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RADIO SET AN /TRC-29 AND RADIO REPEATER & SET AN /TRC-39


WARNING



EXTREMELY DANGEROUS VOLTAGES EXIST IN THE FOLLOWING UNITS:

TECHNICAL MANUAL No. 11-689 TECHNICAL ORDER No. 31R2-2TRC-151



THE AIR FORCE DEPARTMENTS OF THE ARMY AND

WASHINGTON 25, D. C., 5 April 1956





CHAPTER 1 — INTRODUCTION


Section |. GENERAL


1. Scope

a. Equipment Information. This manual contains information on the theory, installation, operation, maintenance, and repair of Radio Set AN/TRC-29 (fig. 1).

b. Specific System Information. Specific system information is furnished for a pulseposition modulation radio relay system nomenclatured as Radio Repeater Set AN/TRC-39. This set includes two Radio Sets AN/TRC-29.

[image: Figure, page 3]

Figure 1. Radio Set AN/TRC-29.


	c. General System Information. Radio Set AN/TRC-29 normally is used in a rear-area radio relay system.

	d. Comments. Forward comments on this publication to the Commanding Officer, The Signal Corps Publications Agency, Fort Monmouth, N. J.





2. Forms and Records


	a. Unsatisfactory Equipment Reports.

	(1) DA Form 468 (Unsatisfactory Equipment Report) will be filled out and forwarded to the Office of the Chief Signal Officer as prescribed in AR 700-38.




	(2) DD Form 535 (Unsatisfactory Report) will be filled out and forwarded to Commanding General, Air Materiel Command, Wright-Patterson Air Force Base, Dayton, Ohio, as prescribed in






AR 700-38 and AF TO OO-35D-54.


	b. Damaged or Improper Shipment Report. DD Form 6 (Report of Damaged or Improper Shipment) will be filled out and forwarded as prescribed in AR 700-58.

	c. Preventive Maintenance Forms.

	(1) DA Form 11-238 (Operator First Echelon Maintenance Checklist for Signal Corps Equipment (Radio Communication, Direction Finding, Carrier, Radar) ) will be prepared in accordance with instructions on the back of the form (fig. 115).




	(2) DA Form 11-239 (Second and Third Echelon Maintenance Checklist for Signal Corps Equipment (Radio Communication, Direction Finding, Carrier, Radar) ) will be prepared in accordance with instructions on the back of the form (fig. 116).












Section Il. APPLICATION


3. Purpose and Use


	a. Equipment Information. Radio Set AN/ TRC-29 is a 23-channel, radio relay equipment that is built to satisfy field service handling requirements although it is used normally in a rear-area radio relay system. The equipment can be transported by military trucks without the need of protection or packaging beyond that furnished by the basic equipment transit cases. The equipment operates satisfactorily where temperatures range from —40° F. to +132° F., relative humidity to 95 percent, when sheltered from direct or windblown rainfall.

	b. Equipment Packaging. All the equipment is packaged in Electrical Standardized Components Case CY-1280/U to reduce to a minimum the amount of cabling necessary to install a station. The cases are 2 feet by 2 feet by 5 feet high and contain shock-mounted racks. The equipment is ready for operation upon the removal of the interchangeable front and rear transit case covers and the addition of a few interconnecting cables. The individual transit cases, when closed for field transportation, weigh close to 500 pounds. When desired, the equipment can be removed from the field transit case and mounted in standard 19-inch frame racks or standard cabinet racks, which support



the equipment either from the front panel or through the equipment center line.

c. Equipment Operation. The equipment is designed for continuous 24-hour service over long periods of time. Once the tube-aging patterns are determined, weekly preventive maintenance checks are required to keep the equipment in operation without failure. While the failure patterns are being established, the equipment stations will be manned by operating personnel. Necessary sensing circuits are included in the radio equipment to enable operation with Control Monitor Group AN/TRA-11, which may be added to an operating station at a later date without modification of the radio sets. The addition of the monitor group permits automatic switchover to a stand by radio set when an operating set becomes defective.



4. System Application

a. General System Information. Radio Set AN/TRC-29 is frequency-modulated (fm) radio relay equipment that provides communication trunk service over as many as 20 tandem hops and forms circuits up to 600 miles in length. Various modulator equipments may be used over the modulation bandwidth of 30 cycles per second (cps) to 4.5 megacycles (mc). The radio equipment operates in the 1,700- to 2,400 mc microwave frequency spectrum where acceptable propagation paths must have adequate clearance above all intervening obstacles, such as hills, trees, and buildings. The high circuit quality needed for multichannel voice toll circuits limits the length of a hop between repeater stations to 30 miles line-of-sight for all multiple hop circuits. Point-to-point services that do not require toll quality and can be out of communication because of radio noise from 2 to 5 percent of the time may be operated over much greater hop lengths. .

b. Antenna Installation. Tower AB-216/U is a semipermanent, sectionalized, guyed, walkup tower that has a cross-sectional area 4 by 6 feet. This tower can be installed in heights from 78 to 204 feet. A trained 4-man crew can install the 78-foot tower in 1 hour after the anchors are dug in. The towers require one cargo truck for each 78 feet of tower. The towers weigh 3,820, 4,866, 6,141, and 7,717 pounds for 78-, 120-, 162-, and 204-foot.sizes, respectively. The tower sections are painted white and require only orange banding to conform to zone of interior and rear-area aircraft visibility requirements. For tactical applications, the towers may be painted olive drab.

c. System Maintenance. To maintain long radio relay circuits, an order-wire circuit with ringing facilities connects all radio units on a party-line basis. This order-wire circuit is independent of any communication over the 23 voice channels and cannot be used for through traffic. The order wire operates through Radio Set AN/TRC-29 on a 6-mc subcarrier with integral order-wire transmitters and receivers.

d. Specific System Information. Although Radio Set AN/TRC-29 is capable of transmitting television, radar data, frequency-division, and time-division signals, specific system information is furnished for a pulse-position modulation (ppm) radio relay system only. Nomenclature has not been assigned all the equipment combinations used as a series of the AN/TRC equipments; only the four station combinations most commonly used have been nomenclatured. The individual equipment is nomenclatured so that other systems can be made up by proper equipment requisition. Radio-Telephone Terminal Set AN/TRC-38, Radio Repeater Sets AN/TRC-39, AN/TRC-40, and AN/TRC-41 handle ppm signals and each group includes two or more Radio Sets AN/TRC-29.



5. Terminal and Repeater Equipment

a. Video Equipment. Radio Set AN/TRC-29 requires an external source of video modulating signals and does not in itself provide complete communication facilities. Television camera equipment, radar equipment, and voice multiplex equipment generally can be adapted to Radio Set AN/TRC-29.

b. Pom Terminals. One Multiplexer Set AN/TCC-18 provides 23-voice channels, or two combined multiplexers will provide 45 channels. All alternating current (ac) signals in the 300 to 3,500-cycle voice band, such as supplied by field Telephone EE-8, Facsimile Equipment RC-120, Telegraph Terminal AN/TCC-4, and Telegraph Terminal AN/TCC-20, may be transmitted. Direct current (dc) signals of the trunk supervisory type cannot be transmitted over the voice channels except for remote very high frequency (vhf) radio push-to-talk operation over two channels. Twenty cps ring-through operation between EE—8-type telephones is provided. A 5-inch high-definition Oscilloscope OS—25/G and an Audio Test Set TS—762/TC that provide a 1,000-cps test tone, a level meter, a total distortion meter for 1,000-cps operation, and a signal-to-noise meter for measuring channel noise or crosstalk are provided to enable necessary maintenance and alinement to be made without auxiliary test equipment, except for a vacuum tube voltmeter (vtvm), such as Electronic Millimeter TS—505/U, and a tube checker.

c. Repeater Stations. Repeater stations are intermediate radio stations that are used to extend the range of a radio link. Usually, radio repeater stations have Radio Sets AN; TRC-29 connected back to back to form a video signal patched repeater, and are without auxiliary video equipment. For television systems, an auxiliary de reinsertion amplifier is required at some repeater stations. For long ppm systems, every fifth or sixth repeater station should reshape the pulse train and restore the ppm pulses to their original shape. Pulse Form Restorer Group AN/TRA-10 and Multiplexer Jroup AN/TCA-1 will provide ppm reshaping where required.


	d. Voice-Channel Drop Repeater Stations. To increase the flexibility of ppm radio link facilities, Multiplexer Group AN/TCA-1 provides facilities for dropping the first 8 of the 23 through-voice channels for local or branch circuit traffic. When no more than two branch circuits are required, Pulse Form Restorer Group AN/TRA-10 may be used to provide drop facilities. When these equipments are used to provide drop facilities at least every six hops, no additional reshaping facilities need be supplied.

	e. Equipment Issue. Radio Set AN/TRC-29, Radio-Telephone Terminal Set AN/TRC-38, Radio Repeater Sets AN/TRC-39, AN/TRC-40, and AN/TRC-41 do not include enough transmitter klystron tubes, frequency control crystals, and duplexers to permit operation on any combination of frequencies in the 1,700- to 2,400-mc band. Requisitions must include the desired operation frequencies for both transmitting and receiving, as well as the required towers (no antenna support supplied with the radio sets), shelters, and test equipment.





6. Basic Radio Relay Systems

a. Basic Single-Hop Radio Relay System. A basic radio relay system consisting of two terminals less than 30 miles apart on a line-ofsight basis and joined by one radio link is shown in figure 2. The west terminal signals from the video equipment are fed to the radio transmitter portion of Radio Set AN/TRC-—29 to frequencymodulate the microwave carrier output of the transmitter. The modulated microwave carrier is transmitted by an antenna to the east terminal. The antenna at the east terminal picks up the carrier and feeds it to the radio receiver portion of Radio Set AN/TRC-29. The receiver amplifies and detects the signals. The output of the receiver is fed to the video equipment,' which demodulates or displays the detected video signals. The duplexer permits the use of a single transmission line and antenna system for both transmitting and receiving.

b. Basic Multiple-Hop Radio Relay System. If two terminals are more than 30 miles apart, additional hops are required to extend the range of the radio link that joins the terminals. Additional hops are accomplished through the use of repeater stations. Figure 3 shows a basic twohop radio relay system that has one repeater station. The fm microwave carrier output of the radio transmitter at the west terminal is received by the antenna at the repeater station and is fed to the radio receiver. The video output of the receiver is connected to the input of the west-east radio transmitter in the second Radio Set AN/TRC-—29, and is used to frequency-modulate the microwave carrier output of the transmitter. The modulated microwave carrier then is transmitted by the second antenna to the east terminal. The reverse signal path from the east terminal to the west terminal is the same as that described above. Through the use of as many as 19 repeater stations, the radio link can be extended to 20 hops to cover a range up to 600 miles.

[image: Figure, page 6]

Figure 2. Basic single-hop relay system, block diagram.

[image: Figure, page 7]

Figure 8. Basic multiple-hop radio relay system, block diagram.



7. Types of Radio Relay Systems

Radio Set AN/TRC-29 can be used in the radio link of a versatile radio relay system that can carry such signals as multichannel telephone, facsimile, telegraph, radar, or television. The following examples of radio relay systems using Radio Set AN/TRC-29 will be described:


	a. Ppm radio relay system.

	b. Pulse-code modulation (pem) radio relay system.

	c. Frequency-division-multiplex radio relay system.

	d. Television radio relay system.




	e. Switchover.








8. Pcm Radio Relay System

Radio Set AN/TRC-29 can be used with Multiplexer Set AN/TCC-15 and Pulse Form Restorer Group AN/TRA-18 to provide a 48 channel pem communication system. Multiplexer Set AN/TCC-15 differs from Multiplexer Set AN/TCC-13 in that pcm rather than ppm is used. In this system, a terminal station consists of one Multiplexer Set AN/TCC-15 and one Radio Set AN/TRC-29. As many as 19 repeaters can be used. At every third or fourth repeater, it is necessary to regenerate the video signal obtained from the radio receiver. Regeneration is performed by Pulse Form Restorer Group AN/TRA-18. No drop-channel equipment is available in this system. Multiplexer Set AN/TCC-15 is not currently available.



9. Frequency-Division-Multiplex Radio Relay System

Radio Set AN/TRC-29 can be used with Subcarrier Group AN/TSA-10 and _ suitable frequency-division-multiplexing equipment to provide a maximum of a 36-channel communication system. Subcarrier Group AN/TSA-10 provides a video subcarrier for a frequencydivision-multiplex spectrum of signals. In this system, a terminal consists of one Subcarrier Group AN/TSA-10, one Radio Set AN/TRC-— 29, and suitable frequency-division-multiplex equipment. Telephone Terminal Carrier Set AN/TCC-7 will provide a 12-channel system. As many as 19 repeaters can be used between terminals. No drop-channel or reshaper equipment is available in this system. Subcarrier . Group AN/TSA-10 is not currently available.



10. Television Radio Relay System

Radio Set AN/TRC-29 also can be used with commercial television equipment for transmission of television signals. In this system, the video equipment can consist of a standard camera chain (to supply the video modulating signal for the radio transmitter), a suitable video display, and retransmission equipment, such as a control console. Up to 19 repeaters can be used between terminals. At every third repeater two stabilizing amplifiers (one for each direction) are inserted between the two AN/TRC-29 radio sets. They improve the video waveshape by clamping action that reinserts the dc component. In each direction, the radio receiver picks up the microwave signal, amplifies it, and detects the video signal. The video signal is fed to the stabilizing amplifier, which improves its waveshape. The output of the stabilizing amplifier then is fed to the radio transmitter for transmission to the next repeater.



11. Switchover System

Radio Set AN/TRC-29 provides the circuitry for automatic switchover with Control Monitor Group AN/TRA-11. The control monitor group automatically switches from operating radio equipment to spare radio equipment if the operating equipment fails. It will be used either at terminal stations or at repeater stations em ploying Radio-Telephone Terminal Set AN/ TRC-38, Radio Repeater Set AN/TRC-39, AN/TRC-40, or AN/TRC-41. It will be used whenever it is desirable to have a rapid, reliable changeover at manned stations or when unattended operation is desired. In addition to the basic automatic transfer operation, fault location, fault identification, fault alarm, and fault recording features will be provided.




Section Ill. DESCRIPTION AND DATA


12. Technical Characteristics of Radio Set AN/TRC—29

a. General. The transmitter of Radio Set AN/TRC-29 includes a SRL~7 series klystron oscillator followed by a 2C39A lighthouse triode amplifier that has a 10-watt output. The klystron is held to the desired carrier frequency (within .03%) by a motor drive, which is controlled by an automatic frequency control (afc) circuit that has 4 crystal oscillator as a reference. The receiver local oscillator is an external cavity klystron type 6BM6.

b. Transmitting Equipment.

Frequency range:
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Channel
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	2-1,745 mec



	
	38-1,775 me
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	8-1,910 mc



	
	9-1,935 mc



	
	10-1,960 mc



	
	11-1,980 me



	
	12-2,000 mec



	
	13-—2,020 mc



	
	14-2,040 mc



	
	15-2,065 me



	
	16—2,090 mc



	
	172,115 me



	
	18-2,140 me



	
	19-2,165 me



	
	20-2,190 me



	
	21-2,215 me
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	0.03%

(crystal refer

ence controlled)
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	Impedance
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	30 cps to 4.5 me
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	Power requirements:
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	PP-764/G:
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input
	115 volts ac



	22

Outputs
	—1,000 volts de at 214
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	+820
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de at 110
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floating)



	Power Supply
	



	2

PP-689/G:
	



	2

Inputie
	115 volts ac



	Outputs
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ma (regulated)
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	+150 volts dc at 210 ma
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	c. Receiver Equipment.
	



	ee

Frequency range:
	



	Tunable geae
	1,700 to 2,400 mc



	Ly Deere
	Preset channels (27) Same as transmitter

equipment



	
	ee es Single-conversion





superheterodyne









	Type of modulation
	
	Power

Autotransformer

f. Fixed

Trans




	received
	Fm
	eee

ee

former TF-146/G.



	Intermediate
	
	ese
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Input



	frequency
	120 me
	200 to 260 volts ac



	
	Frequency control Automatic frequency
	oe

eee 115 volts ac +4.0 volts
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	control
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	ac, 4 kva maximum



	
	and manual gain
	g. Radio Frequency

Transmission Line As



	
	control
	sembly CG-10138/U.
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	input 50 ohms
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	Video output 80 cps to 4.5 mc; —8 to
	assembly.
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	TPG se

ie
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frequency
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Transverse magnetic,
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	Noise figure

Power requirements:
	14 db to 16 db
	nonradiating wave



	Power Supply PP-690/G:
	
	Input and output
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	in. polyethylene
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	ma
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	ing cables are used
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	Primary power
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	Heating current 40 to 60 amperes
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	d. Primary Power Requirements, Overall.
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13. Technical

Characteristics
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arr oS
	
	Radio Relay System



	power
	115/230 volts ac, 2,300
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	ratio 37 db nominal (over 30-

Signal-to-noise



	Transmission line
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	de-icing power 115 volts ac, 1,000 watts
	bandwidth).



	Antenna Equipment.
	
	of Ppm Radio



	sciuhess 4s

Type
	Horn-fed parabolic
	14. Technical

Characteristics
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	Size bees

cape bees ry ies,
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	eee
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	Signal-to-noise
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ratio:



	eee

Antenna beamwidth
	(3-db points)
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8 db less than
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	ee
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	Antenna feed lineRadio Frequency
	
	each dou



	
	Transmission Line
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	Assembly
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Forward adjacent crosstalk : Single-hop Maulti-hop 23 channels __._.._._.. 50 db__. 3 db less than 45 channels __........ 45 db... _single-hop figure for each doubling of number of hops. Maximum number of (a) ef hiner tien ea Cte ERE 20 rf hops; 10 hops if hybrid-connected, back-to-back termi nals are used.



15. Packaging Data for Radio Set AN/- TRC—29

a. When packed for export shipment, the components of Radio Set AN/TRC-29 are placed in moisture-vaporproof containers and packed in 18 crates. Crate No. 11 contains

Electrical Power Cable Assembly CS—2440/U (150 ft) wound on Reel RC-—405/TR. Crates No. 12 and 13 contain the transit cases that house the components of Radio Frequency Transmission Line Assembly CG—10138/U. Antenna AS-554/TRC-29 is packed in five transit cases that are inclosed in crates No. 5 through 9. The other crates contain the transit cases that house the various component, accessories, and spares of Radio Set AN/TRC-29. The number, size, weight, and contents of each crate are indicated in the chart below. This chart does not include the crates that contain the transit cases of Tower AB-—216/U. Refer to TM 11-5073, Tower AB—216/U, Tower Section Set AB-298/U, Guy Kit MK-99/U, Accessory Kit MK-100/U, Guy Kit MK-101/U for this information.



Packed for Shipment













	Crate

No.
	Contents
	(in.)
	Width

(in.)
	Depth

(in.)
	Volume

(cu ft)
	Unit

weigh, (Ib)




	1
	Electrical Standardized Components

Case C Y-1280/U, transmitter rack.
	62
	29
	29
	30.18
	620



	2
	Electrical Standardized Components

Case C Y-1280/U, receiver rack.
	62
	29
	29
	30.18
	620



	3

and
	Chest CY-250/U, spare parts case I
	291%
	231%
	22%
	7
	204



	4
	Chest CY-250/U, spare parts case II
	291%
	23/2
	22%
	7
	204



	5,
	oe

Antenna AS-554/TRC-29
	70
	21
	20
	17
	260



	Ce
	ee

re

ee oe

yl
	66
	17%
	1634
	9.5
	235



	RE
	RAS

eee

i

hn

Le

es
	65%
	48
	25%
	46.9
	313



	chy
	Ae

Beste Sos, CSE

eee eee eee

Oe a
	65%
	48%
	25%
	46.9
	313



	and
	
	
	
	
	
	



	og
	ee

ee

tert

be
	9214
	94
	434
	2.36
	68



	10
	Fixed Autotransformer Power Transformer

TF-146/G.
	31
	17%
	16%
	5.26
	305



	11
	CX

Power

Assembly

Cable

Electrical
	
	
	
	
	



	
	2440/U (150 ft) on Reel RC-405/TR.
	31
	31
	15
	8.35
	150



	12

and
	Radio Frequency Transmitter Line Assem-

ee

bly CG-1013/U.
	391%
	20
	17%
	8
	195



	Se
	eae

ee

eee

ee

ee
	391%
	20
	17%
	8
	195





Total weight (Ib)

2. Crate numbers are used for reference only.

1. Items may be packed in a manner different from that shown, depending upon the supply channel.


	b. When packaged for export shipment, the gated fiberboard box. The fiberboard surface-wave transmission line is packed in two box is placed in a water-vaporproof wooden crates. One crate weighs 100 pounds barrier, then in another fiberboard and contains the de-icing transformer assembly. box. The packaged de-icing trans-The other crate weighs 90 pounds and contains the carrying case and all the remaining components of the surface-wave transmission line. See figure 4 fur a picture of the carrying cases.

	with a desiccant is packed in a corru- wire bound wooden crate.




	former assembly then is placed in a wire bound wooden crate.

	(2) The carrying case that contains the (1) The de-icing transformer assembly is remaining components is packed in a cushioned with cells and pads of cor- fiberboard box and cushioned with rugated fiberboard. The cushioned de- flexible corrugated paper. The packicing transformer assembly together aged carrying case then is placed in a
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Figure 4. Radio Frequency Transmission Line Assembly CG-1013/U, carrying cases.

c. The following chart indicates the contents of each case. See the packing list attached to each case for exact contents.



Case Contents









	
	Contents
	




	Cable and reel assembly
	Electrical Power Cable Assembly, CX-2440/U (150 ft)

and Reel RC-405/TR.
	Refer to paragraph 32.



	Antenna AS-554/TRC-29:
	
	Refer to figures 15 and 16.



	Antenna case I
	Antenna feed horns (2 ea)
	



	2s.

Antenna case Ul)

oe =
	Antenna castings.
	



	Antenna case Dll 23-2822.
	Two reflector quarter sections and half yoke.
	



	ee

eee =

Antenna caseclV eres
	Two reflector quarter sections and half yoke.
	



	ee =o

Antenna, case: Veen
	Antenna pipe sections.
	







-16. Common Name Versus Nomenclature Nomenclature

equipment Transmitter rack.

Radio Transmitter T-303/G_.... Radio transmitter.



17. Table of Components

a. Radio Set AN/TRC-29.



Uncrated Weights and Dimensions



Uncrated Weights and Dimensions—(Continued)

* See paragraph 33.



b. Radio Frequency Transmission Line Assembly CG—1018/U (fig. 17).

Note. This list is for general information only. See SIG 7 & 8 AN/TRC-29 for information pertaining to the requisition of spare parts. Refer to paragraph 36 for a list of additional equipment required but not supplied.



18. Arrangement of Components of Radio Set AN/TRC—29


	a. The major components of Radio Set AN/ TRC-29, with the exception of Antenna AS-— 554/TRC-29, are mounted in two Electrical Standardized: Components Cases CY-1280/U (fig. 5). The two transit cases are identical except for the placement of the alining pins that are mounted on each frame for guiding the components into place. One transit case, with transmitting components, is referred to as the transmitter rack and the other transit case, with receiving components, is referred to as the receiver rack.

	b. The antenna is arranged for mounting on Tower AB-216/U, which is not supplied as part of Radio Set AN/TRC-29. See paragraph 29.





19. Description of Transmitter Rack, General

The transmitter rack (fig. 7) consists of the transit case and the components listed in a through c below. A description of the case is contained in paragraph 20 and descriptions of the components are contained in paragraphs 21 through 23.


	a. Order-Wire Transmitter T-389/TRC-29.

	_ 6. Radio Transmitter T-803/G.

	c. Power Supply PP-764/G.





20. Description of Electrical Standardized Components Case CY—1280/U

(figs. 5 and 6)


	a. Electrical Standardized Components Case CY-1280/U consists of an equipment mounting rack and two covers, front and rear. The two covers are identical, interchangeable, and can be moved completely from the equipment mounting rack. Three carrying handles and a J-hook, used when lifting the transit case with a crane, are bolted to each side of the equipment mounting rack. An air escape vent is located in each side of the rack. When the equipment is transported by air, the vent insures equal air pressure, inside and outside the transit case.

	b. The equipment mounting rack consists of an outer framework to which a welded metal inner frame is shock-mounted by eight shockmounts. This shock-mounted frame can hold a maximum load of approximately 300 pounds. The components are mounted on the inner frame by screws. The inner frame is drilled and tap-



ped for standard 19-inch relay rack spacing. Removable alining pins, mounted on the frame, guide the components into place. Two metal feet are bolted to the bottom of the outer frame. These project front and rear to provide better balance for the rack when the covers are removed and the equipment is installed, and also to allow the equipment to be bolted to the floor.



21. Description of Order-Wire Transmitter T—389/TRC—29


	a. The order-wire transmitter (figs. 7-10) is located at the top of the transmitter rack. A removable gray metal cover frame is mounted to the front of the chassis by four thumbscrews. The frame has a cutout on the left through which appear the order-wire transmitter meter, meter selector switch knob, and the TRANS-FER CONTROL ON indicator lamp. The frame has a door through which the main panel and unit controls can be seen and reached. Mounted on a separate bracket immediately behind the door are the PLATE and FIL circuit breakers. The main components of the order-wire transmitter are mounted on a recessed panel behind the circuit breakers. On this panel are the ORDER WIRE TEST SWITCH and the TRANSFER CONTROL-MANUAL OPERATE switch. Other. screwdriver controls are also mounted on the recessed panel. The functions of all controls are described in paragraphs 72 through 82.

	b. The rear of the order-wire transmitter is covered by a perforated metal cover that is secured to the chassis by four Dzus fasteners. When removed, the rear cover operates an interlock switch. Protective covers are mounted by screws to the top and sides of the chassis. Handles are mounted on the front and rear of the chassis. Connections with other units in the transmitter rack are made through a wire harness that passes through an opening in the rear cover and connects to a terminal board in the rear of the chassis. Other connections to the chassis are made through receptacles that are reached from the rear.

	c. TRANSFER CONTROL, ORDER WIRE INTERCONN, and ORDER WIRE CARRIER OUTPUT receptacles are located on the rear panel.
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Electrical Standardized Components Case CY-1280/U, covers removed igure 6. . F

[image: Figure, page 17]

Figure 7. Transmitter rack, front view.



22. Description of Radio Transmitter T—303/G

a. General. Radio Transmitter T-303/G is the center chassis in the transmitter rack (figs. 7 and 10).


(1) The main panel of the radio transmitter is covered by a removable gray metal cover frame with an access door. The frame is secured to the front of the chassis by eight thumbscrews. The access door has a large cutout at the top through which the transmitter meter panel is visible. The door has two smaller wire-screened cutouts for chassis ventilation. A frequency calibration chart, two hexagonal wrenches, and. an insulated tuning tool are




	mounted to the inside of the access door.

	(2) The rear of the transmitter is protected by a metal cover. A 30-foot length of Radio Frequency Cable RG— 21A/U is mounted and clamped directly to the rear cover and serves as a 20-decibel (db) attenuator. The rear cover, when removed, operates an interlock switch that cuts off B+ power. to the transmitting equipment. The switch can be set for operation of the transmitter with the cover removed, by pulling the interlock switch rod out beyond its off position. Protective
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Transmitter rack, front view with components access doors open.

[image: Figure, page 18]

Figure 9. Transmitter rack, rear view.


	covers are mounted to the top, bottom, and sides of the chassis. Handles are located on the front and rear of the chassis.

	(3) The main panel of the radio transmitter is recessed and vertically positioned in the transmitter chassis. This panel supports the subchassis and assemblies that comprise the radio transmitter. The transmitter subchassis are: the meter panel, electronic voltage regulator (evr), chopper amplifier, vacuum-tube voltmeter, crystal multiplier, intermediate-frequency (if.) amplifier, modulator, and video filter. The transmitter assemblies, mounted to the main panel and sides of the chassis, are—klystron oscillator, attenuating cable, 2-slug tuner, double




	coupler, power amplifier assembly, triple coupler, wavemeter, afc motor, blower assembly, and air filter. These subchassis and assemblies are described in b. through m below.

	b. Meter Panel. The meter panel consists of a separate, hinged assembly that is located at the top front of the transmitter. The panel can be swung upward to reach the components for maintenance and repair. The rear of the panel is shielded by a perforated metal cover. Four meters and three meter selector switches are located on the panel.

	c. EHvr Subchassis. The evr subchassis is located in the upper left portion of the main chassis behind the meter panel. The front of the subchassis has the REFL. VOLT SUPPLY ADJ control. Connections between the evr subchassis and the radio transmitter are made through a harness from the regulator, which terminates in a 7-contact fanning strip. The strip is screw-fastened to a terminal board, which is mounted to a frame near the evr subchassis, and also connects to a helipot, REFL VOLTS ADJUST, mounted on the transmitter chassis.

	d. Chopped Amplifier Subchassis. The chopper amplifier subchassis is located behind the meter panel and below the evr subchassis. The afc motor (par. 22k) is coupled mechanically to the fine tuning screw of the klystron. The plug-in mechanical de to ac chopper converter is mounted on the front of the subchassis. Two relays with two microswitches on each, a component board and other components are located on the rear of the subchassis. The chopper amplifier subchassis is connected to the main chassis by two separate wire harnesses. One of these terminates in a fanning strip that is screw-fastened to a terminal board, adjacent to the subchassis. The other wire harness terminates in a Winchester plug with its receptacle located on the rear, upper center portion of the main panel.

	e. Vtum Subchassis. The vtvm subchassis consists of a rectangular chassis mounted on the front, lower left portion of the transmitter rack main panel. The vtvm input selector switch (VTVM SEL SW) is mounted to the rear of the subchassis with its shaft protruding through to the front. A bracket stamped with the switch
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Figure 10. Transmitter rack, oblique front view, door open and meter panel raised.

positions mounts the switch extension shaft and pointer knob. Connection to other subchassis in the transmitter rack is made through a wire harness from the rear of the vtvm subchassis, and it terminates in a fanning strip that is connected to a terminal block, mounted on the rear right side of the main panel. A cable marked MON VIDEO INPUT connects from the lower portion of the vtvm subchassis to the VIDEO

OUTPUT receptacle of the if. amplifier subchassis. Receptacles marked MOD INPUT FROM MOD, MOD OUT FROM MOD, and ST OUTPUT are provided for connection to the modulator subchassis.

f. Crystal Multiplier Subchassis. The crystal multiplier subchassis is a small square chassis that is mounted on the front, center portion of the main panel of the transmitter. The four controls for the crystal multiplier are accessible from the front of the unit. A rear cover protects the components of the subchassis and acts as an electrical shield. Power for the subchassis is applied through an attached wire harness and fanning strip that is connected to a terminal board, mounted on the rear of the main panel. Connections to the other subchassis of the transmitter are made through appropriately marked receptacles on the front and rear of the crystal multiplier subchassis.

g. If. Amplifier Subchassis. The if. amplifier subchassis is a rectangular chassis, mounted below the crystal multiplier subchassis and adjacent to the vtvm subchassis. The front and rear of the if. amplifier subchassis are shielded by metal covers. A screwdriver adjustment control marked VIDEO LEVEL is located on the lower front portion of the subchassis. An rf cable from the top front of the subchassis labeled IF. INPUT connects to a receptacle on the front of the crystal multiplier subchassis marked IF. OUTPUT. A receptacle on the bottom front of the if. amplifier labeled VIDEO OUTPUT is connected to the vtvm subchassis through a short length of rf cable from the vtvm subchassis labeled MON VID INPUT. Connections to other subchassis of the transmitter are made through a wiring harness with two fanning strips from the rear of the subchassis.

h. Modulator Subchassis. The modulator subchassis is a rectangular chassis, mounted to the right front of the main panel. A cover over the output stage of the modulator subchassis protects against accidental contact with high voltage. On the front lower portion of the modulator subchassis is a three-position switch labeled MOD INPUT SEL SW and a screwdriver control marked INPUT VIDEO LEVEL. Power is supplied to the subchassis through a wire harness and fanning strip from the rear of the subchassis that connects to a terminal block, mounted on the rear of the main panel. Two receptacles on the front of the subchassis (MOD INPUT TO VTVM and ST INPUT) and a third receptacle on the rear (MOD OUT TO VTVM) connect the subchassis by suitable cables to the vtvm subchassis. Two video cables, labeled VIDEO INPUT and OW IN, located in the rear bottom portion of the subchassis, connect to approximately marked receptacles on the rear of the main panel.


	1. Video Filter Subchassis. The video filter is contained in a rectangular metal box and is mounted on the rf fitting panel at the rear of the radio transmitter (fig. 9). The OUTPUT and INPUT receptacles connect to the video filter. A short length of cable is permanently attached to the OUTPUT receptacle. This cable connects into the VIDEO INPUT receptacle on rf fitting panel when the video filter is used, or to the INPUT receptacle of the video filter when it is not used. Generally, the video filter is used only at terminals or drop-channel repeater stations, and the incoming video signal is fed to the VIDEO FILTER INPUT receptacle.

	j. Rf Assemblies. The various assemblies that comprise the rf section of Radio Transmitter T-303/G are located and briefly described in (1) through (7) below:

	(1) Klystron oscillator. The klystron, when installed, is located on the left hand side of the rear of the main panel. The connection from the modulator subchassis to the klystron repeller cap and tuning controls can be reached from the front through an opening in the main panel. The fine tuning control engages the afc motor coupling (k below).




	(2) Attenuating cable. The cable consists of a 10-foot length of rf cable; one end connects to the output connector of the klystron, and the other end connects to the double coupler.




	(3) Double coupler. The double coupler is fastened to the front left hand wall of the transmitter main panel. It has three outputs: KLYSTRON POWER OUTPUT MONITOR for metering the power output of the klystron, WAVE-METER CONN for feeding a portion of the klystron output to the wavemeter, and one for feeding the klystron output to the 2-slug tuner.




	(4) Wavemeter. The wavemeter is mounted on the lower left wall of the front of the main panel.




	(5) Slug tuner. The slug tuner is a cylindrical unit supported vertically on







	the left front wall by two standoff brackets.

	(6) Power amplifier assembly. The power amplifier is mounted lengthwise across the upper portion of the front of the main panel.

	(7) Triple coupler. The triple coupler is mounted on the rear left wall of the main panel. This unit is similar to the double coupler ((3) above) except that it has four outputs. The first output feeds the antenna system. The second output (AFC MIXER CONN) is connected to the crystal multiplier subchassis. The third output (PA POWER OUTPUT MONITOR) is used to indicate the power output of the power amplifier assembly. The fourth is available to make tests, and is marked -65 (TO-71) DB OUTPUT. The number used varies with each set.

	k. Afec Motor. The afc motor is mounted on the main panel right front wall below the power amplifier assembly. The motor is placed so that its drive shaft couples to the klystron fine tuning adjustment. The motor shaft rotates the fine tuning adjustment. Two switches are mounted on a bracket located on the front right lower wall of the main panel: FREQUENCY IN-CREASE-DECREASE MANUAL TUNING and the AFC ON-OFF. In addition, two limit switches are actuated by cams on the motor shaft.

	l. Blower Assembly.. The blower assembly is mounted to the rear wall of the main panel above the klystron. The air outlet ducts direct streams of air over the cooling fins of the klystron and the power amplifier triode.

	m. Air Filter. The air filter, mounted on the outside right side wall of the main panel, filters the air to the blower assembly air intake. The filter insert can be removed for cleaning or replacement by loosening the two knurled knobs on the frame.





23. Description of Power Supply PP—764/G

a. Power Supply PP—764/G is mounted in the lower portion of the transmitter rack (figs.


	7-10). A cover frame with an access door is secured to the power supply main chassis. There are two indicator lamps at the two corner cutouts on the access door frame, one of which is labeled POWER ON and the other HV PLATE ON. Located on the front of the main chassis behind the access door are six labeled circuit breakers through which power is applied to the transmitter rack components, VARIABLE AUTOTRANSFORMER control that adjusts the variac that is contained in the power supply, and a toggle switch associated with the variac adjustment. Screwdriver adjustment BEAM V ADJ is also located on the subchassis that mounts the tubes of the power supply.

	b. The power supply receptacles, convenience outlets, input circuit breakers, and convenience outlet fuses are mounted on a panel on the lower rear portion of the power supply. Above this panel, a perforated metal cover shields the components that are mounted in the rear of the power supply. When removed, the cover operates an interlock switch that removes high voltage from the transmitter. The interlock switch can be set for normal operation of the power supply with the cover removed by pulling the interlock switch rod out beyond its off position. Two terminal boards are located behind the cover through which connections from the power supply to other components in the rack are made.

	c. Protective covers are mounted to the bottom and sides of the power supply chassis. Handles are mounted on the front and rear of the chassis.





24. Description of Receiver Rack

The receiver rack (fig. 11) consists of the transit case and the components listed in a through d below. A description of the transit case is contained in paragraph 20 and descriptions of the components are contained in paragraphs 25 through 28.

e

¢ :


	a. Order-Wire Receiver R-543/TRC-29.

	b. Radio Receiver R-418/G.

	c. Power Supply PP-690/G.

	d. Power Supply PP-689/G.
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Figure 11. Receiver rack, front view.



25. Description of Order-Wire Receiver R—543/TRC—29

a. Order-Wire Receiver R-543/TRC-29 (figs. 11-13) is the top unit in the receiver rack. The front panel is covered by a removable metal cover. An access door is mounted between the two vertical cutouts that are located on each side of the frame. Framed in the left cutout are a meter and meter selector switch for obtaining readings of various circuits of the order-wire receiver, and an indicator lamp marked TRANSFER CONTROL ON that lights when transfer-control operation is used. The right cutout frames a telephone handset holder and a RING push button switch. (The handset from Handset-Signaling Unit H-102/TRC-29 is used on the order-wire receiver.) The main orderwire receiver components are mounted on a recessed panel behind the access door. Two circuit breakers, FIL and PLATE, through which filament and plate power are applied are mounted on a bracket on the right side wall. Mounted on a front panel are the. BUZZER CONTROL toggle switch and SERVICE SE-LECTOR switch. Screwdriver controls are also mounted on the front panel. The functions of all controls are described in paragraphs 67 through 72.

b. The rear of the order-wire receiver is covered by a perforated metal cover that is secured to the chassis. The rear cover operates an interlock switch that removes all B-++ power from the order-wire receiver, radio receiver, and receiver power supply when the cover is removed. The switch can be set for normal operation with the cover removed by pulling the interlock switch rod out beyond its off position. Connections between the order-wire receiver and other components in the receiver rack are made through a wire harness that passes through an opening in the rear cover and connects to a terminal strip on the rear of the chassis. The BUZZER PROTECTOR fuseholder is mounted below the terminal] strip. Other interconnections are made through marked receptacles on the rear of the chassis.

c. Protective covers are on the top, bottom, and sides of the order-wire chassis.. Handles are mounted on the front and rear.



26. Description of Radio Receiver R-418/G


	a. General.

	(1) Radio Receiver R—-418/G is mounted below the order-wire receiver (figs. 11-14). The main panel of the radio receiver is covered by a removable gray metal cover frame that has an access door. The access door has a large cutout at the top, in which the radio receiver meter panel is framed. It has a smaller wire mesh covered cutout at the bottom for chassis ventilation. Mounted to the inside of the access door is a wavemeter frequency calibration chart.




	(2) The rear of the chassis is protected by a metal cover. A duplexer can be mounted on the rear cover. Refer to
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Figure 12. Receiver rack, front view with component access doors open.
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Figure 13. Receiver rack, rear view.

paragraph 33 for a description of the duplexers. Cutouts on the rear cover expose chassis receptacles and provide access to the wire harness that is used to interconnect the components in the receiver rack. The rear cover, when removed, operates an interlock switch that cuts off all B+ power to the radio receiver. The switch can be set for operation of the radio receiver with the cover removed by pulling the interlock switch rod out beyond its off position. Protective covers are mounted to the bottom and sides of the chassis. Handles are located on the front and rear to aid chassis removal.

(3) The main panel of the radio receiver is recessed and vertically positioned in the receiver chassis. The panel supports the subchassis and assemblies that comprise the radio receiver. The subchassis mounted to the main panel are the video amplifier, de amplifier, if. preamplifier, if. amplifier, and afc amplifier. The assemblies mounted to the front and sides of the main panel are the local oscillator, preselectormixer, and wavemeter. The receiver meter panel is hinged to the upper part of the main panel. Also mounted to the right side of the main panel are two hexagonal wrenches, two miniature tube pin straighteners, and an insulated tuning tool. The subchassis and assemblies are described in b through 7 below.

b. Description of Meter Panel. The meter panel is a separate subchassis located in the top part of the front of the radio receiver. When unfastened, the meter panel can be swung up to a horizontal position on a pair of hinges. The rear of the panel is covered by a metal shield. Two meters and two marked meter selector switches are mounted on the front panel to provide for metering of various circuits of the radio receiver. Also mounted on the front panel are the POWER circuit breaker through which power is applied to the radio receiver and the RECEIVER ON indicator lamp, which lights when power is applied to the entire radio receiver, including the order-wire receiver.

c. Description of Video Amplifier Subchassis. The video amplifier is mounted in the upper left hand part of the main panel behind the meter panel. Connections to other units on the main panel are made through a wire harness to an adjacent terminal block on the rear of the main chassis, through a short length of rf cable labeled VIDEO IN on the subchassis that connects to the VIDEO OUTPUT receptacle on the if. amplifier subchassis, and through a VIDEO OUTPUT receptacle on this subchassis that connects to output receptacles on the chassis frame labeled VIDEO OUTPUT MONITOR and VIDEO OUTPUT TO ORDER WIRE REC.

d. Description of De Amplifier Subchassis. The de amplifier is mounted on the left side of the main panel below the video amplifier subchassis. Mounted on the front of the panel are the AFC switch and three screwdriver adjust controls marked IF. LEVEL, REFL V, and BEAM CURRENT. Connections to other sub chassis in the radio receiver are made through a wire harness from the rear of the subchassis which connects to an adjacent terminal block.

e. Description of If. Preamplifier Subchassis. This subchassis is mounted below the de amplifier subchassis described in d above. The front on the other end of the subchassis is the PRE IF. INPUT receptacle, to which is connected a cable from the MIXER OUTPUT receptacle on the receiver preselector-mixer assembly (1 below). Other connections to the subchassis of the radio receiver are made through a wire
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Figure 14. Receiver rack, bottom front view, meter panel swung up.

and rear of the subchassis are shielded by metal covers. Mounted to the front of the subchassis at one end is the PRE IF. OUTPUT receptacle, to which is connected a short length of rf cable from the if. amplifier subchassis marked IF. INPUT at the if. amplifier subchassis. Mounted harness which passes through an opening in the subchassis and connects to a terminal block in the rear of the receiver main panel.

f. Description of If. Amplifier Subchassis. The if. amplifier subchassis is mounted along the right side of the receiver main panel, and it is similar in appearance to the transmitter if. amplifier subchassis.

-

- g. Description of Afc Amplifier Subchassis. This subchassis is mounted along the lower edge of the receiver main panel. The front and rear of the subchassis are shielded by metal covers. Connections between the afc amplifier subchassis and other subchassis in the radio receiver are made with a wire harness that passes through an opening in the subchassis to a terminal block in the rear of the chassis. A receptacle marked LO INPUT on the front of the subchassis is connected through an rf cable to the klystron oscillator (local oscillator assembly).

h. Description of Local Oscillator Assembly. The local oscillator is mounted on the main panel, centrally positioned between the if. amplifier, if. preamplifier, and dc amplifier subchassis. Mounted around the front of the local oscillator assembly are the INCREASE FREQ control and three receptacles, marked WVMTR for connection to the wavemeter, MIX. for connection to the preselector-mixer subchassis, and AFC for connection to the afc amplifier subchassis.

i. Description of Preselector-Mixer Assembly. The preselector-mixer assembly is mounted on the left wall of the main panel. Three receptacles are on the upper portion of the assembly for connection to the other subchassis of the radio receiver. The LO INPUT receptacle is connected through an rf cable to the MIX. receptacle on the local oscillator assembly. The MIXER OUTPUT receptacle is connected to the PRE IF. INPUT receptacle on the if. preamplifier subchassis. The RF INPUT receptacle couples to the RF INPUT cable, which extends from the rear end of the chassis. A knurled cap marked MIXER XTAL 1N21B retains the crystal used in the subchassis.

j. Description of Wavemeter. The wavemeter is mounted on the lower portion of the left front wall of the main panel. This meter is used to check the local oscillator output frequency; it is identical with the wavemeter in the radio transmitter. Two receptacles are provided on the wavemeter; one connects to the local oscillator, and the other connects to the meter panel.



27. Description of Power Supply PP—690/G

a. The Power Supply PP-690/G chassis is mounted below the radio receiver (figs. 11-14). The front panel cover frame has a door with a large screened ventilation cutout in the center and two small corner cutouts for the POWER ON and PLATE ON indicator lights. Circuit breakers HV FIL, LV PL, and HV PL are mounted on a bracket that is located in the lower portion of the power supply. Screwdriver controls BEAM V ADJ. +250V ADJ., and +150V ADJ. are for making power supply adjustments.

b. The rear of the chassis is protected by a perforated metal cover. Removing the rear cover operates an interlock switch that cuts off all B+ voltages in the receiver, its power supply, and the order-wire receiver. The switch can be set for operation of the equipment with the cover removed by pulling the interlock switch rod out beyond its off position. The 115V AC INPUT receptacle can be reached through a cutout in the rear cover. Connections between the power supply, the radio receiver, and the order-wire receiver are made through a wire harness.



28. Description of Power Supply PP—689/G

a. Power Supply PP-689/G is mounted at the bottom of the receiver rack (figs. 11-13). The front panel cover frame has a door with a large screened ventilation cutout in the center and two small corner cutouts for the FIL ON and LV PLATE ON indicator lights. Screwdriver controls +250V ADJ., +150V ADJ., and +3800V ADJ. are used for making power supply adjustments.

b. The rear of the chassis is protected by a perforated metal cover that operates an interlock switch when removed. The switch can be set for operation of the equipment with the cover removed by pulling the interlock switch rod out beyond its off position. Power Supply PP-689/G has no electrical connection to the components in the receiver rack. Connection between the power supply and the transmitter rack is made through the XMTR PWR INTER-CONN receptacle on the rear. This receptacle connects through a cable to the XMTR POWER INTERCONN receptacle on Power Supply PP-764/G in the transmitter rack.



