedance has a positive reactance (inductive) and the other has a negative reactance (capaci tive), a reflection gain is sometimes obtained. In general, a reflection gain is obtained when maximum power is delivered.


	g. Reflections are a matter of concern in the design of radio circuits, since it is often desired to transfer the maximum proportion of power from transmitter to antenna, or from antenna to receiver.

	h. Large reflection gains are obtainable when connecting radio transmitters or receiv ers to certain types of antennas, such as short whips, whose impedance is mostly reactive. Ad justing the reactance of the radio set to cancel that of the antenna circuit is sometimes called tuning or resonating the antenna. Some radio



transmitters, such as those designed to operate only with whips which are short compared to a quarter wave, have built-in tuning circuits suit able for obtaining the needed reflection gain only when used with the particular type of an tenna for which they were designed".

i. Assume that there is a transmission line between the radio transmitter and antenna, and the impedances of the line and the trans mitter are equal, but the antenna impedance is different from this. Then, as the electrical wave from the radio transmitter (called the incident wave) is transmitted over the line it meets a reflected wave returning from the antenna end of the line. The resultant wave, formed as the incident and reflected waves combine in and out of phase, is called a standing wave. If a volt

& quot;When a radio transmitter is operated with an anten na materially different from that for which it is de signed, there may be danger of improperly loading it, thereby drawing excessive plate current from the out put tube.

meter is bridged across the line and is moved along the line, the ratio of maximum to mini mum voltmeter readings is called the standing wave ratio. When the standing wave ratio is unity, there are no reflections. Let Z1 and Z2 be the impedances of the line and antenna re spectively. When the phase angles of Z1 and Z2 are equal, the standing wave ratio equals Z1/Z2 (customarily the larger impedance is used as the numerator). Another measure of the mag nitude of the standing wave is the reflection coefficient r.

r=Z1−Z2Z1+Z2 r = \frac{Z_1 - Z_2}{Z_1 + Z_2} 

The reflection coefficient is the ratio of the re flected current to the current which would have been transmitted into the antenna if its impe dance had been equal to the line impedance. From this formula it is evident that when the line impedance is equal to the antenna impe dance the reflection coefficient is zero and there is no reflected wave. The reflection coefficient is used in wire transmission as well (par. 1218d). The relation between reflection coeffi cient, r, and standing wave ratio, S, is as follows for the case of a line of negligible at tenuation:

S=1+|r|1−|r| S = \frac{1+|r|}{1-|r|} 

For example, if a line of about 350-ohms im pedance is connected to a dipole antenna of about 70-ohms impedance, the reflection coeffi cient, r, is 2/3, and the standing wave ratio, S, is 5. Reference may be made to TM 11–314.

i. Large standing wave ratios are accom panied by voltage and current peaks on a radio transmission line. They may cause breakdown of insulation on a line from transmitter to antenna; introduce higher losses if nonlinear effects such as corona are involved; or produce unwanted radiation. On the antenna proper, however, standing waves are a benefit in many cases, when the antenna is designed to make use of them to increase the radiation in desired directions.



1218. REPEATER BALANCE.

a. Since a vacuum-tube amplifier permits transmission in one direction only, it is com mon practice in 2-wire telephone circuits to use two amplifiers to make up a repeater, one to provide amplification in one direction and the other to provide amplification in the oppº. site direction. If these amplifiers were merely connected together, each amplifier input to the other output, the circuit would sing or howl A circuit which will permit such amplifiers to be used on a 2-wire line without establishing a singing path between the two amplifiers is shown in figure 12-11.

[image: Figure, page 590]

Figure 12-11. 22-type repeater.


	b. The action of the hybrid coil is similar to that of the Wheatstone bridge; that is, when a voltage is applied across a particular pair of terminals, no current will flow through an impedance connected across the two other ter minals of the bridge if certain well-known conditions regarding the ratios of the impe dances of the four arms of the bridge are sat isfied. Referring to figure 12-11, if a voltage is impressed on terminal number 2 no current will flow in terminal number 1 if the impe dances of the line and network are identical. The greater the difference between the impe dances of line and network, the greater will be the amount of current which flows in ter. minal number 1 and the greater will be the tendency of the repeater to sing. Further dis cussion of the use of hybrid coils in repeatered circuits is given in TM 11–457 and TM 11–475.

	c. Since perfection cannot be attained even in the most carefully designed telephone cir cuits, there is always some transmission across the hybrid coil; consequently the amount of amplification which can be provided by a re peater without singing is limited. The sum of the gains of the two amplifiers must always be less than the sum of the losses across the two hybrid coils in order to prevent singing, In practice, to allow for variations in the cir cuit, a margin is provided between total loss and total gain.



d. The return loss between two impedances is a measure of the similarity between the im pedances; these might be the line and network impedances, or the impedances of two types of line. It is expressed in db and equals 20 times the logarithm of the reciprocal of the numerical value of the reflection coefficient (par. 1217i), namely, return loss

R=20log|Z1+Z2Z1−Z2| R = 20 \log \left| \frac{Z_1 + Z_2}{Z_1 - Z_2} \right| 

The loss across an ordinary hybrid coil is about 6 db greater than the return loss.


	e. Since speech transmission through a re peater must be practically uniform over the band of frequencies used for speech trans mission, about 200 to 2,800 cycles, it can be seen that transmission loss across the hybrid coil must be sufficiently great at all frequen cies in this band to prevent singing at any one of them. Filters usually are employed to pre vent singing at frequencies outside the speech transmission band.

	f. It is obvious that good balance usually cannot be obtained by matching the line im pedance at a single frequency by means of a simple network consisting of a resistor and a capacitor or inductor. Excellent balance be tween line and network could, of course, be obtained by duplicating in the network each element of the line, but this is an impractical solution. In practice, fixed networks are used or variable networks are provided which can be adjusted in the field to match approximately the characteristic impedance of the types of lines in common use. The networks are fur nished as part of the repeater.

	g. To obtain good balance between a line and a network, the line must be reasonably uni form. Where apparatus is placed between the hybrid coil and the line, duplicate apparatus is usually placed between the hybrid coil and the network. A line irregularity which is dis tant from the repeater is less important than one which is close to the repeater. If a repeater section is composed of two dissimilar lengths of line in tandem, Li and Le of characteristić impedance Zi and Z2, and if the repeater con nected to L1 matches Z1 and the repeater connected to Le matches Z2 then the return loss at the junction of Li and Le is R, as given by the formula in subparagraph d above, but the return loss at the repeater connected to Li, is R + 2A, where A is the attenuation of



L1. This can be seen by noting that a current starting at the repeater would traverse Li, be partially reflected at the junction of L1 and L2, and traverse L1 again before the reflection reached the repeater.


	h. Where a given repeater is connected to a circuit whose impedance is quite irregular or unstable, or to circuits of different impedances (terminal repeater), a compromise network (resistance plus capacitance) is ordinarily used, and the repeater gain must be restricted.

	i. Sometimes a 21-type repeater is used. As shown in figure 12-12 this type of repeater



[image: Figure, page 591]

Figure 12-12. 21-type repeater.

contains one amplifier, one hybrid coil, and no balancing networks; freedom from singing is obtained by the impedance balance between the lines on the two sides of the repeater. In figure 12-12, a current coming from line A will divide equally between the amplifier in put and output circuits if the amplifier output and input impedances are such as to balance the hybrid coil; none will go directly to line B. The amplifier input current will, however, be amplified; and if the impedances of lines A and B are equal, the amplified current will flow equally in them, none of, it returning to the amplifier input. The current in line B is the useful current. The current returned to line A propagates toward the original source as an echo. If lines A and B have unequal impe dances, some of the amplifier output current will return to its input; if the inequality is great enough at some frequency, the repeater will sing. Transmission from line B to line A takes place in the same manner as described above for line A to line B.



1219. SIDETONE.

a. In the antisidetone circuits of the most commonly-used telephones, the transmission loss in the sidetone path between the micro

[image: Figure, page 592]

Figure 12-13. Insertion loss caused by a bridged impedance or by an inserted series impedance.

phone and the receiver depends upon the sim ilarity between the impedances of the balanc ing network in the telephone circuit and of the line. The balancing network of the antiside tone telephone is usually designed to match the impedance of the line with which it is mostly used. In the case of Telephone EE–8–( ), the balancing network roughly matches Wire W–110–B. Descriptions of various types of antisidetone telephones are given in TM 11–333, TM 11–457, and TM 11–458.

b. Transmission loss in the sidetone path adds to the user's comfort when talking and also has a tendency to cause him to talk louder. When listening, it also improves receiving efficiency by reducing the room noise picked up by the microphone and transmitted through the sidetone path to the receiver. Since the singing path in the telephone includes the transmission loss in the acoustic path from the receiver to the microphone, which is compara tively high, the probability that the telephone will sing is usually remote.

c. When the telephone loop has a loss of 5 db or more, the impedance of the trunk beyond has little effect on the sidetone in the tele phone.



1220. INSERTION LOSS.

a. Assume a generator with an internal im pedance Z1 connected to a load Z2 causes a current II to flow. Also, when there is inserted between Zi and Z, any network; which may consist of resistors, capacitors, inductances, transmission lines, or combinations of these; the resulting current is I2. Then the insertion loss of the network, between the impedances Zi and Z2 is 20 log II/I2, in db. The insertion loss includes both the transmission loss in the network and the reflections. A common special case is the loss caused by bridging one or more telephones across a line.

b. Figure 12-13 gives the insertion loss due to inserting a series or bridged impedance between two known impedances Z1 and Z2. For example, ZI might be the impedance looking west at a point on an east-west line and Z2 the impedance looking east. The loss is given as a function of the impedance ratios in mag nitude and phase. As a numerical example, Suppose -

Z1=600+j0 Z_1 = 600 + j0  , Z2=400+j0Z_2 = 400 + j0 , and Z6=1,000+j1,000=1,410/45∘Z_6 = 1,000 + j1,000 = 1,410/45^{\circ}

then r/θ=1,410/45∘600+1,410/45∘400=5.9/45∘ r/\theta = \frac{1,410/45^{\circ}}{600} + \frac{1,410/45^{\circ}}{400} = 5.9/45^{\circ}  , and from figure 12-13, the loss due to shunting Z, across the junction of Z1 and Z2 is 1 db. From figure 12-13 it is seen that for a given absolute mag nitude of the impedance ratio, the loss becomes smaller as the phase difference 0 increases. If a number of equal impedances (such as a num ber of telephones) are bridged at the same