29. Description of Antenna AS—554/TRC—29


	a. Antenna AS—554/TRC-29 is mounted on Tower AB-216/U, which is not supplied as part of Radio Set AN/TRC-29. The antenna is shipped in five cases (fig. 15). Follow procedures for assembling the antenna.

	b. When fully assembled, the antenna consists of an 8-foot diameter paraboloid with mesh reflecting surface and a horn feed (fig. 16). The support frame that mounts the reflector to the tower is adjusted by clamps; this permits azimuth and elevation orientation of the antenna.

	b. The transmission line consists of 250 feet of No. 10 AWG solid copper wire with a .015 inch thick coating of polyethylene.

	c. The launching unit is a conical shaped unit that couples the transmission line to the coaxial feed line at each end of the transmission line and provides an efficient transition between the transverse magnetic field on the transmission line and the transverse electric field in the coaxial feed lines. The housing contains mechanical mounting and electrical connecting devices for the transmission line, coaxial feed line, deicing power cable, and guy assembly. The cone
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30. Radio Frequency Transmission Line Assembly CG—1013/U

a. Radio Frequency Transmission Line Assembly CG-—1013/U is a surface-wave transmission line consisting of two launching units (fig. 17) connected by a low-loss, single-wire transmission line that transmits rf energy between the duplexer and the antenna. Two transmission lines are supplied.

is waterproofed by means of a conical fiberglas shield and kept dry by a heating element inside the cone.

d. The de-icing transformer assembly provides a heating current of 40 to 60 amperes in series with the transmission line. The de-icing circuit in the launching unit is made through the Nichrome heating element to the launching unit cone and out to the other launching unit through the transmission line. The trans-
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Figure 16. Antenna AS-554/TRC-29, fully assembled.

former operates from a primary voltage of 115 volts at 60 cycles per second. The secondary is tapped to provide four voltages of 10, 14, 19, and 24. An alternating current line ON-OFF switch connects power to the primary of the de-icing transformer. A 15-ampere fuse protects the de-icing transformer. The secondary current of the de-icing transformer is metered by an ammeter with a full-scale deflection of 100 amperes. A stepdown current transformer isolates the ammeter from the de-icing transformer and allows 5 amperes in its secondary for full-scale deflection when the heating current is 100 amperes.


	e. The following mounting hardware is supplied:

	(1) The guy assembly attaches one launching unit to walls or ground mounts, as required. It consists of a turnbuckle







	for tightening the guy wire, a snubit clamp for taking up slack in the guy wire, and a tensioning spring to provide tension in the guy wire.

	(2) An anchor screw is supplied for normal ground mounts and a Guy Stake GP-112/G is supplied for use with frozen or extremely hard ground.

	(3) A clevis is supplied to attach one launching unit to the antenna tower when Tower AB-216/U is not used. Tower AB-216/U has guy straps to be used for mounting the launching unit.

	(4) An eyebolt is supplied for terminating the guy assembly through the side of a building when required.

	f. The following interconnecting cables are supplied:

	(1) The two rf cable assemblies are coaxial
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Figure 17. Radio Frequency Transmission Line Assembly CG-1013/U.

feed lines using Radio Frequency Cable RG-14/U. One end of each cable is terminated with Radio Frequency Plug UG-—100A/U and the other end with Plug Connector UG—707/U. The coaxial feed line used to connect the top launching unit to the antenna is 10 feet long. The coaxial feed line that connects the radio set to the launching unit is 15 feet long.


	(2) The 30-foot ac power cable connects 115-volt ac power to the de-icing transformer assembly. The 25-foot power cable connects the de-icing transformer assembly to the tower. The 10 foot power cable connects the de-icing transformer assembly to the bottom launching unit. The 5-foot power cable connects the top launching unit to the tower. All power cable assemblies, except the ac power cable, are terminated with termina] lugs.

	(3) The carrying case stores all the components of Radio Frequency Transmission Line Assembly CG—1013/U except the de-icing transformer. Each component is fastened securely to the



inside of the case (fig. 18). The mounting hardware, except the anchor screw and guy stake, is placed in a canvas holder and strapped into a compartment on the left side bottom of the carrying case. The anchor screw is held in place by placing its point in a hole in the compartment wall and strapping the other end to the carrying case. The guy stake is held in place by placing its clevis end in a hole at the rear of the carrying case and strapping the other end to the carrying case inside the compartment. The power and rf cable assemblies are placed on the left cable mount and held by four straps. The two transmission lines are placed on the right cable mount and held by four straps. The two launching units are mounted on the upper deck, which is held in place by two fasteners on the right. A packing diagram (fig. 18), mounted on the carrying case cover, indicates the location of the components in the carrying case. |
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Figure 18. Carrying case, packing diagram.



31. Description of Minor Components of Radio Set AN/TRC—29

The minor components of Radio Set AN/ TRC-29 are described below.

a. Switchbox SA-857/G. Switchbox SA-357/G (fig. 19) is a closed metal case with four outside connectors, a toggle switch, and a grounding terminal. On one side of the box are two connectors (115/230 VAC INPUT/and 115/230 VAC INPUT 2) and a toggle switch (INPUT SELECTOR SWITCH). On the other side of the box, opposite the input connectors, are the other two connectors that have the common designation 115/230 VAC OUTPUT. Below each connector is a nameplate that specifies the cable to be connected to it. At one end of the box is a terminal screw and wing nut, labeled GND CONN for the switchbox ground connection.

b. Handset-Signaling Unit H-102/TRC-29. Handset-Signaling Unit H-102/TRC-29 (fig. 20) is similar to Telephone EE-8. The unit is protected by rubber-lined canvas Telephone Set Case CY-1181/TT. On one side of the case, covered by a flap, is a ringing push button. Either Handset TS-9 (with a straight cord) or Hand id set H-111/U (with a coiled cord) may be supplied. The handset is stored in the canvas case with the signaling unit. At the top of the signaling unit are three terminals (T, C, and R) for the handset cord connections, and four terminals GND, XMTR, REC, and RING for line connections.
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Figure 19. Switchbox SA-357/G.
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Figure 20. Handset-Signaling Unit H-102/TRC-29.

c. Fixed Autotransformer Power Transformer TF-146/G. The autotransformer is inclosed in a metal case (fig. 21). Mounted on the inclined front panel of the unit are five receptacles (115-V INPUT, 230-V INPUT, 4-KVA MAX LOAD, 115-V OUTPUT, and OUTPUT VOLTAGE TEST), and a T handle adjustment. The adjusting bar is marked INCREASE OUTPUT.
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Figure 21. Fixed Auto Transformer Power Transformer TF-146/G.



32. Description of Cables Supplied with Radio Set AN/TRC—29 a


	a. Power Cables (fig. 22).

	(1) Electrical Power Cable Assembly CX-2440/U (150 ft). This cable assembly connects the primary ac power source to the autotransformer. It consists of a three-conductor type CO-03HGF- (3/6) 1000 cable terminated at one end by an AN 3106A-382-2S plug with cap and chain, and on the other end by an AN 3106A-32-2P plug with cap and chain. When shipped, it is wound on Reel RC-405/TR.




	(2) Electrical Power Cable Assembly CX-2440/U (15 ft). This cable assembly connects the output of the autotransformer to the transmitter high-voltage power supply receptacle AC POWER INPUT. It is shorter than the cable assembly described in (1) above, but is otherwise identical.




	(3) Electrical Power Cable Assembly CX— 2441/U (10 ft 4 in.). This cable assembly connects primary ac power to the receiver power supply. It is connected between the 115-V AC INPUT receptacle on the receiver power supply and the REC115V AC receptacle on the transmitter high-voltage power supply. The cable assembly consists of a three-conductor type CO-03HGF- (3/14)0560 cable terminated at one end by a Hubbell type 7555 plug, and on the other end by a Hubbell type 7572 plug.




	(4) Electrical Power Cable Assembly CX-— 2442/U (10 ft). Two of these cable assemblies are supplied for connection to primary power sources. Each cable assembly consists of a three-conductor type CO-03HGF (3/6) 1000 cable terminated at one end by an AN 3106A-— 382-28 plug, and on the other end by three terminal lugs.




	(5) Electrical Lead CX-2683/U (20 ft). This lead connects the GND CONN post on the switch box to the ground stake. It consists of a single-conductor type CO-01HGF (1/6) 0520 cable terminated at one end in a lug. The con-
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Figure 22. Radio Set AN/TRC-29, power cables.

ductor at the other end extends 314 inches beyond the jacket and is tinned.


	b. Signal Cables (fig. 23).

	(1) Electrical Power Cable Assembly CX-2443/U (15 ft). This cable assembly connects the ORDER WIRE INTER-CONN receptacle on the order-wire receiver to the ORDER WIRE INTER-CONN receptacle on the order-wire transmitter. It consists of an eightconductor type CO-06MGF(6/18)- 0475 cable terminated at one end by an AN 3106B-18-8S plug with cap and chain, and on the other end by an AN 3106B-18-8P plug with cap and chain.




	(2) Electrical Power Cable Assembly CX-— 2444/U (25 ft). This cable assembly connects the REPEATER INTER-CONN receptacle on the east-west order-wire receiver to the REPEAT-ER INTERCONN receptacle on the







	west-east order-wire receiver. It is used only in repeater stations. It consists of an 11-conductor type CO-10- HGF (10/18) 0850 cable terminated at both ends by AN 3106B-24-7P plugs with caps and chains.

	(3) Electrical Power Cable Assembly CX-2445/U (10 ft). This cable assembly connects the XMTR POWER INTER-CONN receptacle on the transmitter high-voltage power supply to the XMTR POWER INTERCONN receptacle on the transmitter low-voltage power supply. It consists of a 14-conductor type CO-14HGF (4/18 —1/18S — 1/18S — 1/18S — 1/18S — 1/188 3/16 — 2/14) 0935 cable terminated at one end by an AN 3106B-—28-2P plug with cap and chain, and on the other end by an AN 3106B-—28-2S plug with cap and chain.
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Figure 23. Radio Set AN/TRC-29, signal cables.


	(4) Electrical Power Cable Assembly CX-2684/U (15 ft). This cable assembly connects the DIVERSITY INTER-CONN receptacle on the back of one order-wire receiver to the DIVER-SITY INTERCONN receptacle of the order-wire receiver used in diversity. This cable is used only for diversity operation. It consists of a 19-conductor type CO-19HGF (1/185 - 1/18S — 1/18S - 1/18S —- 1/188 - 1/18S — 18/18) 0850 cable terminated at both ends by AN-3106B-28-12P plugs with cap and chain.

	c. Rf Cables (fig. 24).

	(1) Cord CG-409C/U (25 ft). Two of these cable assemblies are provided with each radio set. At a terminal or drop-channel repeater station, one is used to transmit the video signal from the video equipment output to the IN-PUT receptacle at the back of the radio transmitter. The other assembly is used to transmit the video signal from the VIDEO OUTPUT receptacle at the back of the order-wire receiver to the video equipment input. At a through-repeater station, one of these cables is used for each direction. In the east-west direction, it connects the






VIDEO OUTPUT receptacle at the back of the east-west order-wire receiver to the VIDEO INPUT receptacle at the back of the east-west radio transmitter. In the west-east direction, connection is made between the westeast equipment. This cable assembly consists of a Radio Frequency Cable RG-—58C/U terminated at each end by type UG-88/U plugs.

( (


	(2) Cord CG-409C/U (5 ft 1 in.). This cable is used only when the equipment is connected for diversity operation. It is connected between VIDEO INPUT FROM DIV REC receptacle on the preferred order-wire receiver to the OW CARR FILTER OUTPUT receptacle on the standby order-wire receiver. This cable assembly consists of Radio Frequency Cable RG—58C/U terminated at each end by Radio Frequency Plugs UG-88/U.

	(3) Cord CG-409C/U (2 ft 6 in.). This cable connects the ORDER-WIRE CARRIER OUT receptacle on _ the order-wire transmitter to the OW IN-PUT receptacle on the radio transmitter. It consists of Radio Frequency Cable RG-58C/U terminated at each end by Radio Frequency Plug UG-— 88/U.

	(4) Cord CG/409C/U (1 ft 7 in.). This cable connects the VIDEO INPUT FROM REC receptacle on the orderwire receiver to the VIDEO OUTPUT TO ORDER WIRE REC receptacle on the radio receiver. It consists of a type RG-—58C/U coaxial cable terminated at each end by Radio Frequency Plugs UG-88/U.

	(5) Radio Frequency Cable Assembly CG 1182/U (8 ft 2 in.). This cable connects the RF OUTPUT of the radio transmitter to either the low-band or high-band receptacle on the duplexer, depending on whether the transmitter frequency is in the low or high band. It consists of Radio Frequency Cable RG-9B/U, terminated at each end by Plug Connectors UG—573/U.
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Figure 24. Radio Set AN/TRC-29, rf cables.



33. Description of Special Procurement Components of Radio Set AN/TRC—29

a. General. Specific frequency control crystals, duplexers, and transmitter klystron tubes are arranged in groups, which are issued from depot stocks in accordance with each individual station's requirements as stated on the station equipment requisition. The components supplied in each of the six available groups are as follows:


	(1) Group I.

	2 transmitting crystals—channels 1 through 8




	3 klystron tubes SRL7-F




	1 Duplexer CU-368/TRC-29




	2 receiving crystals—channels 19 through 27




	(2) Group Il.

	2 transmitting crystals—channels 19 through 27




	3 klystron tubes SRL7—-H




	1 Duplexer CU-368/TRC-29




	2 receiving crystals—channels 1 through 8




	(3) Group III.

	2 transmitting crystals—channels 1 through 8




	3 klystron tubes SRL7-F






1 Duplexer CU-368/TRC-29 2 receiving crystals—channels 9 through 18
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Figure 25. Duplexers CU-$68/TRC-29 and CU-869/TRC-29.
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Figure 26. Duplexer mounted on receiver rack.


	(4) Group IV.

	2 transmitting crystals—channels 9 through 18




	3 klystron tubes SRL7-—G




	1 Duplexer CU-368/TRC-29




	Z receiving crystals—channels 1 through 8




	(5) Group V.

	2 transmitting crystals—channels 19 through 27




	3 klystron tubes SRL7—H




	1 Duplexer CU-369/TRC-29




	2 receiving crystals—channels 9 through 18




	(6) Group VI.

	2 transmitting crystals—channels 9 through 18




	3 klystron tubes SRL7—G




	1 Duplexer CU-369/TRC-29




	2 receiving crystals—channels 19 through 27




	b. Duplexer CU-368/TRC-29 (fig. 25). The duplexer permits the radio transmitter and radio receiver to connect to, and operate with, a single antenna. The duplexer includes both a high pass and a low pass section and has HIGH PASS, LOW PASS, and ANTENNA receptacles. Marked on the duplexer are its frequency characteristics. The duplexer is mounted to the rear of the radio receiver by four Dzus fasteners located on the duplexer mounting flange (fig. 26). os

	c. Duplexer CU-369/TRC-29 (fig. 25). Duplexer CU-369/TRC-29 is similar in appearance and operation to Duplexer CU-368/ TRC-29, except for its frequency characteristics as marked on the duplexer. The selection of the proper duplexer is determined by the operating frequencies required for a particular station.





34. Running Spares and Accessories

a

A group of running spares and accessories are provided with each Radio Set AN/TRC-29. These components are packed in two Chests CY-250/U (case I and case II). Following is a list of all components packed in each of the two cases.



a. Spare Parts Case I (fig. 27).








	Quantity
	Item




	
	Electron tubes, 2C51.



	
	Electron tubes, 5654/6AK5W.



	
	Electron tubes, 6AL5W or 5726/6AL5W.



	
	Electron tubes, 6AG7.



	
	Electron tubes, 6AU6.



	
	Electron tube, 829B.



	
	Electron tubes, 6X4W.



	
	Electron tube, 2C39A.



	
	Electron tubes, 807.



	
	Electron tubes, OB2.



	
	Electron tubes, 6AS7G.



	
	Electron tubes, 5RAWGY or SRYWGA.



	
	Electron tubes, OA2.



	
	Electron tube, 836.



	
	Electron tube, 6J4.



	
	Electron tube, 6BM6.



	
	Electron tube, 5725/6AS6W.



	Owner

NRK FP KWNNODPH wr

eH KB
	Lamp, incandescent, G.E. #10C7/1 DC.



	
	Fuse, cartridge 10 amp, 250 v, Bussman type



	
	No. ArC-10.



	
	Fuse, curtridge 44 amp, 250 v, Bussman type

No. AGC-4.



	
	Tube extractor.



	
	Oiler, hand.



	
	Book of schematics.



	—_
	Electrical Power Cable Assembly CX-2445/U

(10 ft).



	
	Electrical Power Cable Assembly CX-—2440/U

(15 ft).



	
	Electrical Power Cable Assembly CX-2444/U

(25 ft).



	
	Electrical Power Cable Assembly CX-2443/U

(25 ft).



	
	Electrical Power Cable Assemblies CX—2442/U

(10 ft).



	
	Electrical Power Cable Assembly CX-—2684/U

(15 ft).



	
	Electrical Lead CX—2683/U (20 ft).



	|
	Electrical Power Cable Assembly CX-2441/U



	
	(10 ft 4 in.).



	
	Cords CG—409C/U (25 ft).



	
	Cord CG—409C/U (1 ft 7 in.).



	
	Cord CG—409C/U (2 ft 6 in.).



	
	Cord CG-—409C/U (5 ft 1 in.).



	—_ bb=
	Radio Frequency Cable Assembly CG-—1182/U



	
	(3 ft 2 in.).
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Figure 27. Spare parts case I.



b. Spare Parts Case II (fig. 28).








	Quantity
	Item




	1
	Switchbox SA-357/G.



	1
	Handset-Signaling Unit H-102/TRC-29.



	1
	Case, crystal unit set.



	2
	Vibrator, synchronous dc, ac, Brown Inst. Co.

No. SS-14,404-ke (1 operating, 1 spare).



	
	Case, small parts:



	
	Crystal unit, rectifying JAN 1N23B.



	
	JAN 1N21B.

Crystal unit, rectifying



	
	JAN 1N69.

Crystal unit, rectifying



	
	Adapter Connector UG-274A/U.



	Nr ee
	tube Amphenol

type No.

Socket,

electron

78-S4S8.



	
	Brush, General Radio Type 200B.



	Noe
	Technical manuals.





Note. This list is for general information only. See SIG 7 & 8, AN/TRC~29 for information pertaining to allowable spare parts.



35. Electrical Power Requirements

- a. Radio Set AN/TRC-29 and ppm radio relay systems that use the radio set require a single-phase ac input.

b. The radio set draws 2.3 kilovolt-amperes (kva) at a power factor of better than 90 percent at.a line voltage of 115. The voltage supply available to the radio set should be between 100 and 1380 volts or between 200 and 260 volts at a frequency of 50 to 60 cps. This is fed through the autotransformer to deliver the required 115 volts to the transmitter-receiver equipment. The chart below lists the power requirements of Radio Set AN/TRC-29 and the ppm radio relay systems including the radio set.









	
	
	Power drain



	Equipment
	Equipment

(Kw)
	Transmission

line de-icing

(Kw)




	Radio Set AN/TRC-29

Radio

Telephone

Terminal

Set

AN/TRC-328:
	> Be
	1



	Operating equipment
	
	



	equipment

Operating

and

spares.
	or & CO Or
	



	Radio Repeater Set AN/TRC-39:
	
	



	Operating equipment -


	
	



	equipment

Operating

and

spares.
	a> > CO or
	



	Radio Repeater Set AN/TRC-—40:
	
	



	Operating equipment
	
	



	equipment

Operating

and

spares.
	"I on Oo w
	



	Radio Repeater Set AN/TRC-41:
	
	



	Operating equipment
	
	



	equipment

Operating

and

spares.
	oo Oron
	





Note. All power drains listed above are nominal and are to be used only for estimating the approximate power requirements at a site. Additional power must be available for test equipment, lights, and heaters.



36. Additional Equipment Required

a. Tower AB-216/U is the only additional equipment required. It is used to mount Antenna AS-—554/TRC-29, but is not supplied as part of Radio Set AN/TRC-29.

b. Antenna Support AB-296/G will be required at repeater stations to support diversity antennas.
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Figure 28. Spare parts case II.






CHAPTER 2 — INSTALLATION AND ADJUSTMENT OF RADIO RELAY SYSTEM


Section |. PLANNING RADIO RELAY SYSTEM


37. System Information Requirements


	a. General. Carefully map the radio relay system, and plan all details before any equipment is obtained or installed. System information that should be known for planning is shown in 6 through h below.

	b. Terminals. Determine the terminal points of the system. Designate one of these terminals as the east terminal, and the other as the west terminal.

	c. Drop-Channel Points. Determine whether any points between the two terminals require drop-channel facilities.

	d. Number of Channels. Determine the traffic requirements of the system. The ppm radio relay system can be installed to provide either 23 or 45 telephone channels.

	e. Frequency Allocations. Consult the Signal Operating Instructions (SOI) or an equivalent authority, to determine whether definite frequencies have been assigned to the radio relay system. If a definite frequency assignment has not been made, determine what frequencies have been assigned in the range of 1,700 to 2,400 mc in the area to be served; then make an application for the frequencies to be used. Refer to paragraph 39 for the procedure on selecting frequencies.

	f. CAA Regulations. The regulations for towers and tower lighting in the Continental United States are determined by the Civil Aeronautics Administration (CAA).

	wow g. System Application. Determine how the radio relay system is to be used. For example whether it is a backbone communications system or an auxiliary to an existing system;



whether it is to be used as a temporary or a permanent installation.

h. Primary Power Requirements. Determine the primary requirements for each type of station to be installed. Paragraph 35 indicates the minimum primary power requirements for Radio Set AN/TRC-29 and basic stations in a ppm radio relay system. The primary power requirements given in paragraph 35 do not include power for such accessories as lights, heaters, and similar items that are not directly involved in the actual operation of the radio equipment. Make adequate allowance for such accessories.



38. Station Installation Worksheet

An installation worksheet (fig. 29) should be prepared for each station in the proposed radio relay system. If the procedures outlined in paragraphs 37 through 52 are followed properly, all of the blank spaces on the first two portions of this worksheet can be filled out. Refer to chapter 4 for information in the third portion of this worksheet.



39. Selection of Operating Frequencies


	a. General.

	(1) Frequencies (or channels) usually are assigned to the radio relay system when the installation order is issued. However, selection of the operating frequencies must be made by personnel planning the radio link. In either case, refer to 6 through g below. If frequencies are assigned, be sure that they are consistent with the requirements of the radio relay system. If









REQUISITION ITEMS;

Figure 29. Station installation worksheet.

TM 689-493 they are not assigned, apply for suitable frequencies. The suggestions outlined in (2) below will aid in selecting the operating frequencies.

Note. Operating frequencies must be stated on the equipment requisition before radio equipment can be ordered.


	(2) Selection of operating frequencies (e through g below) is generally performed in two stages. The first stage (b through d below) involves selection of the frequency system to be used (2 or 4-frequency) and the second stage involves the selection of the actual operating frequencies.

	b. Two-Frequency System.

	(1) Ina 2-frequency system, only two frequencies, F, and F., are used for the






entire link (fig. 30). For any given Radio Set AN/TRC-29, the transmitter operates on one frequency; the receiver operates at the second frequency. Transmitter and receiver frequencies are alternated for each successive station. Thus, traveling from the east to the west terminal (fig. 30), the transmitter at the east terminal operates on frequency F,, and transmits this signal to the eastwest receiver at repeater C which also operates on F,;. The output of this receiver feeds the east-west transmitter at repeater A, which operates on frequency F,. At repeater B, the eastwest receiver operates on F., and the east-west transmitter on F,;. At the west terminal, the receiver operates on F,., and the transmitter (which transmits from west to east) operates on F.

(2) When using a 2-frequency system, be careful to reduce the possibility of in be laid out in a dog-leg path (B, fig. 30), then the antenna directivity reduces the internal link interference signals. An angle @, exists between the direction of the east terminal antenna and a straight line between the
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A TWO-FREQUENCY ALLOCATION SYSTEM
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Figure 30. Two-frequency system.

ternal link interference. If all the stations are located on a geographic straight line, energy that is transmitted from the east terminal on frequency F, may be picked up (under certain adverse atmospheric conditions that bend the radio beam downward) by the receiver at repeater A (A, fig. 30). This causes interference with the signal coming from the east-west transmitter at repeater B.

(3) To reduce internal interference in a 2-frequency system, the stations should east terminal and repeater A. Similarly, an angle 9, exists between the repeater A antenna direction and this straight line. To provide sufficient unwanted signal reduction, 6; and $2 must each be greater than 10°.

c. Four-Frequency System. In a 4-frequency system, four frequencies, F1, F2, Fs, and Fy, are used in the radio relay link. As illustrated in figure 31, at least five hops separate a transmitter and receiver facing each other, and two hops separate a transmitter and receiver facing the same direction. Consequently, dog-legging is not ordinarily required in this system. The operating frequencies of other near-4-frequency system is generally used in radio by systems, including radar which relay links with more than four hops. operates in the microwave frequency


	d. Selection of 2-Frequency or 4-Frequency band. System. To conserve the frequency spectrum (3) Use of duplexers. A duplexer is a space the two-frequency system should be used, standard component of Radio Set AN/ if possible. However, if the topography of a TRC-29 that enables the sending of given area is not adaptable to dog-legging or both transmitter and receiver signals dog-legging greatly increases the number of over a single transmission line and hops required, it may be necessary to use the antenna system. To use the duplexer 4-frequency system. in a 2-frequency system, frequency F,
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Figure 81. Four-frequency system.


	e. Factors Involved in Selection of Operating must be in the low band and F, must Frequencies. The main factors involved in se- be in the high band. In a 4-frequency lecting the operating frequencies are as follows: system, F, and F; must be in the low

	groups of crystals for operation on these frequencies are issued with the equipment (par. 33). However, it is possible to operate the radio set on other frequencies if the crystals that operate on the alternate frequencies




	(2) Frequency spectrum availability. A

	




	









(1) Use of channel frequencies. Twenty- band and F, and F, must be in the seven channel frequency crystals (9g high band. The chart below tabulates below) are available for use with the frequency bands that are available Radio Set AN/TRC-29. Suitable for each duplexer. The band frequency ranges differ for the two types of duplexers. If the assigned frequencies are such that neither duplexer can be used, the equipment must be operated without one.










	are available.

A

(2) Frequency

spectrum

availability.
	Aype.of
	Low band
	High band




	frequency spectrum, or a definite fre-

quency, may be used when it conforms

with the following qualifications:
	CU-368/TRC-29|
	1,700 to 1,933 me

Channels

1

through 8.
	|

2,050 to 2,400 me

Channels

15

through 27.



	(a) Does not interfere with other sys-

tems that operate within 1,700- to

2,400-me band.
	CU-369/TRC-29|
	Channels'

1}.

through 14.
	1,700 to 2,050 mc | 2,165 to 2,400 mc

Channels

20

through 27.



	(6) Is not harmonically related to the
	*Uned in bani troddadty sfataunl oulyi
	
	






	f. Frequency Selection Charts. Figures 32 (with duplexer) and 33 (without duplexer) are frequency charts that indicate all possible frequency channel combinations that can be used in a 2-frequency system. Some channels which may appear usable from a study of duplexer ranges are deleted for the same reasons as those stated in (2) below. These charts are used as follows:

	(1) Installations using duplexers. In the chart (fig. 32), all boxes marked X




	indicate frequency combinations that can be used with either Duplexer CU-368/TRC-29 or Duplexer CU-369/TRC-29. Thus, if F; is chosen to be channel 1, then F, cannot be channels 2 through 14; F,..can be channels 15 through 19 only when Duplexer CU-368/TRC-29 is used, and can be channels 20 through 27 when either Duplexer CU-368/TRC-29 or CU-369/TRC-29 is used.

	indicate frequency combinations that (2) Installations not using duplexers. In the chart (fig. 33), all boxes marked X cannot be used; all boxes marked A or te es ee | Bis he: indicate frequency combinations that indicate frequency combinations that PAG abe sed San vail sblanik. boxes can be used only with Duplexer os indicate frequency combinations that 368/TRC-29. All boxes marked B in- can be used. Channel pairs are unusdicate frequency combinations that able if they have image frequency, can be used only with Duplexer CU- adjacent channel, or half if. separation 369/TRC-29, and boxes marked AB relationship. Thus, if F; is chosen as
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Figure 32. Frequency selection chart, with duplexer.
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Figure 88. Frequency selection chart, without duplexer:

but 2, 3, or 10. to 2,400 mc


	g. Channel Frequencies. The table in (4) Transmitter crystal frequency = below lists the carrier, local oscillator, trans- (in mc) mitter crystal, and receiver crystal frequencies carrier frequency +120 for the 27 channels that are assigned to Radio Labo) 41:0 96 tere a Set AN/TRC-29. The following equations are (3) Receiver crystal frequency. used to determine local oscillator and crystal (a) For carrier frequencies from 1,700 frequencies from the carrier frequency: to 2,034.5 me

	(1) Local oscillator frequency. Local oscil- Receiver crystal frequency = lator frequency = carrier frequency (in mc) (in me) —120 me. carrier frequency +85.5




	
	(a) For carrier frequencies from 1,700 (b) For carrier frequency from 2,034.5 to 1,900 mc to 2,400 me









(in mc) (in mc) carrier frequency +120 carrier frequency +85.5 24 48 channel 1, F2 can be any other channel (b) For carrier frequencies from 1,900


	
	






(2) Transmitter crystal frequency. Peery ly eo

Transmitter crystal frequency = Receiver crystal frequency = €

(4) Table of channel frequency allocation. The following is a table of channel and crystal frequencies in mc.

'

cept part of the beam and modify its transmission. The beam may also be reflected from smooth surfaces, such
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Chan No.
	Carrier
	Xmtr

crystal
	Revr

crystal
	Local osc
	
	Carrier
	Xmtr

crystal
	Revr

crystal
	Local osc




	athe
	1,715
	76.458
	45.013
	1,835
	a
	2,040
	72.000
	44.281
	2,160



	ease
	1,745
	77.708
	45.763
	1,865
	=
	2,065
	72.833
	44.802
	2,185



	SEES
	1,775
	78.958
	46.513
	1,895
	Bn
	2,090
	73.667
	45.323
	2,210



	Ae
	1,805
	80.208
	47.263
	1,925
	a.
	2,115
	74.500
	45.844
	2,235



	aes
	1,835
	81.458
	48.013
	1,955
	ra
	2,140
	75.333
	46.365
	2,260



	ee
	1,860
	82.500
	48.638
	1,980
	ee
	2,165
	76.167
	46.885
	2,285



	byt ae
	1,885
	83.542
	49.263
	2,005
	aps
	2,190
	77.000
	47 .406
	2,310



	4 55m
	1,910
	67.667
	49.888
	2,030
	be
	2,215
	77.833
	47 .927
	2,335



	Baty
	1,935
	68.500
	50.513
	2,055
	£8
	2,245
	78.833.
	48.552
	2,365



	bar be
	1,960
	69.333
	51.138
	2,080
	a
	2,275
	79.833
	49.177
	2,395



	wD
	1,980
	70.000
	51.638
	2,100
	bo
	2,310
	81.000
	49.906
	2,430



	ee
	2,000
	70.667
	52.138
	2,120
	ee
	2,330
	81.833
	50.427
	2,455



	mies
	2,020
	71.333
	52.638
	2,140
	Beard
	2,360
	82.667
	50.948
	2,480



	
	
	
	
	
	Grad
	2,385
	83.500
	51.469
	2,505






40. Factors Affecting Microwave Propagation

a. Introduction. When planning the radio relay system, it is necessary to know the principal factors that affect the propagation of microwave energy (at 2,000 mc) between two points on the earth surface. These factors can be classified under three major headings ((1) through (3) below). A more detailed description of these factors is given in b through d below.


	(1) Free-space attenuation. Microwave energy that is transmitted into free space is propagated in a beam, the diameter of which increases (just as a light beam transmitted by an automobile headlight increases) as the distance from the transmitting antenna increases. Only a small portion of the energy that is contained in this beam is picked up by the receiving antenna; the diameter of this antenna is much smaller than the beam diameter. The remainder of the energy is lost in free space. The ratio of transmitted-toreceived signal due to this factor is known as the free-space attenuation of the microwave signal.

	(2) Topographical factors. Obstacles, such as hills or buildings, may inter-



as water, and cause a second transmission path. The signal that takes the second path may in turn modify the original signal that follows the first path. (The first transmission path is the direct path between the two points.)


	(3) Atmospheric factors. A variety of atmospheric conditions may cause the beam to bend upward or downward and thus modify the value of the received signal.

	b. Free-Space Attenuation.

	(1) The free-space attenuation increases as the distance between the antennas increases, and decreases as the size of the antennas and the frequency increases. In the radio relay system that uses Radio Set AN/TRC-29, the antenna size is fixed at 8 feet and the frequency is about 2,000 mc. Therefore, the prime factor that affects the free-space attenuation in this system is the distance between antennas.




	(2) In this manual, the path attenuation between two stations is defined as the ratio between the transmitter output and the receiver input signal strengths. Free-space attenuation is the principal factor that determines the path attenu-






ation. Other contributing factors are losses in transmission lines and insertion losses at the duplexer. In a 30 mile path that uses 200-foot towers, the total attenuation is 84.5 db.

(3) Figure 34 plots the variation in path attenuation with distance for a Radio Set AN/TRC-29 system that uses 200 foot antenna transmission lines. The path attenuation decreases by 6 db each time the path distance is halved, and increases by 6 db each time it is doubled. Thus, a 15-mile path has an attenuation of 78.5 db, and a 60-mile path has an attenuation of 90.5 db. The path attenuation decreases for shorter transmission lines at the rate of 1 db per 100 feet. Thus, if 100-foot transmission lines, instead of 200-foot, are used in a 30-mile path, the attenu-

[image: Figure, page 47]

Figure 34. Net path attenuation versus distance. Figure 35. Fresnel zone ellipsoid.

ation is 82.5 db (1 db less for each transmission line).



c. Topographical Factors.


	(1) Major obstacles. The major obstacles for single paths are topographical elements, such as hills, ridges, solid rows of trees, and buildings. For perfectly smooth earth, the natural spherical contour of the earth surface is an obstacle if one of the antennas is below the horizon. Be sure that major obstacles do not intercept the direct optical path. An adequate clearance, the first Fresnel zone clearance, must be allowed for the optical line of sight.

	(2) First Fresnel zone clearance.

	(a) The amount of clearance that is required over all obstacles and terrain is called the first Fresnel zone clearance. This zone between any two stations (T and R, fig. 35) is inclosed in the ellipsoid. The radius of the first Fresnel zone F,, at any point P,, located d, from T and d, from R, is given by the following equation:






$$ F_{\rm r} $$ (in feet) = 2,280 d1×d2F(d1+d2)\sqrt{\frac{d_1 \times d_2}{F (d_1 + d_2)}} , where d, and dz are expressed in miles and F (frequency of operation) in mc.

(b) At a frequency F = 2,000 mc, this equation reduces to:

Fr F_r  (in feet) = 51 d1×d2d1+d2\sqrt{\frac{d_1 \times d_2}{d_1 + d_2}}

(c) The equation ((b) above) gives a good approximation of the Fresnel zone clearance that is required for operation on any channel of Radio Set AN/TRC-29. When the exact clearance must be known (in paths where the clearance is just barely made or missed), the equation ( (a) above) should be calculated with the exact channel frequency for F.

[image: Figure, page 47]

(3) Minor obstacles. Minor obstacles, such as isolated tree trunks or telephone poles, have little effect on transmission if they are located over 200 feet away from the antenna. However, within 200 feet, such obstacles can intercept an appreciable portion of the beam and cause spurious responses between two antennas that are mounted on the same tower. Therefore, whenever possible,

[image: Figure, page 48]

Figure 36. Minor obstacle clearance area.

the beam path should be clear of all 'obstacles within a solid angle of 40°, up to a distance of at least 200 feet (fig. 36).


	(4) Reflecting surfaces.

	(a) General. The microwave beam can







	be reflected from certain surfaces ((6) through (d) below) just as light is reflected from a mirror. This type of reflection results in multipath reception (fig. 37), which may cause severe fading.

	(b) Overland paths. Irregular terrain, such as rolling countryside, is generally most suitable for minimizing the effects of reflection paths. Smooth terrain, such as salt flats, should be avoided. However, if it is necessary to use such paths, a highlow type of siting or a screening technique (fig. 38) should be employed, if possible. This high-low technique requires one site highly elevated to provide the required clearance at midpath, and the other site 6 to 8 feet above ground level. If these techniques cannot be used, resort to diversity reception (par. 42).

	(c) Overwater paths.

	1. Overwater paths should _ be avoided because of the possibility of a reflected signal. When such a path must be used, the high-low technique may again be useful. One site is highly elevated; the other site is a few feet above ground, so that the reflection point occurs on the land portion of the path (fig. 39). When planning such a path, the line-of-sight clearance must be obtained.




	2. When the profile of the path per-
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Figure 37. Multipath transmission.
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Figure 38. Siting for overland paths.

mits, the screening technique (B, fig. 38) should be used. The high contour that serves as the screen must still have the required Fresnel zone clearance. However, it may be possible to provide sufficient clearance, and yet block out the reflected signal.

TM689-218


	3. By attenuating the reflected signal (1 and 2 above), the reliable communications that are required in many locations may be provided. When fading still exists or these techniques are not practical because of the terrain, diversity reception must be used (par. 42).

	(d) Highly elevated paths. Avoid a highly elevated path (one in which the path clearance is many times the required first Fresnel zone clearance). One method of avoiding this type of path is to use the high-low technique (fig. 38). Another method is to select sites at lower elevations, which provide the path lengths that



are required. If these methods are not possible, diversity reception may be required.

)


	(e) Atmospheric factors.

	1. Beam bending (fig. 40).

	(a) Normally, both the density and temperature of the lower atmosphere drop with height. This









[image: Figure, page 49]

Figure 89. Siting for overland paths.

causes a microwave beam to bend gradually toward the earth surface (convex bending), as it travels through the lower atmosphere (fig. 37). Under normal conditions, the convex path that is followed by the microwave beam (known as the radio line-of-sight path) increases the earth radius by 4/3. Therefore, a 4/3 earth radius is used when checking the line of sight of a path.


	(b The fall of temperature with height is unusually rapid, and an abnormal amount of convex bending occurs (fig. 40). The reverse can occur at other times, and the beam will bend away from the earth (concave bending). Under the latter conditions, the beam may be intercepted by an obstacle unless full first Fresnel zone clearance (c(2) above) is provided. —

	Multipath propagation in upper atmosphere. Microwave signals, under certain atmospheric conditions, can be refracted or reflected



from the upper-atmosphere (fig. 37). Such multipath transmission may cause sévere fading. It may be necessary to use diversity reception (par. 42), if it occurs very often.

[image: Figure, page 50]

Figure 40. Beam bending.

d. Fading. When microwave signals arrive simultaneously at a receiving antenna through more than one path, fading might occur, because at certain times these signals will be out of phase and cancel each other. Fading may be caused by atmospheric factors, topographical factors, or a combination of both. Because fading is often due to a complex combination of atmospheric and topographic factors, it is difficult to predict the frequency and depth of fades that will occur over a given path. However, the following general rules provide some indication of the fading severeness that may be expected:


	(1) Fading is more severe for paths over water than for paths over rough terrain.

	(2) Paths over smooth surface, such as deserts, may cause severe fading. However, even a small amount of vegetation provides considerable protection.

	(3) The severity of fading is worse in a tropical climate than in temperate zones.

	(4) A well-mixed turbulent atmosphere is less likely to cause fading than a still one.

	(5) Ground fogs are associated with bad reception conditions.

	(6) Fading is worse during summer months than: during winter months.

	(7) Severe fading is most likely to occur during the early hours of the morning,




	2300 to 0400, especially during the summer months.

	(8) Deep fading is minimized by providing first Fresnel zone clearance.

	(9) An excessive clearance, three times that necessary for first Fresnel zone clearance, is liable to increase the severity of fading, especially for paths over water.

	(10) The severity of fading increases rapidly with the length of the hop. Therefore, use path lengths over 40 miles. Under temperate conditions, 30 miles is considered a good average and, under exceptionally unfavorable conditions, 25 miles is considered the limit.





e. Fade Nomograph.


	(1) Figure 41 is a fade nomograph that gives some indication of the percentage of time that various depth fades occur during the summer. To determine the percentage of time that a fade of given depth occurs, draw a straight line between the point marked 30 miles and the depth of fade being checked. Extend the line until it reaches the percent occurrence scale, and read the number indicated.

	(2) To determine the percentage of time that 20-db fades occur during summer nights, draw a line between the 30-mile point and No. 20 on the top fade in db scale. If this line is extended to the | percent occurrence scale (fig. 41), the 20-db fades occur about .09 percent of the time or about 1 minute for every 24 hours of summer night operation.

	(3) The percent occurrence of fades becomes smaller as the fade depth increases (fig. 41). Thus, 25-db fades, in summer nights, occur only about .03 percent of the time or 1 minute for every 72 hours.

	(4) The fade nomograph (fig. 41) is based on the following conditions:

	(a) 30-mile paths.




	(b) Full Fresnel zone clearance.




	(c) Summer season.




	(d) Single hop system.




	(e) True earth profile.




	(f) The use of this nomograph for other







	conditions is described in (5) through (8) below.

	(5) The depth of fading is proportional to the path distance; it increases for longer path distances and decreases for shorter ones. The increase in fading depth for an extremely long path, if all the other conditions listed in (4) above are met, is about 10 db. To use the fading nomograph for such a path, add 10 to each number given in the fade in db scale. In an extremely long path (50 to 60 miles), 30-db fades occur about .09 percent of the time, and 35-db fades about .03 percent of the time, during summer nights.
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Figure 41. Fade nomograph.


	(6) The depth of fading increases for paths that do not have full Fresnel zone clearance (or those having 2 or 3 times the required clearance). Thus, the fade increase is inversely proportional to the clearance (below full Fresnel zone). The maximum increase of a 10-db magnitude occurs for zero clearance (grazing path). The fading nomograph can be used for a grazing path by adding 10 to each number given in the fade in db scale.

	(7) During the winter, fading occurs much less often. To use the fading nomograph, divide the number given in fade in db scale by two. Thus, during the winter nights, 10-db fades occur about .09 percent of the time,




	and 12.5-db fades, about .03 percent of the time.

	(8) The fading nomograph indicates the percent occurrence of fades for a single hop. If there is more than one hop, a fade occurring somewhere along the system is increased by a factor equal to the number of hops. For example, if 20-db fades occur about .09 percent of the time in each hop of a 10-hop system, then a 20-db fade might occur somewhere along the line about .9 percent of the time.

	(9) - The procedures given in (1) through (8) above give only an approximation of the fading conditions that may exist over a path. These conditions can seldom be verified before installing the equipment. After installing the equipment, outages due to fading should be carefully logged. If fading is excessive, then alternate siting and diversity operation (par. 42) should be used.





41. Choosing Sites


	a. Preliminary Mapping.

	(1) General. When mapping a radio link, first get all available data on the area. Contour maps are desirable for this. The sources for these maps include Government agencies, such as Conservation, Forest Service, State, Country, Army, and Aeronautical, as well as the U.S. Geological Survey maps that show the topography of the area. Local maps and local power company information may be helpful in determining accessibility and possible commercial power. When available, two types of topographic maps should be secured: one scaled at about 8 miles to the inch, covering the entire area involved (terminal to terminal); the other, scaled at 14 or 1 mile per inch, showing the detailed topography of each station-to-station path selected.




	(2) Principal and alternate routes, twofrequency system.

	(a) A preliminary route should be mapped, based on the information obtained from a contour map. In the










	following discussion, it is assumed that a two-frequency system is used (it is the preferred system).

	(0) On the map, mark the terminal and drop-channel locations (if any). Circle all the high points, such as mountains, ridges, and tall buildings whose locations are known. By linking suitable high points, and with the trial-and-error procedure, select principal and alternate routes that meet the following requirements:

	Station-to-station path distances do not exceed 30 miles.




	Line of sight that exists between the stations of all paths. It is not necessary to make a detailed study of the path in this preliminary mapping stage. However, it is possible to judge paths that are either likely or unlikely to have clearance. For example, if the path goes on from one high point to another with no intervening obstacles, it is likely that an adequate line-of-sight clearance will be obtained. However, if there is a high mountain range between the two points at about the same elevation as these points, it is unlikely that line-of-sight clearance will be obtained.




	A dog-leg route that minimizes internal signal interference (par. 39b(3)).




	Avoiding overwater paths, desert paths, and paths over very flat terrains, if possible.




	5. The number of hops kept to a minimum.




	(3) Example of preliminary route mapping.

	(a) % (b) Figure 42 illustrates the preliminary mapping of a radio relay system between the east and west terminals with a drop-channel point.

	Although a straight line path between the west terminal and the drop-channel is only about 30 miles, this path cannot be used because of the high intervening mountain ranges. Two mountain ranges exist







	along this straight line path. Therefore, two repeater points, one for each mountain range, are required if a straight line path is used. However, by choosing a path that goes through valleys, between mountain ranges, it is possible to cross this path with only one repeater. Two such single-repeater paths exist (fig. 42). On a preliminary observation basis, the path indicated by the solid line appears to have a better line-of-sight clearance; therefore, this path is chosen as the principal path.

	(c) The terrain over the drop-channel point and the east terminal is relatively flat with few high points. By linking high points, two possible paths can be used. Both require the use of two repeaters. One (solid line) provides a dog-leg path in which @, and @. are over 10° (396 (3) ) and provides path separations of about 30 miles each (fig. 43). The other path (dotted line), although shorter, has a 9, equal to only 7°, and therefore is subject to internal link interference. Some shielding is provided by the mountainous terrain surrounding the drop-channel station. The solid line path is designated as the principal path.

	b. Line-of-sight Considerations.

	(1) General. After a specific path is chosen, it must be evaluated to determine whether it is suitable for transmission of radio signals. First determine whether a radio line of sight can be obtained between it and the next station (s). For a repeater station, a radio line of sight must be obtained in both east and west directions. The basic procedure outlined in (2) and (3) below can be used to check the line-of-sight paths between any two points.




	(2) Plotting profiles.

	(a) General. Profiles of the radio path may be plotted on either special profile or plain linear graph paper. The
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Figure 42. Preliminary mapping of radio relay system.

preferable and simpler method is to use the special profile paper. However, in some cases, such paper may not be available, and the profile may have to be plotted on linear graph paper. Both methods of plotting profiles are described in (b) and (c) below.