* THE CHARACTERIstic IMPEDANCE of the NETworks in DIACRAM3. A to D is R or MS

TL 5.433a

Figure 12-14. Resistance networks causing stated losses when inserted between two resistors of R ohms each.

point the value of a single one of the impe dances can be divided by the number of impe dances, before entering the chart.


	c. Figure 12-14 gives insertion loss of sev eral types of resistance networks which might be used to intentionally insert loss when it is needed. The choice between different types of networks depends on their suitability to the particular problem, and on the available re sistors.

	d. Figure 12-15 shows a 3-way pad which can be used to connect three circuits of impe dance R + jQ together with 6-db loss between any two circuits, and with no reflections pro duced in the circuits.





1221. IMPORTANT FACTORS IN TELEGRAPH TRANSMISSION.

a. Telegraphy uses codes in which charac ters are represented by combinations of two conditions of variable duration. One condition is called marking and the other spacing, these corresponding respectively at the transmitter to the closed and open positions of a key. Marks and spaces are represented, for exam ple, by positive and negative currents, by cur rent-on and current-off, tone-on and tone-off

[image: Figure, page 593]

TL. 54925

Figure 12-15. Three-way 6-db pad.

as in radio with ear reception, or by alternat ing currents of two different frequencies. The relative positions in time of the transitions from one condition to the other indicate the intelligence in the message, the values of the currents during steady-state marking and spacing conditions being of secondary impor tance. This applies particularly to relay or similar reception, either wire or radio. Any over-all uniform shift or delay in transit is unimportant.

b. With point-to-point radio transmission and ear reception, however, where interfering currents, that is noise, may tend to override the signals, the most important consideration is the maintenance of a satisfactory value of signaling current in comparison with the in terference. If a satisfactory signal-to-noise ratio is maintained, the signals can be under stood since there is usually nothing in the radio transmission system to cause any mate rial change in the relative timing of the transi tions.



1222. TELEGRAPH SIGNAL DISTORTION.

q. It is usual to express the over-all trans mission impairment of telegraph signals in terms of the time displacement of the transi tions from their proper positions. This is given in percent of the duration of a unit signal ele ment of the code. Such displacement of a tran sition is referred to as distortion. Time distor tion should be clearly distinguished from distortion of the signal wave-shape, which may or may not cause time distortion of the tran sitions. Where signals are repeated into a local circuit by a receiving relay, the time distor tion is a complete over-all measure of the transmission impairment. Time distortion is occasioned by a combination of such factors as wave-shape distortion, attenuation, inter ference, and variations in voltages and adjust ment of relays. For satisfactory operation the distortion should not reach an amount which would result in ambiguous or incorrect inter pretation of the received signals.

b. In the case of manual telegraphy, this dis tortion has been expressed, for a particular marking or spacing impulse, as the algebraic sum of the displacements of the two transi tions determining the beginning and ending of the impulse. In other words, this is the length ening or shortening of the pulse expressed in percent of a perfect unit pulse, the lengthen ing of marks being considered positive and their shortening negative.

c. Teletypewriter operation requires a dif ferent manner of specifying distortion, as will be clear from an examination of a teletype writer signal. Such a signal, as indicated by figure 12-16, consists of a start pulse of unit length, a selecting period five time-units in length, and a stop pulse. In general any one of the five elements of the selecting period may be either marking or spacing. When such a signal is transmitted to a teletypewriter, by a

[image: Figure, page 594]

Figure 12-16. Teletypewriter character "J"; undistorted.

receiving relay for instance, the beginning of the start pulse causes the selective mechanism of the receiving machine to commence rota tion; it will then rotate in substantial syn chronism with the sender for a revolution, until brought to rest by the stop latch. At the midpoint of each of the five selection units or pulses, an examination of the received signal is made and, accordingly as the armature of the receiving relay is resting on marking or spacing, mechanical parts will be positioned so that one particular character and no other will be typed.

d. In case any particular transition of the selecting group is displaced in either direction by 50 percent or more of a selection unit, a wrong selection will inevitably be made. Fig ure 12-17 depicts a character with such a dis tortion of pulse 2. Since each selection point
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Figure 12-17. Teletypewriter character "J"; with over 50 percent distortion of pulse 2.

is timed with respect to the beginning of the start pulse, the displacement of the various transitions from their proper position relative to the beginning of the start pulse is of sig nificance, rather than the total lengthening or shortening of any particular unit pulse, as in manual telegraphy. In the foregoing explana tion an ideal receiving device was assumed; actual teletypewriters do not perform the selecting functions instantaneously exactly at the midpoints of the five intervals, conse quently the distortion tolerance is generally between plus or minus 35 and plus or minus 40 percent.


	e. Telegraph distortion may be conveniently divided into three different components. The first of these is bias, which means that some asymmetrical condition, such as voltage un balance, improper relay adjustment, or change in received signal strength, has caused all marks to be either too long or too short. The bias of a circuit may be checked by transmit ting reversals, that is, a steady stream of unit marks and spaces, or repeated space-bar tele typewriter signals. The latter requires special treatment since the marking and spacing in tervals are unequal.

	f. The second kind of distortion is called characteristic, for the reason that it depends upon the electrical and mechanical character istics of the circuit and the particular signal combination which is being transmitted. This form of distortion is caused mainly by typical imperfections in the signal wave-shape im pressed upon the receiving relay, occasioned, for example, by the effect of a low-pass filter with comparatively low cut-off in a d-c tele graph circuit.

	g. The remaining type of distortion is called fortuitous, this being a random effect due to interference from other communication facili ties and from power systems, chatter of relay contacts, etc.





1223. TELEGRAPH TRANSMISSION COEFFICIENTS.

a. Introduction. Various types and lengths of telegraph line sections and extension circuits differ in the amount of signal distortion which they cause. Furthermore, the performance of a given section or other part of a network varies from time to time because of changes in weather conditions, adjustments, etc. To pre dict the transmission capabilities accurately is difficult, but a system of transmission rat ings, called coefficients, has been established which will be useful in planning. In this rat ing system, each part of a network is assigned a numerical coefficient in accordance with the impairment of transmission which it produces, the higher the number the greater the impair ment. The coefficients for the parts of a pro posed layout are added to obtain the over-all coefficient, which will indicate whether or not the circuit can be expected to operate satis factorily.



b. Over-all Performance of Circuits.

(1) In a complete telegraph circuit, even one of comparatively simple make-up, the total distortion is made up of contributions from a considerable number of sources. It rarely happens that practically all contributing fac tors will combine in the most unfavorable manner, that is, so as to cause the maximum distortion which is possible due to direct addi tion of all increments. To evaluate the trans mission quality, measurements can be made from which the rate of occurrence of errors or false characters may be predicted for vari ous types of circuits.

(2) It has been found that, with either teletypewriter or Morse-code reception, signals with total distortion of less than about 35 per cent are not likely to cause an error.

(3) Although a high degree of stability is desirable in operation of telegraph circuits, it is not practicable to design them so that they will operate perfectly at all times, particularly with long and complicated layouts. If any over-all connection, as a matter of long-time average does not produce more than one error in 1,500 characters, the service will be consid ered high-grade for Signal Corps purposes in the theater of operations. A circuit at the border line of this limit might operate with very few errors for a number of days and then have fairly frequent errors over a period of several minutes to an hour. In some cases lay outs with a higher percentage of errors will be considered satisfactory. To meet the re quirements, the rear-area fixed communica tions should be designed to provide as good operating performance as practicable to allow for the probable poorer performance of the forward-area facilities. If the occurrence of errors interferes seriously with handling traf fic, steps should then be taken to improve transmission if practicable, as, for instance, by readjustment, by direct substitution of other facilities, or by a change in the circuit layout. -



c. Prediction of Performance of Networks.

(1) The basic idea in the establishment of coefficients for use in network planning is that increments of distortion from different sources generally combine at random, the most probable resultant total value being equal to the square root of the sum of the squares. A convenient approximation in determining whether the distortion limit will be exceeded is to add the squares rather than the first power of the distortions. Accordingly, coeffi cients are made proportional to the square of a representative value of distortion for the particular section in question. From observa tions of distortion or from the corresponding coefficient, it is possible to predict with rea sonable accuracy the probable rate of occur rence of errors for a single link or for several links in tandem.


	(2) As stated above, an average rate of occurrence of one error in 1,500 characters in Signal Corps teletypewriter operation is be lieved to be satisfactory for usual service re quirements. In the system of coefficients (ch. 3), this corresponds to an over-all coefficient of 15. If the requirements are more lenient, a limit of 18 or 20 corresponding to one error in about 300 characters could be used. It will be appreciated that the higher the over-all coeffi cient, the more frequent will be the occurrence of periods of material duration during which the circuit will not be usable, so that the serv ice will be inferior and more maintenance effort may be required.

	(3) In using the coefficients, a layout dia gram is first drawn and a coefficient is selected for each part of the transmission circuit. Then a computation is made of the over-all coeffi cient from each terminal station to every other terminal station, including those at the end of each branch. If any such over-all figure ex ceeds the established limit, it will then be mec essary either to substitute better transmission facilities or divide the path into parts by the insertion of one or more regenerative repeat ers. Since such a repeater reforms and retimes the signals, it is then necessary only to com pute the over-all coefficient from each terminal to a regenerative repeater and from one re generative repeater to another to see whether or not the limit is exceeded.

	d. Bell System Coefficients. The coefficients which have been established for circuits used in Bell System service are generally lower in value than those given in chapter 3 because these circuits are generally set up to give higher quality transmission. For instance, a carrier telegraph section is assigned a value of 1.5 in a representative case. D-c polar and



polarential line circuits have values ranging from about 2 for the most favorable case up to about 6 for extreme conditions, the average being about 3.5. Local loop circuits are gen erally in cable and are treated individually to improve the signal wave-shape, and these have coefficients ranging from 0.2 for short loops to about 2 for 35-mile loops. The limiting over all coefficient is set at 10 because the service requirements for commercial use are gener ally high.