(b) Plotting profiles on profile paper. Figures 44 and 45 illustrate the contour map of a path and its profile, as plotted on profile paper. (Figure 46 plots the same path on linear graph paper.) The procedure used in plotting profiles on profile paper is as follows:

q; On a contour map, draw a straight line between the two stations being checked (A and B, fig. 44). Mark the elevations of the two stations, and designate one 0 miles and the other at a mileage equal to the separation between the two points. Follow the line from one point to the other, and mark the mileage (from 0 station) and elevation of each high

[image: Figure, page 53]

Figure 48. Dog-leg angles.

and low point in the intervening distance between the two points. Add to the geographical elevation given on the map, the height of trees, buildings, or any other obstacles that exist at the points involved. The elevation is estimated by noting the contour lines that appear on the map. A further explanation of the contour lines which appear on a map is given in FM 21-25.


	Choose the scales on the profile paper that are required for the path involved; plot the points marked on the map, onto the profile paper, and connect these points to form a curve (fig. 45).

	(c) Plotting profiles on linear graph paper. The following procedure is used for plotting profiles on linear graph paper (fig. 46) :

	ae On the contour map, draw a straight line between the two points that are being checked. Locate and mark the elevation of the two stations, and of each high and low point along the line ((b) above).




	Plot the contour points on linear graph paper. Choose a suitable scale along the horizontal axis that will provide for the entire path length. Along the vertical axis, use a scale that will take care of the highest elevation along the path.




	Connect all contour points with a dashed line. The dashed curve does not give a true picture of the profile between the two points, because no correction has been made for the earth curvature. To make this correction, select a high or low point (R) which is as near as possible to the point halfway between the stations; then lower the height of all prominent points in both directions from R, by an amount equal to that given in the monograph (fig. 47). Connect all
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Figure 44. Contour map of path.

of these points by a solid line. This curve can be used to check the line-of-sight path.


	(3) Checking path clearance.

	(a) General. Since a profile of the path is available, it must be studied to determine the following points:

	1. If the path (including tower heights) is clear of all obstructions. If it is not, another site must be selected, and new profiles
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Profile plotted on profile paper. Figure 45.


	tained. Shorter path lengths may have to be used. made up until such a path is ob-

	Obtain first the Fresnel zone clearance (par. 40c(2)). number of feet above high con-If the path is clear, determine the tours. 2.

	The procedure for checking path clearance is given in 7 and 2 below. 'This procedure is illustrated in figure 46. ance. (b) Procedure for checking path clear-



On the profile diagram, draw a straight dashed line between the

[image: Figure, page 55]

Figure 46. Profile plotted on linear graph paper.

two stations. Note the points on the profile that provide either the smallest clearance or intersect the ~ dashed line. In figure 48, these F.. at 6 miles = 51 yee — 112 feet points are 6, 16, and 24 miles 28

DISTANCE (X) FROM REFERENCE POINT IN MILES Fr F_r  at 24 miles =5124×428=92= 51\sqrt{\frac{24\times4}{28}} = 92 feet 24×428=92\frac{24\times4}{28} = 92 feet 24×428=92\frac{24\times4}{28} = 92 feet 24×428=92\frac{24\times4}{28} = 92 feet 24×428=92\frac{24\times4}{28} = 92 feet 24×428=92\frac{24\times4}{28} = 92 feet 24×428=92\frac{24\times4}{28} = 92 feet 24×428=92\frac{24\times4}{28} = 92 feet 24×428=92\frac{24\times4}{28} = 92 feet 24×428=92\frac{24\times4}{28} = 92 feet 24×428=92\frac{24\times4}{28} = 92 feet 24×428=92\frac{24\times4}{28} = 92 feet 24×428=92\frac{24\times4}{28} = 92 feet 24×428=92\frac{24\times4}{28} = 92 feet 24×428=92\frac{24\times4}{28} = 92 feet 24×428=92\frac{24\times4}{28} = 92 feet 24×428=92\frac{24\times4}{28} = 92 feet 24×428=92\frac{24\times4}{28} = 92 feet 24×428=92\frac{24\times4}{28} = 92 feet 24×428=92\frac{24\times4}{28} = 92 feet 24×428=92\frac{24\times4}{28} = 92 feet 24×428=92\frac{24\times4}{28} = 92 feet 24×428=92\frac{24\times4}{28} = 92 feet 24×428=92\frac{24\times4}{28} = 92 feet 24×428=92\frac{24\times4}{28} = 92 feet 24×428=92\frac{24\times4}{28} = 92 feet 24×428=92\frac{24\times4}{28} = 92 feet 24×428=92\frac{24\times4}{28} = 92 feet 24×428=92\frac{24\times4}{28} = 92 feet 24×428=92\frac{24\times4}{28} = 92 feet 24×428=92\frac{24\times4}{28} = 92 feet 24×428=92\frac{24\times4}{28} = 92 feet 24×428=92\frac{24\times4}{28} = 92 feet 24×428=92\frac{24\times4}{28} = 92 feet 24×428=92\frac{24\times4}{28} = 92 feet 24×428=92\frac{24\times4}{28} = 92 feet 24×428=92\frac{24\times4}{28} = 92 feet 24×428=92\frac{24\times4}{28} = 92 feet 24×428=92\frac{24\times4}{28} = 92 feet 24×428=92\frac{24\times4}{28} = 92 feet 24×428=92\frac{24\times4}{28} = 92 feet 24×428=92\frac{24\times4}{28} = 92 feet 24×428=92\frac{24\times4}{28} = 92 feet 24×428=92\frac{24\times4}{28} = 92 feet 24×428=92\frac{24\times4}{28} = 92 feet 24×428=92\frac{24\times4}{28} = 92 feet 24×428=92\frac{24\times4}{28} = 92 feet 24×428=92\frac{24\times4}{28} = 92 feet 24×428=92\frac{24\times4}{28} = 92 feet 24×428=92\frac{24\times4}{28} = 92 feet 24×428=92\frac{24\times4}{28} = 92 feet 24×428=92\frac{24\times4}{28} = 92 feet 24×428=92\frac{24\times4}{28} = 92 feet 24×428=92\frac{24\times4}{28} = 92 feet 24×428=92\frac{24\times4}{28} = 92 feet 24×428=92\frac{24\times4}{28} = 92 feet 24×428=92\frac{24\times4}{28} = 92 feet 24×428=92\frac{24\times4}{28} = 92 feet 24×428=92\frac{24\times4}{28} = 92 feet 24×428=92\frac{24\times4}{28} = 92 feet 24×428=92\frac{24\times4}{28} = 92 feet 24×428=92\frac{24\times4}{28} = 92 feet 24×428=92\frac{24\times4}{28} = 92 feet 24×428=92\frac{24\times4}{28} = 92 feet 24×428=92\frac{24\times4}{28} = 92 feet 24×428=92\frac{24\times4}{28} = 92 feet 24×428=92\frac{24\times4}{28} = 92 feet 24×428=92\frac{24\times4}{28} = 92 feet 24×428=92\frac{24\times4}{28} = 92 feet 24×428=92\frac{24\times4}{28} = 92 feet 24×428=92\frac{24\times4}{28} = 92 feet 24×428=92\frac{24\times4}{28} = 92 feet 24×428=92\frac{24\times4}{28} = 92 feet 24×428=92\frac{24\times4}{28} = 92 feet 24×428=92\frac{24\times4}{28} = 92 feet 24×428=92\frac{24\times4}{28} = 92 feet 24×428=92\frac{24\times4}{28} = 92 feet 24×428=92\frac{24\times4}{28} = 92 feet 24×428=92\frac{24\times4}{28} = 92 feet 24×428=92\frac{24\times4}{28} = 92 feet 24×428=92\frac{24\times4}{28} = 92 feet 24×428=92\frac{24\times4}{28} = 92 feet $\frac{24\times4}{$

NOTE:

THE CORRECTED ELEVATION IN FEET EQUALS X°/2 WHERE X IS THE DISTANCE IN MILES FROM THE REFERENCE POINT. THIS FORMULA IS FOR 4/3 EARTH EFFECTIVE RADIUS.
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Figure 47. Linear graph paper profile correction nomograph.

2. To each of these high points, add a heavy line that is equal in elevation to the first Fresnel zone clearance that is required. In the example (fig. 48), the Fresnel zone clearances that are required are:

dashed line. In figure 48, these points are 6, 16, and 24 miles from station A. Fr at 6 miles=516×2228=112 feet F_r \text{ at } 6 \text{ miles} = 51 \sqrt{\frac{6 \times 22}{28}} = 112 \text{ feet}  Fr at 16 miles=5116×1228=135 feet F_r \text{ at } 16 \text{ miles} = 51 \sqrt{\frac{16 \times 12}{28}} = 135 \text{ feet}  DISTANCE (X) FROM REFERENCE POINT IN MILES Fr at 24 miles=5124×428=92 feet F_r \text{ at } 24 \text{ miles} = 51 \sqrt{\frac{24 \times 4}{28}} = 92 \text{ feet} 

(1 above) does not clear all obstacles plus the Fresnel zone clearance line, then the tower height above trees that is required to provide such clearance, must be determined. In some paths this is done by increasing the elevation height of the two stations (on the profile map) in steps of 50 feet. until adequate clearance is obtained. When adequate clearance is obtained, note the angle between the path and ground at each station. The tower height above trees that is required to provide

[image: Figure, page 56]

Figure 48. requirements. Profile diagram showing clearance this clearance at all points, is 180 feet at station A, and 150 feet at station B (fig. 48).

However, this procedure may have to be varied to conform to the individual conditions that exist for the path being checked. For example, at a repeater station, the same tower is used for two paths, and the tower height that is selected must be advantageous to both paths. However, where strong reflected signals are expected, it may be desirable to make one tower as low as possible and the other as high as possible.

Note. In plotting the profile, the elevation figures used were actual geographic elevation, plus the height of trees or other obstacles. For example, at station A, figure 48, the actual geographic elevation is 380 feet, but because there are 20-foot trees at the location, the elevation plotted is 400 feet. Therefore, a minimum tower height (20 feet at station A) equal to the height of the surrounding obstacles has already been assumed in making up the profile diagram. Any additional height that is required to provide sufficient path clearance is, therefore, designated as tower height above trees. The actual tower that is required at station A is 130 feet for tower height above trees, plus 20 feet to reach the top of the trees.


	The maximum tower height of Tower AB-216/U, which is obtained with Radio Set AN/TRC-29, is 200 feet. Therefore, the total tower height (the tower height above trees plus the height of the trees) should not exceed 200 feet. If CAA regulations limit tower heights to 150 feet, then the maximum tower height that can be used is 150 feet. Where preliminary calculations show that a tower height greater than 200 feet is required, the use of a 200 foot tower should be considered. Calculate the clearances with this tower.

	After the tower heights are determined, calculate the tilt angles of



the antenna with the table below. As indicated in this table, the difference in elevation between the two sites is divided by the separation in miles. With this ratio, the tilt angle in degrees can be determined by using the nearest number in the table. The difference between station A and B is 530 minus 370, or 160 feet (fig. 48). The separation is 28 miles, so the ratio is about 5.7. Because this is well below 46, the tilt angle is 0°. If one elevation were 1,100 feet, the other 2,900 feet, and the separation were 10 miles, the ratio would be 180, which is about halfway between 138 and 230. Therefore, the tilt angle for the 1,100-foot elevation would be —2°, and for the 2,900-foot elevation, would be +2°. The table below shows the antenna tilt angle.
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c. Reconnaissance.


	(1) At this point, the location of each repeater has been tentatively selected, based on the information on the available maps. Inspect the areas involved, and check the sites selected to be sure that they meet the requirements of the radio relay system ((2) below).

	(2) A survey of both the principal and alternate routes should be made. Be sure to check the accuracy of the maps that are used (especially at the high points). Add to these maps such information as the location and height of tall buildings, location and height of timber land, power lines, and smaller




	roads which may not appear on the map.

	(3) The principal factors that determine the suitability of a site are proper radio line of sight (checked previously by profile diagrams), good roads, and availability of power lines. Mountain top sites should be selected when the profile diagrams indicate that maximum elevation is required. However, if the profile diagrams indicate that adequate clearance can be obtained, use lower lever sites where there are better roads and accessible power.

	(4) Generally, radar sites are satisfactory for radio relay sites, if a reasonable distance is maintained between radar and communication equipment. However, be sure that radio and radar frequencies are not harmonically related.

	(5) Note the terrain of the path, and record on the map any flat terrain, especially if it does not have vegetation. Avoid these paths and paths over water ; they may cause strong reflected signals.

	(6) After completing the survey, review the material contained in paragraphs 40 through 44. Re-evaluate all paths on the basis of this material and the additional information that is obtained during the reconnaissance. Investigate new paths or routes until a satisfactory system is mapped out.





42. Diversity Operation

a. General. Fading might occur on a path with multipath signals because these signals may reach the antenna out of phase and thus cancel each other. To overcome fading, use two receiving antennas located so that when cancellation is likely to occur at one antenna, it is unlikely to occur at the other. An adequate signal exists at one or the other of these antennas at all times. Radio Set AN/TRC-29 automatically selects the best signal when it is connected for diversity operation.


	b. Diversity Spacing.

	(1) Space diversity uses two receiving antennas which are spaced vertically to give reflected wave paths of differ-







	ent length. These paths differ in length by 14 wavelength. Figure 49 is a nomograph that can be used to determine the vertical spacing in feet that is required to have one antenna at a signal maximum when the other is at signal minimum. Refer to figure 51 to determine the effective antenna height.

	(2 ) To use the nomograph, proceed as follows:

	(a) Draw a straight line from the appropriate point on the path distance scale to the appropriate point on the effective transmitting height scale, and extend this line until it intersects the horizontal] line. In the example in figure 49, the path length is 830 miles, and the effective transmitter height is 100 feet.




	(6) Draw another line between the point of intersection ((a) above) and the appropriate point on the frequency scale. In the example given in figure 49, the transmitter frequency is 2,000 mc.






[image: Figure, page 58]

Figure 49. Space diversity nomograph.


	(c) Read the required antenna spacing at the point that the line ((bD) above) intersects the antenna diversity spacing scale. In figure 49, the spacing required is 200 feet.

	(3) If the indicated spacing is too large for the available sites and towers, use a spacing as large as practical. Only a small improvement results from vertical spacing of more than 50 feet. Therefore, in the example in figure 49, a 50-foot spacing should be used. If the indicated spacing is too small, multiply the indicated spacing by 3 or 5, and use the new spacing. The diversity antenna may be located above or below the primary antenna. However, when located below this antenna, it should clear the surrounding trees and provide the proper line-of-sight path clearance.

	(4) The nomograph (fig. 49) is based on the following formula: Let kU



Spacing in feet =1.3×106×dF×hto = \frac{1.3 \times 10^6 \times d}{F \times h_{to}} 

Where d is the separation of the two stations in miles,

F is the frequency of operation in me, and hie is the effective height of transmitting antenna above the reflecting plane, tangent to the earth at the point of reflection.

The procedure to determine the reflection point and effective antenna height for paths that cross smooth terrain is given in c below.


	c. Determining Reflection Point and Effective Antenna Height. In any path over smooth terrain which may cause strong reflection signals, the effective height of the antennas as plotted on a profile map is less than the actual height of the antenna. Use this effective height when calculating diversity spacing. To determine the effective height of the antenna, find the reflection point of the path. The reflection point and effective height are found as follows:

	(1) Over a smooth terrain (fig. 50), the reflection point can be 2 proximately determined by selecting a, and dz (de-






fined below) so that the following equation will be satisfied:

HtHr=d1d2 \frac{H_t}{H_r} = \frac{d_1}{d_2} 

Where H, is the height of the trans mitting antenna,

H, is the height of the receiving antenna, q )

d, is the distance from the transmitting antenna to the reflection point, d. is the distance from receiving antenna to reflection point.

(2) From the equation ( (1) above), determine the approximate location of the reflection point, and draw a line tangent to the earth at this point (fig. 50).

(3) Estimate the distance (d,) from the transmitter to the point that is tangent to the reflecting plane. Note that d, will be greater than one-half the total distance (d) when the transmitter height (h,) is greater than the receiver height (h,) and vice versa.

(4) The effective height graph in figure 51 (A, B, C, and D) can be used to verify that the proper location of the reflection point has been selected, and to determine the effective antenna heights.

[image: Figure, page 59]

Figure 50. Reflection point chart.


	(5) Plot a point A at the intersection of h; (600 feet in the example given in figure 51) and the estimated distance d, (25 miles). Similarly, plot a point B for the receiver height (250 feet) and distance d, (5 miles).

	(6) Note whether points A and B lie on the same oblique line. If they do not



[image: Figure, page 60]

Figure 51. Effective height graph.

(fig. 51), the proper reflection point distance has not been chosen.


	(7) Assume a new value of distance d, 43 (20 miles) and plot new points C and D. Now the two points lie on the same oblique plane, and the proper reflection point has been chosen.

	(8) The effective transmitter height (h',) is the height in feet of point C (h:, d,) above the reflecting plane (400 feet). Similarly, the effective height of the (h,, dz), above the reflecting plane (200 feet).

	smooth valley floor, the elevation of this floor is first subtracted from the actual values of h; and h,. Over irregular terrain which may have a smooth area at the point of reflection, 4 the reflection point must first be esti- ' mated on a true smooth earth basis. The elevation of the flat earth at this



the valley floor) in determining the effective antenna heights.



Noise Ratio Calculation of Theoretical System Signalto-


	(1) With the radio relay system tentatively mapped out, the theoretical system signal-to-noise ratio can be calculated. It serves two purposes:

	(a) The performance of the radio relay receiver (h',) is the height of point D system can be more accurately predicted when the theoretical system signal-to-noise ratio is known. For (9) When using paths over an elevated example, the system signal-to-noise ratio must be known to evaluate the effects of fading on the communication service (f below).

	(b) An excellent indication of the fact adjusted, and tuned properly is obtained when the measured signal-to-noise ratio is at that the radio relay system has been planned, installed, point is then used (as in the case of least equal to ? or not much less than,







	the calculated signal-to-noise ratio.

	(2) Two values of signal-to-noise ratio are: the video signal-to-noise ratio that is obtained over the rf portion of the radio relay system, and the audio signal-to-noise ratio that is obtained in a ppm radio relay system.

	b. Path Attenuation. To use the signal-tonoise curves given in c and d below, it is necessary to know the path attenuation (par. 40b(2)) of the hop. The direct path attenuation can be determined from figure 34.

	c. Video Signal-to-noise Ratio, Single Hop. The video signal-to-noise ratio versus path attenuation for a single-hop system that uses the full 4.5-me bandwidth is plotted in figure 52. A signal-to-noise ratio of 38 db is obtained for a path attenuation of 84.5 db (30-mile 200-foot transmission line path). A decrease in path attenuation below 70 db does not greatly improve the signal-to-noise ratio; path attenuations over 110 db make the hop practically unusuable for communication service. The video signal-tonoise ratio is better in a ppm radio relay system because the bandwidth is limited to 1 mc. This is illustrated in figure 538, which plots the video signal-to-noise ratio versus path attenuation for




	a ppm system in which the bandwidth of the receiver video output is limited by a 1-mc low-pass filter. A signal-to-noise ratio of 47 db is obtained when the path attenuation is 84.5 db.

	d. Audio Signal-to-Noise Ratio in Single-Hop Ppm Radio Relay System. The audio signal-tonoise ratio versus path attenuation, for a singlehop ppm radio relay system, is plotted in figure 54. An improvement in signal-to-noise ratio is obtained over the video signal. For example, a 58.5-db signal-to-noise ratio is obtained for a path attenuation of 84.5 db. This improvement in signal-to-noise ratio is due to the use of a 1-mc video bandwidth and pulse position modulation in the AN/TCC-18 equipment. Communications fail when path attenuation exceeds approximately 113 db or the signal-to-noise ratio falls below 25 db.

	e. Signal-to-noise Ratio in Multthop System.

	(1) In a multihop system, each hop adds noise to the signal, so that the signalto-noise ratio decreases as the number of hops increases. The chart below indicates the decrease in signal-tonoise ratio obtained for 2 to 20 uniform hops.
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Figure 52. Video signal-to-noise graph, 4.5-mc bandwidth.


	(2) In systems that use 30-mile hops (where the video signal-to-noise ratio for a single hop is 47 db), the video signal-to-noise ratio drops to 44 db for two hops, 37 db for 10 hops, and 34 db for 20 hops. Similarly, the audio signal-to-noise ratio in a ppm system drops to 55.5 db for 2 hops, 48.5 db for 10 hops, and 45.5 db for 20 hops.

	(3) In most installations, the hops are not uniform. However, except when an extremely short or long path is involved, a good approximation of the



signal-to-noise ratio (within 3 db) can usually be obtained by assuming that they are all 30-mile hops. This is particularly true for systems that use more than 5 hops



f. Effect of Fading.


	(1) General. After the theoretical system signal-to-noise ratio is calculated, estimate the outage time (outage time is the time when communication service is interrupted) because of fading. The. procedures for determining this outage time in single and multihop systems is indicated in (2) and (3) below.

	(2) Single-hop system. The path attenuation figures given in b above are for the direct signal path. Fading increases the effective path attenuation by an amount equal to the depth of the fade. For example, during a 20-db fade, the path attenuation for a normal 86-db path would be 106 db. The video signal-to-noise ratio during this fade is 17.5 db, and the audio signal-tonoise ratio 35 db (figs. 52 and 54). This signal-to-noise ratio is adequate
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Figure 58. Video signal-to-noise ratio graph, 1-me bandwidth.

[image: Figure, page 63]

Figure 54. Audio signal- to-noise ratio graph for ppm radio relay system.

to maintain communication service. (3) Multthop systems. Therefore, 20-db fades do not inter- (a) As in single-hop systems, the sys rupt service over this path. However, 25-db fades reduce the signal-to-noise ratio practically to the point of service failure. It can be estimated that communication service will be interrupted for fades above 25 db. Under the worst possible atmospheric conditions Determine the signal-to-ratio over ff (summer nights), fades of this depth occur only about .03 percent of the time, or 1 minute out of every 72 hours of operation (for a 30-mile path with full Fresnel zone clearance) (fig. 41). If this path is grazing or extremely gated. long so that the depth of fades are in- 3. creased by 10 db (par. 40e) age time the out- ' because of fading, would be about .8 percent during summer 4. nights.


	-to-noise ratio is decreased during fading. The protem containing more than one hop to-noise ratio during fades of a sysis as follows: cedure for determining the signaltem signal

	hops (e above).

	signal-to-noise ratio over a single hop for the 2. Determine' the fade conditions being investi-

	Determine the difference between the values obtained in 1 and 2 above.



\

With the chart below, determine the subtraction number.




	Difference
	Subtraction
	Difference
	Subtraction




	(in db)
	number (in db)
	(in db)
	number (in db)



	
	
	HD & rPrenNONN
	He






	Subtract the subtraction number that is determined in 4 above from the lower of the two values that are determined in 1 and 2 above. The result is the system signal-to-noise ratio.

	(b) The system signal-to-noise ratio of a 10-hop ppm system (with normal path attenuations of 84.5 db) during a 20-db fade is as follows:

	The audio signal-to-noise ratio of 9 hops in this system is 49 db.




	The audio signal-to-noise ratio in a single hop with a 20-db fade is 38 db.




	The difference between the values obtained in 1 and 2 above is 11 db.




	> This difference provides a subtraction number of about .4 (f (3) (a) 4 above).




	The system signal-to-noise ratio during such a fade is, therefore, 38 minus .4, or 37.6.




	(c) To estimate the outage time because of fading, proceed as follows:

	pb & Determine the fade depth that causes a communication service to be interrupted. In a ppm radio relay system, the system signalto-noise ratio that is obtained during deep fades is practically the same for a single hop as it is for a number of hops ((b) above). The fade depth that interrupts communication is the same for multi-hop systems as it is for single-hop systems above 25 db.




	With the procedure in paragraph 40e, estimate the percentage of






time that fade depth occurs (1 above).



44. Final Route Mapping and Marking


	(1) It was recommended in previous paragraphs that paths be limited to 30 miles, but it was stated that the number of hops used should be kept to a minimum. Assume that two routes are available to cross a 70-mile separation between a drop-channel station and a terminal. One route uses three hops, all under 30 miles. The other uses two hops, but one is 35 miles and the other 37 miles.

	(2) It was recommended previously that full Fresnel zone clearance be obtained. It was also stated that readily accessible 'ower level sites are preferred to mountain tops. In some installations, the mountain top provides full Fresnel zone clearance, but the lower level site provides only half of the recommended clearance.

	(3) When a conflict of this type arises, the effect on the performance of the system in terms of signal-to-noise ratio and outage time because of fading should be considered (par. 40e).

	(4) Assume that a permanent, multihop, backbone communication system is being planned which will be used continuously and often to its fullest capacity. Choose the three-hop route and mountain-top site because the highest degree of reliability is desired.

	(5) The final route and sites should be chosen and marked on the map showing tower heights to be used, antenna azimuth, and tilt angle, as determined from map and profile diagram.

	b. Use of Video Reshaper and Drop-Channel Equipment in Ppm Radio Relay System.

	(1) Pulse Form Restorer Group AN/ TRA-10 and Multiplexer Group AN/ TCA-1 are used in a ppm radio relay system to provide drop-channel and video-reshaper facilities at repeater stations. If two drop channels are required at a repeater point, Pulse Form Restorer Group AN/TRA-10






is used. When more than two and up to eight drop channels are required, Multiplexer Group AN/TCA-1 is used. The drop-channel points in the radio relay system should be designated TRA-10 or TCA-1 (fig. 55).


	(2) The video signal in a ppm radio relay system should be reshaped after it has been relayed over five repeater stations. The video signal is automatically shaped at every drop-channel station. However, in some installations, dropchannel facilities may not be required at every sixth station, and Pulse Form Restorer Group AN/TRA-10 equipment is inserted at the sixth repeater to reshape the video signal. This also makes drop-channel facilities available at this station.

	(8) Assume that a 10-hop system is required with a drop-channel at the second east-west repeater station. In this system, a signal going from east to west goes through seven repeater stations between the drop-channel station and the west terminal. Consequently, a pulse restorer must be located at either the fourth, fifth, sixth, seventh, or eighth east-west repeater



station. (A pulse restorer at any one of these stations satisfies the requirement of reshaping at least every sixth station.) If it does not matter which station is used for this purpose, the pulse restorer equipment should be located at the sixth repeater, because it is midway between the second repeater and west terminal. The station chosen should be designated TRA-10 on the map.

c. Use of Cross Polarization. With coaxial rf feed lines, the possibility of internal link interference can be minimized by cross polarization. That is, using horizontal polarization for the first two hops, vertical for the second two hops, horizontal for the third two hops, and so on. The change from vertical polarization to horizontal polarization should be at a receiving station that is receiving f, or f2 as the case may be; that is, not at the transmitting repeater. On the map (fig. 55), designate antennas for first hop by H, the second hop by H, third hop by V, and so on.

Note. When using Radio Frequency Transmission Line Assembly CG—1013/U, all stations should use horizontal polarization. If this is not done, the horizontal path receiver may lock on the vertical path receiver regardless of signal.




Section Il. INSTALLATION OF RADIO SET AN/TRC—29


45. Introduction

a. This section describes the procedure for installing Radio Set AN/TRC-29 at terminal and repeater stations. It does not cover procedures for interconnecting the equipment. These procedures are covered in paragraphs 55 through 64.

Note. The transmitter and receiver racks of Radio Set AN/TRC-29 must be installed in a shelter. Refer to paragraph 138 for type of shelters that can be used.


	b. This equipment is installed in three stages:

	(1) A station layout is.made for each station (par. 46).




	(2) Equipment is uncrated, unpacked, positioned, and checked (par. 47).




	(3) Equipment is installed (pars. 48-51).








46. Station Layouts

a. General. Before any equipment is unpacked, plan the station layout and make a dia gram showing the location of all major components; a major component can be placed properly as it is unpacked. The basic layout requirements for each type station are described in b through f below.

Note. Normally, a spare radio set is installed at each station. In this and other chapters in this manual, this set is referred to as the spare set; the other radio sets are identified as the operating sets. Individual components of the operating sets are identified by the direction of signal transmission, such as east-west receiver or west-east transmitter. These designations are placed on the station layout.


	b. Terminal Stations. A proposed terminal station layout is shown in figure 56. This layout can be modified to meet individual station requirements if the instructions below are observed:

	(1) Locate the tower near the shelter. The wider side should face the next station
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Figure 55. Final route map.


	(direction of transmission). It should be possible to connect the 25-foot deicing cable between the tower and the ground launcher.

	(2) Locate the ground launcher of the surface-wave transmission line close to the receiver racks. It should be possible to connect the 15-foot rf cable (connected at one end to the ground launcher) to either receiver rack. The ground launcher can be mounted on the roof or to the wall of the shelter.

	(3) The transmitter and receiver racks of each radio set should touch the re-




	ceiver rack on the left (looking from the front).

	(4) Although the radio sets should be close together, there must be space to move freely between them.

	(5) Maximum separation between the video equipment and the operating radio set is 8 feet if video cables provided are used. If possible, this separation should be about 6 feet as indicated in figure 56.

	(6) Allow for cable troughs between all equipment (fig. 56). Note that cable troughs extend underneath the equipment and terminate at the rear side so
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Figure 56. Proposed terminal station layout.


	' that connection can be made to jacks located at the back of the equipment.

	(7) Radio equipment should be located within 150 feet of the primary power source.




	c. Through Repeater Stations. Figure 57 shows a proposed through repeater station layout. This layout can be modified to meet individual station requirements if the following instructions are observed:

	(1) The tower should be located within 25 feet of the shelter. In addition, it should be possible to install the tower so that wider sides face, approximately, the directions of transmission.




	(2) The ground launchers for both antennas should be as close to their associated receiver racks and spare receiver rack as possible. It should be possible to connect the 15-foot rf cable (connected at one end to the ground launcher) to either its associated receiver rack or the spare receiver rack.




	(3) The tiansmitter and receiver racks of each radio set should touch the receiver rack on the left (looking from the front).




	(4) The radio sets should be close together, but there must be space to move freely between them. Generally, a 1.5-foot separation between operating and spare sets, and a 6-foot separa-










	tion between operating sets meet this requirement.

	(5) Allow for cable troughs between all equipment (fig. 57). Note that cable troughs extend underneath the equipment and terminate at the rear side so that connection can be made to jacks at the back of the equipment.

	(6) Radio equipment should be located within 150 feet of the primary power source.

	d. Drop-Channel Repeater Station. Figure 58 shows a proposed drop-channel station layout. This layout is exactly the same as that for a through repeater station except for the addition of the drop-channel equipment. This layout can be modified to meet the individual requirements of the station if the following instructions are observed:

	(1) Follow the instructions in c(1) through (6) above.




	(2) Position the drop-channel equipment so that there is a maximum separation of 8 feet between it and all radio sets. If possible, this separation should be about 6 feet (fig. 58).




	e. Station Layout for Diversity Operation.

	(1) Terminal. The station layout for diversity operation at a termina] is the same as that for normal operation. A spare receiver used as the diversity receiver and a separate surface-wave
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Figure 57. Proposed through repeater station layout.

transmission line and antenna are used for each receiver rack. The two ground launchers should be about 10 feet apart and between 10 and 20 feet from the tower, permitting the 15 foot cable to be connected to their associated receiver racks.

(2) Repeater stations. A proposed layout for repeater stations using diversity - operation is shown in figure 59. The station layout differs from the usual arrangement in that the spare radio set (receiver now called standby receiver) is placed alongside its associated operating radio set (receiver now called preferred receiver). Each of these receivers uses a separate surface-wave transmission line and antenna. The two launchers should be about 10 feet apart and between 10 and 20 feet from the tower, permitting connection to their associated receiver racks.

f. Operation Without Duplexer. To operate without a duplexer, a separate surface-wave transmission line and antenna are used for the transmitter and the receiver. Two launchers are used for each direction, and should be about 10 feet apart. Otherwise, the basic station layout requirements are the same as for operation with a duplexer.

g- Location of Autotransformer and Switch box. Locate the autotransformer and switchbox within 15 feet of each other and within 10 feet of the primary power source. They must also be located within 125 feet of the transmitter rack and placed as close to this rack as possible.



47. Uncrating, Unpacking, and Checking New Equipment

Note. For used or reconditioned equipment, refer to paragraph 52.

a. General. The components of Radio Set AN/TRC-29 may be shipped in oversea packing cases, in domestic packing cases, and sometimes in their own carrying cases. When new equipment is received, be sure that the proper number of crates are received. The instructions in b below apply to equipment shipped in export packing cases. The instructions in f below apply to equipment shipped in domestic packing cases. Be sure that all carrying cases are present and that the equipment is undamaged; no special unpacking and uncrating procedures are necessary for equipment shipped in carrying cases.

Caution: Be careful when uncrating, unpacking, and handling equipment; it is easily damaged. If it becomes damaged or exposed, a complete overhaul might be required or the equipment might be rendered useless.

b. Step-by-Step Instructions for Uncrating and Unpacking Export Shipments (fig. 60).

@
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Figure 58. Proposed drop-channel station layout.
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Figure 59. Proposed station layout for diversity operation at a repeater.


	(1) Separate the packing crates into the following four categories:

	(a) Crates containing the transmitter rack, receiver rack, and spare parts of Radio Set AN/TRC-29 (crates No. 1-4 (par. 15a) ).




	(6) Crates containing antenna rf cable assembly, autotransformer, and reel (crates No. 5-13 (par. 15a) ).




	(c) Tower AB-216/U crates.




	(d) Crates containing video equipment (when used). Reference should be made to the video equipment manual for unpacking and uncrating instructions.




	Cut and fold back the steel straps.

	(2) (3) Remove the nails with a nail puller. Remove the top and one side of the packing case. Do not attempt to pry off sides and top; the equipment may be damaged.

	(4) Remove the waterproof metal container (d below) or moistureproof barrier and any excelsior or corrugated paper covering the equipment inside the case.

	(5) Carrying cases that contain the transmitter and receiver racks should be




	placed in their final position. The equipment can be carried by the three carrying handles on each side of the case.

	(6) Inspect the equipment for possible damage incurred during shipment.

	Check the contents of packing case against the master packing slip. (7)

	c. Opening Cardboard Carton and Waterproof Barrier. No special instructions are needed for opening the waterproof paper barrier and removing equipment from the cardboard carton.

	d. Instructions for Opening Metal Containers. The top of the metal container is soldered to the sides. To open, break the soldered seam by prying the side of the container away from the soldered seam as follows:

	(1) Wipe off the excess solder with a soldering iron. Never use a torch because the contents of the case may be inflammable.




	With a wooden block or screwdriver, pry the sides from the soldered seam. (2)




	(3) When the seam is completely open, pry off the cover.




	(4) Remove the bags of desiccant and the
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Figure 60. Typical packing and packaging diagram for small cases.

protective cardboard packing and lift or draw out the package within.


	e. Checking. Check the contents against the master packing slip.

	f. Unpacking Domestic Packing Crates. The radio set may be received in domestic packing cases. The instructions in b above apply also to unpacking domestic shipments. Cut the metal bands. Open the cartons that protect the equipment; or, if heavy wrapping has been used, remove it carefully and take out the components. Check the contents of the packing case against the master packing slip.




	g. Step-by-Step Instructions for Uncrating Two Equipment Racks (fig. 61).

	(1) Place the packing crates for two equipment racks as near the operating position as convenient.




	(2) Remove the nails from the wooden crate top and one end with a nail puller. Prying off the top may cause damage to the equipment.




	(3) Remove the nails from the remaining sides of the crate with a nail puller.




	(4) Cut the barrier and remove the corrugated cover.




	(5) Remove the end fillers and desiccant.




	(6) Cut each of the three strappings.




	(7) Using the carrying handles (fig. 5), remove the cases. Since these weigh as much as 534 pounds, seven men may be necessary.




	(8) Place the cases at the desired locations.




	(9) Inspect the equipment for possible damage incurred during shipment.




	(10) Check the contents of each packing case against the master packing list.




	h. Removal of Covers from Transmitter and Receiver Rack Carrying Cases. Remove the carrying cases from the transmitter and receiver rack as follows:

	(1) Be sure that the equipment is facing front by noting the position of the carrying handles. .The open (or handling) end of the handle is toward the rear of the equipment (so that when the case is carried, the rear is always facing downward).




	(2) Remove the front and back covers by unlocking the four latches on each side of the carrying case and the two on top that secure each cover.




	(3) Open all front doors and inspect the equipment for damaged parts.




	(4) Be sure that the INPUT POWER BREAKERS at the rear of the highvoltage power supply (lowest component on the transmitter rack) are in OFF position.
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Figure 61. Typical packaging diagram for equipment rack crates.



48. Installation of Tower AB—216/U

Install the tower to the necessary height (par. 40) in accordance with the procedure in TM 11-5073. The wide sides of the tower should face the general direction of the next stations.



49. Installation of Antenna AS—554/TRC—29

a. General. Antenna AS-554/TRC-29 is shipped in five cases (par. 15a) as shown in figure 15. The contents of these crates should be checked against the master packing list. Install the antenna as follows:

Note. Before erecting the antenna, determine the antenna polarization, tilt angle, and azimuth from the work sheet (par. 44 and fig. 29).


	b. Assembly of Antenna on Ground. Assemble the antenna on the ground as follows:

	(1) Unpack all cases but cases No. I and arrange them on the ground (fig. 62)




	(2) Assemble the four quarter sections of the parabolic antenna facing downward. Sections are bolted to each







	other through six matching holes. Do not overtighten the bolts.

	(3) Assemble the yoke, consisting of the split clamp casting, two curved halfyoke sections, support pipe, T-clamp, and left and right end casting and swivel clamps as shown in figure 63. The parts are positioned by guide pins.

	(4) Insert the two bearing castings in the end castings and attach the yoke to the parabolic dish (fig. 64). The split clamp should be on the side away from the hoisting shackle.

	(5) Attach the detent tilt bar between the split clamp and the dish, using the outer rear hole of the four bearing casting mounting holes; lock it in position with the yoke as high as possible. Attach two swivel clamps to the ends of the support pipe section with the axis of rotation parallel to the plane of the curved half-yoke pipes.)
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Figure 62. Arrangements of antenna parts on ground.
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Figure 68. Yoke assembly.


	(6) Insert the A-frame post of Tower AB-216/U in the T-casting, and rotate the post until the cross bar in the casting drops into the slots in the post.

	(7) Loosen the T-casting bolts until the Aframe post is properly seated in the split clamp and tighten all bolts.

	(8) Remove the stack of pipe inserts from the A-frame post, and leave the sleeve ring bolted in the retaining hole. Remove the unused bolt near the midpoint of the A-frame post. Figure 64 shows the assembled yoke and parabolic antenna as it should appear at this point.



Note. The white parts are supplied with Tower AB-216/U.

(9) Carefully note how the parabolic antenna fits on the A-frame post. In the next step, the A-frame post is removed from the parabolic antenna assembly


	and placed in the A-frame. The through bolt of the sleeve ring must be mounted midway between the jaws of the A-frame clamp (fig. 65). The A-frame is hoisted and mounted on the tower. The antenna is then hoisted on the tower and placed on the post. For obvious reasons, it is important to be able to mount the antenna on the post quickly and readily after it is hoisted up on the tower.

	(10) Remove the A-frame post from the parabolic antenna and attach it to the A-frame by the clamps provided. Be sure that the sleeve ring is against the bottom clamp of the A-frame (fig. 66).

	c. Raising A-Frame and Antenna. Raise and mount the A-frame and antenna on the tower as follows:

	(1) Mount heavy duty davit MX-1215/U as high as possible on the tower for
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Figure 64. Assembled yoke and parabolic antenna.

tower top mounting or 8 feet above the desired dish level for lower mountings.

Note. Determine whether the davit supplied is to be mounted on the right or left tower post. The figures show the right hand mounting. Always be sure that the boom can swing to a position directly above the desired A-frame position.


	(2) Rig the A-frame for hoisting with hoist and tag lines. Tie the tag lines on the end castings so that they can be removed from the tower top. The post end which held the pipe inserts must be down.

	(3) Mount the A-frame with the top support leg at least 18 inches (for top tower mounting) below the joint that separates the top tower section mounting the hoist boom and section mounting the A-frame; or at least 8 feet below the joint that holds the hoist for lower mountings (fig. 67).

	(4) Attach the antenna dish to the hoist line and take. up the slack until the dish is vertical, with the lower edge resting on the ground.



Note. Attach the rope to the hoist eye (fig. 68) to prevent the hook from slipping out of the lifting shackle.


	(5) Tie two tag lines on the support castings.

	(6) Be sure the tilt bar adjustment is locked to tilt the dish upward as far as possible. Failure to do this will prevent attaching the yoke to the Aframe because of interference with the upper A-frame post clamp.

	(7) Hoist the antenna assembly in place, lowering the T-casting over the top of the A-frame post. See figure 68.



Note. Aline the antenna assembly and post as described in b(5), (6), and (7) above. To prevent the A-frame from turning, insert a crescent wrench handle or screwdriver blade between the small pipe and the large pipe post; use this handle as a lever.


	(8) When the dish is seated in position, tighten all hand clamps on the T and split clamp castings. Tilt the antenna downward as far as possible after loosening the tilt bar adjustment.

	(9) Use the tag line for guidance and hoist
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Figure 65. A-frame post mounted on A-frame.


	the feed horn with the antenna feed cable attached (fig. 69).

	(10) From the installation work sheet, determine whether the feed horn is to be horizontally or vertically polarized (par. 44c). Insert the feed horn in the antenna dish from the rear so that the proper polarization is obtained (as indicated by an arrow on the feed horn support) and bolt the horn in place (fig. 70). The 6-inch extension of the feed horn support can be used as a level for keeping the horn in place when seating and starting the bolts.

	d. Adjusting Antenna. Adjust the antenna tilt and azimuth as follows:

	(1) Adjust the tilt bar for an antenna angle as called for on the worksheet. Each notch is 1° (fig. 71).




	(2) Attach a swivel clamp to one end of







	each of the 7-foot stay bars included in case No. 5.

	(3) Use the hoist rope and tag line to hoist the bars to the antenna position.

	(4) Rotate the antenna to bring one end closer to the tower. Insert the stay bar in the swivel on the support pipe of the antenna and clamp it as shown in figure 72. Loosen the half of the clamp on the antenna support pipe until it can be rotated under pressure.

	(5) Use the first stay bar as a push rod to rotate the antenna, and then attach the second stay bar to the other clamp ((4) above).

	(6) Set the antenna for the desired azimuth; use the stay bars as push rods. Clamp the ends of the stay bars to the tower wherever convenient; be sure that they do not interfere with travel
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Figure 66. Tower top hoist and A-frame mounting.

in the walkway. The antenna assembly is now complete.



50. Installation of Radio Frequency Transmission Line Assembly CG—1013/U

Before installing Radio Frequency Transmission Line Assembly CG—1013/U, refer to typical installation (fig. 73) so as to become familiar with the parts and proceed as follows:

uw. Determine the most suitable place to mount the launching unit. The launching unit must be placed within 10 feet of the center of the parabolic antenna. Find a location that affords a clear space with at least a 5-foot radius around the transmission line, which is clear of guys or metal objects, and which will permit mounting the lower launching unit within 20 feet of the base of the tower (maximum distance permitted by the 25-foot cable assembly) and 10 feet from the radio equipment (maximum distance permitted by the 15-foot rf feed cable to the radio set). Near the launcher, the space within a cone formed by the imaginary extension of the launching unit cone must be clear of metal objects.

b. When Tower AB-—216/U is used, the upper
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Figure 67. A-frame rig for hoisting.
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Figure 68. Hoisting rope rigged for hoisting antenna.

launching unit of the surface-wave transmission line should be connected to one of the tower guy wire straps or to a suitably located strap on the A-frame of Antenna Support AB-296/G. For unusual situations, the large clevis is supplied for use in place of the strap on the tower.


	c. When more than one transmission line is attached to a tower, at least a 10-foot separation must be maintained between parallel lines. The 6-foot tower width may be used between lines which diverge from 6 feet on the tower to not less than a 15-foot separation on the ground end.

	d. Remove one transmission line, one launching unit, and the 5-foot power cable assembly from the transit case and prepare them for installation as follows:



Caution: Do not allow any kinks to form in the transmission line wire. Kinks will cause the wire to become weak and break during final tightening of the transmission line.


	(1) Strip approximately 4 inches of polyethylene dielectric from one end of the transmission line.

	(2) Unclip the rope assembly (fig. 74) on the launching unit. Separate the cone and fiberglas shield from the housing by turning the fire hose connector.

	(3) Carefully feed the bared end of the transmission line through the small hole in the end of the fiberglas shield for a distance of several feet (A, fig. 75). One man should support the cone and wire while a second man performs the next operation.

	(4) Slip the stripped end of the transmission line through the hole at the end of the connecting tip as shown in figure 74 until the insulation touches the | tip.



Caution: Do not force the wire through the tip holes or allow the wire to be bent out of alignment with the holes. Misalignment as shown in B, figure 75 will break the tip.


	(5) Grasp the wire and the tip as shown in A, figure 75 to prevent movement and possible tip damage. Note where the center line of the hole through the shank of the connecting tip meets the bare wire (C, fig. 75). At that point, bend the bare wire at right angles toward the connecting tip with pliers. Clip the excess wire off until only onehalf inch remains. Press this bent end of the wire through the hole in the shank and press the remaining bared wire into the groove along the connecting tip. Cut off any excess wire protruding through the hole in the shank.

	(6 —_ Screw the launcher on the tip shank; be careful not to rotate the transmission line and shank. See D, figure 75.

	(7 Carefully slide the cone assembly (fig. 74) along the wire and reassemble it to the housing.



Note. The two mounting ends of the rope assembly should line up.

(8) Connect one end of the 5-foot power cable assembly to the terminal at the large end of the cone and tighten the wingnut. Temporarily tape the power

[image: Figure, page 80]

Figure 69. Hoisting feed horn.
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Figure 70. Feed horn mounting.

cable assembly to the housing, with a few inches of tape hanging loose. This permits the cable to be recovered at the top of the tower.

e. Using the hoist rope of the tower connected to the clevis at the end of the launching unit, carefully hoist the launching unit to the antenna position.

Caution: Pay out the transmission line carefully. Do not allow kinks to form.


	f. Connect the launching unit mounting to the tower strap selected in a above.

	g. Connect the 5-foot power cable assembly to the nearest grounding stud (above the tower guy strap) on Tower AB-216/U. Be sure that all paint masking paper is removed from the stud and that a bare metal contact is made with the cable lug. On other types of towers, a suitable electrical grounding clamp will be required.