1224. TELEGRAPH TRANSMISSION MEASUREMENT.


	a. It is generally practicable to measure the total distortion of teletypewriter signals in the field, and this is valuable as it furnishes a direct indication of the grade of transmission. Determination of the characteristic and fortu itous components of distortion separately is not generally practicable, but in many cases a check is made of the important factor of bias during certain lining-up procedures, and it is advantageous to make such checks in case of transmission difficulties.

	b. Bias is a variable factor and generally may be minimized by proper adjustment of relays and operating currents. One method of checking bias is to apply repeated teletype writer space-bar signals at one end of the cir cuit and observe the received signals in a local circuit at the other end. These received signals are measured with a bias-measuring circuit arranged so that its meter needle vi brates about zero when receiving unbiased space-bar signals. Another method involves the same kind of test but uses, for the test signals, a series of equal marks and spaces known as telegraph reversals. Reversals will not be retransmitted properly by a regen erative repeater. Space-bar signals will be regenerated, thereby removing the bias. Ac cordingly when such tests are made through regenerative repeaters the bias will be checked only in that part of the circuit beyond the last regenerative repeater.





1225. MEASUREMENT BY TELETYPEWRITER.

a. The orientation range finder provided on teletypewriters may be used conveniently to give an indication of total distortion. For best results machines should be in good adjustment and care taken in making the observations. The finder and its scale are shown by figure 12–18. The scale is graduated in percent of a unit dot length and the range finder arm may be moved from 0 to 120 on the scale. Adjust ment of this finder causes the selection points (fig. 12–16) to..be shifted with respect to the beginning of the start pulse and when the shift is sufficiently great, errors will be made by the teletypewriter. The range over which the finder may be moved without errors being typed is reduced by any distortion of the in coming signals.

[image: Figure, page 597]

Figure 12-18. Teletypewriter orientation range finder.

b. In determining the range, the range finder is first moved towards one end of the scale until errors appear in the copy and then moved back slowly until no error occurs in one or two lines of page printing. Similarly, the range finder is moved towards the other end of the scale until errors occur and then moved back slowly until there are no errors. The difference between the two scale readings at the points where errors disappear is the orientation range. - c. Representative orientation ranges for dif ferent degrees of signal distortion for well adjusted teletypewriters are as follows:








	I 'istortion
	Orientation range




	Very

little
	80



	Moderate


	60–70



	Average


	50



	Large

Less
	than

40





d. Representative orientation ranges with practically perfect signals and a teletype writer in good condition are 10-90 and 15-95 on the scale. In general, best operating results will be obtained when the finder arm of the receiving teletypewriter is set at the middle of the local range. It is often not practicable to make a determination in the field of this set ting and in such cases an arbitrary setting of about 55 is used.


	e. Practically perfect signals for orientation tests are supplied by a properly adjusted trans mitter-distributor or a signal-distortion test. set. Keyboard signals may also be used where better methods are not available. Since key boards usually have noticeable distortion, a satisfactory local test with these signals is a range of 70 or more.

	f. The differences between limits determined by local test and the corresponding limits obtained when receiving signals over a line, give directly the reduction in margins due to signal distortion. These reductions, as illus trated in figure 12-18 are a direct measure of the total signal distortion.

	g. Signal bias affects one limit more than the other; marking bias reduces the upper limit, spacing bias raises the lower limit. Characteristic and fortuitous distortions cause reductions in the margin at both limits with miscellaneous signals.

	h. Correct teletypewriter motor speed is important in maintaining the operating mar gins and a check of speed should always be made before measuring ranges. The speed should be checked with a tuning fork of the proper type. A two percent variation from the correct value will result in 12 percent distor tion at the end of the fifth pulse. Therefore, the speed should be kept within one percent of the correct value.

	i. Tests may be made of the distortion toler ance of teletypewriters (or teletypewriters in combination with line circuits) by applying predistorted signals. Signal distortion test sets are arranged to supply miscellaneous tele typewriter signals having both marking and spacing bias adjustable from zero to about 40 percent or more. Well adjusted teletypewriters should type correctly when the signals from the test are biased by as much as plus or minus 35 percent in a local test circuit". With line sections between the test set and the tele typewriter, the tolerance should not be less than plus or minus 15 percent for highgrade army service.



* A circuit including the sending and receiving ele ments of the teletypewriter and a suitable resistor which, with a normal voltage of 115 volts, will provide a normal operating current of 60 milliamperes. The local test circuit is sometimes included in the teletype writer.
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maintenance.

Station
	
	541



	342

rangements

for tactical use.
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	table

-
	
	



	P)
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Repeater

spacings.
	
	163



	and

Entrance

intermediate

cable

limits 545c
	
	174
	(table) 5-45

-

Talking
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	Lead-covered

cable
	542a(3)
	162
	(drawing)
	11-1
	



	Open

(CF–4)

wire

converter

(table) 5–48
	
	174
	Communications,

radio
	1
	



	Open

wire
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	402
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Teletypewriter
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	232c
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| Power,
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	Night
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232e
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through-dial
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	Equipment:
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232a
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Xngine-driven generators.
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232b
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	Power

706

packs.
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	Switchboard

232

Tie-trunks.

232a
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	Power

panels 707

Rectifiers 706
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group

802c
	
	399
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Ringing
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	807C
	402
	705

Transformers
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	Trunks

232a
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	effect on

Factor,

generator

output
	715
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	802a
	399
	1002b

from.