Caution: To make a good electrical contact, the connecting point on the tower should be free from paint and corrosion.


	h. Connect the 10-foot rf cable assembly (antenna feed) to the antenna. Antenna AS—554/ TRC-29 supplied with Radio Set AN/TRC-29 has its own coaxial cable and the 10-foot rf cable assembly supplied with the surface-wave transmission line assembly is not used...

	i. To connect the rf cable assembly from the antenna to the launching unit, unscrew the cap on the coaxial assembly mounted on the housing (fig. 74) and screw on the rf cable connector plug. Screw the connector cover cap to the cap holder on the launching unit housing.

	j. Tape the rf connector with a good grade of electrical tape (rubber or plastic) to seal the connection from dirt and moisture and to prevent vibration from loosening the connector. Provide drip loops for both cables, and tape them to the tower to prevent wind whipping.
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Figure 71. Antenna mounted on tower.
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Figure 72. Stay bar clamp.


	k. Remove the parts required for the bottom launcher mounting from the transit case at the ground point selected in a above.

	l. If a ground mount is desired, screw the anchor screw into the ground. If the guy assembly is to be mounted to the side of a building, drill a 14-inch hole through the wall and place the eyebolt through the wall. Place a washer on each side of the wall and tighten the assembly.

	Note. If the ground is very hard or frozen, use Guy Stake GP-112 with the small clevis and drive it into the ground with a hammer.

	m. Attach one end of the turnbuckle to the ground mount or eyebolt, whichever is used, and attach the snubit clamp to the other end of the turnbuckle. Snap the guy wire to the lower eye of the tensioning spring.

	nm. Attach the launching unit to the tensioning spring of the guy assembly. Be sure that the




	end of the tensioning spring marked THIS END UP is next to the launching unit to prevent water and dirt from entering the spring.

	o. Release the snubit clamp in the guy assembly and extend the guy wire to its maximum length. Open the turnbuckle sleeve to its maximum length so that it may be used to tension the guy wire.

	p. Measure the required length of transmission line required and cut away the remainder.

	Caution: Do not cut the transmission line exactly to the length required. Leave an extra foot or two and pick up the slack by shortening the guy wire.

	q. Repeat the instructions given in b above and connect the transmission line to the bottom launching unit.

	r. Pull the lower end of the guy wire until the transmission line is tight and under tension
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Figure 73. Surface-wave transmission line assembly, typical installation.
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Figure 74. Launching unit, cutaway view.

of the tensioning spring in the guy assembly; lock the snubit clamp.


	s. Close the turnbuckle until the transmission line wire is stretched taut enough to remove the waves in the wire. Proper tightness is reached when further tightening does not pull the spring assembly eyebolt any further from the spring case. The transmission line copper wire is stretching slightly at this point.

	t. Attach the 10-foot length of power cable to the launching unit and tape it to the spring assembly to prevent wind whipping (fig. 76).

	u. Unscrew the cap on the coaxial connector assembly mounted on the housing and screw it tightly on the cap holder threads (fig. 74). This prevents the swinging chain from shorting out the de-icing current to ground through the grounded coaxial transmission line.

	v. Connect one end of the 15-foot rf cable assembly to the coaxial receptacle on the launching unit housing and the other end to the radio set. Tape the rf connector with a good grade of electrical tape (rubber or plastic) to seal the connector from dirt and moisture and to prevent vibration from loosening the connector.

	w. Connect one end of the 25-foot power cable assembly to the nearest grounding lug on Tower AB-216/U or toa suitable point on other



towers; follow the method given in e above. | Connect the other end to the lowest voltage terminal, marked 10 VOLTS, of the de-icing transformer assembly.

€


	x. Connect one end of the 10-foot power cable assembly to the terminal at the large end of the bottom launching unit cone and the other end to the common tap, marked O-VOLTS COMMON, on the de-icing transformer assembly.

	y. Connect the 25-foot power cable assembly to the receptacle on the de-icing transformer assembly and plug it into a 115-volt 60-cps power source. The power source is an auxiliary equipment outlet on the back of Radio Set AN/ TRC-29 transmitter rack when that equipment is In use,

	z. Turn the ac line switch to ON and note the heating current on the ammeter. It should indicate between 40 and 60 amperes (red marks). If the current is low, turn off the transformer ac line switch and place the 25-foot tower cable on the next higher voltage tap. Repeat until a current reading between the red marks is obtained.



Caution: Do not leave the de-icing transformer assembly turned on if the air temperature is expected to rise above 80° F. during the day.
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Figure 75. Proper installation of tip.



51. Installation of Klystron, Crystals, and Duplexer

a. General. The transmitter klystron, transmitter and receiver crystals, and duplexer are shipped separately (or inside one of the spare parts boxes). Note that the equipment is shipped with a dummy klystron to prevent damage. Only one set consisting of klystrons, crystals, and duplexer is provided at a terminal, and only two sets at a repeater ; a group is not pro- _ vided for the spare set. Extra klystrons and oS crystals are provided in each group and these should be inserted in the spare set. However, only one duplexer is provided for each group; therefore, one is not normally available for installation on the spare set.


	b. Installation of Transmitter Klystron. To install the transmitter klystron in the radio transmitter, proceed as follows:

	(1) Examine the new klystron to be sure the cavity plates are approximately parallel. If necessary, turn either of
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Figure 76. Launcher connection to tower.

the two tuning screws or the long fine tuning screw (fig. 92) as required to parallel the plates.


	(2) Remove the radio transmitter protective back cover by turning the six Dzus fasteners on the cover about 14 turn counterclockwise.

	Remove the dummy klystron.

	(3) (4) Carefully put the klystron into position (fig. 77) without forcing. It may



be necessary to loosen the clutch on the motor drive (fig. 78) and turn the fine tuning screw a fraction of a turn so that it will readily slip into the afc < motor coupling.


	(5) From the rear, fasten the klystron mount securely by turning the three wingnuts (one on extension shaft available from rear of transmitter) clockwise until they are fingertight (Heel ay.

	Connect the grounding strap to the klystron output connector. (6)

	Connect the octal base on the klystron.

	Connect the rf cable to the klystron output; be sure the connection is fingertight. Tighten the grounding strap by turning the thumbscrew clockwise. (7) (8)

	Replace the back cover and snap the six Dzus fasteners closed. (9)

	From the front of the radio transmitter, connect the reflector connector cap on klystron. (10)

	c. Insertion of Transmitter Crystal. Determine the transmitter crystal frequency required to operate on the desired channel frequency (par. 399g). Select a crystal with this channel marking and insert it in the crystal socket on the front of the radio transmitter (fig. 78).

	d. Insertion of Receiver Crystal. Determine the receiver crystal frequency required to operate on the desired channel (par. 39g). Select a crystal with this channel marking and insert it in the crystal socket on the front of the radio receiver (lower right hand side, fig. 98).

	e. Installation of Duplexer. The duplexer is mounted on the back of the radio receiver and held in place by turning the four Dzus fasteners clockwise (fig. 26). It can be mounted with either, the channels 1-8 or channels 15~—27 receptacle (for the CU-368/TRC-29 and equivalent receptacles for the CU-369/TRC-29) positioned over the TRANSMITTER CON-NECTION on the radio transmitter rear frame. The way it is installed depends on the transmitter channel (fig. 25).

	f. Insertion of Afc Chopper. The afc chopper is packed in the spare parts box. Insert it in its socket on the chopper amplifier subchassis (fig. 10).

	g. Cable Troughs. To minimize wear and tear on the interconnecting cables, cable troughs
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Figure 77. Location of klystron mounting elements on rear of transmitter.

about 3 inches wide and 4 inches deep should be installed between equipments (figs. 56 through 59).



52. Service Upon Receipt of Used or Reconditioned Equipment

a. Follow the instructions given in paragraph 47 for uncrating, unpacking, and checking the equipment.


	b. Check the used or reconditioned equipment for tags or other indications pertaining to changes in wiring of the equipment. If any changes in wiring have been made, note the change in this manual, preferably on the schematic diagram.

	c. Perform the installation and connection procedures given in this and the following sections.
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Figure 78. Radio transmitter, showing klystron and transmitter crystal in place, front view.



> Section Ill. CONNECTION OF RADIO SET AN/TRC—29



53. Introduction

All interconnections are factory-made between components within the transmitter and receiver rack before the equipment is shipped except for the CG-409C/U (1 ft 7 in.) and CG— 409C/U (2 ft 6 in.) cables. Only connections between the transmitter and receiver racks, two radio sets at a repeater, or radio set and video equipment must be made. The procedures for making these connections are given in this section.



54. Location of Receptacles

Before connections are made, determine and locate all receptacles and the signal present at each (a—e below).

a. Transmitter Rack (fig. 79). The chart below lists the receptacles located at the rear of the transmitter rack and the signal present at each receptacle.








	Order-wire transmitter
	Provides transfer control signals when switch

over equipment is used.



	Order-wire transmitter
	Audio and control signals from order-wire re

ceiver are fed to this receptacle.



	Order-wire transmitter
	The fm order-wire carrier signal is obtained

from this receptacle.



	Radio transmitter
	Rf output signal.



	ee ee Radio transmitter


	The video signal applied to the modulator is

fed to this receptacle.



	
	The order-wire carrier signal is fed into this

receptacle.



	Radio transmitter
	A detected video signal obtained from the mon

itoring circuits available for test. purposes.



	Radio transmitter|
	Test rf output signal is obtained from this re

The level of this signal varies for

ceptacle.

each set and will be between —65 and —71

The actual

db below the rf output level.

level obtained is marked on the receptacle.



	Radio transmitter
	The output of the video filter is obtained at

this receptacle which is permanently attached

to a cable.



	Radio transmitter
	The input to the video filter is fed to this re

ceptacle.



	High-voltage power supply|
	Power supply voltages to and from the low

voltage power supply are fed through this

receptacle.



	High-voltage power supply|
	115 volts ac, convenience outlets.



	High-voltage power supply|
	Primary power for the receiving equipment is

fed from this receptacle.



	High-voltage power supply|
	Auxiliary 115 volts ac, power output.



	High-voltage power supply|
	Primary power to the transmitter and receiver

racks is applied through this receptacle.



	ee
	ee ee Radio transmitter

2+-0~ eet ee
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Figure 79. Transmitter rack, rear view showing receptacles.

b. Receiver Rack (fig. 80). The chart below lists the receptacles located at the rear of the reeiver rack and the signal present at each receptacle.

[image: Figure, page 93]

Figure 80. Receiver rack, rear view, showing receptacles.

c. Autotransformer (fig. 81). The chart below lists the receptacles located on the autotransformer and the signal present at each receptacle.

d. Switchbox SA-357/G. The chart below lists the receptacles located on the switchbox and the signal present at each receptacle.








	Receptacle
	Signal




	OUTPUT VOLTAGE TEST

left and right hand side (J1

and J2).
	The output voltage of the

autotransformer

is avail

able across these two re

ceptacles for test purposes.



	TEE VEINPR D.(J5) 52 Bere
	This receptacle is used for

primary power input when

primary voltage is between

100 and 130 volts.



	230 V INPUT (J4)
	This receptacle is used for

primary power input when

primary voltage is between

200 and 260 volts.



	4 KVA MAX. LOAD 115 V

OUTPUT (J3).
	The autotransformer output

voltage is obtained from





- this receptacle.








	Receptacle
	Signal




	VAC

OUT

115/230

PUT right and left

(J1 and J2).

1 (J3).
	These receptacles

provide output

voltage selected by the INPUT

SELECTOR SWITCH.

115/230 VAC INPUT | Primary power voltage source des

ignated as No. 1 is connected 'to



	115/230 VAC INPUT

2 (J4).
	this receptacle.

Primary power voltage source des

ignated as No. 2 is connected to

this receptacle.



	GROUND = 3642-2
	This post is connected to a ground

stake or other suitable ground

which is common to all equip

ment in station.

For operator

protection, all radio set and video

equipment should use this com

mon ground stake.
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z Figure 81. Autotransformer receptacles.


	e. Handset-Signaling Unit H-102/TRC-29. This unit contains four posts marked RING (E1), REC (E2), XMTR (E3), and GND (E4) and a terminal board marked HANDSET CONN. (E5) with three terminals marked T, C, and R. These connect to similarly marked posts and terminals in the order-wire receiver.

	f. Duplexers CU-368/TRC-29 and CU-869/ TRC-29. The chart below lists the receptacles included on the duplexer and the signal present at each receptacle.











	Receptacle
	Duplexer
	Signal




	CHANNELS 1-8

CHANNELS 1-14
	CU-368/TRC-29

CU-369/TRC-29
	Accepts

feeds

or

whose

signals

frequencies

are

in the low-pass



	CHANNELS 15-27_|

CHANNELS 20-27_|
	CU-368/TRC-29 | Accepts

CU-369/TRC-29
	band.

feeds

or

whose

signals

frequencies

are



	ANTENNA
	
	in the high-pass

band.

Accepts and feeds

rf signals to and

from antenna.







55. Primary Power Connections

Connect the primary power for each radio set as follows:


	a. Place the autotransformer within 10 feet of the primary power source so that the 15-foot cable can be used. If possible, locate the autotransformer near the transmitter rack.

	b. Connect Electrical Power Cable Assembly CX-2442/U (10 ft) between the primary power source and the 230-V INPUT receptacle on the autotransformer when the primary source voltage is between 200 and 260 volts, or the 115-V INPUT receptacle when the primary voltage source is between 100 and.130 volts. Be sure the latches that cover the circuit breakers are closed (fig. 81).

	c. Place the switchbox within 15 feet of the autotransformer. It should also be within 150 feet of the transmitter rack.

	d. Connect cable CX-2440/U (15 ft) between the 4 KVA MAX. LOAD 115-V OUTPUT receptacle on the autotransformer and the 115/ 230 VAC INPUT 2 receptacle in the switchbox.




	e. Place the INPUT SELECTOR SWITCH in the 2 position.

	f. Connect the 115-volt, ac, alternate power source, when available, to 115/230 VAC INPUT 1 receptacle on the switchbox.

	g. Connect cable CX-—2440/U (150 ft) between the 115/230 VAC OUTPUT receptacle of the switchbox (either one) and the AC POWER INPUT receptacle in the high-voltage power supply.

	h. Connect the lugged end of Electrical Lead CX-—2683/U to the GROUND post of the switchbox and the tinned end to a suitable ground, such as Electrical Grounding Stake MX-148/G. This provides a common ground for all equipment located at any one station, including video equipment, to avoid the possibility of any voltage existing between equipment racks.



Note. Whenever possible, all power supply cables should be placed in cable troughs.



56. Interrack Connections

The following interrack connections are made on all radio sets.

a. Connect cable CG-409/U (2 ft 6 in.) between the ORDER WIRE CARR OUTPUT receptacle on the order-wire transmitter and the OW CARR INPUT receptacle on the radio transmitter.

€ b. Connect cables CG—409C/U (1 ft 7 in.) between the VIDEO INPUT FROM REC receptacle on the order-wire receiver to the VIDEO OUTPUT TO ORDER WIRE REC receptacle on the radio receiver.



57. Radio Set AN/TRC—29 Interrack Connections


	a. The following interrack connections are made on all radio sets:

	(1) Connect cable CX—2445/U (10 ft) between the XMTR POWER INTER-CONN receptacle on the high-voltage power supply and the XMTR POWER INTERCONN receptacle on the lowvoltage power supply.




	(2) Connect cable CX-—2441/U (10 ft) between the REC 115 VAC receptacle on the high-voltage power supply and the 115 VAC INPUT receptacle on the receiver power supply.




	b. Whenever possible, these cables should be placed in cable troughs.





58. Duplexer Connections

The following connections are made on all duplexers:

Note. Duplexers are mounted only on operating sets.


	a. Connect cable CG—1182/U (3 ft 2 in.) between the RF OUTPUT receptacle on the radio transmitter and the receptacle of the duplexer over the TRANSMITTER CONNECTION marking on the radio receiver rear frame.

	b. Connect the cable (attached to the ground launcher) that is associated with the radio set involved to the ANTENNA receptacle on the duplexer.

	c. Connect the receiver RF INPUT cable to the receptacle over the RECEIVER CONNEC-TION marking on the radio receiver.





59. Terminal Connections

(fig. 82)


	a. All the connections indicated in paragraphs 54, 55, and 56 are made on both the operating and spare sets. Connection to the duplexer is made on the operating set only. The following additional connections are made only on the operating set:

	(1) Connect cable CG-409C/U (25 ft) between the VIDEO FILTER INPUT receptacle on the radio transmitter and the video output receptacle on the video equipment. Refer to the instruction manual on the video equipment involved for panel marking of this receptacle.




	(2) Connect cable CG—409C/U (25 ft) between the VIDEO OUTPUT receptacle on the order-wire receiver and the video input receptacle on the video equipment. Refer to the instruction manual on video equipment involved for the panel marking of this receptacle.




	b. Whenever possible, these cables should be placed within cable troughs.

	c. On both operating and spare sets, make the following connections:

	(1) Connect the VIDEO FILTER OUT-PUT cable on the radio transmitter to the VIDEO INPUT receptacle directly above it.




	(2) Connect the LOW PASS FILTER IN-PUT cable on the order-wire receiver







	to the OW CARR FILTER OUTPUT receptacle.

	(3) Connect cable CX-2443/U (25 ft) through a cable trough, between the ORDER WIRE INTERCONN receptacle on the order-wire receiver and the ORDER WIRE INTERCONN receptacle on the order-wire transmitter.

	d. On the spare radio set, perform the following:

	(1) Connect cable CG—409C/U (25 ft) to the VIDEO FILTER INPUT receptacle on the radio transmitter. Run the cable through the cable trough and place the open end so that it can connect to the video output receptacle on the video equipment.




	(2) Connect cable CG-—409C/U (25 ft) to the VIDEO OUTPUT receptacle on the order-wire receiver. Run the cable through the trough and place the open end so that it can connect to the video input receptable on the video equipment.








60. Through Repeater Connections

(fig. 83)


	a. All the connections indicated in paragraphs 54, 55, and 56 are made on both the operating and spare sets. The following additional connections are made only on the operating sets:

	(1) Cable CX—2443/U (25 ft) between the REPEATER INTERCONN receptacle in the east-west order-wire receiver and the REPEATER INTERCONN receptacle in the west-east order-wire receiver, through a cable trough.




	(2) Connect cable CX—2443/U (25 ft) between the ORDER WIRE INTER-CONN receptacle in the east-west order-wire receiver and the ORDER WIRE INTERCONN receptacle in the east-west order-wire transmitter, through a cable trough.




	(3) Connect cable CX-2443/U (25 ft) between the ORDER WIRE INTER-CONN receptacle in the west-east order-wire receiver and the ORDER WIRE INTERCONN receptacle in the west-east order-wire transmitter, through a cable trough.
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Figure 82. Operating radio set at a terminal, interconnection diagram.


	(4) Connect cable CG—409C/U (25 ft) be- c. On the spare set, make the following tween the VIDEO INPUT receptacle connections: on the east-west radio transmitter and (1) Connect cable CX-2443/U (25 ft) to the east-west order-wire receiver.

	(5) Connect cable CG—409C/U (25 ft) between the VIDEO INPUT receptacle on the west-east radio transmitter and

	b. On both operating and spare sets, make the east-west or west-east order-wire refollowing connections: ceiver.

	




	receptacle. ceiver.







	

	the VIDEO OUTPUT receptacle on the ORDER WIRE INTERCONN connection on the order-wire transmitter and store the cable in a convenient location so that the open end the) VIDEO. OUTPUT: receptacle on can be connected to the ORDER WIRE the west-east order-wire receiver. INTERCONN receptacle of either the

	(1) Connect the VIDEO FILTER OUT- (2) Connect cable CX-2444/U (25 ft) to PUT cable on the radio transmitter the REPEATER INTERCONN recepto the VIDEO FILTER INPUT tacle and store the cable in a convenireceptacle. ent location so that the open end can (2) Connect the LOW PASS FILTER IN- be connected to the REPEATER IN-PUT cable on the order-wire receiver TERCONN receptacle of either the to the OW CARR FILTER OUTPUT east-west or west-east order-wire re-





69. Radio Receiver R—418/G

(figs. 98, 99, and 100)

The chart below lists the controls and instruments of the radio receiver and the function of each item.









	Control
	
	Function



	METER A (M1) and meter switch (S2)
	circuits.

ternal meters.
	A nine-position, two-wafer rotary switch that connects meter M1 te various

The function of meter M1 and switch S2 is to permit monitoring

of a point in the equipment to facilitate routine maintenance and to provide

a means for realinement and readjustment of the receiver without using ex



	
	Position
	Function




	
	
	AFC 2ND MULT GRIDIndicates drive on afc second multiplier, V23,

grid.



	
	AFC MIXERS S99
	ae. Indicates drive fron crystal multiplier chain

and rf output.



	
	ib

AFC CORRECTION+

and

AFC CORRECTION —
	Indicates frequency error (positive or negative)

of local oscillator.



	
	BRAGG y
	AE eek oe Indicates radio receiver if. level at first limiter

grid V13.



	
	
	WAVEMETER Indicates wavemeter tuning.

Adjusted for max

imum meter reading to determine frequency

of local oscillator.



	
	1A) BG ph WON Si pi

aa CO
	Indicates relative reflector voltage of klystron

local oscillator V21.



	
	BHAI CURB

cote

ah

eee or, Me
	Indicates relative current of klystron local os

cillator V21.



	
	eee

TREC NERV
	beam

Indicates

voltage

of klystron

relative

local oscillator.



	POWER circuit breaker (CB1)

RECEIVER ON indicator lamp (I 1)

METER B (M2) and meter switch (S3)
	Applies primary power to the receiver.

circuits.
	Lights when primary power is applied to al] receiving equipment circuits.

An eight-position, two-wafer rotary switch that connects the meter to various

As in case of M1 and S2, this meter and switch function to facil

itate maintenance, realinement, and readjustment of radio receiver.



	
	Position
	Function



	
	
	AFC 1ST MULT GRID Indicates drive on afc first multiplier, V22B,

grid.



	
	APC IE LEVEL.

5.2.
	AFC 83RD MULT GRID Indicates drive on third multiplier, *V24, grid.

28-2 Indicates radio receiver afc if. level at third if.

amplifier grid V27.



	
	pt As GID, OO 5 SRN

ER

a

IF. DISCR FREQ HIGH
	ee ree Indicates radio receiver

if. mixer level.



	
	and

IF. DISCR FREQ LOW
	Indicates relationship of if. to if. discriminator

crossover when local oscillator is operating



	
	a/R

STIS) Vie

ee pes
	properly.

Indicates voltage of radio receiver

+1850-volt

supply.



	
	SD

O Vi eee: snes eats, Be2
	+250-volt

Indicates voltage of radio receiver

supply.



	1ST MULT GRID TUN screwdriver control

(L45).
	
	Tunes the drive to the grid circuit of the first afc multiplier, V22.



	2ND MULT GRID TUN screwdriver con

trol (L46).
	
	Tunes the drive to the grid circuit of the second afe multiplier, V23.



	3RD MULT GRID TUN A and 83RD MULT

GRID TUN B screwdriver controls (L47

and L48).
	
	Tune the drive to the grid of the third afc multiplier, V24.



	
	Tunes the input of the afc mixer circuit.
	



	AFC MIX TUN screwdriver control (C139) -

-

IF. LEVEL screwdriver control (R152)
	Adjusts the output level of the radio receiver if. circuit.
	





Control BEAM (R145). AFC switch (S1) CURRENT = screwdriver control VIDEO LEVEL screwdriver control (R75) - - - INCRDASE PRE controls seo. ea ae Mavemetermicrameters.. 42 eo foe ee Rf preselector carriage tuning____.__._-____- Itt preselector primary shorting plunger Rf preselector secondary shorting plunger-____ | R: preselector vernier tuning screw______-__- Probe in klystron assembly MIX. connection_- Probe in klystron assembly AFC connection - _| Probe in klystron assembly WV MTR connec- | tion. : Function Adjusts the beam current of the klystron local oscillator, V21. In the ON position, completes the afc correction loop. In the OFF position, disconnects: the afe circuit by opening loop. Adjusts output level of video preamplifier. Adjusts frequency of klystron local oscillator, V21. In conjunction with chart inside radio receiver door, meter M1, and meter switch S2, measures klystron local-oscillator frequency. Tunes rf preselector cavities, Z1. Normally in lower position, detunes preselector primary when in upper position. Normally in lower position, detunes preselector secondary cavity in upper position. Tunes preselector primary cavity. Adjusts klystron output to if. mixer circuit. Adjusts klystron output to afe circuits. Adjusts klystron output to wavemeter.
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Figure 98. Radio receiver controls, meter panel down.
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Figure 99. Radio receiver controls, meter panel up.
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Figure 100. Preselector controls.

70. Power Supply PP—690/G The chart below lists the controls and indi- (fig. 101) cators of the receiver power supply and the g. functions of each item.











	Control
	Function




	HV FIL circuit breaker (CB3)|
	Turns on the high-voltage filament supply for the radio receiver and protects

circuit from overload.
	
	
	



	LV PL circuit breaker (CB1)|
	Turns on the low-voltage plate supply for the radio receiver and protects cir

cuit from overload.
	
	
	



	HV PL circuit breaker (CB2)
	Turns on the high-voltage plate supply for the radio receiver and protects

circuit from overload.
	
	
	



	
	POWER on indicator lamp (I 2) Lights when the POWER circuit breaker (CB1) in radio receiver is turned on,

and INPUT POWER BREAKER CB1 and CB2 in high-voltage power

supply are ON.
	
	
	



	
	PLATE ON indicator lamp (I 1)| Lights when the HV PLATE circuit breaker (CB2) is turned on, and the

POWER, CBI, in radio receiver, and LV PL (CB1), HV PL (CB2), and

HV FIL (CB3), are on.
	
	
	



	+250V ADJ. screwdriver control (R32)|
	Adjusts the radio receiver +250-volt plate supply.
	
	
	



	+150V ADJ. screwdriver control (R10)|
	Adjusts the radio receiver +150-volt plate supply.
	
	
	



	BEAM V ADJ (R44).

-2-22242-22-2-2|

2-2.
	Adjusts beam voltage of the radio receiver supply.
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Figure 101. Power Supply PP-690/G controls.

71. Power Supply PP—689/G The chart below lists the controls and indi- (fig. 102) cators of the radio transmitter low-voltage 8. power supply, and the function of each item.










	Control
	Function




	+250V ADJ. screwdriver control (R26)
	Adjusts the radio transmitter +250-volt supply.
	
	



	+150V ADJ. screwdriver contro] (R42)
	Adjusts the radio transmitter +150-volt supply.
	
	



	+300V ADJ. screwdriver contro] (R9)
	Adjusts the radio transmitter +300-volt supply.
	
	



	FIL ON indicator Jamp (I 1)
	Lights up when the LV FILAMENT circuit breaker, CB3, on the radio trans

mitter high-voltage power supply is turned on, and POWER

(CBI), in

radio transmitter, INPUT CIRCUIT BREAKER (CBI and CB2), and HV

FILAMENT (CB4) are on.
	
	



	LV PLATE ON indicator lamp (I 2)
	Lights up when the LV PLATE circuit breaker (CB6) on the radio transmitter

high-voltage power supply is turned on, and FIL ON lamp (I 1) and BIAS

V —150V (CB5) circuit breaker are on.
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Figure 102. Power Supply PP-689/G controls.



72. Accessories


	a. Fixed Autotransformer Power Transformer TF-146/G (fig. 103). The chart below lists the controls located on the autotransformer and the function of each control.

	b. Switchbox SA-857/G. The switchbox contains only one control, marked INPUT SE-



LECTOR SWITCH (S1), which selects the @ primary input source.

c. Handset-Signaling Unit H-102/TRC-29. This remote handset unit has two pushbutton controls. One control is on the chassis side and is depressed to initiate a ring. The second control is on the.handset and is pushed to talk.








	Control
	Function




	INCREASE OUTPUT switch (S1)
	Varies output voltage of autotransformer in approximately 5- to 6-volt steps.



	230V circuit breaker (CB1)
	Normally in the ON position when latch is closed.

Protects 230-volt primary

input from overload and applies this voltage to transformer T1.



	115V circuit breaker (CB2)
	Normally in the ON position when latch is closed.

Protects 115-volt primary

input from overload and applies this voltage to transformer T1.





[image: Figure, page 103]

Figure 108. Autotransformer controls.




Section V. PRELIMINARY ADJUSTMENT OF RADIO SET AN/TRC—29


73. General

All radio sets (operating and spare) are now ready to be placed in operation and tuned to their intended channel frequencies (par. 39). In addition, some preliminary adjustments of each radio set can be made on an equipment basis. These adjustments should be made on all sets in the stations (spare and operating). The adjustment procedures are described in this section. Further adjustment of each radio set will be required for system operation. ¢



74. Setting of Controls Before Power Is Applied

Before any power is applied to the equipment, the controls should be set as indicated in the chart below.

Note. Refer to paragraphs 65 through 72 for location, function, and illustration of all controls described in this and succeeding sections. It is recommended that these paragraphs be reviewed before proceeding with the radio set adjustments. For location and illustration of receptacles, refer to paragraph 54.



75. Tuning and Adjustment of Transmitting Equipment

The transmitting equipment is tuned and adjusted in accordance with the procedures given 'in the following paragraphs. After the equipment is tuned, allow a 1-hour warmup period, then repeat the tuning procedure.



76. Tuning Transmitter Crystal Multiplier Chain

a. Application of Power. It is necessary to apply only low-voltage de power to the trans-

Note. The remainder of this section covers procedures for tuning and adjusting the radio set. In these procedures, reference is made to meter readings and other indications that should be obtained if the equipment is operating properly. If these readings and indications are not obtained, refer to the equipment performance checklist.

mitter to tune the transmitter multiplier chain. The high-voltage power should not be applied to the transmitter at this time. The following procedure should be used to apply the lowvoltage power to the transmitter:

(1) Make sure that all protective dust covers on the rear of the transmitter and receiver racks are securely in place. These dust covers operate interlock switches that must be closed before plate power can be applied to the transmitter. In addition, make sure that TRANSFER CONTROL-MAN-UAL OPERATE switch in the orderwire transmitter is in the MANUAL OPERATE position.


	(2) Place the INPUT POWER BREAKER circuit breaker on the rear of the highvoltage power supply in the ON position.

	(3) Check the meter reading of the LINE VOLTS meter on the radio transmitter. If this reading is not 115 volts, adjust the INCREASE OUTPUT control on the autotransformer for a reading 'as close to 115 volts as possible.

	(4) Place the POWER switch in the radio transmitter in the ON position. The POWER ON lamp in the high-voltage power supply should go on.

	(5) Place the HV FILAMENT switch in the high-voltage power supply in the ON position.

	(6) Place the LV FILAMENT switch in the high-voltage power supply in the ON position. The FILAMENT ON lamp on low-voltage power supply (in receiver rack) should go on.

	(7) Place the FIL switch in the orderwire transmitter in the ON position.

	(8) Place the BIAS V —150-V switch on the high-voltage supply in the ON position.

	(9) Place the LV PLATE switch on the high-voltage power supply in the ON position. After about 60 seconds the LV PLATE ON lamp in the low-voltage power supply should go on.

	(10) Recheck the LINE VOLTS meter reading. If it is not 115 volts, readjust the INCREASE OUTPUT control on the autotransformer for a reading as close as possible to 115 volts.

	(11) Place the right hand meter selector switch on the radio transmitter in —150-V position. Note the right hand




	meter (METER B) reading. It should be between 95 and 105.

	(12) Place the right hand meter selector switch in the +150V position. The meter reading should be between 95 and 105.

	(13) Place the right hand meter selector switch in +250V position. The meter reading should be between 95 and 105.

	(14) Place the right hand meter selector switch in +300V position. The meter reading should be between 95 and 105.

	b. Tuning Procedure. The tuning procedure given below can be used whenever the transmitter crystal multiplier must be tuned. To tune the crystal multiplier circuits, low-voltage power must be applied to the transmitter as described above. The tuning procedure is as follows:

	(1) Set the left hand meter selector switch to the AFC 1ST MULT GRID position.




	(2) Adjust the 1ST MULT TUNING control from its extreme counterclockwise position to its extreme clockwise position. Note the METER A reading as the control is varied between these two extreme positions. In some cases the meter reading will increase to a maximum value, and then decrease sharply. In other cases, the meter reading will increase to some large value and either decrease very slowly, stay at that value, or increase very slowly. Adjust the OSC MULT TUNING control to the position that provides the maximum value for the first case or just reaches the leveling off point in the second case.




	(3) Turn the 1ST MULT TUNING control 1 turn clockwise.




	(4) Adjust the NEUT coil so that the AFC 1ST MULT GRID meter reading is at minimum (it should be close to zero).




	(5) Retune the 1ST MULT TUNING control for maximum meter reading. This control is set to the proper position when a relatively sharp and symmetrical resonant point is noted. That is, as the proper position is being approached, the meter reading should increase uniformly toward the maximum value; it should reach the maxi-






mum value when this position is reached ; and decrease at the same uniform rate as this position is passed. If this type of reading is not obtained, repeat the procedures given in (2), (3), and (4) above.

(6) Set the right hand meter selector switch to the AFC 2ND MULT GRID and adjust the 2ND MULT GRID TUN for maximum reading.

Readjust the 1ST MULT TUNING control for maximum METER A indication and then detune the control counterclockwise for a meter indication that is 90 percent of the maximum reading obtained. (7 —_—_ (8) Repeat the procedure given in (6) above.

(9) Set the left hand meter selector switch tot' AFC MIXER position and vary the miX TUN STUB (after loosening the locking screw) through its entire range. The meter may indicate several maximums. Set the MIX TUN STUB to the point that provides the largest maximum meter reading. Lock the control in this setting.

(10) Switch the LV PLATE breaker on the high-voltage power supply off and on several times and note that the oscillator functions each time; that is, the METER A reading returns to the value obtained in (9) above. If it does not, repeat the procedures given in (1) through (9) above.



77. Procedure for Tuning Transmitter Klystron and Power Amplifier

a. Application of Power. In the following paragraphs, it is assumed that low-voltage power has been turned on as described in paragraph 76. Proceed to apply high-voltage power to the klystron as follows:


	(1) Make sure that the VARIABLE AUTOTRANSFORMER knob is at O and PA PLATE VOLTAGE ADJUST-KLYSTRON BEAM VOLTAGE TEST ADJUST switch is in the KLYSTRON BEAM VOLTAGE TEST ADJUST position.

	(2) Place the KLYSTRON HV and PA PLATE switches on high-voltage



power supply in the ON positions. The HV PLATE lamp should go on, and the blower motor should start.


	(3) Turn the VARIABLE AUTOTRANS-FORMER knob to the point marked 50.

	(4) Place the left hand meter selector switch in BEAM V position. The meter reading should be 50. If it is not, readjust the VARIABLE AUTO-TRANSFORMER knob for a reading ef 50.

	(5) Allow a 5-minute warmup period.



Note. If the ciscuit breaker throws within this 5 minute period, replace the klystron (par. 1336).

b. Transmitter Klystron and Power Amplifier Tuning Procedure. Tune the klystron and power amplifier to the proper frequency in the following manner (it is assumed that lowvoltage power has already been applied to the transmitter) : .

(1) Place the KLYSTRON HV and PA PLATE switches in the OFF positions.

(2) Place the PA PLATE ADJUST-KLYSTRON BEAM VOLTAGE TEST ADJUST switch in PA PLATE ADJUST position.

Note. Be sure that the klystron large knurled knob is loose (afe motor clutch is not engaged).


	(3) Turn the VARIABLE AUTOTRANS-FORMER knob to the O position.

	(4) Place the KLYSTRON HYV> switch in the ON position.

	(5) Place the left hand meter selector switch to the BEAM V position. The meter reading should be between 97 and 108 volts.

	(6) Place the left hand meter selector switch to the KLYSTRON POWER OUT position.

	(7) Turn the REFL VOLTS ADJUST knob for maximum reading on ME-TER A.

	(8) Turn the MOD INPUT SEL SW to the GND position.

	(9) Place the right hand meter switch to WAVEMETER.

	(10) Turn the wavemeter knob until the maximum right hand meter reading (WAVEMETER) is obtained.

	(11) Note the reading of the wavemeter. Use the calibration chart mounted on



the inside of the radio transmitter door to determine the operating frequency of the klystron.

At this point the klystron may not be at the proper operating frequency. Turn the KLYSTRON HV switch to the OFF position. The klystron frequency is changed by varying the spacing between the front plates. This spacing is varied by turning the two tuning screws located on the front of the klystron and the smaller knurled knob on. the klystron-motor coupling assembly. The tuning screws are adjusted with a screwdriver. The knob can be adjusted by hand. It is important that all three of these controls be varied by equal amounts so that the klystron plates remain parallel.

Warning: Extremely high voltage appears at the klystron reflector cap.


	(13) To increase the klystron frequency; turn the tuning screws and the knurled knob one-fourth turn clockwise.

	(14) Place the KLYSTRON HV switch in the ON position and maximize the KLYSTRON POWER OUT meter reading with the REFL VOLTS AD-JUST knob. Recheck the frequency of the klystron with the wavemeter and the indication as described in (10) and (11) above.



Caution: To prevent tube damage, each of the tuning screws should be advanced in turn and no more than one-half turn at a time.


	(15) Repeat the procedures in (138) and (14) above as many times as necessary until the desired frequency is reached (within 5-wavemeter divisions).

	(16) To lower the klystron frequency, turn the KLYSTRON HV switch to the OFF position. Use a screwdriver and turn both small screws on the front of the klystron counterclockwise onefourth turn. By hand, turn the knob of the klystron motor counterclockwise one-fourth turn.

	(17) Place the KLYSTRON HV switch to the ON position and maximize the KLYSTRON POWER OUT meter reading. Use the REFL YOLTS AD-



JUST knob and recheck the frequency of the klystron. Use the wavemeter and indication as described in (10) and (11) above.


	(18) Repeat the procedures given in (16) and (17) above as many times as necessary until the desired frequency is reached (within 5-wavemeter divisions).

	(19) Turn the left hand meter selector switch to PA CATH CUR. position and the right hand selector switch to PA GRID CUR. position.



Caution: Before proceeding to the next step in which the PLATE TUN-ING plunger is adjusted for the proper channel, loosen the LOCK thumbscrew and gently move the output-probe carriage to the right. Note that when properly tuned, the plate plunger fingers and output-probe are separated adequately and should not make contact. During the adjustment procedure, however, the output probe accidentally may be run into the plunger and damage it unless the output-probe carriage is adjusted carefully. Consequently, any output-probe carriage adjustment should be made very slowly and gently.


	(20) Set the CATHODE TUNING cavity plunger (left hand ring) and PLATE TUNING cavity (right hand ring) to the positions indicated by pointers on CHANNEL TUNING indicator mounted on the power amplifier assembly.

	(21) Tune the CATHODE TUNING cavity plunger for maximum PA GRID CUR. reading (METER B).

	(22) Adjust the SLUG TUNER for maximum PA GRID CUR. reading. Initially this is done as follows:

	(a) After loosening the thumbscrew, vary one of the sliding controls up and down for maximum PA GRID CUR. reading.




	(b) Vary the other sliding control for maximum PA GRID CUR. reading.




	(c) Keep the spacing between the two controls fixed and slide both controls simultaneously up and down as far







	as possible; note the PA GRID CUR. meter reading. The meter reading should indicate two maximum readings. Set the controls at the point that provides the larger maximum PA GRID CUR. meter reading.

	(d) Repeat the procedures given in (a) and (b) above.

	(23) Repeat the procedures given in (21) and (22) above several times until the maximum possible readings on both meters are obtained.

	} Recheck the klystron frequency as I descrived in (9), (10), and (11) above. If the klystron frequency has shifted, readjust the frequency as described in (12) to (18) above.

	(25) Turn the probe injection control on top of the power amplifier assembly counterclockwise (looking from the top) as much as possible without forcing, then turn the knob clockwise 3 turns.

	(26) Place the PA PLATE breaker (in the high-voltage power supply) in the ON position and turn the VARIABLE AUTOTRANSFORMER knob until a reading of 70 is obtained on METER A with its selector switch in the PA CATH CUR. position.

	(27) Turn the right hand selector switch to the PA POWER OUT position and move the output-probe carriage for maximum meter reading, then move it to the left about 1 inch.

	Repeat the procedures given in (21) and (24) above.

	Tune the PLATE TUNING cavity plunger (right hand ring) for maximum PA POWER OUT reading.

	Repeat the procedures given in (21) through (24) and (29) above.

	Check the reading of the LINE VOLTS meter on the radio transmitter. If this meter does not read 115 volts, vary the INCREASE OUTPUT control on the autotransformer for a reading as close as possible to 115 volts.

	(32) Adjust the VARIABLE AUTO-TRANSFORMER knob on the high-




	voltage power supply to a PA CATH CUR. reading of 100.

	(33) Move the power amplifier probe carriage back and forth until the position giving maximum PA POWER OUT reading is found. Lock it in this position.

	(34) Turn the left hand meter selector switch to AFC CORRECTION- position. The meter reading should be approximately zero within two divisions. If it is not, rotate the smaller knurled knob on_ klystron-motor coupling assembly until the meter reading goes through zero. Rotate the knob until the meter reading returns to zero.

	(35) Depress the MANUAL switch on the radio transmitter towards INCREASE or DECREASE (whichever position results in bringing the white detent indicator on the klystron-motor coupling assembly to the top). When the white and red parallel lines line up, release the switch.

	(36) Engage the clutch by turning the large knob of the klystron-motor coupling assembly clockwise until the clutch is tight.

	(37) Place the AFC switch on the radio transmitter to the ON position.

	(38) Recheck the klystron frequency as indicated in (10) and (11) above. The desired frequency (within 5 mc) should be indicated by the wavemeter.



Note. Place the left hand meter selector switch on the PA CATH CUR. position. This meter should be observed after each of the steps indicated in the following subparagraphs to make sure that it does not exceed 100. If reading does exceed 100 at any time, adjust the VARIABLE AUTOTRANS-FORMER knob for a reading of 100.

(39) Allow time for afc correction after each adjustment in the following steps: Readjust the SLUG TUNER and the CATHODE TUNING plunger ring for maximum PA GRID CUR. reading, and the PLATE TUNING plunger ring and power amplifier output-probe carriage for maximum PA POWER OUT indication.


	(40) Turn the lock knob on the outputprobe carriage clockwise until it is fingertight and the output-probe carriage is locked in position. Repeat the procedure given in (82) above.

	(41) Turn VTVM SEL SW switch on the radio transmitter to the MON OUT position and the MOD INPUT SEL SW switch to the ST position.

	(42) Adjust the ST LEVEL control on the radio transmitter fora PEAK VTVM meter reading of 100 (percent modulation scale) with its switch set to the NEG PEAK position.



Note. Positive peak readings will be about 22 percent lower and should not be used for these adjustments.


	(43) Readjust the SLUG TUNER and CATHODE TUNING plunger ring for a maximum PA GRID CUR. reading.

	(44) Turn the output-probe injection knob one-half turn in the direction that tends to increase the PA POWER OUT reading and adjust the PLATE TUNING plunger ring for a maximum METER B indication.

	(45) Repeat the procedure given in (44) above as many times as required until the PA POWER OUT reading reaches a maximum, and further rotation of the probe injection knob and the retuning of PLATE TUNING plunger ring result in a reduced reading.

	(46) Repeat procedures given in (32), (21), (22), and (44) above.

	(47) Turn the power amplifier probe injection knob clockwise until the PA POWER OUT reading drops approximately 5 percent. Readjust the PLATE TUNING plunger ring for maximum PA POWER OUT reading.

	(48) Readjust the ST LEVEL control for a PEAK VTVM meter reading NEG PEAK 140 percent modulation (70 on black scale).

	(49) Turn the REFL VOLTS ADJUST knob approximately one-fourth turn clockwise. Allow the AFC motor to recorrect the frequency and note the PEAK VTVM meter reading.

	(50) If the meter reading is decreased after AFC correction, repeat the procedure



given in (49) above as many times as required to obtain a minimum PEAK VTVM reading. If the meter reading increased after the AFC correction indicated in (49) above, turn the knob counterclockwise and note the meter reading after correction. If the meter reading has decreased, continue to rotate the knob counterclockwise in onefourth turn steps until the minimum PEAK VTVM reading is obtained.

(51) Repeat the procedures indicated in (48), (50), and (32) above twice.



78. Procedure for Adjustment of Order-Wire Transmitter T-389/TRC—29

a. Application of Power. To apply power to the order-wire transmitter, all switches on the high-voltage power supply and the POWER switch in radio transmitter must be in the ON positions. To apply power to the order-wire transmitter, proceed as follows:


	(1) Place the order-wire transmitter FIL switch in the ON position.

	(2) Place the order-wire transmitter PLATE switch in the ON position. Allow the unit to warm up for 5 minutes.

	(3 Check the LINE VOLTS meter reading on the radio transmitter. It should be 115 volts. If it is not, readjust the INCREASE OUTPUT control on the autotransformer for a reading as close as possible to 115 volts.

	(4) Place the front panel meter switch in the + 140-V position. The meter reading should be between 90 and 110.



b. Adjustment of Order Wire Transmitter T-389/TRC-29. The order-wire transmitter is adjusted in the following manner:


	(1) Turn the front panel meter selector switch to the AUDIO position.

	(2) Turn the ORDER WIRE TEST SWITCH tothe THRU TONE position and adjust the AUDIO LEVEL THRU CHAN control for a reading of 100 on the meter.

	(3) Turn the ORDER WIRE TEST SWITCH to the LOCAL TONE position and adjust the AUDIO LEVEL LOCAL. INPUT control for a reading of 100 on the meter.



(4) Place the ORDER WIRE CARR LEVEL control in the extreme counterclockwise position. In the radio transmitter, adjust the ST LEVEL control for a PEAK VTVM reading of 100 percent with the switch in the NEG PEAK position. The MOD IN-PUT SEL SW should be in the ST position and the VTVM SEL SW in the MON OUT position.

Note. Positive peak readings will be about 22 percent lower and should not be used for these adjustments.


	(5) Turn the VTVM SEL SW to the MOD OUT position and note the PEAK VTVM meter reading on the peak volts scale (black).

	(6) Adjust the ORDER WIRE CARR LEVEL control in the order-wire transmitter clockwise until the reading on the PEAK VTVM meter increases by 20 percent over that noted in (5) above. | : }

	(7) At this point, with the radio and order-wire transmitter operating, the TRANSMITTER OPERATING lamp on the radio transmitter should go on. If it does not, adjust the MON OW PLATE TUN control on the radio transmitter (vtvm subchassis) until it does.





79. Tuning and Receiving Equipment

a. General. The receiving equipment is tuned and adjusted in accordance with the procedures given in paragraphs 80 through 84.

b. Control Settings in Radio Receiver. The external Radio Receiver R-418/G control settings should be as indicated in the chart in paragraph 74. The internal control settings should be as indicated below (fig. 104).
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80. Procedure for Tuning Receiver Crystal Multiplier Chain


	a. Application of Power. To tune the receiver crystal multiplier chain, it is only necessary to apply the low-voltage dc power to the receiver. The high-voltage power should not be applied to the receiver at this time. The following procedure should be used to apply the low-voltage power to the receiver:

	(1) Be sure that all protective dust covers on the rear of the receiver rack are securely in place, and that the SERV-ICE SELECTOR SWITCH in the order-wire receiver is in the NORMAL position.




	(2) Place the POWER switch in the radio receiver in the ON position. The POWER ON lamp on the receiver power supply should light. (It is assumed that the INPUT POWER BREAKER in the rear of the highvoltage power supply is ON.)




	(8) Place the HV FIL switch in the receiver power supply in the ON 'position.




	(4) Place the order-wire receiver FIL switch in the ON position. Allow the equipment to warm up for one-half hour.




	(5) Check the LINE VOLTS reading on the radio transmitter. If it is not 115 volts, readjust the INCREASE OUT-PUT control on the autotransformer for a reading as close as possible to 115 volts.




	(6) Place the LV PL switch in the receiver power supply in the ON position. The PLATE ON lamp should light. Allow the equipment to warm up for 5 minutes.




	(7) Repeat the procedure given in (5) above.




	(8) Place the right hand meter selectar switch on the radio receiver in the +250-V position. The meter reading should be between 95 and 110.




	(9) Place the right hand meter selector switch on the radio receiver in the +150-V position. The meter reading should be between 95 and 110.






[image: Figure, page 111]

Figure 104. Internal controls of Radio Receiver R-418/G.

b. Tuning Procedure. This tuning procedure normally should be about 50 for a propgiven below can be used whenever the receiver erly tuned crystal. crystal multiplier channel must be tuned. It is Note. A' reading lower than this usually assumed that only the low-voltage power is indicates a faulty crystal, poor tube, or imapplied to the receiver as described above. In proper alinement. If a more careful realineaddition, the AFC switch must be in the OFF ment does not increase the meter reading sufficiently, refer to the equipment performposition. The receiver crystal multiplier chain is tuned as follows:


	(1) A 10-minute MPEOED. period should (3) Set the left hand meter selector switch be allowed before making any of the to the 2ND MULT GRID position. Ad-

	(2) Set the right hand meter selector for a maximum reading on METER switch to the AFC 1ST MULT GRID A. This reading should be more than position. With the tuning tool pro- 50. vided on the right side wall of the (4) Set the right hand meter selector



ance check list (par. 132) to aid in locating and repairing trouble.


	adjustments described below. just coil slug 2ND MULT GRID TUN

	receiver chassis, adjust the coil slug switch to the 3RD MULT GRID posi-OSC MULT GRID TUN for maximum tion. Adjust the 3RD MULT GRID reading on METER B. This reading TUN A coil slug and then the 38RD




	MULT GRID TUN B coil slug for maximum reading on METER B.

	(5) Repeat the procedure given in (4) above. A meter reading of more than 30 should be obtained.

	(6) Set the left hand meter selector switch to AFC MIXER position. Adjust the AFC MIX TUN trimmer capacitor for a maximum reading on METER A. This reading should be more than 380.

	(7) Repeat the procedures given in (2) and (3) above.





81. Procedure for Coarse Tuning of Klystron


	a. General. The frequency of the receiver klystron is tuned to any desired frequency in the 1,700- to 2,520-mce range in accordance with the procedure outlined below. The klystron is used at two frequencies (pars. 82 and 83). The first is the channel carrier frequency for tuning the preselector. The second is the intended local-oscillator frequency, which is 120 mc above the carrier frequency. The klystron can be adjusted to within 5 mc of either of these frequencies in the manner described below.

	b. Application of Power. In the following procedure, it is assumed that low-voltage power has been turned on as described in paragraph 80 and that the AFC switch is in the OFF position. Proceed to apply high-voltage power to the receiver as follows:

	(1) Place the HV PL switch in the receiver power supply to the ON position.




	(2) Place the left hand meter selector switch to the BEAM V position. The meter reading should be between 90 and 100 volts.




	(3) Check the LINE VOLTS meter reading. If it is not 115 volts, readjust the INCREASE OUTPUT control on the autotransformer for a meter reading as close as possible to 115.




	c. Adjustment Procedure. The receiver klystron frequency is adjusted in accordance with the following procedure:

	(1) Place the right hand meter selector switch to the IF. MIXER position. Adjust the REFL V control for a maximum reading on METER B.




	(2) Switch the left hand meter selector switch to the WAVEMETER position.







	Tune the wavemeter until the METER A reading is maximum.

	(3) Note the reading of the wavemeter calibrated scale at the marker. Use the calibration chart mounted on the back of the receiver door to determine the operating frequency of the klystron.

	(4) Generally, the klystron frequency will not be at the desired frequency. Determine the difference between the actual and desired frequencies.

	(5) The klystron frequency is increased by turning the JNCREASE FREQ mechanical tuning knob (at upper right of the local-oscillator assembly) clockwise, and is decreased by turning this knob counterclockwise. The tuning sensitivity of this control is about 36 mc per turn. Turn the knob in the direction «nd by an amount that will approximately bring the klystron to the desired frequency.

	(6) Repeat the procedures given in (1), (2), (3), and (5) above until a frequency within 5 mc of the desired frequency is obtained.

	(7) Readjust the REFL V contro! for a maximum IF. MIXER reading on ME-TER B. If the meter reads off scale, loosen the setscrew on the local-oscillator output connector labeled MIXER and withdraw the injection probe until the meter reading is on scale. Lock the probe at this setting by tightening the setscrew.

	(8) Set the wavemeter to a setting that corresponds to the desired frequency. Adjust the klystron INCREASE FREQ control for a maximum reading on METER A with the selector switch in the WAVEMETER position. If the meter reading goes off scale, loosen the setscrew on the local-oscillator output connector labeled WVMT and withdraw the probe for a meter reading of about 50.





82. Procedure for Coarse Tuning Preselector

a. General. In the initial installation of the radio set, and in some conditions subsequent to the initial installation where a microwave car rier signal is not available from the previous station, the preselector must be tuned in two stages:


	(1) Coarse tuning of the preselector where the local oscillator in the radio receiver is used as a source of the microwave carrier.

	(2) Fine tuning of the preselector when a microwave carrier is available from previous station. The procedure for fine tuning of the preselector is described in paragraph 91.

	b. Coarse Tuning Procedure. The preselec- 'or is adjusted as follows:

	(1) Adjust the klystron to the carrier channel frequency in accordance with the procedure outline in paragraph 81.




	(2) Disconnect the receiver RF INPUT cable connected to the duplexer.




	(3) Check to see that the two shorting plungers on the primary and _ secondary preselector cavities are down. Set the vernier tuning screw directly below the primary cavity (under RF INPUT connection) plunger to the middle of its range.




	(4) Connect the 20-db RG-—21A/U cable stored at the rear of the radio transmitter to the receiver rf cable disconnected ((2) above). This cable provides the preselector primary with a 50-ohm termination.




	(5) Place the right hand meter selector switch to the IF. MIXER position.




	(6) Place the primary shorting plunger in its upper position. Adjust the preselector carriage TUNING control (large knurled knob below and to the right of the tuning pistons) through its entire range, noting the METER B reading. Adjust the TUNING control for a dip. :




	(7) Place the primary shorting plunger to its lower position. Adjust the vernier tuning screw for a maximum reading on METER B.




	(8) Disconnect the 20-db RG-—21A/U cable from the duplexer and replace it on rear of the radio transmitter.




	(9) Reconnect the receiver rf cable to the duplexer.








83. Procedure for Fine Tuning of Local Oscillator

The frequency of the local oscillator is adjusted in accordance with the following procedure:

a. Adjust the klystron to the local-oscillator frequency (120 mc above the carrier frequency) in accordance with the procedure outlined in paragraph 81.

Note. AFC switch should be in the OFF position.


	b. Set the left hand meter selector switch to AFC CORRECTION-+ position. Turn the mechanical INCREASE FREQ tuning knob so that meter reading swings from a positive indication to zero and then to a negative indication. (Ifa meter reading is not obtained, the AFC pickup loop must be adjusted as described in e below.) The tuning knob should be set for a zero reading that is obtained as the meter reading swings from one polarity to the other.

	c. Place the right hand meter selector switch in the IF. MIXER position. Note both the METER A and METER B (AFC CORREC-TION-+) readings as the REFL V control is varied. The IF. MIXER meter reading should be maximum when the AFC CORRECTION-+ meter reading is zero. If it is not, readjust the INCREASE FREQ tuning knob and REFL V contro] until this coincidence is obtained.

	d. Loosen the setscrew on the local-oscillator output connection labeled MIX and withdraw the pickup probe until an IF. MIXER meter reading of 65 is obtained. Lock the probe in this position by tightening the setscrew (thumbtight) and repeat the procedures given in 0b above.

	e. Set the right hand meter selector switch to AFC IF. LEVEL position. Loosen the setscrew on the local-oscillator output connector labeled AFC and rotate the pickup loop for a meter reading of 55. Lock the probe in this position and repeat the procedures given in b above.

	f. Turn the AFC switch from the OFF to the ON position. Check to see that the IF. MIXER reading is 65. Switch the left hand meter selector switch between the AFC CORRECTION+ and AFC CORRECTION— positions. If these readings vary by more than five divisions, or if an IF. MIXER reading of 65 is not obtained, repeat the procedures given in b, c, and d above



as many times as necessary to obtain these readings.



84. Procedure for Adjustment of Order-Wire Receiver R—543/TRC—29


	a. Application of Power. To apply power to Order-Wire Receiver R-543/TRC-29, follow the procedure in (1) through (3) below. (It is assumed that the POWER switch on the radio receiver and all switches on receiver power supply have been placed in ON position.)

	(1) Place the FIL switch in the order-wire receiver in the ON position.




	(2) Place the PLATE switch in the orderwire receiver in the ON position. The RECEIVER ON lamp should come on. Note. Make certain that the SERVICE SELECTOR switch is in the NORMAL position.




	(3) Place the meter switch in +140V position. The meter reading should be between 90 and 110.




	b. Adjustment of Order Wire Receiver R-543/TRC-29. The order-wire receiver is adjusted in the following manner:

	(1) Disconnect cable CG-—409C/U (1 ft 7 in.) from the VIDEO INPUT FROM REC jack at the rear of the order-wire receiver.




	(2) Disconnect cable CG-409C/U (2 ft 6 in.) from OW CARR INPUT jack at the rear of the radio transmitter and and connect it to VIDEO INPUT







	FROM REC jack at the rear of the order-wire receiver. Set the ORDER WIRE TEST SWITCH to the THRU TONE position.

	(3) Set the front panel meter selector switch to the AUDIO position. Adjust the AUDIO LEVEL control for a reading of 100 on the front panel meter.

	(4) Set the order-wire transmitter OR-DER WIRE TEST SWITCH to the OPR position.

	(5) Reconnect the cables that were disconnected in the procedures given in (1) and (2) above to their respective jacks.

	(6) Disconnect cable CG—409C/U (1 ft 7 in.) between the receiver VIDEO OUTPUT TO ORDER WIRE REC jack and the order-wire receiver VIDEO INPUT FROM REC jack.

	(7) Set the order wire receiver BUZZER CONTROL switch to the NORMAL position. Adjust the ALM SENS potentiometer completely counterclockwise. The alarm buzzer should be off. Readjust the ALM SENS control slowly clockwise until the buzzer sounds.

	(8) Reconnect the cable between VIDEO OUTPUT TO ORDER WIRE REC jack and VIDEO INPUT FROM REC jack. Place the BUZZER CONTROL switch in the MONITOR position.






Section VI. ADJUSTMENT OF EQUIPMENT ON SINGLE-HOP BASIS


85. Adjustments of Section

At this point the radio set at each station has been tuned to the desired channel frequencies and the order-wire channel adjusted. It is now possible to establish communications between stations and make necessary adjustments on a single-hop basis, for example, station-to-station basis. These adjustments include:


	a. Orientation of antennas for maximum signal.

	b. Fine tuning of preselector.




	c. Check for adequate signal.




	d. Adjustment for diversity reception, when diversity is used.



Note. Refer to paragraphs 65 through 72 for the location and illustration of all controls; refer to paragraph 54 for the location and function of all receptacles.



86. Connection of Order-Wire Channel


	a. Some of the procedures given in this section involve adjustments that are made at two stations. For convenience, one of these stations is designated as station No. 1 and the other as station No. 2. The designation of these numbers is completely arbitrary. It does not matter which station is designated as No. 1 or No. 2.

	b. To make adjustments on a station-tostation basis, it is usually convenient to establish order-wire communications between personnel located at the following points:

	(1) At station No. 1 antenna.







	(2) At station No. 1 receiver.

	(3) At station No. 2 antenna.

	(4) At station No. 2 receiver.

	c. To establish communication between these four points, proceed as follows:

	(1) At each station, both terminal and repeater, at least two handsets are supplied with Handset-Signaling Unit H-102/TRC-29. One of these handsets should be used for local operation at the receiver and the other for remote operation at the antenna.




	(2) To connect the handset locally, the handset cable is run into the hole to the right of the RING button and connection is made to the three posts on the terminal marked HANDSET CONN. Connection to these posts is made as follows:

	(a) The white lead is connected to the post marked R.




	(b) The red lead is connected to the post marked C.




	(c) The black lead is connected to the post marked T.







	(3) To operate the handset remotely, the handset cable is connected to the three posts in the HANDSET CONN terminal on the Handset-Signaling Unit H-102/TRC-29 (remote handset). The white, red, and black leads are connected to the R, C, and T posts, respectively. Two pairs of standard telephone wires, such as field Wire WD-— 1/TT, not exceeding about 250 feet in length, should be connected between terminals on the remote handset and terminals on the rear of the order-wire receiver as follows:

	(a) One wire between terminals marked GND.




	(6) One wire between terminals marked XMTR.




	(c) One wire between terminals marked REC.




	(d) One wire between terminals marked RING.











87. Operation of Order-Wire Channel

Communication can be maintained (after antenna is oriented) between any and all handsets on a party line basis, so that it is possible to transmit and receive simultaneously on all. handsets. The following procedure is used for the operation of the order-wire channel:


	a. To transmit, depress the push-to-talk control and talk into the transmitter.

	b. To receive, place the receiver portion of the handset to the ear.

	c. To ring, press the RING button on the order-wire receiver or the ring button on the side of the remote handset for local operation. The button should be depressed for about 1 second, released, and pressed again for 1 second, released, as many times as necessary. Note that if the ring button is depressed for more than 1 second, the ringing will stop about 1 second. To ring again, it is necessary to release the button and press it again.





88. Preliminary Antenna Orientation on Two-Way Links With Single Antenna

After the telephone handsets have been connected, try to establish communication between the two stations. If successful, the preliminary orientation procedure given below can be omitted. Refer to paragraph 90 on antenna orientation. If not successful, proceed as follows:


	a. At the prearranged starting time the personnel at station No. 1 and those at station No. 2 proceed to rotate both antennas at the same time.

	b. At station No. 1, the antenna should be placed in its extreme counterclockwise position and rotated clockwise at a very slow rate so that the antenna is turned from one extreme position to the other in about 10 minutes.

	c. At station No. 2, the antenna should be turned clockwise from its extreme counterclockwise position at a rate that turns it from one extreme position to the other and returns it in about three-fourths of a minute. This antenna should be rotated back and forth at this rate.

	d. The operator located at the receiver of station No. 1 should continuously transmit a signal over the order-wire channel. All other attendants (at the two antennas and station No. 2 receiver) should listen for this signal.

	e. This procedure should be continued until communications are established between the two stations ; that is, until the signal originating at station No. 1 is heard at station No. 2.



Note. One-way links and four-antenna links can be established faster and simpler if two-way vhf communication can be used until antennas are oriented.

89. Preliminary Antenna Orientation on Two-Way Links Using Separate Antennas without Duplexers

After the telephone handsets have been connected, an attempt should be made to establish communication between the two stations. If communication cannot be established, proceed as follows:


	a. When permitted by frequency allocation or by temporary operation on a noninterference basis, connect the duplexer into the circuit and use suitable installation facilities to permit use of the duplexer. To aline the antennas, follow the procedure outlined in paragraph 88. Remove the duplexers and retune the equipment to permanently authorized frequencies and connect it to the correct transmitting and receiving antennas.

	b. When it is necessary to operate only on the permanently assigned frequencies, proceed as follows:

	(1) At station No. 1, both the transmitter and the receiver should be operating. The transmitting antenna should be rotated at a slow rate (10 minutes) while the receiving antenna should be rotated at the fast rate (34 min.).




	(2) At station No. 2, only the receiver should be operating. The transmitter should be turned off (the POWER switch on the radio transmitter in the OFF position). The receiving antenna should be rotated at a fast rate.




	(3) When a signal is received at station No. 2, indicating that the receiving antenna is oriented properly, the transmitter should be turned on immediately and the transmitting antenna oriented in the same position as the receiving antenna.




	(4) As soon as the station No. 2 signal is received by station No. 1, the receiving antenna rotation should be stopped and the transmitting antenna oriented in the same direction. It should now be possible to establish two-way communications.








90. Final Antenna Orientation Procedure After Signal Is Received


	a. Two-Way Installations Using Duplexer and Single Antenna. At installations using a duplexer, the antennas are oriented as follows:

	(1) At station No. 1, place the receiver left hand selector switch at the IF. LEVEL position.




	(2) The operator at station No. 1 receiver should direct the operator at station No. 1 antenna over the order-wire channel to rotate the antenna, first vertically, then horizontally, for a maximum IF. LEVEL meter reading. Lock the antenna in this position.




	(8) At station No. 2, repeat the procedures given in (1) and (2) above, reversing the station numbers.




	b. Four-Antenna Installations Without Duplexer. At installations without duplexers or one-way links, the antenna is oriented as follows:

	(1) At station No. 1, place the left hand meter selector switch at the IF. LEVEL position.




	(2) The operator at station No. 1 receiver should then direct the operator at station No. 2 antenna, over the order-wire channel, to rotate the transmitting antenna, first vertically, then horizontally, for a maximum IF. LEVEL meter reading.




	(3) The operator at station No. 1-receiver should direct the operator at station No. 1 antenna to rotate the receiving antenna, first vertically, then horizontally, for a maximum IF. LEVEL meter reading.




	(4) Repeat the procedures given in (2) and (3) above. This orients the antennas of station No. 2 to station No. 1 path.




	Repeat the procedures given in (1) to (4) above, reversing the station numbers so that the path antennas of station No. 1 to station No. 2 are oriented. (5 —








91. Fine Tuning of Preselector

The preselector should be tuned at each station to provide a maximum IF. LEVEL meter reading. With IF. LEVEL maximum clockwise, proceed as follows:

a. Detune the preselector primary by moving the shorting plunger to its upper position. Adjust the preselector carriage TUNING control for maximum reading on METER A with switch in IF. LEVEL position.

Note. If the buzzer sounds, place the BUZZER CONTROL switch in the NORMAL position.


	b. Return the preselector primary shorting plunger to its lower position.

	c. Detune the preselector secondary (rear cavity in preselector assembly) by moving the shorting plunger to its upper position. Adjust the venier tuning screw just below the primary shorting plunger for a maximum IF. LEVEL meter reading. Return shorting plunger to its original position.

	d. Repeat the procedures given in a to c above until there is no evidence of one adjustment affecting the peaking of the other. Drop both shorting plungers to their lower position.

	e. Adjust IF. LEVEL control maximum counterclockwise (minimum IF. LEVEL reading on meter).

	f. Note the minimum reading of IF. LEVEL on the meter.

	(1) If the reading is less than 60, adjust the IF. LEVEL control clockwise until the reading is 70.




	(2) If the reading is greater than 60, adjust IF. LEVEL control clockwise for a reading 10 divisions greater than minimum reading obtained.




	g. Connect the spare set as an operating set as described in paragraph 64 and tune its preselector in the manner described in a to f above.





92. Check for Adequate Signal

The equipment now is properly tuned to operate on a single-hop basis. The next step is to make sure that an adequate signal is being picked up by the radio receiver. This is done as follows:


	a. Disconnect cable CX—2683/U (3 ft 1 in.) between the RF OUTPUT jack at the rear of the radio transmitter and the transmitter jack on the duplexer at both ends.

	b. Disconnect the receiver rf cable from the receiver jack on the duplexer and connect it to



the ANTENNA ADAPTER at the rear of the radio receiver.


	c. Connect one end of cable CX—2683/U (3 ft 1 in.), which was disconnected in the procedures given in a above, to the bottom end (to the left of VIDEO INPUT jack on radio transmitter) of the 20-db RG—21/U cable stored at the rear of radio transmitter. Connect the other end to the receiver jack on the duplexer.

	d. Pry the top end of the 20-db RG—21/U cable loose from its retaining clips and connect it to the ANT. connector at the rear of the radio receiver. This effectively inserts 20-db loss between the duplexer receiver output and the receiver input.

	e. Place the left hand meter selector switch in the radio receiver to the IF. LEVEL position. Note the METER A reading. (On strong signal paths a more precise preselector tuning may be obtained by repeating the preselecting tuning procedure of paragraph 91.) Connect all cables as they were originally.

	f. If the meter reading (e above) is not greater than 50, the orientation of the antennas and the tuning of the transmitter and receiver should be checked in accordance with the procedures outlined in this and the preceding section. If it is determined that the antennas are oriented properly and that the equipment is tuned properly, the topography of the path should be investigated carefully to make sure that line-of-sight clearance is being obtained. Sometimes, it may be necessary to cut down tall trees in the areas surrounding the sites.

	g. A signal providing a meter reading of 50 is marginal and when possible a higher tower should be used to increase the signal strength.





93. Adjustment and Check of Receivers for Diversity Operation


	a. Procedure. In installations employing diversity reception, the two receiving equipments are tuned, adjusted, and their antennas oriented on an individual basis following the procedures given in this and the preceding section. The receivers now can be adjusted to provide proper diversity operation in accordance with the procedure outlined in this paragraph.

	b. Interconnections for Adjustment. The two receivers normally are connected for diversity operation in accordance with the procedure given in paragraph 62. However, to make the



adjustments described in this paragraph, these interconnections must be modified as follows:

: ,


	(1) Disconnect cable CG-—409C/U (1 ft 7 in.) from the receiver VIDEO OUT-PUT TO ORDER WIRE REC jack and the order-wire receiver VIDEO INPUT FROM REC jack in both preferred and standby receivers. One of the receivers is called the preferred receiver, and the other is known as the standby receiver (par. 62).

	(2) Connect a type UG-—274/U BNC Tconnector to the VIDEO OUTPUT TO ORDER WIRE REC jack on the preferred receiver.

	(3) Connect cable CG—409C/U (1 ft 7 in.) between the preferred order-wire receiver VIDEO INPUT FROM REC jack and one end of the T-connector. Refer to (2) below.

	(4) Disconnect cable CG—409C/U (5 ft 1 in.), normally connected between the O.W. CARR FILTER OUTPUT jack and the VIDEO INPUT FROM DIV REC jack on the standby order-wire receiver, to the other end of the Tconnector.

	c. Setting of Controls. The controls in both order-wire receivers should be set as follows:










	Control
	Setting




	SERVICE SELECTOR switch

DIVERSITY PREFERENCE.
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-

DIVERSITY CALIBRATE

.|
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BUZZER CONTROL Bee
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	DIV.

Fully counterclockwise.

Fully clockwise.

Fully counterclockwise.

MONITOR.






	d. Adjustment Procedure. Proceed to adjust the receivers as follows:

	(1) In both order-wire receivers, disconnect the end of cable CG-409C/U (1 ft 7 in.) connected to the VIDEO IN-PUT FROM REC jacks. Set the preferred order-wire receiver front panel meter selector switch to DIV CONT LEVEL. A meter reading of approximately 70 should be obtained. Note the







	meter reading obtained on the orderwire receiver panel meter.

	(2) Set the preferred order-wire receiver front panel meter selector switch to DIV OPR position. Adjust the DI-VERSITY PREFERENCE control slowly clockwise until the diversity relay is energized, as indicated by a meter reading of approximately 100. Note the position of the control that gives this meter reading.

	(3) Slowly adjust the DIVERSITY PREFERENCE control counterclockwise until the diversity relay relaxes (when the front panel meter reads zero). Note the position of the control.

	(4) Set the DIVERSITY PREFERENCE control to a position midway between the positions noted in (2) and (8) above.

	(5) Reconnect both cables to VIDEO IN-PUT FROM REC jacks.

	(6) Disconnect the cable from the ANT. jack on preferred radio receiver.

	(7) Place the front panel meter selector switch in the preferred order-wire receiver in DIV CON LEVEL position.

	(8) Note the meter reading and compare it with the reading obtained in the procedure given in (1) above. If the reading is higher, adjust the DIVERSITY CALIBRATE control in the standby order-wire receiver until the meter reading is the same as that obtained in (1) above.

	(9) If the reading obtained in (8) above is lower than that obtained in the procedure given in (1) above, adjust the DIVERSITY CALIBRATE control in the preferred order-wire receiver until the same meter reading is obtained.

	e. Diversity Operation Check. To check the diversity operation, proceed as follows:

	(1) Disconnect cable CG—409C/U (1 ft 7 in.) from the VIDEO INPUT FROM REC jack in the back of the preferred order-wire receiver.




	(2) Note the DIV CONT LEVEL meter reading on the front panel of the preferred order-wire receiver. It should rise to a reading of approximately 150.




	(3) Reconnect cable RG—58C/U to the pre-







	ferred order-wire receiver VIDEO IN-PUT FROM REC jack.

	(4) Disconnect the cable CG—409C/U (1 ft 7in.) from the VIDEO INPUT FROM REC jack at the rear of stand by order-wire receiver.

	(5) The DIV CONT LEVEL meter reading on the front panel of the preferred order-wire receiver should drop to approximately 35. Reconnect cable RG— 58C/U.

	f. Interconnection for Diversity Operation. Reconnect the equipment for diversity operation as described in paragraph 62.

	g. Adjustment of Alarm Sensitivity. The






alarm sensitivity control in the preferred orderwire receiver is adjusted as follows:


	(1) Disconnect cable CG—409C/U (1 ft 6 in.) between the receiver VIDEO OUTPUT TO ORDER WIRE jack and the order-wire receiver VIDEO IN-PUT FROM REC jack at both receiving equipments.

	(2) Set both order-wire receiver BUZZER CONTROL switches to NORMAL.

	(8) Neither alarm buzzer should sound. Adjust each ALM SENS potentiometer clockwise until buzzer sounds.

	(4) Reconnect the cables disconnected in the procedure given in (1) above. Buzzers should be silenced.






Section Vil. RADIO RELAY SYSTEM ADJUSTMENT AND OPERATION


94. General

Previously, all radio link equipment used in the radio relay system has been tuned and adjusted on a single-hop basis as described in paragraphs 85 through 938. This section covers the procedures necessary to adjust the video levels in conjunction with the video equipment used in the system and an' overall operational check of the radio relay system. Included in this section are the following:

a. Setting of controls for system operation.


	b. Use of transmitter VTVM to measure receiver video output level.

	c. Adjustment of video controls.




	d. Recording of meter readings.




	e- Measurement of system signal-to-noise ratio.





95. Setting of Controls for System Operation

The controls on each radio set should be set as indicated in the chart below. For location, illustration, and function of controls, refer to paragraphs 65 to 72.
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96. Use of Transmitter VIVM for Measurement of Receiver Video Level

a. General. A convenient method of measuring the receiver video output level is to use the PEAK VTVM meter in the radio transmitter. To use the VIVM for this purpose, it is necessary to make the cable connections indicated in b through d below.

b. Terminal Stations. At a terminal connection, a measurement is made in the following manner:


	(1) Disconnect the cable from the VIDEO INPUT jack at the rear of the radio transmitter.

	(2) Disconnect the cable from VIDEO OUTPUT jack at rear of order-wire receiver.

	(3) Connect cable CG-—409C/U (25 ft) from VIDEO INPUT jack of the radio transmitter to VIDEO OUTPUT jack of order-wire receiver.

	(4) Place the radio transmitter MOD SEL SW to the GND position.

	(5) Place the radio transmitter VTVM SEL SW to MOD IN position. The PEAK VTVM meter on the radio transmitter now measures the receiver video output level.

	(6) After measurement is made, replace all cables to their original connections.

	c. Through Repeaters. At through repeaters, the receiver video output normally is connected to the transmitter. Therefore, the receiver video level is measured by placing the VTVM SEL SW to the MOD IN position.



d. Drop-Channel Repeaters. At drop-channel repeaters, the procedure given in b above for terminal stations can be used.



97. Adjustment of Video Levels (fig. 105)


	a. General. The sequence of adjusting video levels usually is as follows:

	(1) Adjust the video level of the video equipment feeding the east radio transmitter.




	(2) Adjust the input video level of the east transmitter.




	(3) Adjust the east-west receiver video level and then the east-west transmitter video input level at each repeater.




	(4) Adjust the video level of the west receiver.




	(5) Repeat the procedures in (1) through (4) above going from the west terminal to the east terminal. In each step, of course, the word west must be substituted for east, and vice versa.




	(6) After all video levels have been adjusted in each station, the spare set should be placed into operation, as described in paragraph 64, and its video controls adjusted for the same readings as those obtained on the set it replaced. After the spare set is adjusted, the operating set should be placed back into operation and power should be turned off in the spare set by turning INPUT POWER BREAKER switches on the high-voltage power supply to the OFF position.






Figure 105. Order-wire and video-level controls. (Contained in separate envelope)


	b, Adjustment at Terminal. At a terminal, the video levels are adjusted in the following manner:

	(1) Video equipment. When the video output level of the video equipment (terminal or repeater) can be varied, it should be adjusted to provide a PEAK VTVM meter reading of 40 on the PEAK VOLTS scale (black scale) with the POS PEAK-NEG PEAK selector switch set to the position giving the larger reading and the VTVM SEL SW in MOD IN position (fig. 106).




	(2) Radio receiver. The radio receiver VIDEO LEVEL control is adjusted for a PEAK VTVM meter reading of 40 on the PEAK VOLTS scale (black scale) with the POS PEAK-NEG PEAK selector switch set to the position giving the larger reading and the VTVM SEL SW in the MOD IN position. (Refer to the procedure given in par. 96 for the procedure for measuring the receiver output.)




	(3) Radio transmitter. The adjustment of the INPUT VIDEO LEVEL control in the transmitter modulator is a function of the type of modulation fed into the red scale of the PEAK VTVM meter with the POS PEAK-NEG PEAK selector switch set to the posi- ' tion giving the larger reading and the VTVM SEL SW in the MON OUT position. The adjustments for a ppm radio relay system, and a television relay system are given below.






Note. Beextremely careful not to confuse the INPUT VIDEO LEVEL control with the VIDEO LEVEL control on the afc if. transmitter. Generally, the INPUT VIDEO LEVEL is adjusted for 100 on the % MODU-LATION scale chassis for the modulator IN-PUT VIDEO LEVEL control.

(a) Pym radio relay system, 23 channel. Adjust the INPUT VIDEO LEVEL control on the transmitter modulator for a reading of 100 on the % MODULATION scale (red scale) of the PEAK VTVM meter with the


	POS PEAK-NEG PEAK selector switch set to the position giving the larger reading and the VTVM SEL SW in the MON OUT position.

	(0) Pym radio relay system, 45 channel. Adjust the INPUT VIDEO LEVEL control on the transmitter modulator for a reading of 100 on the % MODULATION scale (red scale) of the PEAK VTVM meter with the POS PEAK-NEG PEAK switch in either position and the VTVM SEL SW in MON OUT position. Check the meter reading with the switch in POS PEAK and again in the NEG PEAK position. The two readings should be the same. If they are not, adjust the REFL VOLTS ADJUST control to obtain approximately equal readings in each position. Readjust the INPUT VIDEO LEVEL control for a reading of 100 percent (red scale).

	(c) F'requency-division modulation (or other sinusoidal modulation) radio relay system. Adjust the INPUT VIDEO LEVEL control on the transmitter modulator for a reading of 100 on the % MODULATION scale (red scale) on the PEAK VTVM meter with the POS PEAK-NEG PEAK selector switch set to either the POS PEAK or the NEG PEAK position and the VTVM SEL SW in MON OUT position. Balance these readings as in (b) above.

	(d) Television radio relay system. Adjust the INPUT VIDEO LEVEL control on the transmitter modulator chassis for a reading of 100 on the % MODULATION scale (red scale) of the PEAK VTVM meter with the POS PEAK-NEG PEAK switch set to the position giving the larger reading and the VTVM SEL SW in the MON OUT position. If the television circuit is not sending a test pattern and is handling moving material, the percent modulation value will vary with time. Set the controls so that the greatest observed signal, which may be either
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Figure 106. Internal controls of transmitter.

positive or negative, is adjusted to (1) Receiver video output. The VIDEO 100. The relative polarity of an LEVEL control in the radio receiver all-white and an all-black picture is adjusted as described in b(2) above.

will reverse the POS PEAK-NEG Note. Do not use the receiver VIDEO PEAK position giving the greatest LEVEL control to adjust the transmitter % reading. MODULATION level at repeater stations. | djus tment of Through Repeaters. At Use only the transmitter modulator chassis : F ; INPUT VIDEO LEVEL control as described through repeaters, the video is adjusted as below: receiver output levels lower than 40 follows: on MOD IN position will reduce the level of


	the order-wire carrier to a level that will give a noisy or inoperative order-wire circuit (fig. 106).

	(2) Transmitter. The INPUT VIDEO LEVEL control in the transmitter modulator chassis is adjusted as described in b(3) above.

	d. Adjustment at Drop-Channel Repeaters. At drop-channel repeater stations, the dropchannel equipment (video equipment), the radio transmitters, and the radio receivers are adjusted as described in b(1), (2), and (8) above.





98. Adjustment of Audio Levels


	a. The order-wire transmitter adjustments detailed in paragraph 78b and order-wire receiver adjustments detailed in 84b are adequate to permit through operation of the tandem connected order-wire circuits.

	b. Since each link is adjusted for proper order-wire modulation on a single-hop basis from built-in tone oscillators whose levels can differ by 3 db, a through test tone may show an indicated level from 50 percent to 150 percent depending upon the relative difference in the built-in oscillator levels. This is normal operation since the four-wire connected order-wire circuits are designed to give proper operation within this range. The involved level-setting procedure required of two-wire circuits using hybrids is unnecessary.



Note. It should be noted that the local handset of the order-wire receiver does not have a means for adjusting the level of the received voice signal. The signal level has been chosen to give an adequate handset signal for noisy locations. The order-wire receiver AUDIO LEVEL control adjusts the through level as well as the local handset level (fig. 105). Too low a setting of the AUDIO LEVEL control can prevent through talking on the order-wire channel.

c. When the local handset level must be adjusted for other than standard conditions, have the preceding station on the link send a through tone by setting the order-wire transmitter OR-DER WIRE TEST SWITCH to the THRU TONE position. Turn the order-wire transmitter front panel meter selector switch to the AUDIO position; note the meter reading. Adjust for the desired local handset audio level by means of the AUDIO LEVEL control in the order-wire receiver, then return the AUDIO meter to the original reading by adjusting the AUDIO LEVEL THRU CHAN control in the order-wire transmitter.

d. On extremely long links, it may be desirable to adjust the through audio in the manner that video levels were adjusted. At the east terminal send a test tone. At each succeeding repeater in the east facing order-wire receiver, adjust the AUDIO LEVEL control for the west facing order-wire transmitter reading of 100 when the ORDER WIRE panel meters selector switch is in the AUDIO position. Turn the OR-DER WIRE TEST SWITCH to the THRU TONE position and note the AUDIO reading. Turn the ORDER WIRE TEST SWITCH to the LOCAL TONE position and adjust the AUDIO LEVEL LOCAL INPUT to give the same reading noted above. The AUDIO LEVEL LOCAL INPUT and AUDIO LEVEL THRU CHAN have now been balanced using a single standard oscillator to replace the local oscillator. Repeat from the west terminal, replacing east for west and vice versa in the above text.



99. Meter Readings

After the video adjustments have been made, the meter readings at each radio set should be noted and recorded on a form such as indicated in the chart below. Reference to this chart will be made in chapter 4.
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100. Measurement of System Signal-to-Noise Ratio

a. General. The overall radio relay system signal-to-noise ratio should be measured both on a video and an audio (when applicable) basis. The results obtained should be compared with the signal-to-noise ratios calculated in paragraph 48. The procedures for making these measurements are given below.

b. Video Signal-to-Noise Ratio. To measure the video signal-to-noise ratio it is necessary to use a Ballantine Model 314 vacuum-tube voltmeter, or equivalent.

Note. If a Ballantine Model 314 vacuum-tube voltmeter is not available, use the procedure outlined in paragraph 247g. Proceed as follows:


	(1) At the east terminal, connect the vacuum-tube voltmeter to the VIDEO OUTPUT MONITOR jack terminated by a 50-ohm resistor located in the rear of the radio receiver.

	(2) Note the reading of the vacuum-tube voltmeter. It should be about 400 millivolts. This is the signal level.

	(3) Use the order-wire channel and instruct the operator at the preceding station to place the MOD INPUT SEL SW to the GND position and to dis-




	connect the cable from the ORDER WIRE CARRIER OUT jack at rear of the order-wire transmitter.

	(4) Note the reading of the vacuum-tube voltmeter. This is the noise level. The signal-to-noise ratio for the west-to-. east path is the reading obtained in the step described in (2) above divided by the reading obtained in this step. Reconnect the cable to the ORDER WIRE CARRIER OUT jack.

	(5) Repeat the procedures given in (1) through (4) above for the east-to-west path. Use the west terminal receiver output.

	c. Audio Signal-to-Noise Ratio. The signalto-noise ratio at the output of the video equipment (usually an audio signal) should be measured. In the ppm radio relay system, a transmission measuring set is included at each terminal that measures the audio levels. As in the case of the video measurement, the audio level, first with signal and then without signal, should be recorded. The ratio of these two readings is the signal-to-noise ratio. Refer to the manual on Multiplexer Set AN/TCC-13 for procedures for making these measurements in the ppm radio relay system.



110 percent for 23 channel; 100 percent for 45-channel operation. 2 When PA CATH CUR. reading (left hand METER A) is 100. 3 With ORDER WIRE TEST SWITCH in OPR position.

4 Meter readings vary considerably over receiver operation. See figure 107 for typical reading. The readings for all channels should fall within the range indicated. Refer to chapter 4 for determination of proper reading.
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Figure 107. Typical AFC MIXER meter readings.



101. Adjustment of Fixed Autotransformer Power Transformer TF—146/G

In many installations, the primary power voltage varies substantially with the time of the day, the day of the week, and the season of the year. Consequently, although the output voltage of the autotransformer has been adjusted for 115 volts during the installation, it is possible that this voltage will vary considerably over long periods of time. During the first weeks and perhaps months of operation, the autotransformer output voltage (as seen on the LINE VOLTS meter) should be monitored frequently and recorded. After noting this output voltage over a long period of time, the INCREASE OUTPUT control on the autotransformer should be adjusted to provide a LINE VOLTS meter reading that results in a reading of 115 volts over the maximum period of time, and in the red sector of the meter at all times. When a 15 percent line voltage is anticipated and during periods when it is not possible to readjust the autotransformer, the INCREASE OUTPUT control may be set 5 percent higher as indicated on the LINE VOLTS meter. This will allow the line voltage to decrease the 10 percent allowable by equipment design plus the 5 percent gained by setting the INCREASE OUTPUT control 5 percent above normal.






CHAPTER 3 — OPERATION


Section |. OPERATION UNDER USUAL CONDITIONS


102. General

This equipment is connected and adjusted for continuous 24-hour-a-day operation by installation and maintenance personnel, and no further adjustment by operating personnel is required. Paragraphs 103 to 106 describe the settings of controls (and indications) that are required for normal operation. Paragraph 107 describes the use of the order-wire channel. During maintenance tests, the operator may have to shut down an operating set and put the spare set into operation. The procedure for doing this is described in paragraph 108. The operator may also have to use the alternate primary power source (when available) (par. 109).



103. Setting of Control on Operating Equipment

The chart below lists the setting of operating controls on an operating radio set that the operator monitors. Meter switch positions are not listed in this table but are listed in chapter 2; they are not necessarily involved in normal operation. However, these switch positions may be required for maintenance tests or troubleshooting. The proper meter readings for these switch positions are given in paragraph 99.



104. Indic. 'ion of Proper Operation of Oper- _ ating Sets


	a. General. The operator should periodically monitor radio sets during operation to make sure that they are operating properly. Monitoring includes watching the pilot lamps and meter readings, and listening for the alarm buzzer (b through d below).

	b. Pilot Lamps. The pilot lamps ((1) below) should be on. If any one of them goes off, particularly the TRANSMITTER OPERATING or RECEIVER ON lamp, maintenance personnel should be notified immediately. Refer to chapter 4 for trouble-shooting information.

	(1) The following pilot lamps should be on:

	(a) TRANSMITTER OPERATING lamp in the radio transmitter.




	(b) POWER ON and HV PLATE ON

















	Control
	Component
	Setting




	Meter (M1) and meter switch (S2) (figs, 85 and 108)

METER A (M2) and meter switch (S4) (figs. 85 and 108)

PEAK VTVM meter (M4) and meter switch (S5) (figs. 86 and 108)_|

POWER circuit breaker (CB1) (fig. 109)

METER B (M1) and meter switch (S83) (figs. 86 and 108)

Meter (M1) and meter switch (S1) (fig. 110)

meee.

METER A (M1) and meter switch (S2) (fig. 110)

BOWE

Rcrcurt breaker (CB1) (fig: 110) 2 sees

METER B (M2) and meter switch (S38) (fig. 110)
	Order-wire transmitter|

Radio transmitter

Radio transmitter

Radio transmitter - —

Radio transmitter|

Order-wire receiver

Radio receiver Pee!



ae Radio receiver





Radio receiver
	AUDIO.

AFC CORRECTION-+.

POS PEAK.

ON.

PA POWER OUT.

OW CARR LEVEL.

IF. LEVEL.

ON.

+-

IF. MIXER.
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Figure 108. Transmitter rack operating controls, front view.
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Figure 109. Transmitter rack operating controls, rear view.

lamps in the high-voltage power supply.


	(c) RECEIVER ON lamp in the radio receiver.

	(d) POWER ON and PLATE ON lamps in the receiver power supply.

	(e) FILAMENT ON and LV PLATE ON lamps in the low-voltage power supply.

	(2) The following pilot lamps should be off :

	(a) TRANSFER CONTROL ON lamp in the order-wire transmitter.




	(6) TRANSFER CONTROL ON lamp in the order-wire receiver.




	c. Meter Readings. The chart below lists the



correct meter readings. Maintenance should be informed if any meter reading falls outside the limits specified. Refer to chapter 4 for troubleshooting information.

d. Buzzer. There is an alarm buzzer in the order-wire receiver. This buzzer monitors the received order-wire signal, and is silent when a proper microwave carrier signal is fed to the radio receiver and the receiving system is operating normally. If the microwave carrier signal is interrupted at any point along the transmission path between the two stations, including the preceding transmitter and the two antenna systems, or if any part of the receiving system fails, the buzzer will sound. Therefore maintenance should be informed whenever the buzzer sounds continuously.

Note. The alarm buzzer is also used for ringing. However ring buzzes cannot last longer than about 1 second each. If the buzzer sounds continuously, maintenance should be informed.



105. Setting of Controls and Indications on Spare Set

a. Setting of Controls. The setting of controls on the spare set should be the same as indicated in the table given in paragraph 103, except that the INPUT POWER BREAKER switches on the back of the high-voltage power supply should be in the OFF position.

b. Indications. All indicating lamps should be off and the meter readings should be zero, except the LINE VOLTS meter in the radio transmitter, which should read between 103.5 and 126.5 volts.



106. Setting of Controls and Indications on Radio Set Used for Diversity

a. Setting of Controls. The setting of controls on the radio set containing the preferred









	Meter
	Component
	Limits



	Meter M1 (fig. 108)
	
	Order-wire transmitter| Follows audio when order-wire channel is used.




	METER A (M2) (fig. 108)
	Radio transmitter
	0 +5.



	PEAK VTVM (M4) (fig. 108)
	Radio transmitter
	As specified by maintenance personnel.



	LINE VOLTS (M4) (fig. 108)
	Radio transmitter
	Below 126.5 or above 103.5.



	METER B (M1) (fig. 108)
	Radio transmitter
	of reading obtained

during installation.

40 percent

Check with maintenance personnel.



	Meter (M1) (fig. 110)
	Order-wire receiver
	40 minimum.



	METER A (M1) (fig. 110)
	Radio receiver
	50 minimum



	METER B (M2) (fig. 110)
	Radio receiver
	48 minimum
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receiver should be the same as indicated in paragraph 103. The setting of controls on the radio set containing the standby unit should also be the same except that the POWER switch in the radio transmitter should be in the OFF position.


	b. Indications. The following indications should be obtained :

	(1) Preferred unit. The indications given in paragraph 104 should be obtained on the preferred unit.




	(2) Standby unit. On the standby unit the following should be obtained:

	(a) Indicating lamps. Only the RE-CEIVER ON in radio receiver and the POWER ON and the PLATE ON lamps in the receiver power supply should be on.




	(b) Meter readings. The following minimum meter readings should be obtained:

	1. Meter (M1) on the order-wire receiver above 40.




	2. Meter A (M1) on the radio receiver above 50.




	8. Meter B (M2) on the radio receiver above 48.














107. Operation of Order-Wire Channel

It is possible to communicate with any station in the radio relay system over the order-wire channel. Stations should be assigned party line numbers in two digit groups, each digit to be no greater than five. Thus, a station with the assigned number 2-3 would respond to a series of two short rings, a pause, and then three short rings. The order-wire channel is operated in the following manner:

a. To Initiate a Call. To initiate a call, press the RING button on the order-wire receiver or ring the button on the side of a remote handset (fig. 111). The button should be pressed for a period of about a second, released, pressed again for the same length of time, released, and so on until the desired party line ring has been transmitted. The series of ring bursts should be sent several times until the called party responds.