Line, protection
	
	451



	PE–248

708C

Interrupter.

PE—250
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	Line

transformer

connections (drawing)
	7-2
	388



	708C

Interrupter.

Peg

1110a

counts.
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468
	707

Panels.

Plan

operation

(drawing)
	7–4
	387
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	Perforated

tape 322c
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	of

Plant

maintenance.

1165
	
	547



	Personnel

requirements:
	
	
	power

Rated,

of radio sets 615b(2)
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	Maintenance.

1160
	
	540
	
	649b
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	Switchboard

installation 1152
	to
	524
	(tables) 6–169
	to
	355



	
	1154
	
	
	6-174
	



	Switchboard

1107h

operation
	
	465
	715c

Rating,

engine-generators.

328
	
	396
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	Phantom

677

antennas.
	1123f
	487
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	Teletypewriters.
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Ratio,

relation (table) 12-1
	
	553



	Carbon

resistors 6776(4)
	
	333
	(drawing)
	12-2
	554



	Improvised.
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	6770
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	(table) 6-110
	302



	Lamps,

incandescent.

6770.
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	| Power

levels, carrier telegraph 306a(3)
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	Phantom

circuit 511
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	| Power

in communication

ranges

systems
	1202
	553



	Phraseology,
	536c
	160

467
	CN-22/F.

| Power

707d

Transfer

Panel
	
	387

305



	telephone

operators' 1108;

Planning

communication

a

system.

1103
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	| Precipitation static 654f

ranges, v-h-f 610

| Prediction
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	to
	225



	Planning

a

radio

installation:

602c

requirements.

Electrical
	
	220
	-

(drawings)
	613

6-6

to
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	Governing

factors 602b
	
	219
	
	6-8
	



	conditions 602b

Phvsical
	
	219
	maximum

| Predictions

of

usable

fre-
	641e
	279



	circuit 606

of a

Reliability

radio
	
	223
	643d

Quency
	
	281



	602b

Service

requirements.
	655
	306

219
	(drawing)

equipment.

Co.

| Press

Wireless

radio
	6–70

(table) 6–172
	280
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	Signal

1154d

center
	
	527
	
	(table) 6–173
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	1154e
	528
	maintenance.

1157

| Preventive
	
	539



	Types

of radio

facilities 603a.
	
	220
	
	1162c
	542



	Typical

networks

(drawing)
	11-23
	489
	switch

Priority line marking,

telephone
	
	



	Plug

counts.

1110e
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	boards.

1107;
	
	465
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	Point-to-point

circuit:

Telephone.

204a
	
	6
	Priority lines, special operation

of 1108k(4)

(PBX)

branch

exchange

| Private
	232
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	(drawing)
	2-1
	7
	| Private

lines, telegraph.

1126aſ3)
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	(table) 2-3
	
	9
	| Probe,

radio 654e(3)
	
	305



	1118q

Teletypewriter
	
	482
	communication

systems.

| Project

planning,
	1103d
	460



	Requirements.

1128a.
	
	492
	Radio

| Propagation

(See

propagation
	
	



	1127

data.

Traffic experience
	
	492
	R)

Pr

under

otection:
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network.