Note. If the ring button is pressed for more than 1 second, the ringing will stop after about 1 second. To ring again, release the button and press it again.

b. To Talk. To talk, press the push-to-talk control on the handset and talk into the transmitting end of the handset.

Note. The handset.can be used for both talking and listening when the push button is pressed. For reception only, release the pushbutton.

c. To Receive. To receive, place the receiver of the handset to the ear.



108. Connection of Spare Sets as Operating Set

Caution: Procedure given in this paragraph should be performed only when authorized.


	a. General. Replace an operating set with the spare set as follows:

	(1) Turn off the operating set to be replaced (b below).




	(2) Reconnect the spare and the operating equipment so that the spare set can be used as an operating set (par. 64).




	(3) Turn on spare set as described in c¢ below.




	b. Operating Set Stopping Procedure. Turn off the operating set as follows:

	(1) Place the POWER switch in the radio transmitter in the OFF position. The TRANSMITTER OPERATING lamp in the radio transmitter, the POWER
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SIDE

Figure 111. Handset-signaling operating controls.

ON and the HV PLATE ON lamps in the high-voltage power supply, and the FILAMENT ON and the LV PLATE ON lamps in the low-voltage power supply should go off.


	(2) Place the POWER switch in the radio receiver in the OFF position. The RECEIVER ON lamp in the radio receiver and the POWER ON and the PLATE ON lamps in the receiver power supply should go off.

	c. Spare Set Starting Procedure. Operate the spare set as follows:

	(1) Place the POWER switch on the radio transmitter in the ON position. The POWER ON lamp in the high-voltage power supply and the FILAMENT ON lamp in the low-voltage power supply should come on. After about 60 seconds, the LV PLATE ON lamp in the low-voltage power supply, the HV PLATE ON lamp in the high-voltage power supply, and the TRANSMIT-TER OPERATING lamp in the radio transmitter should come on.




	(2) Place the POWER switch on the radio receiver in the ON position. The POWER ON and the PLATE ON







	lamps in the receiver power supply, and the RECEIVER ON lamp in the radio receiver should come on.

	(3) The minimum meter readings indicated in paragraph 104c should be obtained within a few minutes.





109. Use of Alternate Primary Power Source

Caution: Follow the procedure given in this paragraph only when authorized by maintenance.

Connect the alternate power source (when available) to the radio set by placing the switchbox INPUT SELECTOR SWITCH in the 1 position (fig. 112).



110. Stopping Procedure


	a. Normal Stopping Procedure.

	(1) Place the POWER switch (fig. 108) in the radio transmitter in the OFF position.




	(2) Place the POWER switch (fig. 110) in the radio receiver in the OFF position.




	b. Emergency Stopping Procedure. Place the INPUT POWER BREAKER (fig. 109) on the back of the high-voltage power supply in the OFF position.






Section Il. OPERATION UNDER UNUSUAL CONDITIONS


111. General

The operation of Radio Set AN/TRC-29 may be difficult in areas having extreme cold, heat, humidity, and moisture. Although the equipment is designed to operate over a wide temperature and humidity range, extreme weather conditions may cause large measurement errors and interfere with normal operation. Paragraphs 112 through 114 provide procedures that will minimize the effects of bad weather.



112. Operation in Arctic Climates

Subzero temperatures and artic-type weather will present some difficulties. Instructions and precautions for operation under such adverse conditions follow:


	a. Handle the equipment carefully.

	b. Keep the equipment warm and dry.

	c. Before turning on other yoltages, turn on



the filament voltages and let the tubes heat for 10 to 15 minutes.



113. Operation in Tropical Climates

When equipment is operated in tropical climates, it may be installed in tents or huts. When equipment is installed in swamp areas, the problem of moisture is apt to be serious, because heavy humidity causes moisture to condense on the equipment when the temperature of the equipment becomes lower than the surrounding air.



114. Operation in Desert Climates

a. The main concern with equipment operation in desert areas is the large amount of sand, dust, and dirt which may enter the moving parts of the radio equipment, such as motors and blowers. The ideal preventive measure is to
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Figure 112. Switch Box SA-8357/G, operating control.

house the equipment in a dustproof shelter. Because such a building is seldom available and would require air conditioning, the next best thing is to make the building in which the equipment is housed as dustproof as possible with available materials.

b. Keep the equipment as free from dust as possible. Make frequent preventive maintenance checks (ch. 4). Pay particular attention to the lubrication of the equipment.



115. Operation Under Conditions of Jamming

When an operator recognizes that his receiver is being jammed, he will promptly inform his immediate superior officer. To provide maximum intelligibility of jammed signals, he will follow the operational procedures below:


	a. Vary the preselector INCR control very slightly for maximum IF. LEVEL meter reading. This step provides maximum signal on the desired frequency, and may provide some readthrough. |

	b. Request a change in frequency (channel) and call sign if the foregoing steps do not provide satisfactory communication.

	c. If jamming action is so thorough and complete that communication is impossible, report this fact to the immediate superior. Continue to operate unless specifically instructed to do otherwise. The enemy may not realize his jamming success and may move to another frequency.








CHAPTER 4 — ORGANIZATIONAL MAINTENANCE


ne eee eee eee rere SK Section |. TOOLS AND EQUIPMENT



116. Tools and Materials Required

The following tools and materials are not furnished as part of Radio Set AN/TRC-29 but are required for organizational maintenance:








	Quantity
	Description



	1|

1|
	Tool Equipment TE-41.

Tube Puller TL-201.

Special tools (par. 117).








b. Materials.


	(1) Orange stick.

	(2) Cheesecloth, bleached, lint-free.

	(3) Cleaning Compound (Federal stock No. 7930-395-9542).



(4) Sandpaper, flint, No. 000.



117. Special Tools Supplied With Radio Set AN/TRC—29

The following special tools (fig. 113) are supplied with each Radio Set AN/TRC-29.


	a. Transmitter alinement tool (in transmitter rack).

	b. Hexagonal socket wrench, No. 4 (in transmitter rack).

	c. Hexagonal socket wrench, No. 8 (in transmitter rack).

	d. Receiver alinement tool (in receiver rack).




	e. Hexagonal socket wrench, No. 4 (in receiver rack).

	f. Hexagonal socket wrench, No. 8 (in receiver rack).



[image: Figure, page 135]

Figure 118. Special tools supplied with Radio Set AN/TRC-29.



118. Special Tool Not Supplied

a. General. It is good practice to use a shorting stick to discharge capacitors before performing preventive maintenance or troubleshooting. When the power is turned off, the capacitors normally discharge to ground through bleeder resistors or voltage dividers. The discharge path may fail, however, causing the capacitors to remain charged. Contact with a charged capacitor may cause a severe shock; therefore, it is always advisable to discharge capacitors with a shorting stick.

b. How To Make a Shorting Stick. A shorting stick (fig. 114) can be made with materials usually on hand.


	(1) Get a hardwood dowel approximately 1% inch in diameter and 15 inches long.

	(2) Drill a 14-inch hole in one end of the dowel to a depth of 2 inches.

	(3) Press fit a 3-inch piece of copper or bus wire into the hole as far as it will go.

	(4) Solder one end of a 36-inch piece of No. 10 flexible standard wire to the bus wire as near to the dowel as possible.

	(5) Attach a battery clamp to the other end of the wire.

	(6) Apply several layers of friction tape over the soldered connection at the bus wire; leave about one-half inch of the bus wire bare.

	(7) Extend the tape down over the dowel for about 2 inches. |

	(8) Form an insulated handle for the shorting stick by winding two layers of rubber tape and two layers of friction tape around the other end of the dowel for about 6 inches.

	c. Use of Shorting Stick.

	(1) Connect the battery clamp to a known







	chassis ground as close to the capacitor as is convenient.

	(2) Hold the shorting stick by the insulated handle and touch the capacitor terminal with the exposed bus wire.



[image: Figure, page 136]

Figure 114. Shorting stick.



Section Il. PREVENTIVE MAINTENANCE SERVICES


119. Definition of Preventive Maintenance

Preventive maintenance is work performed on equipment to keep it in good working condition so that breakdown and interruptions in service will be kept to a minimum. Preventive maintenance differs from troubleshooting and repair in that its object is to prevent trouble from occurring.



120. General Preventive Maintenance Techniques ;

a. Use No. 000 sandpaper to remove corrosion.

6b. Use a clean, dry, lint-free cloth, such as cheesecloth, or a dry brush for cleaning all parts (including electrical contacts). If necessary, moisten the cloth or brush with cleaning compound; then wipe the parts dry with a cloth.

Caution: Prolonged breathing of cleaning compound fumes is dangerous. Make sure adequate ventilation is provided. Cleaning compound is inflammable; do not use near a flame.

c. For further information on general preventive maintenance techniques, refer to TB SIG 178.



121. Preventive Maintenance Procedures


	a. Preventive maintenance in this equipment should be performed at weekly and monthly intervals.

	b. Both weekly and monthly maintenance procedures are performed in the following two stages:

	(1) Following standard preventive maintenance forms.




	(2) Special preventive maintenance procedures.








122. Use of Preventive Maintenance Forms


	a. DA Form 11-238 (fig. 115) and DA Form 11-239 (fig. 116) are to be used as preventive maintenance check lists as directed by the commander. Instructions for the use of each form appear on the reverse side of the form.

	b. Items that are not lined out on figures 115 and 116 are applicable to Radio Set AN/TRC-29. References in the ITEM column are to paragraphs that contain additional detailed information.

	c. To perform preventive maintenance, it is necessary to interrupt service for 15 minutes for weekly preventive maintenance and 1 hour for monthly preventive maintenance.

	d. Because service must be interrupted for preventive maintenance, prepare a carefully planned schedule in which the date and time are indicated ; make sure that the scheduled preventive maintenance is performed at the designated time. Maintenance should be scheduled during hours when traffic is normally light, whenever possible.





123. Special Preventive Maintenance

a. General. The basis for special preventive maintenance of this equipment is the observa tion and recording of all meter readings. These meter readings are taken and recorded in accordance with the meter reading chart made up during installation (par. 99).


	b. Rate of Meter Reading Change. Many meter readings are expected to change as the tubes age. Generally, a relatively large change in meter reading is noted immediately after a new tube is inserted in the circuit associated with the meter reading. After a week or two, the meter reading for normal tube operation changes very gradually and constantly for a long period of time. Before the tube becomes completely defective, the rate of meter reading change increases. The tube should then be changed. Paragraph 1246 indicates how the meter reading plus meter reading rate of change is used in preventive maintenance of this equipment.

	c. Use of Spare Equipment. At most installations, there is a spare Radio Set AN/TRC-29 that has the following preventive maintenance uses:

	(1) The spare set is used in place of the principal set which, on the basis of meter readings, is likely to fail. The questionable set now becomes the spare, and corrective maintenance can be performed on it without interrupting service.




	(2) The spare set is placed in operation in rotation with the other set; this keeps all sets in good working condition.








124. Performing Weekly Maintenance

Caution: Tighten screws, bolts, and nuts carefully. Fittings tightened beyond the pressure for which they are designed will be damaged or broken.


	a. Using DA Form 11-238 (fig. 115), perform the following weekly preventive maintenance:

	(1) Check for completeness and general condition of the set. Inspect the ex- . terior and front panels of each component for dust or foreign matter; remove with dry, clean cloth moistened with cleaning compound.




	(2) Remove dirt and moisture from antenna, jacks, and handsets.




	(3) Check all ground connections. Keep
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	connections clean and tight. Check all mountings, screws, nuts, bolts, and connections for looseness. Check to see that tube clamps are in good condition.

	(4) Inspect cases, mountings, antenna assemblies, towers, and exposed metal surfaces for rust and corrosion. Remove with a dry, clean cloth moistened with cleaning compound, and wipe with a dry cloth.

	(5) Inspect cables for poor insulation, especially at connecting points. Look for improper connections which strain wires or connectors.

	(6) Inspect meters and indicator-lamp windows for damaged glass. Clean meter and indicator-lamp windows.

	(7) Inspect station shelter for adequate weatherproofing.

	(8) Inspect the antenna guy wires for looseness and proper tension. Check bolts that hold the antenna in place.

	b. Special Maintenance Procedure. Perform weekly special preventive maintenance as follows:

	(1) Note and record the LINE VOLTS meter reading on the radio transmitter. If it is not within 4 volts of 115 volts, adjust the INCREASE OUT-PUT control on the autotransformer for a reading as close to 115 volts as possible.




	(2) The wavemeter in both the radio transmitter and the radio receiver should be adjusted for a peak meter reading; the meter reading and the setting obtained after adjustment should be recorded. The VARIABLE AUTOTRANSFORMER knob on the high-voltage power supply should be adjusted for a PA CATH CUR. (radio transmitter) meter reading of 100.







	(3) Note and record all the meter readings on the operating equipment, including the IF. LEVEL meter reading with the IF. LEVEL control maximum clockwise. This latter reading may be off scale. After noting this reading, readjust the IF. LEVEL control as described in paragraph 91le and f.

	(4) On the spare set, place the INPUT POWER BREAKER switches (highvoltage power supply) in the ON positions and allow the equipment to warm up for about 15 minutes. Note and record all meter readings on the spare equipment. The IF. LEVEL meter reading, which is with no signal input, should be recorded on the meter reading chart.

	(5) Determine the rate of change of each meter reading, which is the previous meter reading minus the present meter reading. Subtract the rate of change value from the meter reading. This is the anticipated meter reading for next week. For example, assume that the previous meter reading is 83 and the present reading is 80. The rate of change is 83 minus 80, or 3. The anticipated meter reading is 80 minus 3, or (be

	(6) If the anticipated meter reading is below the minimum specified in the chart below, corrective maintenance should be performed on the equipment. Refer to paragraph 132 for corrective maintenance. The spare set (when its meter readings are all within the specified limits) should be used in place of any set that requires corrective maintenance. See paragraph 108 for procedure on substituting a spare set for an operating set.












	
	
	Meter reading chart
	



	Meter
	Switch position
	Special conditions
	Limits




	abe

Radio transmitter:

oe

te

1, Ue

DagO

J Na opla e

9

AP
	AKC LST, MULT GRED eee

AE CeM UX R

eee

teens

A. KLYSTRON POWER OUT|
	ee aera

INO ne

ae ae ee ee

ee

=

None tt kc uicee. oon See eee

eee ee

Note reading obtained at installation|
	40 minimum.

28 minimum.

60% of installation reading.







Meter reading chart


	(7) If all the operating and spare equip- ing. It should be greater than 125; ments provide proper meter readings, the spare set should be substituted for an operating equipment on a rotation basis. The procedure for connecting the spare set in place of an operating set is given in paragraph 108.

	(8) After the spare set is connected as an operating equipment, adjust the PLATE TUNING control for maximum PA PLATE TUNING meter reading. Check the IF. LEVEL meter reading with the IF. LEVEL control fully clockwise and record this read-




	then readjust the IF. LEVEL control as described in paragraph 91e and f.

	(9) Readjust the INCREASE OUTPUT control on all autotransformers (par. 101) for the reading obtained in (1) above.

	(10) On the radio set now being used as a spare, place the INPUT POWER BREAKER switch in the off position.

	(11) Before leaving the station, ring out and call both the east and west terminals; check both handsets in the process.




	mission Line Assembly CG-1013/U (figs. 78 c. Maintenance of Radio Frequency Transe and 74).

	(1) Check to see that the transmission line is taut and that the power cables and rf cables are taped securely to prevent wind whipping.




	Check all cable assemblies for cracked, cut, or frayed insulation.




	Check all electrical connections for tightness.






Caution: Be sure that the de-icing transformer assembly ac line switch is in the OFF position. The de-icing connections may be inspected without shutting down the radio station.

(4) During preventive maintenance periods on the radio equipment, check the rf connectors for corrosion and looseness; check the launching units for dents, cracks, corrosion and water leakage, dirt, and insects; check the connection between the transmission line and the launching unit.

Caution: When performing a maintenance check on the upper launching unit, be sure that the nylon rope assembly is attached securely to the housing at all times to prevent the cone and shield of the upper launching unit from sliding down the transmission line.


	(5) Condensation of moisture inside the launching units may occur, but its pattern is distinguishable from that of water resulting from leakage. Drain holes permitting drainage from the cone are provided in the fire hose connector. Keep the fire hose connection clear of dirt so that water can drain out.

	(6) The launching unit housing is a factory sealed unit and should not give trouble in the field. If trouble is suspected, substitute a launching unit known to be good and note any difference in the received signal level for the transmission path. Defective launching unit housings may be serviced at depot levels having a kit of connector replacement parts available.





125. Performing Monthly Maintenance

Caution: Disconnect all power from the radio set before performing the following operations. Upon completion, reconnect power and check for satisfactory operation of the set.


	a. Use of Standard Preventive Maintenance Forms. Using DA Form 11-2389 (fig. 116) perform the following monthly preventive maintenance:

	(1) Check tubes, tube sockets, and tube shields.




	(2) Check capacitor cases for leakage, bulges, and discoloration. Replace leaky capacitors.






Caution: Some capacitors, especially those in power supply and voltage regulator circuits, may have a highly dangerous charge, even after power has been turned off. Use a shorting stick to short the terminals to the chassis.


	(8) Check circuit-breaker assemblies for loose mountings, insufficient spring tension, and binding of plungers or hinge parts. Replace defective assemblies.

	Inspect resistors for blistering, discoloring, and loose connections. Check tightness of terminals and mountings. Clean dirty connections or terminals with a cloth or brush dipped in cleaning compound. If a resistor is blistered or discolored, equipment may be operating under overload. The resistor should be replaced after cause of overload is determined. (4 —



Caution: Some resistors become discolored because of moistureproofing and fungiproofing treatment. Do not change these resistors.

(5) Inspect capacitors for corrosion of cases and terminals, and also for loose connections. Check to see that mounting brackets and clamps are firmly secured to chassis, and that all capacitors are held firmly in place. Examine all leads for poor insulation, cracks, and frayed strands. If a wire is exposed, use friction tape to cover it. Use dry cloth to clean the case and any connections that are dirty or corroded.

Caution: Some capacitors, especial-
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	ly large electrolytics, may have a highly dangerous charge after power has been turned off. Use a shorting stick to short terminals to the case.

	(6) Where possible, check switches for accumulation of dirt, corrosion, or grease. Check for loose contacts and unsatisfactory mechanical action. Frequently, the elements of a switch may be examined visually. To test the action of switches, rotate a control knob or press a button, and note the freedom of movement and amount of spring tension. Always note the original position of a control being tested, and restore it to the original position after testing. Inspect the ganged switches to see if contacts are clean. Do not pry the contacts of the switches apart. A rotary member should make contact with a stationary member and, as the former slides into the latter, a spreading of contacts should be noticeable. Clean the exterior surfaces of switches with a stiff brush moistened with cleaning compound; then polish with dry cloth. Clean, burnish, and adjust wafter-type switches.

	(7) Check terminal boards for loose connections, breakage, dust, dirt, and grease. Tighten loose mounting screws, lugs, and mounting bolts. Clean terminal boards with a dry brush. When necessary, use a cloth moistened with cleaning compound. If solvent is used, the terminal board must be cleaned thoroughly. Be careful when tightening screws. Do not exert much pressure because the terminal board may crack.

	(8) Check locknuts on all screwdriver adjustment controls to make sure they are tight. If any are found to be loose, tighten and check the control for correct adjustment (by noting associated meter reading on meter reading chart). Use a hexagonal wrench to tighten the locknut. When tightening the locknut, check to make sure that the setting of the control has not slipped during the locking procedure.




	(9) Inspect transformers and filters for general cleanliness, tightness of connections, and evidences of overheating or leaking of potting compound. Potting compound found on the outside of transformer ordinarily indicates overheating and probably a damaged part. Check the associated circuits carefully for cause of overheating, such as shorts or excessive current. Tighten loose connections and mounting screws. Clean transformers and filters with a dry cloth. Examine glass seals for evidences of cracks or breakage. Transformers are hermetically sealed; if glass seals are broken, operation of transformers may be seriously impaired.

	b. Special Maintenance Procedure. Perform special monthly maintenance as follows:

	(1) Note and record the LINE VOLTS meter reading on the radio transmitter.




	(2) Retune the transmitter and receiver of all sets in the following sequence:

	(a) Transmitter crystal multiplier chain (par. 76).




	(b) Transmitter klystron and power amplifier (par. 77).




	(c) Ordez-wire transmitter (par. 78).




	(d) Receiver crystal multiplier chain (par. 80).




	(e) Local oscillator (par. 838).




	(f) Order-wire receiver (par. 84).







	(3) Readjust the operating sets.on a single-hop basis as follows:

	(a) Orient the antennas (par. 90).




	(>) Perform the fine tuning of the pre selector (par. 91).







	(4) Perform all steps indicated for weekly preventive maintenance (par. 124a).




	Repeat (3) (0) above for equipment now placed into operation.




	Adjust equipment on a system basis as follows:

	(a) Adjust video levels (par. 97).




	(b) Measure the system signal-to-noise ratio (par. 100).












Section Ill. LUBRICATION AND WEATHERPROOFING (


	plained in TB SIG 75. a. The motor bearings on the klystron drive motor should be lubricated at least once every 6 months and more frequently when operating in tropical or desert areas.

	b. To lubricate the bearings, apply 4 drops of Oil, General Purpose, Low Temperature Lubricating per MIL—L-7870A to the two red holes on the top of the motor (fig. 117).




127. Weatherproofing


	a. General. Signal Corps equipment, when ts LUBRICATION operated in tropical, arctic, or desert regions, aout POINTS requires special treatment and maintenance. ro Fungus growth, insects, dust, corrosion, salt spray, excessive moisture, and extreme temperatures are harmful to most materials.

	b. Tropical Maintenance. A special moistureproofing and fungiproofing treatment has been devised which, if properly applied, provides a reasonable degree of protection. This treatment is explained in TB SIG 13 and TB SIG 72. The equipment is given the moistureproofing and fungiproofing treatment at the factory and it is necessary to apply the treatment only when parts are replaced or repaired. Bee MOTOR DRIVE __ ant

	c. Winter Maintenance. Special precautions | Be Oe ee necessary to prevent poor performance or total operational failure of equipment in extremely low temperatures are explained in TB SIG 66 and TB SIG 219.

	subject to extremely high temperatures, low Figure 117. Klystron drive motor lubrication points.



126. Lubrication Instructions humidity, and excessive sand and dust are ex-

[image: Figure, page 145]




Section IV. TROUBLESHOOTING AT ORGANIZATIONAL MAINTENANCE LEVEL

a. General. Radio Set AN/TRC-29 has the @ used. following built-in test facilities: METER A and b. Test Equipment. METER B in the radio transmitter, METER A ~~ : . and METER B in the radio receiver, PEAK SLE, cs oa erisd dense tol eae VTVM meter, LINE VOLTS meter, and meters on the order-wire receiver and order-wire transmitter. The additional test equipment recommended is listed in b below. If these test instru-

128. Test Equipment Recommended for Or- ments are not available, other types that have ganizational Maintenance equal accuracy and similar characteristics may




	jpeg
	re tek 2 Multimeter TS-352/U.



	pM et AS oft «Cnet
	Electron Tube Test Set TV-7/U.






129. Radio Set AN/TRC—29 Trouble Localization


	(1) The procedure for localizing trouble to a station will, generally, also locate trouble in the receiver or transmitter. However, if this information is not available, use the procedure given in this chapter to find the defective equipment at a station.

	(2) The scope of the procedures outlined in this chapter is limited to a failure of one of the following major equipments (or the components thereof) at the station:

	(a) Primary power equipment.




	(b) Transmitter equipment.




	(c) Receiver equipment.




	(d) Antenna equipment.




	(3) The localization procedure is as follows:

	(a) Localize the trouble to one of the major equipments.




	(b) Replace the faulty AN/TRC-29 with the spare AN/TRC-29.




	(c) With the faulty equipment out of the traffic circuit, further localize the trouble to a component in one of the major equipments. Follow the procedures given in b through f below, and in the equipment performance check-list (par. 132).




	b. Major Equipments. Several simple deductions can be made to determine quickly which major equipment (primary power, transmitter, receiver, or antenna) is at fault. The following indications will point to a failure in the major equipment under which they are listed :

	(1) Primary power equipment.

	(a) All front panel pilot lights off.




	(6b) LINE VOLTS meter on transmitter front panel reading zero.




	(c) INPUT POWER BREAKER circuit breakers on rear subpanel of the transmitter, high-voltage power supply in ON position.







	(2) Transmitter equipment.




	(a) TRANSMITTER OPERATING light on front panel of Radio Transmitter T-303/G not lighted. ) (6) AFC CORRECTION+ or AFC

	







	CORRECTION— reading on ME-TER A indicating more than 5.

	(c) Frequency, as indicated on WAVE-METER, more than 1.0 me difference from last logged reading.

	(3) Receiver equipment.

	(a) Alarm buzzer sounding in Order-Wire Receiver R—543/TRC~-29.






Note. If the receiver equipment has failed, this alarm will sound. However, it will also sound if the antenna is defective. Therefore, consider the possibility of either receiver or antenna failure when the audible alarm is heard.


	(b) Inability to call out from a station on an order-wire channel.

	(4) Antenna equipment. Audible alarm in order-wire receiver is heard. Refer to the note in (3) (a) above.

	c. Component Within Primary Power Equip-

	(1) Check the 115V or 230V circuit breaker of the autotransformer, whichever source is being used.

	(a) If it is turned on, proceed to (2) below.




	(b) If it is turned off, a short may exist in the autotransformer or in the cables between the autotransformer and the radio equipment or in the switchbox. Disconnect the input cable to the autotransformer and check the autotransformer, cables, and switchbox for a short circuit.







	(2) Check the ac voltage at the OUTPUT VOLTAGE TEST jacks on the autotransformer.

	(a) If correct voltage (nominally 115 volts ac is obtained, proceed to (3) below.




	(6) If no voltage is obtained, check the voltage at the source. If the source voltage is correct, disconnect cable CX-2442/U (10 ft) from the source and the input of the autotransformer, and check the cable for continuity.







	(3) Disconnect the output cable of Switch Box SA-357/G at the 115/230V OUT-PUT receptacle, and check the voltage between pins D and E on the connector.

	(a) If the correct voltage (nominally










	115 volts) is obtained, check cable CX-2440/U (150 ft), between the switchbox and radio equipment, for continuity.

	(b) If no voltage is obtained, disconnect cable CX-—2440/U (15 ft) from the 4 KVA MAX LOAD 115V OUT-PUT connector on the autotransformer, and check the cable and switchbox for continuity.

	d. Component Within Transmitting Equipment. The transmitting equipment contains four components: Power Supply PP-764/G, Power Supply PP-689/G, Radio Transmitter T-303/G, and Order-Wire Transmitter T-389/- TRC-29. These components can be checked as follows:

	(1) Power Supply PP-764/G. This power supply can be assumed to be operating properly if the following radio transmitter meter readings are obtained:

	(a) In REFL V position, METER A reads between 70 and 100 (item 25, par. 182a).




	(b) In BEAM V position, METER A reads between 97 and 103 (item 15, par. 132a).




	(c) In PA PLATE V position, METER B reads between 50 and 90 (item 29, par. 132a).







	(2) Power Supply PP-689/G. This power supply can be assumed to be operating properly if the following radio transmitter meter readings and measured voltage are obtained:

	(a) In +300 V position, METER B reads between 95 and 105 (item 13, par. 132a).




	(6) In +250V position, METER B reads between 95 and 105 (item 12, par. 132a). —~




	(c) In+-150V position, METER B reads between 95 and 105 (item 11, par. 132a).




	(d) In —150V position, METER B reads between 95 and 105 (item 9, par. 132a).




	(e) With the multimeter, measure the voltage between terminal 6 of TB2 in the power supply and ground. A reading of +-42 +5 volts should be obtained (item 138A, par. 132a).










	(3) Radio Transmitter T-303/G. Generally, a failure in the radio transmitter is shown by the TRANSMITTER OP-ERATING lamp being off and by one or more improper meter readings. Therefore, the first step in localizing trouble to the radio transmitter is to check its meter readings by procedure outlined in paragraph 132a. If the only indication of transmitter equipment failure is that the TRANSMITTER OPERATING lamp is off, the trouble may be in either the radio transmitter or the order-wire transmitter. To localize the trouble between these two units, proceed as follows:

	(a) Turn on the transmitter equipment and check the reading CARR LIM GRID on the order-wire transmitter meter. If the reading is between 80 and 120, the trouble is still indefinite; proceed to (b) below. If no reading is obtained, or the reading is outside the normal limits, the trouble is in the order-wire transmitter.




	(b) Disconnect Cord CG—409C/U (2 ft 6 in.) from the ORDER WIRE CARRIER OUTPUT receptacle, on the rear of the order-wire transmitter.




	(c) Disconnect Cord CG-409C/U (1 ft 7 in.) from the VIDEO INPUT FROM REC receptacle, on the rear of the order-wire receiver.




	(d) Connect a spare Cord CG—409C/U (25 ft) between the ORDER WIRE CARRIER OUTPUT, on the orderwire transmitter, and the VIDEO INPUT FROM REC on the orderwire receiver.




	(e) Turn on the receiver equipment and wait 1 minute for the equipment to warm up. The alarm buzzer should sound until the equipment has warmed up.




	(f) If, after 1 minute, the alarm buzzer in the order-wire receiver still sounds, the trouble is in the orderwire transmitter.




	(4) Order Wire Transmitter T-389/ TRC-29. Trouble in the order-wire



transmitter has been localized as instructed in (3) above.


	e. Component Within Receiving System. The receiving equipment contains three components: Power Supply PP-690/G, Radio Receiver R-418/G, and Order-Wire Receiver R-—543/ TRC-29. A checking procedure for these components is given below.

	(1) Power Supply PP-690/G. This power supply can be assumed to be operating properly if the following radio receiver meter readings and measured voltages are obtained:

	(a) In BEAM V position, METER A reads between 90 and 100 (item 11, par. 132b).




	(b) In +250V position, METER B reads between 95 and 110 (item 8, par. 132b).




	(c) In +150V position, METER B reads between 95 and 110 (item 9, par. 132b).




	(d) With the multimeter, measure the voltage between-terminal 4, TB3, and ground. A reading of +42 +5 volts should be obtained (item 9A, Dar. 132) ).




	(e) With the multimeter, measure the voltage between terminal 7, TB3, and ground. A reading of —625 +10 volts should be obtained (item 9C, par. 1320).




	(f) With the multimeter, measure the voltage between terminal 6, TB3, and ground. A reading of —475 +8 volts should be obtained (item 9B, par. 132b).







	(2) Radio Receiver R-418/G. Generally, a failure in the radio receiver is indicated by the sounding of the alarm buzzer and by one or more improper meter readings. To localize trouble to either the radio receiver or the orderwire receiver, follow the procedure outlined in the receiver equipment checklist (par. 182b).




	(3) Order Wire Receiver R-543/TRC-29. Trouble in the order-wire receiver has been localized as instructed in (2) above.




	f. Components Within Antenna System.






Check for a faulty antenna system and take the necessary indicated corrective measures.



130. Troubleshooting Radio Frequency Transmission Line Assembly CG-1013/U

Open or short circuits, or bad connections are the only sources of equipment failure likely to occur in this equipment. Check all electrical connections for tightness and check all cable assemblies for possible open or short circuits.


	a. No Rf Output. Lack of rf output usually is caused by a short or an open circuit in the rf components of the surface-wave transmission line. Check the rf cable assemblies for open and short circuits. Use an ohmmeter for making continuity checks, and use a megohmmeter for insulation tests. Multimeter TS—352/U may be used for these checks. Check the connector assembly and connecting rods for grounds.

	b. No Heating Current. Lack of heating current usually is caused by an open circuit in the power cable assemblies, a blown fuse,-or a defective de-icing transformer. Check the fuse on the de-icing transformer front panel. Check the power cable assemblies for open circuits and check all electrical connections for looseness and corrosion. Check the ac voltage output of the de-icing transformer. If there is no output, check the de-icing transformer for an open circuit. If an output is present, but the ammeter shows no reading, check the secondary of the current transformer and the ammeter for open circuits.

	c. Low or Unstable Heating Current. Low or unstable heating current usually is caused by a loose connection. Check all electrical connections for looseness or corrosion.

	d. Hxcessive Condensation Inside Launching Unit. Check the heating unit in the large end of the cone for a break in the Nichrome ring.





131. Troubleshooting by Using Equipment Performance Checklist


	a. General. This paragraph contains the purpose and use of the equipment performance checklist (par. 182). It includes procedures that should be followed and tests that must be performed to use this table properly.

	b. Purpose and Use.

	(1) Purpose. The equipment performance checklist (par. 1382) aids the operator










	in locating trouble in the equipment.

	(2) When checklist is used. The equipment performance checklist is used whenever equipment has failed or when meter readings are obtained, in preventive maintenance procedures, that fall beyond the specified limits.

	(3) How checklist is used. The equipment performance checklist gives the items to be checked, the conditions under which each item is checked, the normal indications, and the tolerances of correct operations, any other conditions that may affect the normal reading, corrective measures that the operator may take, and any other measures that may be required to place equipment into operation. The use of each column in this checklist is described in (a) through (f) below.

	(a) Item No. column. To use this list, follow the items in the numerical sequence that are indicated in the Item No. column.




	(0) Item action, or condition column. For some items, the information given in this column consists of various switch and control settings under which the item or meter reading is to be checked. For other items, it represents an action that must be taken to check the normal indication given in the normal indications column.




	(c) Normal indications column. The normal indications that are listed include the visible and audible signs that the operator should obtain when checking the items. If the indications are not normal, under the conditions listed in the other conditions column (when applicable), the operator should apply the recommended corrective measures.




	(d) Other conditions column. For some items, the normal indication that is obtained is a function of certain other conditions, as listed in other conditions column.




	Corrective measures column. The corrective measures that are listed are those that the operator can







	make without turning in the equipment for repairs. A reference in the table to chapter 7 shows that troubleshooting by an experienced repairman is necessary. Observe the precautions and procedures outlined in c below when making these corrective measures.

	(f) Other measures column. After the trouble has been corrected, perform any measures listed in the other measures column.

	c. Procedures and Precautions. The following procedures and precautions should be observed when using this checklist:

	(1) If possible, work should be performed on the equipment while it is being used as a spare set so that communications are not interrupted.




	(2) When there are several meter readings or indications that require corrective actions, follow the sequence indicated by the item number in the first column of the table.




	(3) Corrective measures for each meter reading or indication should be performed one at a time and the meter reading observed each time, in the sequence indicated (left to right, top to bottom) in the table. If a proper meter reading is obtained at any point, no further corrective measures should be taken except those indicated in the other measures column.




	(4) Generally, the equipment performance checklist will be used by both organizational and field maintenance personnel to localize a defective stage or series of stages. For organizational personnel, maintenance in a stage involves checking and replacement of all removable items, usually just tubes. If the trouble cannot be remedied by organizational personnel, the stage should then be checked by field maintenance personnel who can check and replace, if necessary, all components in the stage following the procedures outlined in chapter 7.




	(5) When a number of stages are to be checked, use the following procedure:

	(a) Check the tubes, one at a time, in









the tube tester, and replace the tubes that are found to be defective (par. 133). Return to the sockets from which they were removed the tubes that are found to be good.


	(b) Follow any special procedures that are indicated in the checklist.

	(6) After a trouble is corrected, the cor rective action that is taken should be listed in the remarks column of the meter reading chart (par. 99). List a new meter reading in the reading obtained at installation or after corrective maintenance column of this chart.

	(7) If a trouble has not been corrected after performing the operations given in this table, refer to chapter 7 for further corrective maintenance procedures. Generally, the following types of trouble are not corrected by this table:

	(a) Trouble caused by an element that cannot be easily removed.




	(b) Replacement of any discriminator circuit components (special test equipment is required for servicing these stages).




	(c) Alinement of any of the if. amplifiers (special test equipment is required).




	(d) Meter circuits (in some cases, spe cial test equipment is required to determine whether the fault is due to the equipment or the metering circuit).






d. Special Test When IF. LEVEL Meter Reading is Low.

(1) General. If the IF. LEVEL meter reading is low, the cause of trouble may be due to low transmitter output at a previous station, trouble in the antenna components, an extremely deep fade, or trouble in the receiver input circuits. When substitution of the spare set corrects the meter reading, the trouble is in the radio receiver. If the same meter reading is obtained after substitution, check the meter again after 45 minutes. If the meter reading is still low, the trouble is probably in either the previous radio transmitter or the antenna system. Check the transmitter as described in the equipment performance checklist (par. 182). Check the antenna system.


	(2) Special test and check of if. amplified. When the receiver is at fault, the trouble must still be localized between the preselector and the if. amplifier. (It is assumed that the local oscillator is operating properly, as determined by the proper WAVEMETER setting and the IF. MIXER reading.) To localize the trouble between these two units, proceed as follows:

	(a) Place the POWER switches in both the receiver and the transmitter in the ON position: Allow a 15-minute warmup period.




	(b) Connect the 20-db Radio Frequency Cable RG-—21A/U, which is stored on the rear protective cover of the radio transmitter, to the receiver rf cable. This cable provides the preselector primary with a 50-ohm termination.




	(c) Place the righthand meter selector switch of the radio receiver to the IF. MIXER position.




	(d) Adjust the preselector carriage TUNING control clockwise (increasing cavity resonant frequency), and note the meter reading. At some point, the meter reading should drop sharply as the preselector becomes tuned to the local oscillator frequency. If it does, the preselector is operative. Otherwise, the trouble is in the preselector and it must be replaced (ch. 7).




	(e) Disconnect the 20-db cable and connect the receiver rf cable to the RF INPUT jack on back of the radio receiver.




	(f) Connect the 3-foot Radio Frequency Cable RG-9B/U between the RF TEST OUTPUT jack on back of the radio transmitter and the ANT. jack on back of the radio receiver.




	(g) Retune the local oscillator to a frequency 120 mc above that of the transmitter in operation, according







	to the procedure outlined in paragraph 81.

	(h) Tune the preselector to this new carrier frequency as follows:

	re Place the METER A selector switch in the radio receiver in the IF. LEVEL position.




	Adjust the preselector carriage TUNING control for a maximum meter reading.




	Detune the preselector primary cavity by moving the shorting plunger to its upper position.




	Adjust the preselector carriage TUNING control for a maximum meter reading.




	Drop the primary shorting plunger to its lower position, and place the secondary shorting plunger in its upper position.




	Adjust the vernier tuning screw under the primary cavity for a maximum meter reading. Drop the secondary plunger to its lower position.




	73 Repeat the steps in 3 through 6 above.




	(z) Place the left hand meter selector switch in the IF. LEVEL position.

	(7) Turn the IF. LEVEL control fully clockwise.

	(x) Remove the first IF. preamplfier, VI. Check it in a tube tester. If it is defective, replace it with a new tube and note the change in the meter reading.

	(1) Repeat the step in (k) above for tubes V2 through V12 (all tubes in




	the if. preamplifier and if. amplifier). Note the IF. LEVEL meter reading.

	(m) When an IF. LEVEL meter reading above 125 is not obtained, refer to chapter 7.

	Disconnect the cable from the radio transmitter to the receiver ANT. jack. (7)

	Tune the preselector to the operating carrier frequency (par. 82). (0)

	Tune the local oscillator to its operating frequency (par. 83). (p)

	During the next preventive maintenance period, connect this equipment to the antenna and retune the preselector (par. 91). Compare the IF. LEVEL meter reading that is obtained on this unit with the reading obtained on the operating equipment. If it compares, the trouble has been repaired. Otherwise, it may be necessary to realine the if. amplifier. Refer to chapter 7 for this procedure. (q)





132. Equipment Performance Checklists

a. Transmitter Equipment Performance Checklist. Before proceeding with the chart given below, place the following power switches in the OFF position: FIL and PLATE in the order-wire transmitter; POWER in the radio transmitter; and HV FILAMENT, BIAS V —150V, LV PLATE, KLYSTRON HV, and PA PLATE in the high-voltage power supply. Be sure that all the interlock switches are closed and that all other controls are set as indicated in paragraph 95. Figures 118 through 135 show tube locations.












	
	Item, action,

or condition
	Normal indication
	Other condition
	Corrective measures
	Other measures




	
	
	Check to see that connec

tions are proper and se

cure (par. 55 through

63).
	
	
	



	
	2 | Protective covers

on racks.
	All covers are securely in

interlock

and

place

switches are closed.
	
	
	



	3h
	Controlperete. 2:

PREPARATORY
	Set to proper position

(par. 95), except power

switches noted above.
	
	
	
















	Item

No.
	Item, action,

or condition
	Normal indication
	Other condition
	Corrective measures
	Other measures




	val

mS

4|

o

Z

2

<

A,

je}

a

ax
	meter on radio

transmitter.
	LINE VOLTS | Between 103.5 and 126.5-|
	INPUT

BREAKERS

in

ON position.

If

either or both cir-

cuit breakers are

OFF, reset them.
	POWER | If circuit breakers stay in

ON position, check CB1

and CB2 in high-voltage

supply and primary pow-

(par. 129).

er lines

If

circuit breakers

keep

opening, refer to chapter

Le
	
















	Aaa
	peer Bee,
	Normal indication
	Other condition
	Corrective measures
	Other measures




	
	5 | Place

switch in ON

position.
	POWER | POWER ON lamp in

power

high-voltage

supply should go on.

All filaments in radio

transmitter, plus V11

filament in high-volt

power

supply,

age

should go on.
	Circuit

stays in ON pos-

If it keeps

ition.

opening, refer to

chapter 7
	breaker | Check CBI in radio trans

mitter, and I 1 in high

voltage power supply.
	



	Ee

2

ie

eS
	MENT switch

in ON position.
	6 | Place HV FILA- | Filaments in high-voltage | Circuit

supply should go on.
	should

stay

in

ON position.
	breaker | If circuit breaker keeps

opening, remove and re

place (one at a time) all

tubes, except V11, from

high-voltage supply.

Re

set circuit breaker to ON

position each time a tube

is removed and replaced,

until circuit breaker stays

on or all tubes have been

removed.

If removal of

one tube corrects trouble,

replace that tube with a

new one.

If circuit breaker stays on,

but

do

filaments

not,
	



	
	7 | Place LV FILA

MENT switch

in ON position.
	FIL ON lamp and all fil

aments in low-voltage

power supply should go

on.
	breaker

Circuit

stays in ON posi

tion.
	light, check CB3.

If circuit breaker keeps

opening, remove tubes in

low-voltage power sup

ply; one at a time; follow

the procedure outlined in

item 6 above.

If circuit breaker stays in

ON position, check CB4

in high-voltage power sup

ply and I 1 in low-voltage
	



	
	8 | Place FIL switch

in order-wire

transmitter in

ON position.
	Filaments

in order-wire

transmitter should go

on.
	breaker

Circuit

stays in ON posi

tion.
	power supply.

If circuit breaker keeps

remove

throwing,

tubes

in order-wire transmitter,

one at a time; following

procedure outlined in

item 6.

If circuit breaker stays in |

ON position, check CB2

in order-wire transmitter.
	
















	Item

No.
	Item, action,

or condition
	Normal indication
	Other condition
	Corrective measures
	




	9|
	BIAS V

Place

—150V switch

in high-voltage

power

supply

in ON position.

10 | Place LV PLATE

switch in high

voltage power

supply in ON
	—150V setting on ME

TER B in radio trans

mitter should read be

tween 95 and 105 after

a warm-up of about 15

minutes.

LV PLATE ON lamp in

low-voltage power sup

ply should light.
	breaker

Circuit

stays in ON posi

tion.
	Check stages V16 and V15

in low-voltage power sup

ply, and relays K1 and

K2 in high-voltage power

supply.

If circuit breaker keeps

throwing, refer to chapter

re
	



	
	position.
	
	
	If circuit breaker stays in

ON position, check I 2 in

low-voltage power supply

and CB6 in high-voltage

power supply.
	



	START
	11 | +150V

switch

setting on radio

transmitter

(METER B).
	ees ae

Cotton Oot

oe ea
	Adjust

+150V

ADJ. contro] in

low-voltage pow

supply

from

er

one extreme posi

tion to the other.

If meter reading

variesoverarange

of at least plus

and minus 5 divi

readjust

sions,

control for read

ing obtained dur

ing

installation

(par. 99). Other

wise perform cor

rective measures

indicated in next

column.
	Check

V13,

Vil,

stages

V10, V4, V5, and V6 in

power

low-voltage

sup

ply (+150-volt supply).
	+150V

Adjust

ADJ.

control

for reading ob

during

tained

installation.

Refer to chap

ter 7 if reading

is not known.



	
	12 | +250V

switch

setting onradio

transmitter

(METER B).
	GS tO 1 oe sie retin = Cees le
	Same as item

11,

+250V

with

ADJ. contro] in

low-voltage pow

er supply.
	Check V9, V7, and V8 in

power

low-voltage

sup

ply (+250-volt supply).
	Adjust

-+250V

ADJ.

control

for reading ob

during

tained

installation.

Refer to chap

7 if this

ter

reading is not

known.



	
	13 | +3800V

switch

setting on radio

transmitter

(METER B).
	eset.

2a amas

95 to. Oda
	Same as item

11,

+300V

with

ADJ. control in

low-voltage pow

er supply.
	Check stages V3, V2, and

V1 in low-voltage power

supply

(+300-volt sup

ply).
	+300V

Adjust

ADJ.

control

for reading ob

during

tained

installation.

Refer to chap

7 if this

ter

reading is not



	
	13A | Measure voltage

between termi

nal 6, TB2, and

ground in low

voltage power

supply.
	"F SaI MOVER, Oh wine bois Neal:
	eee An

ae
	Check stage V14
	known.

















	
	Item

No.
	|

Item, action,

or condition
	ee

Normal indication
	Other condition
	Corrective measures
	Other measures




	
	—|————_— | ———

14|
	KLYS

Place

TRON

HV

switch on high

voltage power

supply in ON

position.
	ON lamp | Circuit

HV PLATE

and blower should go

on.
	breaker

should

stay

in

ON position and

blower

motor

should

operate.

blower

does

If

not operate, place

KLYSTRON HV

OFF

switch

in

position, and re
	SSSSSSSSSSSSSSSSSSSSSSFSSseF

If circuit breaker keeps

throwing refer to chapter

re

If circuit breaker stays in

ON position, check CB7,

and I2 in high-voltage

power supply.
	|



	
	START
	15 | BEAM V switch

setting on radio

transmitter

(METER B).
	97 to 103
	fer to chapter 7.

Same as item

11,

BEAM

V

with

ADJ.

high

in

§ power

voltage

supply.
	Check stages V7, V3, V5,

V2

V6,

V8,

V1,

and

(beam-voltage supply) in

high-voltage power sup

ply.
	Adjust BEAM V

ADJ.

control

for reading ob

during

tained

installation.

Refer. to chap

7 if this

ter

reading is not

known.



	
	
	16 | PlacePA PLATE

switch on high

voltage power

supply in ON

position.
	Circuit breaker stays in

ON position.
	
	Refer to chapter 7.
	



	
	
	17 | Place PLATE

switch

on

order-wire

transmitter

in ON position.
	+140V meter setting on

order-wire transmitter

should be between 90

and 110.
	breaker

Circuit

stays in ON posi

tion.

Same as item

11,

+140V

with

ADJ. control in

order-wire trans

mitter.
	If circuit breaker keeps

opening, follow procedure

outlined in item 8.

If circuit breaker stays in

ON position, check stages

V11, V10, and V9 (+140-

volt supply), CB1 in or

der-wire transmitter, and

CB8 in high-voltage pow

er supply.
	+140V

Adjust

ADJ.

contro

for reading ob

during

tained'

installation,

Refer to chap

7 if this

ter

reading is not

known.



	
	No.
	I

Item, action,

or condition
	|

Normal indication
	|

Other condition
	|

Corrective measures
	



	—— |
	|
	18 | AFC 1ST MULT

GRID

switch

setting on radio

transmitter
	
	
	Check stage V11

(crystal

multiplier chain).
	Retune

crystal

multiplier

chain (par. 76).



	
	
	(METER A).

MIXER

19 | AFC

switch setting

on radio trans

(ME

mitter
	ADOVE Oko

ae
	es tb OES he SE

ot aan da
	Check stage V12 (tripler).
	| Same as item 18.



	
	
	TER A).

20 | WAVEMETER

switch setting

radio

on
	geet

Above sO ses
	te WAVEMETER

adjusted

setting

for peak reading,
	Check

wavemeter

crystal

CR4.
	





meter reading transmitter and KLYSTRON (METER B). POWER OUT

PERFORMANCE EQUIPMENT normal (item 26).












	Item

No.

— |
	Item, action,

——$—_

or condition

] —_+
	Normal indication
	Other condition
	Corrective measures
	Other measures




	21
	WAVEMETER

setting.
	Less than 2.0 mc differ

ence from setting ob

tained during installa

tion. (Refer to chart for

wavemeter

calibra

tion).
	AFC

CORREC

TION+

and

CORRECTION —

reading

average

0 +5 (item 22),

LIM

and

18ST

GRID (item 23)

reading obtained.
	Refer to chapter 7.
	



	22
	AFC CORREC

TION+

and

CORREC

TION — switch

settings on ra

dio transmitter

(METER A).
	Average of two readings

not exceed five.

should
	Frequency

by

off

more than 2 mc

as noted in item

21, and average

reading over 15.
	Check relay K1, stages V23,

V24, V25, and V26 (chop

and afc

per amplifier),

motor

system

in radio

transmitter.
	



	23
	1ST LIM GRID

switch setting

on radio trans

(ME

mitter

TER A).
	
	AFC MIXER me

ter reading nor

mal (item 24).
	Check stages V13 to V18

(if. amplifiers)

in radio

transmitter.
	Observe if. am

plifier precau

tions indicated

in par. 131d(2).



	24
	AFC MIXER

switch setting

on radio trans

(ME

mitter

TER A).
	Above 28
	KLYSTRON

POWER

OUT

meter

reading

normal (item 26).
	Check CR1 (afc-mixer crys

tal) in radio transmitter.
	Same as item 18.



	25
	REFL V switch

setting on ra

PERFORMANCE

dio transmitter

(METER A).
	80 to 120% of

Within

reading recorded after

installation.
	Check

tuning

of

klystron and pow

er amplifier (par.

(var
	Check stages V9, V10, and

V8

voltage

(electronic

regulator) in radio trans

mitter, and V9 and V10

power

high-voltage

in

supply.
	Retune

klystron

and power am

plifier

(par.

77).



	26
	KLYSTRON

POWER OUT

switch setting

on radio trans

(ME

mitter

TER A).

EQUIPMENT
	Above 60% of reading ob

tained

after

installa

tion.
	GRID

PA

CUR.

meter

reading

proper (item 27).

GRID

PA

CUR.

meter

reading

low

(item

27).

Check tuning of

klystron and pow

er amplifier (par.

roby
	Check CR3 in radio trans

mitter (double coupler).

Replace klystron V38 (par.

133).
	Tune klystron

and power am

plifier

(par.

77).



	27
	PA GRID CUR.

switch setting

on radio trans

(ME

mitter

TER B).
	Above 28
	CATH

CUR.

PA

meter

reading

normal (item 27).
	Check stub tuner and dou

ble-coupler cable connec

tions.
	Retune

klystron

and power am

plifier

(par.

Te).



	
	28 | PACATH CUR.

switch setting

on radio trans

(ME

mitter

TER A).
	
	Check to see if ad

justment of VA

RIABLE AUTO

TRANSFORM

ER

control

on

high-voltage

power supply will

result in reading

of 100.

PA PLATE V meter

reading proper or

high (item 25).
	Replace V37 (power ampli

fier) (par. 133c).
	Retune

klystron

and power am

plifier

(par.

77).
















	
	Item, action,

or condition
	Normal indication
	Other condition
	Corrective measures
	Other measures




	
	29 | PA

UA TES V1)

switch

setting

on radio trans

(ME

mitter
	82

50,to 100.20
	CATH

PA

meter

reading

100.
	CUR. | Check stage V11 in high

voltage power supply.
	



	
	TER B).

30 | PEAK

VTVM

switch

setting

on radio trans

with

mitter,

switch in either

NEG PEAK or

PEAK

POS
	
	VTVM SEL SW in

GND

position.

VIVM

Adjust

ZERO BAL POS

or VIM

ZERO

BAL NEG con

trol so that meter
	Check stage V32 (vtvm de

amplifier).
	



	31

12

ie)

Zz

<
	position

(par.

97b).

Connect

Cord

CG-409 C/U

VID

between

EO OUT-PUT

MONITOR re

ceptacle,

on

back of operat

ingreceiver, and

VIDEO

IN
	MOD OUT

10% of ratio

within

obtained after installa

tion.
	reads off zero and

then to zero.

VTVM

SW

SEL

placed

in

first

MOD OUT posi

tion and then in

MOD INposition.
	Check stages V1 to V6 (mod

ulator) in radio transmit

ter.
	



	=

p2

°

Be

[a=]

ra

30

A)
	PUT

recepta

cle, on back of

radio transmit

ter under test.

PEAK VTVM

meter adjusted

as in item 30.

PEAK

VTVM
	MON OUT
	Check

REFL.
	Check stage V22 (video pre
	



	a

Zz

i

=
	switch

setting

on radio trans

with

mitter,

VTVM_

SEL

MON

SW

in

OUT position.
	10% of ratio

within

obtained after installa

tion.
	VOLTS ADJUST

for minimum de

viation — sensiti

vity (par. 77b(49)

and (50) ).
	amplifier) in radio trans

mitter.
	



	A,

33

5

o

&
	ORDER WIRE

CARR

LEV

EL switch set

ting on radio

transmitter

(METER B).
	Above 80% of reading ob

tained

after

installa

tion
	CARR LIM GRID

meter reading

proper. Tune

MON OW PLATE

TUN control for

maximum OR

DER WIRE

CARR LEVEL

meter reading.
	Check stages V34, V35, and

V36 (monitor amplifiers)

in radio transmitter

(vtvm subchassis), and

V4 (carrier amplifier) in

order-wire transmitter.
	Retune MON

OW PLATE

TUN control

for maximum

ORDER

WIRE CARR

LEVEL me

ter reading.



	34

35
	TRANSMIT

TER ON lamp.

CARR LIM

GRID setting

on order-wire

transmitter.
	Should be on

smpeteee pte: A! Re

[AD OVGIO4:
	Try adjustment in

|

item 33.

ell Meg
	Check I 1, K4, and V36 in

the radio transmitter.

Check stages V2 and V3

and

oscillator

(carrier

in order-wire

amplifier)

transmitter.
	Same as item 33.

If V2 is replaced,

adjust FREQ

ADJ and

MOD SENS

ADJ by ad

justing FREQ

ADJ control

for same aver

age DISCR+

and DISCR—

meter reading

as shown by











	Then, with OR

DER WIRE

TEST

SWITCH in

THRU TONE,

and meter se

lector switch

in AUDIO, ad

just MOD

SENS ADJ

control for

reading ob

tained at last

Re

logging.

peat the steps

just given.

|

Refer to chapter 7

ORDER WIRE

Stage V5 (tone oscillator)

Adjust audio lev




	TEST SWITCH

in order-wire transmitter.

els (par. 78b(1)

in THRU TONE

through (3) ).

Same as

meter reading ob

tained with switch

in LOCAL

position



	ORDER WIRE

Stage V1 (audio amplifier)

Adjust audio lev

TEST SWITCH

in order-wire transmitter.

els (par. 78b(1)

in LOCAL

through (8) ).

position.

Proper meter

reading obtained

in item 37, or

proper meter

bay

reading obtained

in this item but

not in item 37.



	Other condition





switch in radio transmitter in OFF position. off.

b. Receiver Equipment Performance Checklist. Before proceeding with the checklist given below, place the following power switches in the OFF position: FIL and PLATE in the order-wire receiver; POWER in the radio receiv er; and HV FIL, LV FIL, and HV PL in the receiver power supply. Be sure that all interlock switches are closed and that all other controls are set as indicated (par. 95). figures 128 through 135 for tube locations. Refer to












	
	Item, action,

or condition
	Normal indication
	Other condition
	Corrective measures
	Other measures




	
	ere

Cableswe
	Check to see that connec

and

proper

tions are

secure (par. 55 through
	
	
	



	
	2 | Dust covers

on

back rack.
	62).

bees

All securely in place and

interlock switches

closed.
	
	
	



	3.
	|Controls con sac.

PREPARATORY
	except

Set to position,

power switches noted

above (par. 95).
	
	
	
















	Item

No.
	Item, action,

or condition
	Normal indication
	Other condition
	Corrective measures
	Other measures




	
	4 | Place POWER

switch on radio

receiver in ON

position.
	POWER ON lamp on re

power

supply

ceiver

should go on, and fila

ments in radio receiver

should light.
	INPUT POWER

BREAKERS are

in ON position

and stay in this

position.
	Check CB1 in radio re

ceiver, and I 2 in receiver

power supply.

If circuit

breakers keep throwing,

remove and replace, one

at a time, all tubes in re

ceiver power supply ex

cept V14 and V17.

Re

set circuit breaker to ON

position each time a tube

is removed until circuit

breaker stays on or all

tubes have been removed

If removal

and replaced.
	



	START
	5 | Place HV FIL

switch on re

ceiver power

supply in ON

position.
	Filaments in receiver

power supply should go

on.
	
	of one tube corrects

trouble, replace that

tube.

Check tubes V14 and V17

in receiver power supply

and V28 and V21 (do not

remove V21, just discon

nect its base) ; follow pro

cedure outlined in item 4

If trouble is due

above.
	Retune local os

cillator (par.

83) if V21 is

replaced.



	
	6 | Place FIL switch

in order-wire

receiver in ON

position.
	Filaments

in order-wire

receiver should light.
	Circuit breaker

should stay in

ON position.
	to V21, replace it as de

scribed in paragraph 133d.

If circuit breaker stays in

ON position, but fila

ments do not light, check

CB3 in receiver power

supply.

If circuit breaker keeps

remove

throwing,

tubes

in order-wire receiver,

one at a time, following

procedure outlined in

item 5.

If circuit break

er stays in ON position,

but filaments do not
	
















	Item No.
	Item, action,

or condition
	Normal indication
	Other condition
	Corrective measures
	Other measures




	
	7 | Place LV PL

switch in re

celver power

supply in ON

position.
	PLATE ON lamp

should go on.
	Circuit breaker

stays in ON posi

tion.
	If circuit breaker keeps

throwing, refer to chapter

If circuit breaker

7.

stays on, check K1, I 1,

and CB1 in receiver pow
	



	
	8 | +250V switch

setting on

radio receiver

(METER B).
	Between 95 and 110 after

15-minute warmup

period.
	LINE VOLTS me

ter reading 115

+4 volts.

volts

Adjust +250V

ADJ. control, in

receiver power

supply, from one

extreme position

to the other.

If

meter reading va

ries over a range

of at least 80 to

120, readjust con

trol for reading

obtained after in

stallation. Other

wise, perform cor

rective measures

indicated in next

column.
	er supply.

Check stages V12, V13, V8,

v9, V10, V11, V3, V2,

(+250-volt

and

V1

in

supply) receiver power

supply.
	Adjust +250V

ADJ. control

for reading ob

tained after

installation.

Refer to chap

ter 7 if this

reading is not

known.



	START
	+150V meter

setting on

radio receiver

(METER B).
	Between 95 and 110.
	Same as item 8

using +150V

ADJ.

control in

receiver power

supply.
	Check stages V5, V7, V3,

and V4 (+150-volt sup

ply) in receiver power

supply.
	Adjust +150V

ADJ. control

for reading ob

tained after

installation.

Refer to chap

ter 7 if this

reading is not

known.



	9A
	Measure voltage

between termi

nal 4, TB3,

and ground in

receiver power
	+42 volts +5
	
	Check stage V6.
	



	9B
	supply.

Place HV PL

switch in ON

position. Meas

ure voltage be

tween terminal

6, TB3, and

ground in re

ceiver power

supply.
	— 475 volts +8
	
	Check stage V15.
	



	9C
	Measure voltage

between termi

nal 5, TB3,

and ground in

receiver power

supply.
	—625 volts +20.
	
	Check stage V17, V15, V16,

V1l1, and V14.
	
















	se

oO.
	Item, action,

or condition
	Normal indication
	Other condition
	Corrective measures
	Other measures




	
	10 | Place PLATE

switch on

order-wire re

ceiver in ON

position.
	+140V meter reading on | Circuit breaker

order-wire receiver be-

tween 90 and 110.
	stays in ON po

sition.
	If circuit breaker keeps

throwing, remove V11,

and reset circuit breaker.

If it does not throw,

check tubes V1 through

V10 in tube checker for

If breaker

did

shorts.

throw, first remove tube

V12 and then V13; reset

circuit breaker each time,

and note whether it

throws. If it does not,

tube removed should be

replaced.
	



	a

=

na
	
	
	Same as item 8

with +140V

ADJ. control on

order-wire re

ceiver.
	If circuit breaker stays in | Adjust +140V

ON position, but proper

reading cannot be ob-

tained, check stages V11,

V13, V12, and V10

(+140-volt supply).
	ADJ. control

for reading ob

tained after

installation.

Refer to chap-

ter 7 if this

reading is not

known.



	
	11 | Place HV PL

switch on re-

ceiver power
	A BEAM V meter read- | Circuit breaker

ing within five divisions

of reading obtained
	stays in ON

position.
	If circuit breaker keeps

throwing, refer to chapter

G
	



	
	supply in ON

position.
	during installation.
	warmup period.

Check BEAM

CUR. meter read-

ing (item 20).

If

both readings are

low, refer to next

column.

If

BEAM CUR.

reading is low

and BEAM V

high, refer to

item 20.
	Allow a 15-minute | If circuit breaker stays on, | Adjust BEAM

check stage V16 (—300-

CB2

and

volt supply),

in receiver power supply.
	CURRENT

control (in

radio receiver)

for BEAM

CURRENT

reading ob

tained after

installation. If

this reading

is either not

known or un

obtainable,

refer to chap

ter 7.















	Item, action,

or condition
	Normal indication
	Other condition
	Corrective measures
	Other measures




	ABC ISTUMULT|

GRID meter.

setting on

radio receiver
	
	SE
	Check stage V22 and crystal | Retune crystal

Y2 in radio receiver

(crystal oscillator).
	multiplier

chain (par.

80).



	| AFC 2ND

MULT GRID

meter setting
	1

iAbovesoniiey.
	2
	Check stages V22 and V23 | Retune crystal

in radio receiver.
	multiplier

chain (par.

80).



	
	(METER B).

on radio re-
	
	PAbove!24 Sfp 20-2 ot ae

SED BARS.
	pale















	Item, action,

or condition
	Normal indication
	Other condition
	Corrective measures
	Other measures




	14 | AFC 8rd MULT

GRID switch

setting on ra

dio receiver

(METER B).
	
	
	Check stages V23 and V24

in radio receiver.
	Retune crystal

multiplier

chain (par.

80).



	15 | WAVEMETER

switch setting

on radio re

ceiver (ME

TER A).
	
	WAVEMETER

setting adjusted

for peak reading

and IF. MIXER

reading is proper

(item 22).
	Check wavemeter crystal

CR7 in radio receiver.
	Loosen screw on

klystron out

put connection

labeled

WVMTR, and

adjust probe

for meter read

ing of 50.

Tighten set



	16 | WAVEMETER

setting differ

ent from set

ting obtained

at installation.

(See chart for

wavemeter cal
	Less' than: 2'O: mea.

2
	en

a2. 20 | see

eee
	Refer to item 17.
	screw.



	ibration.)

17 | AFC CORREC

TION+

and

AFC COR

RECTION —

switch setting

on radio re

PERFORMANCE

ceiver (ME
	Average of two readings |

should not exceed five.
	Frequency off

more than 2.0 mu

(item 16), and av

erage reading

over 15.
	Refer to chapter 7.

Check stage V28 (dc ampli

fier) in radio receiver.
	Retune local os

cillator (par.

83).



	TER A).
	
	Frequency off by

more than 2 mc

(item 16); AFC

IF. LEVEL me

ter reading is cor

rect (item 18),
	Check stage V27 (3d afc if.),

refer to chapter 7.
	



	EQUIPMENT
	
	and average AFC

CORRECTION

meter reading is

below 5.
	
	



	AFC IF. LEV

EL switch set

ting on radio

receiver (ME

TER B).
	47a.
	AFC MIXER me

ter reading prop

er (item 19).
	Check stages V25 and V26

in radio receiver.
	



	AFC MIXER

meter switch

setting on ra

dio receiver

(METER A).
	oe

f

Above:s022
	IF. MIXER meter

reading proper

(item 22).
	Check stage V24 and crys

tal CR3 (final multiplier

and mixer) in radio re

ceiver.
	Retune AFC

MIX TUN

control for

maximum me



	BEAM CUR.

switch setting

on radio re

ceiver (ME

TER A).
	A meter reading of +5

divisions from reading

obtained at installa

tion.
	BEAM V reading

high when

BEAM CUR

RENT reading is

low.
	Adjust BEAM CURRENT

for reading ob

control

tained during installation.

If BEAM V reading is

still not proper, refer to

chapter 7.
	ter reading.

Retune local os

cillator (par.

83).



	21 | REFL V switch

setting on

radio receiver

(METER A).
	A meter reading of +5

divisions from reading

obtained

at

installa

tion.
	Retune local oscil

lator (par. 83).
	Check stage V28 (afc de

amplifier) in radio re

ceiver.
	Retune local os

cillator (par.

83).
















	
	Item, action,

or condition
	Normal indication
	Other condition
	Corrective measures
	Other measures




	
	IF. MIXER

switch setting

on radio re

ceiver (ME

TER B).
	Mbove4S.

2) 2b
	Retune local oscil

lator (par. 83).
	Check crystal in preselec

and klystron

tor-mixer,

V21 in radio receiver.
	Retune local os

cillator (par.

83).



	23
	IF. LEVEL me

ter setting on

radio receiver
	
	No signal input|
	Refer to paragraph 131d.
	



	24
	(METER A).

IF. DISCR

FREQ HIGH

and IF.

DISCR FREQ

LOW switch

setting on

radio receiver

(METER B).
	
	by this receiver

is at proper fre

quency.
	Rf signal picked up | Refer to chapter 7.
	



	25
	OW CARR

LEVEL switch

setting on

order-wire re
	Above +40
	RRP tees DES. SEN

Whe 9
	Check stages V1, V2, V3,

V7 and V4

(subcarrier

limiters, and

amplifiers,

differential amplifier) in
	



	26
	ceiver.

AUDIO switch

setting on

order-wire re

ceiver follow

ing AUDIO

LEVEL ad

PERFORMANCE

justment (par.

845).
	
	Order-wire trans-

mitter level

ad-

justed properly

(par. 78).
	order-wire receiver.

Check stage V6 in order- | Readjust

wire receiver.
	AUDIO LEV

EL control.

Refer to Item,

action, or con

dition column.



	27
	ALM SENS

control.
	Cannot

be adjusted

as

described in paragraph

84b (7).
	cl 3

Pate Ae Ant
	Check stage V8 in order-

wire receiver.
	Adjust ALM

SENS

control

(par. 84).



	28
	DISCR-+ and

DISCR—

switch setting

on order-wire

receiver.
	Average 0 +20
	proper frequency.
	Incoming signal at | Refer to chapter 7.
	



	29
	DIV CONT

EQUIPMENT

LEVEL switch

setting on

both preferred

and standby

order-wire re

ceivers.
	7

| tS

Abeve:30

Mei
	Equipment connec

ted for diversity

operation.
	Check stages V8 and V9 in

both preferred and stand

by receivers.
	Adjust receivers

for diversity

operation

(par. 93).



	30
	DIV OPER

switch setting

on operating

order-wire re
	Oto
	Equipment. connec- | Check relay K1.

ted for diversity.
	
	



	31
	ceiver.

DIV OPER

meter setting

in standby

order-wire
	
	Same as item 30|
	Check relay K1.
	



	32
	receiver.

Depress RING

pushbutton on

order-wire re

receiver.
	A ring should be heard in

both directions.
	Voice communica

tions normal.
	Ring is not heard in either

Check diode

direction.

CR6 and K3 in order

wire receiver.
	





[image: Figure, page 163]

Figure 118. Order-wire transmitter, tube location diagram.

[image: Figure, page 164]

Figure 119. Radio transmitter, main chassis, tube location diagram.

[image: Figure, page 164]

Figure 120. Radio transmitter crystal multiplier, tube location diagram.

[image: Figure, page 165]

Figure 121. Radio transmitter electronic voltage regulator, tube location diagram.

[image: Figure, page 165]

Figure 122. Radio transmitter chopper, tube location diagram.

[image: Figure, page 165]

Figure 123. Radio transmitter modulator, tube location diagram.

[image: Figure, page 165]

TM 689-387

[image: Figure, page 166]

Figure 125. Radio transmitter, vtvm, tube location diagram.

[image: Figure, page 166]

Figure 126. Power Supply PP-764/G, tube location diagram.

[image: Figure, page 167]

Figure 127. Power Supply PP-689/G, tube location diagram.

[image: Figure, page 168]

Figure 128. Order-wire receiver, tube location diagram.

[image: Figure, page 168]

Figure 129. Radio receiver main chassis, tube dncen diagram. :

[image: Figure, page 169]

TM 689-390

Figure 180. Radio receiver preamplifier, tube location diagram.

[image: Figure, page 169]

TM 689-389

Figure 181. Radio receiver if. amplifier, tube location diagram.

[image: Figure, page 169]

TM689-39!

Figure 182. Radio receiver afc, tube location diagram.

[image: Figure, page 170]

Figure 138. Radio receiver video amplifier, tube location diagram.

[image: Figure, page 170]

Figure 134. Radio receiver, afc and agc dc amplifier.

[image: Figure, page 171]

Figure 135. Power Supply PP-690/G, tube location diagram.



133. Special Tube Replacement Procedures

a. General. All tubes in this equipment, except the klystron and power amplifier in the radio transmitter and the klystron in the radio receiver, can be removed by following the standard techniques. The procedures for removing and replacing these tubes are given in b through d below. Before placing a miniaturetype tube in its socket, insert the tube in the 7-pin or 9-pin tube straightener, in the receiver rack.

b. Transmitter Klystron V38. The transmitter klystron is removed and replaced as follows:


	(1) Place the INPUT POWER BREAK-ERS circuit breakers, on back of the high-voltage power supply, in the OFF position.

	(2) Turn the large knurled knob of the klystron-motor coupling assembly counterclockwise until the clutch gives (usually about 1 turn), and then continue to turn the knob another 2 turns to fully disengage the clutch.

	(3) Remove the reflector connecting cap from the klystron.

	(4) Remove the transmitter protective back cover by turning the six cam-lock fasteners on the cover about one-half turn counterclockwise. (Disconnect any cables that lead to the back of the transmitter and that prevent removal of the back cover.)

	(5) Disconnect the rf cable at the klystron output fitting.

	(6) Pull off the octal base connector from the klystron.

	(7) Turn the small thumbscrew that holds the grounding strap counterclockwise to loosen the strap and remove it from the klystron output.

	(8) Turn the three wing nuts on the klystron mounting posts counterclockwise to free the klystron mount and remove the klystron.



Note. One of the three wingnuts is on an extension shaft.

(9) Examine the new klystron to be sure that the cavity plates are approximately parallel. If necessary, turn the two coarse-tuning screws or the long fine-tuning screw, to make the plates parallel (fig. 92).


	(10) Put the klystron into position without forcing it. It may be necessary to turn the fine-tuning screw a fraction of a turn, so that it will readily slip into the afc motor coupling.

	(11) Fasten the klystron mount securely, by turning the three wingnuts clockwise until they are fingertight. (Refer to note in (8) above.)

	(12) Replace the grounding strap. Reconnect the klystron octal base connector.

	(13) Replace the rf cable to the klystron output; be sure the connection is fingertight. Tighten the grounding strap by turning the small thumbscrew clockwise.

	(14) Replace the back cover and snap the six cam-lock fasteners closed. (Replace any cables that have previously been removed as instructed in (4) above.)

	(15) Connect the reflector cap on the klystron.



Caution: Do not re-engage the loosened klystron-motor clutch ((2) above).


	(16) Place the INPUT POWER BREAK-ER circuit breakers in the ON position.

	(17) Retune the klystron and the power amplifier as described in paragraph 77.

	c. Power Amplifier V37. The power amplifier in the radio transmitter is removed and replaced as follows:

	(1) Place the INPUT BREAKER circuit breakers on back of the high-voltage power supply in the OFF position.




	(2) Disconnect the power amplifier harness (fig. 186) from the terminal board, behind the HIGH VOLTAGE protective plate.




	(3) Disconnect the input and output rf cables from their connectors.




	(4) Loosen the three cam-lock fasteners that hold the power amplifier assembly to the chassis. It is now possible to pull the entire power amplifier assembly out.




	(5) Unscrew the two knurled screws that hold the safety cover on the assembly, and remove the safety cover. The tube should now be exposed (fig. 137).







	Remove the tube.

	(6) (7) Insert the new tube carefully in place; be sure that it is centered in the cavity, and that the anode fits in the anode cap. Some pressure may have to be exerted to seat the tube firmly in place. However, it should not be necessary to force the tube in place. Do not exert force. If the tube does not go in with slight pressure, turn it slightly until it slips in nlace. When the tube is inserted properly, its retaining ring is flush against the assembly.

	(8) Replace the safety cover and screw the knurled screws in place.

	(9) Mount the assembly in place on the chassis, and tighten the cam-lock fasteners.

	(10) Reconnect the leads that were disconnected in (2) above, to the terminal board.

	(11) Place the INPUT POWER BREAK-ERS in the ON position.

	(12) Retune the klystron and power amplifier as described in paragraph 77.

	d. Receiver Klystron V21. The receiver klystron is removed and replaced as follows:

	(1) Place the INPUT POWER BREAK-ERS in the OFF position.




	(2) Remove the tube base connector.




	(3) Turn the retaining ring counterclockwise until it comes off.




	(4) Remove the tube.






Caution: Improper insertion of the klystron is possible unless the instructions given in (5) through (10) below are followed.

(5) Put the new klystron in the tube base connector; be sure that the reference pin fits into the proper hole (fig. 138), and slowly swing the tube into the cavity as far as it will go without forcing it. Do not attempt to insert the tube all the way into the cavity. Note the tube position.

Caution: Do not force the klystron into the connector incorrectly. Be sure that the klystron pins have been properly lined up with the connector holes.

(6) Pull the klystron out of the tube base,


	and gently insert it in the cavity as far as it will go; use the same position as that noted in (5) above.

	(7) Place the retaining ring in place, and turn it clockwise until it is fingertight.

	(8) If the tube is properly positioned, it is possible to replace the tube base connector on the klystron without twisting the connecting cable. Do not try to force the connector on the klystron. If it does not go on the tube readily, repeat (5) through (7) above, until it does.

	(9) Place the INPUT POWER BREAK-ER in the ON position.

	(10) Retune the klystron to the local-oscillator frequency (par. 83).





134. General Tube Replacement Procedure and Tube Complement (figs. 118-1388)

a. Replacement Practice. Remove and test one tube at a time in the tube tester. Substitute new tubes only for those that are defective. If a tube tester is not available, troubleshoot by the tube substitution method.


	(1) Replace the suspected tubes, one at a time, with new tubes. If the equipment becomes operative, discard the last tube removed. |

	(2) Reinsert the remaining original tubes, one at a time, in the original sockets. If equipment failure occurs during this step, discard the last original tube. Do not leave a new tube in a socket if the equipment operates satisfactorily with the original tube. .

	(3) As a general rule, discard tubes only when a tube tester shows that the tube is defective, or when the tube defect is obvious, such as a broken prong or broken glass envelope. .

	(4) Do not discard tubes merely because the tubes have been used for a specified length of time. Satisfactory operation in a circuit is the final proof of tube quality. The tube in use may work better than a new one.

	(5) Be very careful when withdrawing a miniature tube from its socket. Do not rock or rotate the top of a miniature tube when removing it—pull the



tube straight out. The external pin and the wire lead sealed in the glass base are of two different metals which are butt-welded together where the pin appears to enter the glass. Rocking or rotating causes bending, which tends to break this weld or cause a resistance or intermittent joint to develop.

b. Tube Complement. The charts below identify all tubes that are used in the radio set.



(1) Order Wire Transmitter T-389/T RC-29.



(2) Radio Transmitter T-303/G.



(2) Radio Transmitter T-303/G (cont).



(8) Power Supply PP-764/G.



(4) Order Wire Receiver R-543/TRC-29.



(4) Order Wire Receiver R-543/TRC-29—cont'd.



(5) Radio Receiver R-418/G.



(6) Power Supply PP-690/G.



(7) Power Supply PP-689/G.

[image: Figure, page 176]

igure 136. Radio transmitter, front view with power . F ampl ifier connection.

[image: Figure, page 177]

[image: Figure, page 177]

Figure 188. Receiver klystron.



135. Interchangeable Tubes

The older type tube listed in the first column in the chart below can be replaced with the corresponding preferred type tube listed in the third column. The second column lists the stage or stages in which the tubes can be used in Radio Set AN/TRC-29. The older type tube may be used until stocks are exhausted.

Caution: another tube type. Never replace tube 2C51 with









	cee tube

ype
	Application

}
	




	6AG7
	V3, third video amplifier, Ra

dio Transmitter T-303/G.
	



	|
	V4, fourth video amplifier, Ra

dio Transmitter T-303/G.

V5, fourth video amplifier, Ra
	



	
	dio Transmitter T-303/G.

V28, first vtvm video amplifier,

Radio Transmitter T-303/G.
	



	
	V29, second vtvm amplifier, Ra

dio Transmitter T-303/G.

V30, third vtvm amplifier, Ra
	



	
	dio Transmitter T-303/G.

V33, monitor amplifier, Radio
	



	
	Transmitter T-303/G.

V17, first video amplifier, Radio

Receiver R-418/G.
	



	
	V18, second video amplifier, Ra

dio Receiver R-418/G.
	



	
	Radio

V19, cathode

follower,

Receiver R-418/G.

V20, cathode

Radio

follower,
	



	
	Receiver R-418/G.

V12, de amplifier, Order Wire

Transmitter T-389/TRC-29.
	6AU6WA



	
	V9, de amplifier, Radio Trans

mitter T-303/G.
	



	
	V7, de amplifier, Power Supply

PP-7641/G.
	



	
	V1i, de amplifier, Order Wire
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CHAPTER 5 — AUXILIARY AND ALTERNATE EQUIPMENT


Section |. AUXILIARY EQUIPMENT


136. Power Unit PE—95 for Emergency Power


	a. General. Radio Set AN/TRC-29 normally is operated from commercial power lines that deliver a nominal voltage of either 100 to 130 or 200 to 260 volts ac, at 50 to 60 cps. When a commercial line cannot be connected to the station, or any emergency source of power is desired, PE—95 can be used.

	b. Description of Power Unit PE-95. Power Unit PE-95 is a nominal 10-kw, 120-volt, 60 cycle, single-phase, gasoline-engine-driven generator capable of supplying 7 kw at altitudes up to 10,000 feet. For details, refer to TM 11-904. Power Unit PU-248/U, which is trailer mounted and consists of one Power Unit PE-95 mounted in a 114-ton Ordnance Cargo Trailer XM-105, may be used if available.

	c. Connection to Radio Set AN/TRC-29. The gasoline-generator output cable is connected to the INPUT 1 jack on Switch Box SA-357/G by cable CX-2442/U (10 ft). The switch on this box is placed in position 1 when the PE-95 output is to be used as a primary power source.





137. Tower Lighting

a. When towers are installed near a landing strip, an air lane, or an air navigational aid, visual obstruction markings must be provided on the tower. For night recognition, a beacon and warning lights are mounted on the tower. For daylight marking, the tower is painted in alternate strips of orange and white. Refer to the Civil Aeronautics Administration Manual, Obstruction Marking, 1 February 1951.


	Note. In the Continental United States, it is mandatory that the CAA be notified prior to the erection or modification of towers. Use Form ACA-117 (which may be obtained from the nearest CAA Regional Office) to submit this information to the nearest CAA Regional Office. Refer also to TM 11-5073 for additional striping and marking details, and description of mounting hardware for lights.

	b. The necessary lights must be obtained commercially, because they are not a part of the AB-216/U towers and have not been obtained for depot issue. The uppermost beacon may be Light, Obstruction, 300-mm. elec. code, Beacon type FCB-12, Crouse-Hinds, or equal; with Lamp, incandescent, 500-watt, PS-40 traffic signal; and Flasher, Westinghouse code flasher style #1567745, 110-volt, 60-cycle, 40 rpm, or equal. This side light may be Lamp, incandescent, 100-watt, A-21/TS/115, clear traffic signal, GE No. 100, or equal; in Light, obstruction, No. 44527, Crouse-Hinds, or equal. These lights must be wired with power wiring, protection breakers (35 amperes) in accordance with standard approved procedures by electricians serving the area.





138. Shelter

The radio equipment should be operated in semipermanent buildings. For short term operation, shelter, tent, wall; Large 14 feet 6 inches by 14 feet 6 inches, stock No. 24—T-323-— 750 or tent, frame type, insulated, sectional floor, 16 feet by 16 feet built to Military specification MIL-T-10168A (QMC), will give adequate protection.




Section Il. ALTERNATE EQUIPMENT


139. General

Radio Set AN/TRC-29 is designed to be used with Multiplexer Set AN/TCC-13, Multiplexer Group AN/TCA-1, and Pulse Form Restorer Group AN/TRA-10, but it may also be used with other communication systems (par. 7). Some of the equipment used in these other systems is described below.



140. Multiplexer Set AN/TCC—15


	a. General. Multiplexer Set AN/TCC-15 and Pulse Form Restorer Group AN/TRA-18 use a system of modulation known as pulse-code modulation for transmission of 48 audio channels over the Radio Set AN/TRC-29 relay system.

	b. Terminal Connections. At a _ terminal using Multiplexer Set AN/TCC-15, make connections to the radio set as follows:

	(1) Connect the video cable between the video out receptacle of the AN/TCC-15 and the VIDEO FILTER INPUT receptacle on the back of the radio transmitter. Connect the cable from the VIDEO FILTER OUTPUT receptacle to the VIDEO INPUT receptacle to the VIDEO INPUT receptacle.




	(2) Connect the video cable from the video in receptacle of the AN/TCC-15 to the VIDEO OUT receptacle of the orderwire receiver.




	c. Repeater Station Connections. At the repeater station that requires any AN/TRA-18 equipment, make the following connections:

	(1) Connect the video cable between the video out receptacle of the (east-west) AN/TRA-18 and the VIDEO IN receptacle of the AN/TRC-29 (eastwest radio transmitter).




	(2) Connect the video cable between the video out receptacle of the (west-east) AN/TRA-18 and the VIDEO IN receptacle of the AN/TRC-29 (westeast radio transmitter).




	(3) Connect the video cable between the video in jack of the (east-west) AN/ TRA-18 and the VIDEO OUT jack of the (east-west) radio receiver.






(4) Connect the video cable between the video in jack of the (west-east) AN/ TRA-18 to the VIDEO OUT jack of the (west-east) radio receiver.



141. Subcarrier Group AN/TSA—10


	a. General. Subcarrier Group AN/TSA-10 provides a maximum of 36 audio channels when used with suitable frequency-division-multiplexing equipment. The frequency-multiplex spectrum of signals modulates a 1-mc subcarrier in the AN/TSA-10 equipment, and the modulated subcarrier signal is fed to the radio set. At the receiver end, the 1-mc modulated signal is fed to a subcarrier demodulator in the AN/ TSA-10, which recovers the multiplex signal. The multiplex signal then is fed to the frequency-division equipment, where it is separated and demodulated to individual audio signals. Subcarrier Group AN/TSA-10 is housed in a single 5-foot rack (Electrical Standardized Components Case CY-1280/U). Subcarrier Group AN/TSA-10 integrates directly into the AN/TCC-7 systems to provide a 12 channel system.

	b. Connections. The frequency-division-multiplex set is connected to the radio set as follows:

	(1) Connect the video cable between the video out receptacle of the AN/TSA-10 to the VIDEO FILTER INPUT receptacle of the radio transmitter. Connect the cable between the VIDEO FILTER OUTPUT and the VIDEO INPUT receptacles.




	(2) Connect the video cable from the video in receptacle of the AN/TSA-10 to the VIDEO OUT receptacle of the order-wire receiver.








142. Commercial Television Link

a. General. Radio Set AN/TRC-29 can be used to transmit television signals within the bandwidth of 30 cycles to 4.5 mc. Any commercial television pickup equipment (providing 1 to 2 peak-to-peak volts into 50 ohms) can be used to generate the television signal, and the video output (1 volt into 50 ohms) of the radio set can be fed into a commercial transmitter console. At every third repeater site a stabilizing amplifier, such as the Dumont Type 5270-C, must be used to expand the synchronizing pulse, to clamp the signal, and to improve the low-frequency response. The stabilizing amplifier is mounted in a 19-inch rack, includes a self-contained power supply, which operates on 115 volts ac, and requires 185 watts. Because the input and output impedances of commercial television equipment are 72 ohms, a 72- to 50 ohm impedance-matching network must be placed between the television equipment output and the radio set video input. Similarly, a 50 to 72-ohm impedance-matching network is required between the AN/TRC-29 video output and the television equipment input.

b. Connections to Pickup Terminal. Connection is made between the pickup equipment and the AN/TRC-29 transmitter by connecting a video cable and a 72- to 50-ohm impedancematching network between the pickup output and the VIDEO FILTER INPUT receptacle of the radio transmitter. Connect the cable between the VIDEO FILTER OUTPUT and the VIDEO INPUT receptacles.

c. Connection to Transmitter Terminal. Connection is made between the VIDEO OUT jack of the order-wire receiver to the transmitter console video input jack through a 50- to 72 ohm impedance-matching network.

d. Connections to Repeater Station.


	(1) Connect the VIDEO OUT receptacle of (east-west) order-wire receiver to the video input connection of the stabilizing amplifier through a 50- to 72-ohm impedance-matching network.

	(2) Connect the VIDEO INPUT receptacle of the (east-west) radio transmitter to the video output of the stabilizing amplifier, through a 72- to 72-ohm impedance-matching network. (Connect the cable between the VIDEO FILTER OUTPUT and the VIDEO FILTER INPUT receptacles.)

	(8) Connect the primary power cable of the stabilizing amplifier to the extra jack on Switchbox SA-357/G.

	(4) Perform the steps in (1) and (2) above for west-east equipment.



143. Multiplex Equipments OA—504/FRC and OA—502/FRC of Navy Model UQ Radio Relay Link a. Any suitable multiplex equipment that provides an output within the frequency range of 30 cycles to 4.5 mc can be used with the radio set. However, the output and input signals of such equipment must match the requirements of the radio set; that is, a video input signal of 1 to 2 volts into 50 ohms and a video output signal of .5 volt into 50 ohms. If these requirements are not met, suitable matching networks are required.

b. Multiplex Equipments OA-504/FRC and OA-502/FRC of Navy model UQ Radio Relay Link provide a 28-channel ppm video output within the bandwidth requirements of the radio set. However, this equipment provides a video output of 12 volts into 70 ohms and a video input signal of 5 volts into 70 ohms.

c. To use this multiplex equipment, the following special matching equipments are required:


	(1) A 10-to-1 attenuator and a 70- to 50 ohm impedance-matching network, which are connected between the output of OA-504/FRC and the VIDEO FILTER INPUT receptacle of the radio transmitter.

	(2) A video amplifier capable of accepting a .5-volt signal into an input impedance of 50 ohms and delivering a 5 volt output signal into 70 ohms. This video amplifier is connected between the VIDEO OUT receptacle of the order-wire receiver and the video input of the OA-502/FRC.





144. Radio Set AN/FRC—23 and Radio Repeater Set AN/FRC—26

Radio Set AN/FRC-23 and Radio Repeater Set AN/FRC-26 will work with Radio Set AN/ TRC-29 or Multiplexer Set AN/TCC-13. The interconnecting level is 1 volt into 50 ohms and is satisfactory.

Note. Without a filter, the AN/TCC-13 does not provide a de return for the output cathode follower of the receiver. A 68-ohm, 4-watt resistor must be added between the center conductor of Jl on AN/TCC-138 and ground.






CHAPTER 6 — THEORY OF OPERATION


Section |. INTRODUCTION


145. General

a. Radio Set AN/TRC-29 is a transmitterreceiver for radio communication. With certain accessory equipment, it is used as a link in a microwave radio relay system. The system employs frequency modulation of the carrier wave in the frequency range of 1,700 to 2,400 mc. The equipment is capable of transmitting and receiving main-channel video signals in a band from 30 cps to 4.5 mc. These video signals may consist of 45 multiplexed voice channels or less, or one television channel. In addition an orderwire channel permits voice communication on a party line basis among all the stations in the system, primarily for maintenance purposes.

b. Radio Set AN/TRC-29, with its accessory equipment, may be separated into four major groups—transmitting equipment, receiving equipment, antenna equipment, and accessory equipment. The units in the transmitting equipment group are discussed in paragraph 148; those in the receiving equipment group are discussed in paragraph 149; those in the antenna equipment group are discussed in paragraph 150; and those in the accessories are discussed in paragraph 151.

c. The radio set has several useful and convenient auxiliary facilities and features. The order-wire signaling and ringing facilities are described briefly in paragraph 152, the alarm facilities in paragraph 153, some data on the power distribution arrangements is given in paragraph 154, and information on the built-in test and monitoring circuits is given in paragraph 155.

d. The major AN/TRC-29 groups may be used at a terminal station or at a repeater sta tion. When unfavorable reception conditions require it, two receiving equipments may be connected for diversity operation. The equipment arrangement at a typical terminal station is discussed in paragraph 156. Repeater operation is covered in paragraph 157, and diversity operation in paragraph 158. The detailed discussion of the equipment in later sections of this chapter covers the theory of operation of one Radio Set AN/TRC-29 but, since it is the one most commonly encountered, operation in a repeater station is assumed. For the same reason, a repeater station is assumed in discussions concerning diversity operation.



146. Facilities of Radio Set AN/TRC—29

a. General. Radio Set AN/TRC-29 is the basic equipment in a radio relay system. It contains all the components necessary to furnish 2-way transmission and reception of a microwave carrier operating in the frequency range of 1,700 mc to 2,400 me and frequency modulated by external video signals in the band of 30 cps to 4.5 mc. This equipment uses Duplexers CU-368/TRC and CU-369/TRC-29, which permit the use of one antenna system for both transmission and reception. An order-wire circuit is provided for use during the maintenance of the radio relay circuits, which performs the following functions:


	(1) Permits voice communication on a party line basis and ring-through between all stations.

	(2) Provides an automatic station alarm.

	b. Grouping of Components. The components of Radio Set AN/TRC-29 may he divided into



four functional equipments. The grouping of components of the set (fig. 139) is as follows:


	(1) Transmitting equipment. This equipment consists of Radio Transmitter T-303/G, Order-Wire Transmitter T-— 389/TRC-29, Power Supply PP-—764/ G, and Power Supply PP-689/G.

	Receiving equipment. This equipment consists of Radio Receiver R—418/G, Order-Wire Receiver R—543/TRC-29, Power Supply PP-690/G, and Handset-Signaling Unit H-102/TRC-29. (2)

	Antenna equipment. This equipment consists of Antenna AS-—554/TRC-29, Duplexer CU-368/TRC-29, or Duplexer CU-369/TRC-29, and Radio Frequency Transmission Line Assembly CG-1013/U. (3)

	Primary power input equipment. This equipment consists of Switchbox SA- (4) ug eae ee
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| TRANSFORMER | POWER, FIXED SWITCH BOX AUTOTRANSFORMER SA-357/G |

Figure 139. Radio Set AN/TRC-29, functional diagram showing relation of equipment.

TM689-242

357/G and Fixed Autotransformer Power Tranformer TF-146/G.



147. Overall Operation of Radio Set AN/- TRC—29

a. General. Two types of signals are transmitted over Radio Set AN/TRC-29. One is the main video signal, the other is the orderwire signal. To simplify discussion, the main signal and order-wire signal paths are described in b and c below. However, the order-wire signal is combined with the main signal at the input to the radio transmitter, follows the main signal path up to the output of the radio receiver, and is separated then from the video signal.

b. Main Signal Path. Figure 140 shows a simplified block diagram of the main signal path in a basic radio relay system employing Radio Set AN/TRC-29.