Typical

(drawing)
	11-23
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	Cable

(lead-covered)

~~~~~~~~.
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	454



	305b

Polar

circuit, telegraph.
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	1009

||
	
	454



	relay " (photo)

Polar
	3-76
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	Extent
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required
	
	451



	(photo)
	3-77
	109
	Grounding.

1011
	
	455



	test set 348

Polar

relay

305c

Polarential circuit, telegraph.
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51
	Lightning.

100.3a.

*.
	1008
	451

454



	reception 304d

Polarization diversity, radio
	
	49
	
	1012a.
	456



	
	674b
	325
	Line

equipment.

1012b

transmission
	
	456



	(drawing)
	6–140
	325
	Open

wire 1008
	
	454



	Polarized waves,

radio
	619
	249
	
	1012b
	456



	
	623C
	258
	1012a

Pole
	
	456



	
	1214a
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	Radio

station 1010
	
	455



	Poles:
	
	
	
	1012a
	456



	Classification 907
	
	425

426
	Sneak

1003C

current.
	
	451

455



	(table) 9–3

and

Decay

termites
	912h
	440
	Spiral-four cable 1009C

Switchboard

1004
	
	452



	(Osmoplastic

B)

Preservative
	925b.
	447
	
	239
	36



	Protection 1012a
	
	456
	
	1006
	453
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Selection of
	
	425
	
	1007
	453



	wire
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	and

distributing frame

Protection

X-61823G.

1151c(2)
	
	524
	1010

Radio

station protection
	1012a
	



	location, telephone

Protection

station
	1149d(4)
	517
	a

Radio

system

planning

(See Planning
	
	



	

1008

Protector

drainage.
	
	454
	radio

installation)
	
	



	Protector

grounding,

telephone

station 1149c.(5)
	†,
	516
	Radio

truck

channel

telegraph

systems,
	
	



	blocks, fuses, heat

Protectors, air gaps,

coils
	
	451

455
	1128a04)

requirements.
	
	



	telephone

Push-to-talk

switch,
	205c
	10
	Radio

trunk

telephone

traffic capacity

340

Radio
	1116
	



	
	
	
	arrangements:.

teletypewriter

AN/FGC-1

Radio

Teletypewriter
	
	



	
	
	
	(TM11-356)

Equipment

Terminal
	326
	



	
	
	
	
	341a
	



	
	
	
	(table) 6–172
	
	



	added

506b

cable
	
	133
	(table) 6–173
	
	



	uadded

loading

cable

units 571b.
	
	214
	(photo)

(drawing)
	3-66

3–38
	



	-wave

r-f matching

section 638c.(2)
	
	275
	AN/MRC-2

Radio

Set, mobile (table) 6–169
	
	



	
	676g
	
	
	347c
	



	
	
	
	AN/TRA–7

Radio

Equipment

Teletype
	;

347e(6)
	



	
	
	
	Mark

British Apparatus-Telegraph,

III.
	
	



	
	
	
	
	347
	



	º

R

S

and

scales, radio
	1213
	
	CF–2–(

) Telegraph

Terminal,

use

of
	
	



	RA

radio

receivers,
	
	
	C-w
	
	



	B.Vy (drawing)

) Rectifier (TM
	6–174
	
	transmit

teletypewriter

operation,

ter keying

circuit
	
	



	RA-43–

706C

11–954).
	
	
	
	
	



	Radiated

radio 649

power,
	
	
	Receiving

circuit
	
	



	efficiency 649

Radiation
	650b
	
	42B1

carrier telegraph


	
	



	
	651b.
	
	
	
	



	(drawing)
	6-104
	
	Frequency

shift operation, tactical
	
	



	(drawing)
	6–107
	
	radio

sets
	
	



	632a

Radiator

antenna

(part of

array).
	
	
	Multichannel

operation, tactical radio

sets 342
	
	



	and

Radio

network

wire

teletypewriter

Radio

main

characteristics 104
	1125
	
	single-tone 341b

Multichannel,
	
	



	communication,

Radio

main

communication,

use 103

fields of
	
	
	Power

input

to

tactical radio

sets,
	
	



	Radio

equipment

layout,

signal center
	1154d
	
	(table) 3–70

4-channel

operation.
	
	



	(drawing)
	11-59
	
	Single-channel,

frequency-shift,
	
	



	Radio

frequency

(See

R-f)
	
	
	space-diversity, fixed plant
	341a.
	



	Radio

typical 654

power,

installations, high

(photos)
	#
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to
	
	Single-channel

operation,

tactical
	343
	



	
	1

11
	
	sets

radio

341c

Single-sideband.
	
	



	Radio

maintenance
	1166
	
	modulation,

Single-tone

tactical
	
	



	Radio

Morse

1125b

network.
	
	
	sets 345

radio
	
	



	(drawing)
	11-25
	
	
	603b
	



	Radio

propagation:
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	Transmission

considerations

(See
	
	



	High-frequency:

conditions, TB

Basic

11–499–(

)
	
	
	Telegraph

over

transmission

radio)
	
	



	
	
	
	Radio

H-f

transmission

transmission

(See
	
	



	641d

Forecasts.
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	W-h-f
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transmission)

Radio

characteristics at

transmission
	
	



	
	le
	
	various

frequencies

(general discussion) 604b.
	
	



	Ground-wave
	
	
	Radio

power

comparisons,

transmitter
	
	



	

Sky-wave.
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telegraph
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	(table) 3-17
	
	



	Very-high-frequency
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	Radio

wire
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	: 103
	



	Radio

on

one
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	104
	



	Radio
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	309e
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relay
	603d
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	equipment

Dispatchers'

telephone

Emergency

service 247
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	Method

246

of

operation.
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Radio

in Truck
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Protection.
	
	



	Radio
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	equipment:
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(table) 6–173
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	Command

radio, ACS.
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coverage

chart.

(drawing)
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	Way

station
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	Navy,
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S (drawing)
	6–174
	
	251

Selector operation
	
	



	Tactical, for ground

(table) 6–169

use.
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Signaling

ranges.
	
	



	W-h-f

fighter control (table) 6-171
	
	
	Way

station equipment:

249
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set interference (See
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	Telephone
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noise
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	sound
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| Reference
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	Reflection coefficient 12171
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	power

sets
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	loss

Reflection
	1217
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	(drawing)
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	(tables)
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	nerative

repeater, telegraph,
	
	



	S. Navy

receiver, U.

radio

(table) 6–174

RBM
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	335
	88



	RBQ

receiver, U.S.

Navy

radio

(table) 6-174
	
	371
	
	336
	88



	S. Navy

RBZ

radio

receiver, U.

(table) 6–174
	
	371
	| Regulation,

generator:
	
	



	receiver, U.

radio

S. Navy(table)
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6-174
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	Reh.

Automatic.
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	397



	RC–47–(

) Remote

Equipment

Control
	
	
	715e

Inherent.
	
	397



	(TM
	
	
	and
	
	



	11-312)

(t ible
	
	
	captured

wire

of
	
	



	table) 6–16
	
	
	circuits

cable
	565
	206



	(photo)
	6–164
	350
	
	917

to
	445



	RC–52

Equipment

Radio

Transmitting
	
	
	
	919
	



	(table) 6–173
	
	367
	American

loading

coils
	
	214



	
	
	
	
	571b.
	



	RC—58–B

Equipment

Facsimile
	
	
	(table) 5–90
	
	215



	(TM

401c

11-374).
	
	121
	Foreign

systems

loading
	571a
	214



	RC–63

(TM

Antenna

Equipment

11–2616)
	633a
	267
	(table) 5–89
	
	215
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-
	
	



	drawing)
	6-54
	267
	4-wire
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operation.
	566
	208



	RC–81

Antenna

Equipment.

627a.
	
	260
	Capacitance

unbalance


	568
	209



	(drawing)
	6–38
	260
	Loading

considerations
	#,
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	RC-120

p

Equipment
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Facsimile
	6–39
	260
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	Segregation

- of cable

pairs
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, 5670
	20813
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	TM

(TM

11–375B,

11–2252)
	401c
	
	(drawing)

Identificati
	5-85
	209



	RC—256

Radio

(table) 6–169
	
	360
	|
	
	



	Receiver.
	
	
	entification of

cable

pairs
	
	



	RC—257

Radio

Transmitter.

(table) 6–169
	
	360
	circuits 572

Identification of loaded
	
	215



	RC–261

Remote

Equipment

Control
	
	
	Loading

coil inductance
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	572b
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	(TM

11–2632)
	691d
	350
	Splicing

cable 565b.
	
	206



	
	(table) 6-162
	348
	573

Telegraph

operation:
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	(photo)
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-
	6–165
	350
	2-wire

circuit operation
	570
	213



	RC–289

Remote

Equipment.

Control
	691e
	350
	570a

Capacitance

unbalance.
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	(table) 6-162
	348
	Loading

considerations
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	(photo)
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	6–166
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	| Relay
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table
	(table) 11-76
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	RC–290

Remote

Equipment.

Control
	691f
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| Reliability of

radio

circuit
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	(table) 6-162
	348
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	| Remote
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	radio

sets:

control of
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equipment
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Control
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-
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	(photo)
	6–44
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transmission
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	equipment
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	rawing
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equipment
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operation
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	scale

Readability,

radio
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	equipments.
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ypical
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	telephone
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	15
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Compensated
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type
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	to
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	magnetic

type
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Voice
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requirements.
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	692e
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	wave
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	Repair

radio, mobile
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|| Repeater
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8
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(See
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	uipment.
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	work.
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voice-frequency
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	Installation 1149e
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	Comparison
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with

nonrepeatered.
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	plant
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engineering
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	Equipment
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engineering
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	r-f

Cables,
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	§:

Talking

range

Tandem

533

operation.
	541
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	(drawing)
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Transmission

level diagram

(drawing)
	5-53
	178
	(table) 6–167
	
	



	
	11–38
	509
	676b(3)

age.
	
	



	drawing)
	11-39
	509
	cable

Coaxial
	638a.
	



	Types.

514
	
	137
	
	676b(2)
	



	Radio

Repeaters,

radio

systems)

(See

relay

telegraph

Repeaters,
	324c
	71
	Impedance

relations 676g

638c

Improvised
	
	i



	
	304e
	50
	
	676f
	



	
	327
	77
	Losses

in field cable 638b.
	
	275



	
	334
	87
	(drawing)
	6–146
	



	Repeaters,

telephone,

carrier:
	
	
	Open

line 676b(1)

wire
	676d
	



	section lengths 543

arrier repeater

CF-3
	
	163
	
	#
	



	repeater 521

telephone
	522
	142

143
	(drawing)

Quarter-wave

matching

section 638c
	6–145
	



	CF-5

(2-wire) 525
	
	147
	
	(2)
	



	in carrier systems

Locations
	530
	152
	between

675b

Separation
	(3)
	



	carrier, ; 543

Spacings,

C
	
	163
	Spaced-wire

line, improvised.

638c
	
	



	carrier (table) 5–48
	
	174
	
	676f
	



	hybrid

system.

(table) 5-46

Carrier

CF-4
	
	173
	(drawings)
	to

6–66
	



	(table) 5–48

converter.

crosstalk 550d

Effects of
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183
	and

Unbalanced

balanced

lines 654d(1)
	6–68
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carrier (table) 5–48
	
	174
	
	675
	



	Open

wire

(table) 5–48
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	174
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	Spiral-four carrier (CF–1).

(table) 5–45
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telephone

voice-frequency:
	
	
	W-110–B
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wire

for r-f
	
	



	1218f

alance

EE-89-A.
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	565

138
	transmission

lines 638c.(1)
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	541b
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	(table) 6–147
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	139
	
	234
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4-wire.
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	529
	



	546

Gains.
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	Packaged.
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Portable.
	
	138
	code.
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Ringing,
	
	



	Spaeings.

542a(1)
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	232b
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bridge.
	
	



	P-14.

516c
	
	139
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range,

voice-frequency.
	
	



	
	541c
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	618q

Rivers,

radio

transmission

over.
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21-type.
	
	137
	RM-7
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Control

Unit.
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	(drawing)
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	Remote

Unit.
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Control
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| RM-21

Remote

Control

(table) 6-162

Unit.
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5.14c.
	
	138
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) Remote

Unit

Control
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versus

4-wire.
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Control
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	Reperforator.
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