	(1) At the west terminal, the video input signals are fed to the radio transmitter, where they are used to frequency modulate the microwave carrier output of the transmitter. The transmitter output is fed to the duplexer portion of the antenna system common to both transmission and reception. The duplexer prevents the transmitter output from entering the radio receiver and directs it through the surfacewave transmission line to the common parabolic antenna.

	The antenna beams the modulated microwave carrier to the antenna at the repeater station, where the signals are fed through duplexer, which prevents them from entering the radio transmitter and directs them to the radio receiver. The receiver amplifies and detects the modulated microwave carrier to produce a video output. This video output is fed to the radio transmitter, where it is used to frequency modulate the carrier produced by the transmitter. The new, modulated microwave carrier then is fed through the duplexer and surface-wave transmission line to the antenna, which transmits the modulated carrier to the antenna at the east terminal. Here the signal is fed through the duplexer to (2)
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the radio receiver. The video output of the receiver is fed to suitable video equipment, which changes the signals back into their original form. The repeater station in this block diagram (fig. 140) consists of two Radio Sets AN/TRC-29 arranged to permit 2 way communication between terminals. The main signal path from the east terminal to the west terminal is identical with that described above.


	c. Order-Wire Signal Path. Figure 141 shows a simplified block diagram of the orderwire signal path used in a basic radio relay system.

	(1) Audio signals obtained from the handset at the west terminal are fed to the order-wire transmitter, where they are amplified and then used to frequency modulate a 6-mc subcarrier. The 6-mc fm output of the order-wire transmitter is fed to the radio transmitter in combination with the video input signals obtained from the video equipment at the west terminal. The resultant output of the radio transmitter consists of a microwave carrier that is frequency modulated by both the main video and 6-mc subcarrier signals. This composite signal then is transmitted to the antenna at the relay station as described in 6 above. The output of the radio receiver at the repeater station consists of the video portion of the microwave carrier and the modulated 6-mc subcarrier. The entire signal is fed to the order-wire receiver, which contains a 6-mc input trap. The trap extracts the modulated 6-me subcarrier and feeds it to the circuits of the order-wire receiver, where it is amplified and detected. The video is fed to the radio transmitter as described in b above.




	(2) The audio output of the order-wire receiver is fed to the two handsets at the relay station and also to the order-wire transmitter. At the order-wire transmitter, the audio signals are used to frequency modulate the 6-mc output of the transmitter. The 6-mc fm output of the order-wire transmitter is fed






to the radio transmitter with the video signals obtained from the output of the radio receiver. The composite modulated microwave carrier of the radio transmitter then is transmitted to the east terminal. Here, the signal is fed to the radio receiver as described in b above. The output of the radio receiver is filtered so that the video if fed to the terminal video equipment and the 6-mc subcarrier if fed to the order-wire receiver. The audio output of the order-wire receiver is made available at the handset. Voice communication in the opposite direction (from east terminal to west terminal) is accomplished in the same manner.


	(3) Telephone conversations, originating at each terminal, therefore are made available at all handsets along the radio relay system. Telephone conversations originating from the handsets at the relay station are fed to both order-wire transmitters and are therefore transmitted in both directions. Consequently, full party line facilities are available for every terminal or repeater along the route. At a repeater station, the order-wire transmitter may be modulated by either, or both, of the following audio signals: the local audio signal originating at the handset and/or the through audio signal obtained from the output of the order-wire receiver.

	(4) The ringing facilities and automatic station alarm are also transmitted over the order-wire channel. The order-wire circuits of Radio Set AN/ TRC-29 also provide the following services :

	(a) Provision for automatic switchover.




	(b) Sensing and control facilities for diversity reception operation.








148. Transmitting Equipment

(fig. 142)

a. The units in the transmitting equipment group include Radio Transmitter T-303/G, Order Wire Transmitter T-389/TRC-29, Power Supply PP-764/G, and Power Supply PP-689/G.
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b. Main-channel signals obtained from video equipment are fed to the input of the radio transmitter. Multiplexer Set AN/TCC-13 may be used as the video equipment at a terminal, or Pulse Form Restorer Group AN/TRA-10 or Multiplexer Group AN/TCA-1 at a repeater (par. 157). No video equipment is used at a through repeater. Audio signals from the local handset in the receiving equipment or from Handset-Signaling Unit H-—102/TRC-29 are fed through Order Wire Receiver R-543/TRC-29 to the order-wire transmitter. Here they are used to frequency modulate a 6-mc subcarrier, which is fed to another input of the radio transmitter. In the radio transmitter, the -.6 me and main-channel video signals are combined and amplified, and then are used to frequency modulate an rf carrier in the 1,700- to 2,400-me range. The modulated carrier is fur ther amplified and sent through the duplexer to the antenna, to be propagated into space.



149. Receiving Equipment (fig. 142)


	a. The units in the receiving equipment group include Radio Receiver R-418/G, Order-Wire Receiver R—543/TRC-29, and Power Supply PP-690/G.

	b. Signals received by the antenna are sent through the duplexer to the radio receiver, where they are amplified and detected. After further amplification, the radio receiver output, which consists of combined video and 6-mc subcarrier signals, is fed to the order-wire receiver. Here, they are first fed through a filter, which separates the video and the 6-mc subcarrier signals. The video signals are fed through an output jack to the video equipment. The video



[image: Figure, page 187]

Figure 142. Radio Set AN/TRC-29 and accessories, terminal station, overall block diagram.

equipment used may be Multiplexer Set AN/ TCC-13 at a terminal, and either Pulse Form Restorer Group AN/TRA-10 or Multiplexer Group AN/TCA-1 at a repeater (par. 157). At a through repeater, no video equipment is needed. The 6-me subcarrier signals are amplified and detected. The resulting audio and signaling output is fed to the local handset or to the remote handset in Handset-Signaling Unit H-102/TRC-29 and to the local buzzer.



150. Antenna Equipment (fig. 142)

a. The units in the antenna equipment group include Antenna AS-554/TRC-29, Duplexer CU-868/TRC-29, or Duplexer CU-369/TRC-— 29.

b. Radio Set AN/TRC-29 always transmits a signal of one frequency and receives a signal of another frequency; therefore, the same antenna can be used for both transmission and reception. The rf signals from the transmitter are fed through the duplexer to the antenna to be radiated into space. The rf signals received by the antenna also are fed through the duplexer, which directs them to the receiver. Thus, the duplexer distinguishes between the operating frequencies of the outgoing rf carrier and the incoming rf carrier, and directs only the desired one to the receiver.



151. Accessory Equipment

The accessory equipment furnished with Radio Set AN/TRC-29 consists of three items. Fixed Autotransformer Power Transformer TF-146/G has an adjustment handle by which the line voltage can be set manually to approximately 115 volts ac. Switch Box SA-357/G receives inputs from two line-voltage sources (usually the autotransformer output and an auxiliary power source) and selects the desired one to be fed to the radio set. Handset-Signaling Unit H-102/TRC-29 contains facilities for party line ringing, initiating outgoing signals, and receiving incoming signals. It can be connected to the order-wire receiver for use as a remote handset.



152. Signaling and Ringing Facilities

The order-wire channel carries the ringing and alarm signals and also serves as a speech channel. To hear audible signals, a bell is provided on the remote handset and a buzzer in the order-wire receiver. Outgoing ringing signals are initiated by pressing either the ringing button provided on the remote handset, or a similar button on the order-wire receiver. Each time either button is pressed, a ring pulse is transmitted to every station in the radio relay system. Rings longer than 1 second will be cut off.



153. Alarm and Transfer Control Facilities

a. When an abnormal condition occurs in the receiving equipment, a continuous alarm is set off at the station in which the fault exists. When the fault occurs in the transmitting equipment, the continuous alarm sounds in the receiving equipment of the following station: In addition, a 2-second alarm signal is transmitted to all stations following the faulty station, from there to the terminal. Stations preceding the defective station, in the direction of the signal travel, receive no alarm signal.

b. The alarm circuits are actuated if either of two conditions occurs: if the signal-to-noise ratio of the received signal falls below a predetermined level, or if a failure causing disappearance of the signal occurs in any radio or orderwire transmitter or receiver in the relay system.

c. When an alarm circuit is actuated as described above and if transfer control equipment is in use, connections between it and all pertinent components of the equipment will, after a short period of time, transfer operation to standby transmitting and receiving equipment.



154. Power Distribution Facilities

All primary line power for the equipment is fed through Power Supply PP-764/G, which distributes the power to all units requiring it. Power Supply PP-689/G furnishes the lowpotential de voltages for the radio transmitter ; and it connects them to Power Supply PP—764/ G, which feeds them to the radio transmitter, together with filament voltages and the highpotential de voltages. Power Supply PP-690/G furnishes all the filament and de voltages required by the radio receiver. The order-wire transmitter and receiver are equipped with selfcontained power supplies.



155. Testing and Monitoring Facilities

Testing, metering, and monitoring facilities, built into the equipment, provide for constant monitoring of some signals in the equipment and for convenient routine maintenance checking of others. These include audio signals, modulation levels, order-wire subcarrier level, modulator input and output signals, limiter and discriminator operating levels, and other voltages and currents at vital points within the equipment.



156. Terminal Station

The basic equipment used at a terminal station is shown on figure 142. A terminal station requires one set of transmitting equipment, one set of receiving equipment, one set of antenna equipment, and one set of accessory equipment. A set of standby equipment should be available for emergencies.



157. Repeater Station (fig. 143)

There are two general types of repeater stations used in the microwave radio relay system. They are called a through repeater station and a drop-channel repeater station. In a through repeater station, the signals obtained from the output of the receiver are fed directly to the following transmitter to be retransmitted for the next hop. Drop-channel repeater stations are equipped with video drop and insert facilities, which permit certain of the multiplexed video channels to be dropped at the station, on a party line or terminating basis, instead of continuing at the terminal. Intelligence initiated at the drop-channel repeater station also may be inserted in these channels in the multichannel signal on an east-talking, west-talking, or party line basis. Equipment such as Pulse Form Restorer Group AN/TRA-10 or Multiplexer Group AN/TCA-1 may be used.

a. The equipment required for a through repeater consists of two complete Radio Sets AN/TRC-29, connected back-to-back (fig. 148). Radio set A includes the east-west transmitting equipment and the west-east receiving equipment. Radio set B includes the west-east transmitting equipment and the east-west receiving equipment. An additional repeater interconnection cable, interconnecting the two sets of re ceiving equipment, is used at a repeater station for audio, alarm, signaling, and control purposes in both directions.

b. At a drop-channel repeater station, the same radio set equipment is used, with additional video: equipment as described above. Alternate connections for this equipment are shown on figure 148.



158. Diversity-Operated Station (fig. 144)

At some stations, where difficult topographic or atmospheric conditions are found, diversity operation is used to overcome the effects of signal fading. An additional receiver and receiving antenna are used. Where diversity operation is used in only one direction, the regular standby receiver usually is used. Where diversity operation is needed in both directions, an additional set of receiving and antenna equipment, or an additional Radio Set AN/TRC-29, must be obtained. One receiver is the preferred receiver; the other is the standby receiver. Automatic switching circuits are incorporated in the receivers, which select the receiver that has the best signal-to-noise ratio and its video output is used for retransmission. This may be either the preferred or the standby receiver. Special diversity interconnection and video cables tie the signal, operating, and control circuits of the two receivers together.



159. Organization of Material Covering Transmitting and Receiving Equipment

The detailed description of the transmitting and receiving equipment is arranged as follows: an overall description of the transmitting (or receiving) equipment is followed by a general block-diagram description at the major unit or circuit-group level. Next, each of the blocks previously covered is further broken down, first in stage-by-stage or function-by-function block form, and finally a complete description of the circuit details is given in each case. The next block is treated in the same manner, and so on. This means starting at the top level, then working down level by level, through equipment, major unit, subchassis, etc., to the individual circuit.
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Figure 144. station, block Two-way diversity equipment at repeater diagram.



160. Diagrams Pertaining to Theory Chapter

The block diagrams and simplified schematic diagrams for each of the subjects discussed are placed at those points in the text where their major portions are covered. For overall dia grams such as interconnection, cabling, and complete schematic diagrams, refer to the group of illustrations at the back of this manual.




Section Il. TRANSMITTING EQUIPMENT


161. Overall Description (fig. 145)

The transmitting equipment of Radio Set AN/TRC-29 consists of Radio Transmitter T-— 303/G, Order-Wire Transmitter T-3889/TRC-—


	29, Power Supply PP-764/G, and Power Supply PP-689/G.

	a. Radio Transmitter T-303/G.

	(1) Radio Transmitter T-303/G (par. 162) accepts video signals in the 30-









cps to 4.5-mc band, as well as a 6-mc order-wire subcarrier, and uses them to frequency modulate an rf carrier in the 1,700- to 2,400-mc band. This intelligence is sent through a transmission line to the antenna, which radiates it into space. The bandwidth of the transmitter extends from 30 cps to approximately 6 mc. A 100-ke portion of this band, located at 6 mc, is assigned to the order-wire subcarrier, while the 30-cps to 4.5-mc portion is reserved for the main traffic signals. The bandwidth of the externally generated video signal to be transmitted must, therefore, be limited to 4.5 mc to eliminate any signals in the 6-mc region that might interfere with the order-wire subcarrier. An input video filter that attenuates frequencies above 4.5 mc is provided to accomplish this. The video filter is used at a signaloriginating station, including stations that use Pulse Form Restorer Group AN/TRA-10 or Multiplexer Group AN/TCA-1 equipment, but is unnecessary at through repeater stations, because a similar filter is included as part of the receiving equipment (par. 174c).


	(2) The transmitter is continuously tunable over the frequency range 1,700 to 2,400 mc. However, the transmitter normally is operated on one of 27 channel frequencies for which frequencycontrol crystals are available. The rf bandwidth, including the order-wire subcarrier, is approximately 15 mc.

	(3) The circuits incorporated in the main transmitter to perform the functions described above include: a video modulator, a modulated rf oscillator, and an rf amplifier. In addition, it contains auxiliary operating circuits, such as afc to maintain the desired carrier frequency, an electronic voltage regulator for the rf oscillator, and alarm control circuits for continuously monitoring the signal path. Also contained in the transmitter are built-in test circuits and facilities to expedite alinement, troubleshooting, and evaluation
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Figure 145. Transmitting equipment, block diagram.

of the performance of the equipment during operation. These facilities include a sawtooth generator, monitor receiver, peak vtvm, and metering equipment.


	b. Order-Wire Transmitter T-389/TRC-29. The order-wire transmitter accepts speech signals from the handset (in the order-wire receiver) if the transmitter is at a terminal or, if it is at a repeater station, accepts such signals from either the handset or the audio output of the preceding order-wire receiver, and uses them to frequency modulate a 6-mc order-wire subcarrier. This vf modulated rf subcarrier, containing the order-wire channel intelligence, is fed into the main transmitter video circuits in the first stage of the modulator. The orderwire transmitter also contains auxiliary circuits, including afc, a test-tone oscillator, and metering facilities. In conjunction with signaling equipment in the order-wire receiver (part of the receiving equipment), it provides carrier-keying for the order-wire channel. Ringing and talking on the order-wire channel are on a party line basis. Paragraph 171 details the circuitry of the order-wire transmitter.

	c. Power Supply PP-764/G. Power for Radio Transmitter T—-303/G is furnished by two power supplies. Power Supply PP-764/G provides high-voltage dc for the transmitter rf cir-



cuits and filament power for all of the transmitter circuits. It also functions as a distribution center for low dc voltages for the transmitter, which are obtained from Power Supply PP-689/G, besides distributing primary line power for both the transmitter and receiver of Radio Set AN/TRC-29. Details of this power supply are covered in paragraph 172.

d. Power Supply PP-689/G. Power Supply PP-689/G (par. 173) provides several regulated low-voltage de outputs for portions of the transmitter other than the rf generator circuits.



162. Radio Transmitter T—303/G, Block Diagram (fig. 146)

a. In the radio transmitter, the video and 6 mc order-wire subcarrier signals are applied to the grid and cathode, respectively, of the first video amplifier in the modulator. The combined video signal obtained at the output of this stage is passed through four additional stages of video amplification, providing a level sufficient to modulate the klystron oscillator in the rf generator. The output of the modulator is applied to the klystron rf oscillator, the frequency of which varies in accordance with the amplitude of the modulating signal. The fm output of the klystron is fed through the power amplifier to the antenna.

b. A portion of the power amplifier output is fed to the afc circuits, which stabilize the klystron at the desired center (carrier) frequency. This portion of the power amplifier output is mixed with the output of a crystal-controlled oscillator-multiplier. The oscillator harmonic signal chosen is 120 mc higher than that of the 1,700- to 2,400-mc klystron rf carrier frequency. Consequently, a 120-mc if. signal is obtained at the output of the crystal mixer. This signal is amplified in an if. amplifier, acted on by limiters, and fed to a discriminator. Part of the dis-
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Figure 146. Radio Transmitter T-3038/C, block diagram.

criminator output is amplified by a video preamplifier for monitoring and metering. If the klystron carrier frequency deviates from its normal value, the afc discriminator output also contains a dc component. This dc component is chopped and amplified by a chopper and chopper-amplifier circuit and applied to a correction 'drive motor in the klystron assembly. The motor mechanically retunes the klystron to eliminate the de component in the afc discriminator output. Thus, the output of the klystron is stabilized automatically at the desired carrier frequency. The reflector voltage for the klystron is held constant by the electronic voltage regulator. Significant voltages are monitored by the vtvm and the meters on the meter panel.



163. Video Filter (fig. 147)

a. At signal-originating stations, the videosignal input to the modulator is fed through a low pass video filter. The video filter has a pass band from 0 to 4.5 mc. Above 4.5 me, signal attenuation through the filter increases rapidly. At 6 me, the output of the filter is at least 35 db down, or zero for all practical purposes. The video-signal output of the filter, which is fed to the transmitter, has no significant components at 6 mc, the frequency of the order-wire subcarrier signal. This arrangement keeps video components from entering the order-wire channel and causing cross talk. Its use at repeater stations is not required because all signals reaching a repeater station pass through a similar filter that is a part of the order-wire receiver. For further details on the filter, refer to paragraph 185a.

b. The filter consists of a shunt m-derived T-section. This section contains capacitors Cl, C2, and C3 and inductors L1 and L2. The filter network is terminated by resistors Rl and R2 in the modulator input circuit.

c. When the filter is used, the input video signal cable is connected to the VIDEO FILTER INPUT jack, and the VIDEO FILTER OUT-PUT plug is connected to the VIDEO INPUT jack in the modulator. When the filter is not used, the input video signal cable is connected directly to the modulator VIDEO INPUT jack.
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Figure 147. Video filter, simplified schematic diagram.



164. Modulator (fig. 148)

a. General. The modulator is a video amplifier with a voltage gain of approximately 400 for signal frequencies between 30 cps and 6 mc. It amplifies low-level video input signals to the proper level for application to the transmitter oscillator so that the carrier deviations of +3.6 mc are obtained for 100 percent modulation. The main traffic video signals are fed to the modulator through rf cable W2, which is connected to VIDEO INPUT receptacle J14. The order-wire subcarrier generated by Order-Wire Transmitter T-389/TRC-29 is fed to the modulator through rf cable W3, which is connected to OW CARR INPUT receptacle J15. SAW-TOOTH INPUT receptacle J2 is provided for applying a sawtooth test signal to the modulator. The output of the modulator is fed to the klystron oscillator through wire W4. Some of the components of the klystron oscillator circuit and testing circuits are mounted on the modulator for convenience though not functionally a part of it. The modulator can be divided into four functional blocks as follows:


	(1) Input selector.

	(2) First feedback-amplifier section.

	(3) Second feedback-amplifier section.

	(4) Protection diode and output circuit.

	b. Block Diagram Description.

	(1) Input selector. The desired modulator input is selected by MOD INPUT SEL SW Sl. The order-wire subcarrier is not connected to the modulator input through S1, but is fed to the modulator regardless of the position of S1.




	(2) First feedback-amplifier section. The first feedback-amplifier' section con-






sists of two 2C51 dual triodes (V1 and V2) acting as video amplifiers. With switch S1 in its normal VID position, the main traffic video signals are fed to the grid of first stage VIA and the order-wire signals are fed to the cathode of that stage. The output video signal, consisting of both the main traffic and order-wire signals, is fed through V1B, the cathode output of which is further amplified by the second stage, V2A. The V2A plate signal is coupled to the grid of V2B. The video output from the cathode of V2B is coupled to the input of the second feedback amplifier. Overall degenerative feedback for stabilizing the gain fication. The video signal from V2B in the first feedback-amplifier section is amplified by the third video amplifier, V3, which is a 6AG7 pentode. Further amplification of the video signal takes place in the fourth video amplifier, which uses two 6AG7 pentodes, V4 and V5, connected in parallel. The output of V4 and V5 is fed to the final, or fifth, stage of amplification, V6, which is an 829B twin tetrode with both tetrode sections connected in parallel. Overall degenerative feedback is obtained by feeding back a portion of the cathode voltage of V6 to the cathode of V3. The degenerative feedback effectively stabilizes the gain
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Figure 148. Modulator, block diagram.

of these stages is accomplished by feeding back a portion of the output of V2B to the cathode of VIA.


	(3) Second feedback-amplifier section. The second feedback-amplifier section consists of three stages of video ampli-

	of the amplifier. The output of V6 is connected to the klystron oscillator reflector cap.

	(4) Protection diode. The protection diode circuit is a 6X4W diode, V7, provided to prevent the reflector electrode of the



klystron from becoming positive with respect to its beam electrode.


	c. Detailed Circuit Description.

	(1) Input selector circuit (fig. 149). MOD INPUT SEL SW S1 selects the input signal that is applied to the grid of V1A. In position 1 (GND), the grid of V1A is grounded for video. This position is selected to check the radio transmitter rf sections with no external modulation present. In position 2 (VID), the external video input across Rl is connected through VIDEO LEVEL control R2 to the grid of V1A in the first feedback-amplifier section. Resistor R2 is adjusted for the desired fm deviation of the rf carrier, which is determined by the videosignal amplitude. In position 3 (ST), a sawtooth-oscillator deviation test signal is connected to the grid of VIA instead of the external video signal. The sawtooth signal is a standard test signal used to check radio transmitter deviation with simulated modulation present. The radio transmitter cannot transmit any main-traffic signal unless the MOD INPUT SEL SW is in position 2, applying a video-signal input to the modulator. The order-wire signal is fed directly to the cathode of V1A, and consequently is not controlled by switch S1 or the video level control.




	(2) First feedback-amplifier section, V1 and V2 (fig. 150). The first feedbackamplifier section consists of two video amplifier stages, each employing a 2C51 dual triode. The overall voltage gain of the first feedback-amplifier section is about 12.

	(a) First video amplifier V1. Assume that a video-signal input is selected by switch Sl. The signal is applied through coupling capacitor C4 and across grid load resistor R3, to the grid of V1A. The order-wire input signal is applied through R8 to the cathode of this stage by a voltagedivider network, R4 and R9. Both signals are amplified by V1A and appear across plate load resistor R5. Resistor
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Figure 149. Input selector circuit, simplified schematic diagram.

R5 is connected to the +250-volt supply through resistors R6 and R18, which form decoupling networks with bypass capacitors C5 and C7. The voltage developed across plate load resistor R5 is coupled through capacitor C6 to the grid of cathode follower V1B. The output developed across cathode load resistors R10 and R11 is fed to the grid of V2A. The use of lowimpedance cathode followers permits stable operation and improved response over a wide band of frequencies. Grid load resistor R12 is connected to the junction of R10 and R11 to provide proper grid bias.

Note. For Radio Transmitter T-3803/G on Order No. 1640-—Phila—51 (serial No. 57-297) and Order No. 15739-Phila—55 (serial No. 298-417), the values of resistors R5 and R15 have been changed from 2,200 ohms to 2,400 ohms. The values of these resistors were increased to eliminate the tendency for parasitic oscillations.

(6) Second video amplifier V2. The output of the first video amplifier is applied to V2A through coupling capacitor C8. The amplified voltage appearing across plate load resistor R15 is applied through C11 to the grid of V2B. Video bypassing is provided by ©9 and decoupling by R16 and R13. Tube V2B is a cath-


	ode follower, with the output developed across voltage divider R19, R20, and R9 being fed to V3. Cathode resistor R9 also provides the feedback voltage ((c) below).

	(c) Feedback circuit. Resistor R9 is creases the input signal over the portion of the video output signal stages. Capacitor C10, which by-V2B appears across R9, which is feedback at the higher video fre-This feedback voltage is degenera- cathode circuit (tube input) capacitive with respect to the video signal tance.

	tain a constant voltage gain for the first feedback-amplifier section, because any increase of gain of an individual stage increases the feedback signal, which effectively de common to both V1A and V2B. A entire band amplified by the two developed in the cathode circuit of passes resistor R20, increases the also in the cathode circuit of V1A. quencies to compensate for the

	fed to the grid of VIA, because the (3) Second feedback-amplifier section, V3 voltage fed back to the cathode of through V6 (fig. 151). The second V1A is in phase with that at its grid, feedback-amplifier section consists of and acts to minimize any change in three video amplifiers, V3 through V6. grid-cathode voltage. The degenera- The overall voltage gain of the second tive feedback voltage tends to main- feedback-amplifier section is about 32.
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Figure 150. First feedback-amplifier section, V1 and V2, simplified schematic diagram.
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	(a) Third video amplifier V3. The output of V2B is coupled through capacitor C12 to the grid of V3, a 6AG7 pentode. Resistor R25 is the grid load resistor. The amplified signal appears across plate load resistor R27. The network of R26 and C13 in the plate circuit provides low-frequency compensation to improve the response of the amplifier. Cathode bias and degenerative feedback are developed across resistor R43, which acts as a common cathode resistor for both V3 and V6. The feedback circuit is described in (d) below. Screen-grid potential is obtained directly from the -+150 volt line. Capacitors C15 and C16 act as the screen-voltage video bypass capacitors; similarly, C14 is the bypass capacitor for the plate. Capacitors C27 and C28 are heater bypass capacitors.

	(b) Fourth video amplifier, V4 and V5.

	ys The fourth video amplifier uses two type 6AG7 pentodes in parallel. The output of V3 is coupled through capacitor C17 to the grids of V4 and V5. Resistors R29 and R30 in the grid circuits are parasitic suppressors. Fixed grid bias is provided from the —-150-volt line through the voltage-divider network of R37, R39, R41, and R40. Resistor R28 is the grid load resistor. The signal applied to the grids is amplified in both tubes in parallel and appears across plate load resistor R34. Resistors R32 and R33 in the plate circuits are parasitic suppressors.

	ies) Screen voltage for V4 and V5 is obtained from the +150-volt supply through resistor R31. Resistor R35 and capacitor C19, and R36 and C18 are decoupling networks for the screen-grid circuits.




	(c) Fifth video amplifier V6.

	yi The fifth video amplifier uses an 829B twin tetrode with both sections connected in parallel. The







	output developed across plate load resistor R34 of the fourth video amplifier is coupled to the grids of V6A and V6B through coupling capacitor C20. Resistors R42 and R44 in the grid circuits are parasitic suppressors. Fixed grid bias is obtained from the —150 volt line through the voltage-divider network of R37, R39, R40, and R41. Resistor R38 is the grid load resistor. Capacitor C21 is a video bypass capacitor preventing feedback of video signal to the grids of the fourth video amplifier, which also is connected to the —150-volt line through the same. grid bias voltage-divider network.

	A plate load consisting of resistor R51 and peaking coil L3 is used for both pentode sections of V6 in parallel. This network improves the high-frequency response of the amplifier. The peaking coil is adjusted to provide the same modulator gain at 4.5 mc as at 100 ke. This permits a fairly flat response over a very wide frequency band. Resistors R45 and R46 in the plate circuits are parasitic suppressors. Cathode bias is provided by R43, which also provides feedback voltage to V3. The screen grids are connected to the +250-volt line through voltagedropping resistors R47 and R48. Video bypassing for the screen grids is provided by C22. oS)

	(d) Feedback circuit. Cathode resistor R43 is common to both V3 and V6. With this arrangement, a portion of the video signal from the fifth video amplifier is fed back to the third video amplifier. This feedback voltage is degenerative and stabilizes the overall voltage gain of the feedback-amplifier section.

	(4) Protection diode and output circuit (fig. 152). The output of the fifth video amplifier is applied to the reflector electrode of the _ klystron



through parasitic suppressor resistor R52, coupling capacitor C25, and wire W4. Protection diode V7, a 6X4W, is connected across the klystron and is located on the modulator subchassis, but is functionally a part of the oscillator circuit.

(5) General metering facilities. Provision is made in the modulator for metering various voltages. Receptacle J3, MOD INPUT to VTVM (fig. 149), and receptacle J4, MOD OUT TO VTVM (fig. 151), are provided for connecting the appropriate cable assemblies from the vtvm portion of the radio transmitter. The input video signal voltage across Rl and R2 in the modulator input circuit is connected directly to J3. The video output voltage in the cathode circuit of V6 is fed to J4 through voltage divider R49 and R50. Resistors R54, R55, and R56 in the modulator (fig. 152) are used for klystron reflector voltage metering. Resistor R23 is a metering resistor for the beam voltage.



165. Rf Generator

a. General. The rf generator consists of a klystron oscillator and a power amplifier stage feeding the antenna system. In this circuit, an attenuating cable, a double coupler, a 2-slug tuner, and a triple coupler are used, and a wavemeter is provided for frequency measurement. The klystron oscillator is capable of being frequency modulated in a video-frequency range of 30 cps to about 6 me, at deviations of as much as +4.5 me. The klystron oscillator output is 5 to 10 watts of fm microwave energy. This output is attenuated about 6 db in an attenuating cable to isolate the klystron from amplifier load variations; it is sent through a double coupler, where two metering signals are tapped off, then passes through a 2-slug tuner, which provides an impedance match to the input of the power amplifier. The power amplifier restores the power loss of 6 db and also acts as a buffer between the klystron and the antenna system. The rf generator output, therefore, delivers a microwave signal to the antenna at a power level of 5 to 10 watts. The generator output is fed to the antenna system through a triple coupler, which also provides rf signals to afc circuit, —65 db monitor signal, and meter circuit.


	b. Block Diagram Description (fig. 153).

	(1) Klystron oscillator V38. The modulator video output is applied, through coupling capacitor C25, to the reflector of klystron V38. The reflex-type klys-
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Figure 152. Protection diode V7 and output circuit, simplified schematic diagram.

tron is a type SRL-7. The frequency of oscillation of the klystron depends on the size of the reflex cavity and the de reflector voltage. The cavity size is controlled by adjusting three tuning screws. Application of the modulating voltage to the reflector causes corresponding variations in the oscillating frequency of the tube. Thus, the fm output is produced.

(2) Attenuating cable. The klystron output is coupled by a probe in the cavity, through a connector, to a length of type RG-—21A/U attenuating cable. The length of the cable in this application is selected to attenuate the rf signal approximately 6 db from its input level, which isolates the klystron from load variations that would adversely affect its stability.

a plunger over the entire frequency range. The plunger is tuned for maximum metered current from the builtin crystal, a dial reading is taken and, from a calibration chart, the frequency of operation is determined.

(5) Two-slug tuner. The main doublecoupler output is passed through a 2 slug tuner, the main function of which is to match the impedance of the klystron output and attenuating cable to that of the power amplifier input.

(6) Power amplifier V37. The rf energy from the 2-slug tuner is fed to the power amplifier, which amplifies the signal and isolates the klystron from the effects of antenna load variations. Power amplifier V37, a 2C39A lighthouse triode, is mounted in a dual folded coaxial-line cavity. One cavity
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Figure 158. Rf generator, block diagram.


	(3) Double coupler. The signal then is passed through a double coupler, which passes the main signal on to the 2-slug tuner, and extracts a small portion of the signal from the main signal path for measuring purposes. The double coupler provides two such outputs: one, a de output from a crystal rectifier contained in the coupler, to operate power METER A, and the other, an rf output, is used to feed a wavemeter to measure the operating frequency of the klystron.

	(4) Wavemeter. The wavemeter contains a resonant cavity, which is tunable by

	forms the grid-cathode circuit; the other forms the grid-plate circuit. Each is tuned to the desired frequency by adjustable plungers. The input signal is probe-coupled to the grid-cathode cavity and the output is obtained by another probe from the grid-plate cavity. The power amplifier output power of 5 to 10 watts then is coupled to the triple coupler.

	(7) Triple coupler. The triple coupler has three decoupled outputs instead of two. The main output is fed to the duplexer and then to the antenna, or directly to the antenna. One decoupled output



is used to furnish a monitoring signal to the afc crystal mixer. Another of the decoupled outputs is made accessible for testing at the rear of the transmitter cabinet and is between 65 and 71 db down from the full poweroutput level. The third decoupled output is detected by a crystal rectifier in the coupler and is fed to the meter panel, where it is used to measure the output of the power amplifier.


	c. Detailed Circuit Description.

	(1) Klystron oscillator V38 and protection diode circuit (figs. 152 and 154).

	(a) Schematic description.

	1. A reflex klystron is used to generate rf energy. For the basic theory of reflex klystrons, refer to TM 11-673. In the text that follows, it is assumed that the reader is familiar with this theory.




	2. Reflex klystron V38, a type SRL— 7, is operated with its cathode connected to the —1,000-volt regulated beam-voltage supply and its cavity (or anode) grounded. The voltage applied to the reflect-













	or electrode includes a dc component, adjusted between —1,300 and —2,000 volts by the REFL VOLTS ADJUST potentiometer connected to the output of the electronic voltage regulator subchassis of the radio transmitter (par. 170), and a video component obtained at the output of the modulator and coupled to the klystron through C25. The klystron dc reflector voltage from terminal 15 of TB5 is applied to the klystron through resistor R53 and wire W4.

	The anode of the klystron is the shell, which is grounded. The cathode is operated at —1,000 volts, providing the cathode-toanode, or beam voltage. This beam voltage is applied to the klystron cathode through resistors R22 and R24. Normally, the reflector electrode of the klystron is operated at a voltage more negative than that of the cathode. The reflector electrode of the klystron would be damaged by the
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Figure 154. Klystron oscillator circuit V88, simplified diagram,


	large current that would flow if the reflector became positive with respect to the beam supply. A component failure, such as C25 shorting, might cause this. To prevent this from happening, a short-circuiting diode type 6X4W, V7, is connected between the reflector and the cathode circuit, at the junction of R22 and the cathode voltage lead. The diode plate is connected to the klystron reflector. Capacitor C26 is used for decoupling.

	Under normal conditions, the plate of V7 is negative with respect to its cathode; consequently, V7 acts as an open circuit. However, should the klystron reflector electrode become more positive than the cathode, V7 would conduct and effectively place the reflector at the same potential as the cathode, which prevents damage to the klystron.

	The cavity is resonated over the frequency range of the klystron by three tuning screws that vary the spacing between the cavity plates. Rf energy developed within the cavity is picked up by a probe and fed through a type N female connector and a length of RG-21A/U cable to the double coupler.

	(b) Types of klystron used. The 1,700 to 2,400-mc frequency range of the transmitter is covered by using one of three reflex klystron types. Each of these klystrons covers a specific portion of the required tuning range. Reflex klystron type SRL-7F covers the low band of 1,700 to 1,930 mc; type SRL-7G covers the middle band of 1,930 to 2,160 mc; and type SRL-—7H covers the high band of 2,160 to 2,400 mc. Only one klystron type is requisitioned for use with a given transmitter. This type is selected to permit operation on the assigned channel frequency for that particular radio set.



(c) Factors affecting klystron tuning. A relatively intricate procedure is used to tune the klystron to the proper carrier frequency (par. 77). The tuning procedure is described briefly in 1 through 9 below.

)


	The klystron is tuned by adjusting REFL VOLTS ADJUST potentiometer R250 on the transmitter chassis and the three cavity tuning screws, to provide maximum power output and linear frequency deviation over the range of the modulating (video) voltage. Consider first the effect of the reflector voltage on the klystron power output. This is shown by curve A in figure 155, in which the power output versus reflector voltage of the klystron is plotted for a fixed setting of the cavity tuning screws. As indicated in this curve, the power output is maximum for a specific value of reflector voltage.

	For a given setting of the cavity tuning screws, one reflector voltage gives the desired frequency. For other settings, different re-
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Figure 155. Klystron power output and frequencydeviation curves.


	flector voltages are required to give the same frequency. There is only one best combination of the two, however, which results in maximum power output at the desired frequency. The klystron is tuned to the desired carrier frequency by a series of trial-anderror steps consisting of the following:

	(a) The video amplifier input is grounded and the REFL VOLTS ADJUST control adjusted for maximum power output.

	(b) The frequency of the klystron is measured with the wavemeter ((4) below).

	(c) If the frequency is not the one desired, the tuning screws are adjusted in the direction that brings the, klystron frequency closer to the desired value. Procedures in (a), (b), and (c) above are repeated until the desired frequency is obtained. This results in the optimum combination of reflector voltage and cavity tuning, which gives maximum power output at the desired frequency.

	A change in reflector voltage varies the frequency of the klystron. This frequency variation is illustrated by curve B on figure 155, which plots frequency deviation versus reflector voltage. As indicated on this figure, the frequency-deviation curve is fairly linear over a range of +4.5 mc from the carrier frequency. The carrier frequency is at the center of the linear portion of the curve.

	The voltage applied to the reflector contains a de component, adjusted by the REFL VOLTS ADJUST control, as well as the modulating voltage. The REFL VOLTS ADJUST control adjusts the klystron to the carrier frequency; the modulating voltage varies the frequency of the klys-




	tron from its carrier frequency to provide an fm signal.

	To minimize distortion of the modulating signal, it is necesary to operate over the linear portion of the frequency-deviation curve. Be sure that the carrier frequency is at the center of the linear range and that the modulation voltage (as adjusted by the VIDEO LEVEL control in the modulator) does not cause a peak deviation of more than +3.6 mc.

	Adjustment of the REFL VOLTS ADJUST control for maximum klystron output places the carrier frequency very close to the proper operating point. Figure 155 shows that the power-output curve is relatively flat around the maximum point so that the REFL VOLTS ADJUST control cannot be set at the proper operating point by observing the klystron power output alone. In fact, the REFL VOLTS ADJUST control may be varied _ considerably around the maximum power point without appreciably changing the klystron power-output meter reading. Consequently, to adjust the REFL VOLTS ADJUST control to the proper setting, an additional measurement procedure is required. This procedure is indicated in 8 below.

	Figure 156 shows the frequencydeviation curves when a sawtooth modulation signal is applied to the reflector. Two sets of curves are shown, a solid line and a dotted line. The solid line curves illustrate the proper operating conditions. For example, the dc reflector voltage is set to the proper value and, therefore, the carrier frequency is at the center of the linear frequency-deviation range. The dotted line curves illustrate the effect on the klystron frequency deviation when the dc reflector voltage is not at the prop-



er value. For the incorrect setting, the peak modulation voltage falls in the knee of the frequencydeviation curve, causing a relatively greater positive frequency deviation. As a result, the total frequency deviation of the dotted curve is about 12 mc, while that of the solid curve is 9.0 mc.


	(a) Apply a modulating voltage to the klystron sufficient to deviate it over the full linear range of its frequency-deviation curve. This is measured on the percent modulation scale on the PEAK VTVM meter (par. 169).

	(b) Adjust the REFL VOLTS AD-
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Figure 156. F'm signal curve.

This illustrates an important characteristic of the reflex klystron oscillator: for a suitable modulating signal, a 9.0-me symmetrical overall deviation is obtained only when the dc reflector voltage is adjusted to the proper value. For any other value of dc reflector voltage, the total deviation is a symmetrical and greater than 9.0 mc. The procedure for adjusting the REFL VOLTS AD-JUST control to the proper operating point is as follows:

JUST control for minimum frequency deviation. This may result in a slight decrease in power output, because the point of minimum deviation sensitivity does not always coincide with the point of maximum power output.

9. All pertinent characteristics of the klystron are affected to a great degree by the match or mismatch presented by the rf load. To prevent variations in antenna load impedance from affecting klystron operation, the klystron output is isolated from the antenna by a 6-db attenuating cable, a 2-slug tuner (both used mainly for impedance matching and level adjusting purposes), and a power amplifier. These elements are described in the following subparagraphs. The important parts and adjustments on the klystron are shown on figure 157.
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Figure 157. SRL-7 klystron tube.

(2) Attenuating cable. The microwave output of the klystron feeds into a length of RG-—21A/U cable about 9 feet long, which attenuates the signal approximately 6 db. The attenuationversus-frequency characteristics of this type of cable is shown on figure 158. As seen on this figure, the cable actually has an attenuation of 6.0 db only at 2.075 mc, with an attenuation of 5.45 db at 1,700 mc and 6.5 db at 2,400 me.


	(3) Double coupler.

	(a) The attenuator-cable output feeds a double coupler, which has two decoupled outputs in addition to the main output, which is fed to the 2-slug tuner. The first comes out of the coupler as a dc signal and is fed to the meter panel to give an indication of the rf output of the klystron. The second decoupled output is an rf signal, which is applied to the wavemeter for carrier frequency measurement. The main -signal output of the double coupler is fed to the 2-slug tuner.






Note. For Radio Transmitter T-303/G on Order No. 1640-Phila—51 (serial No. 16-297) and Order No. 15789—Phila—55 (serial No. 298-417), the coupling loops of the double coupler have been reduced in diameter to permit adjustment of the loops. This adjustment permits setting of the rf power level to center the reading on the de meters used in this circuit. Two setscrews also have been added to lock the coupling loops when the adjustment has been made.


	(b) A simplified electromechanical view of the double coupler is shown on figure 159. Coupling into the transmission line is effected by inserting a loop formed by a 100-ohm resistor and its end leads into the transmission line. One end of the resistor is grounded; the other end is soldered to the inner conductor of the output connector. Both the de and rf output connections are made in this manner. The de output differs from the rf output in that it has a 1N21B crystal (CR8) and a bypass capacitor built into the fitting housing of the resistor loop. These serve to detect the rf signal. Resistor R251 isolates the rf signal from the output circuit.

	(4) Wavemeter. The rf output of the double coupler feeds the wavemeter, which measures the transmitter frequency. It is a silver-plated reentranttype cavity, tuned to resonance by in-






ATTENUATION VS FREQUENCY CHARACTERISTIC OF RG-21IA/U CABLE
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Figure 158. Attenuation-versus-frequency charactertstics of type RG-21A/U cable.
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Figure 159. Double coupler, simplified diagram.

entrant portion of the cavity. A simon figure 160. The microwave energy Another loop picks up the energy and = ; : = [A coca detects it through a crystal rectifier, Z The transmission loss in the cavity is very high for all frequencies other } than those near the resonant freconsiderably off resonance, no energy cR will be picked up by the crystal loop. Near resonance, the transmission loss is low and crystal current increases. Maximum crystal current is obtained at the resonant frequency. The wavemeter is tunable over the complete frequency range of the equipment. The wavemeter tuning knob is calibrated in arbitrary numbers. Each wavemeter scale is individually factory-calibrated, and a chart plotting knob setting against actual frequency is furnished for each unit. This calibration chart is mounted on the inner surface of the transmitter cabinet door.

(5) Two-slug tuner. The output of the double coupler feeds into a 2-slug tuner. This unit, together with the attenuating cable, provides isolation, coupling, and impedance matching be-
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Figure 160. Wavemeter, simplified diagram.

tween the klystron oscillator output and the power amplifier input. As shown on figure 161, the 2-slug tuner is a length of air line constructed so that it has two sleeves, or slubs, of dielectric mounted between the inner and outer lines. These sleeves can be moved along the line independently of each other. By adjusting the position of these slugs, it is possible to match the 50-ohm line from the double coupler to the power amplifier input, the impedance of which varies for different frequencies. The two-slugs are ad justed to obtain maximum power output.


	(6) Power amplifier V37.

	(a) The output of the 2-slug tuner is fed to the power amplifier stage, V37, which is a type 2C39A light-






[image: Figure, page 209]

Figure 161. Two-slug tuner, cross-sectional view.

house triode. The power amplifier serves as a buffer between the klystron and the antenna. To prevent overdriving the amplifier, a 6-db loss is required in the attenuating cable and the power delivered to the antenna is about-the same as that delivered by the klystron to the attenuating cable.

The 2C39A lighthouse tube has two folded ccaxial-line cavities, each electrically tuned to approximately 3/4 wavelength at the transmitter frequency (fig. 162). One cavity forms the cathode-grid circuit; the (b — other forms the grid-plate circuit. Rf excitation is applied to the cathode-grid input circuit, and output is taken from the plate-grid circuit by a probe. Thus, this stage is equivalent to a grid-separation or grounded-grid amplifier. Cavities such as these can be made to resonate by tuning to any odd multiple of 1/4 wavelength at the operating frequency. These cavities are tuned to resonance at 3/4 wavelength; this value is chosen hecause of the physical parameters involved.

(c) Figure 163 shows the equivalent de and rf circuits. The input rf power is fed to the circuit by a coaxial line with a center conductor, which extends into the grid-cathode cavity. Rf power delivered to this cavity then is amplified by the tube and appears in the plate-grid cavity. Although a common grid plane is used, there is no direct rf coupling between the grid-cathode and gridplate cavities. At microwave frequencies, because of skin effect, current flows only near the surface of a conductor. Consequently, cathodegrid current flows only on the inner surface of the folded grid plane;
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Figure 162. Power amplifier, cross-sectional view.
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Figure 168. Power amplifier V87, equivalent dc and rf circuits.

plate-grid current flows only on the bias for this stage, however, is pro-(fig. 162). For further informa- across R256 and R257.


	a coaxial line at the output of the cavity. This coaxial line transmits the energy to the triple coupler.

	(e) In the de circuit diagram of this stage, B— is returned to the juncloss of rf driving power. Operating cavity.




	outer surface of the grid plane vided mainly by the voltage drop

	tion on operating principles and (f) All electrode contacts are of the construction of coaxial-line cavities spring-finger type (fig. 162). The and circuits, refer to TM 11-673. grid-cathode cavity is formed by (d) The rf power developed in the grid- two concentric tubes. The cathode plate cavity is picked up by a probe, bypass capacitor consists of a thin which forms the inner conductor of ' sheet of teflon fitted between the two sections of tubing that make up the cathode line. The grid tube is a double-wall arrangement, permitting the insertion of the input probe tion of cathode resistor R255 and . between the walls. The input probe good resistor R256. Resistor R255 terminates in a capacitive disk, supplies self-bias in the event of whicl extends into the grid-cathode




	(g) The plate-grid cavity is formed by the outer wall of the double-walled grid plane and the outermost tube. The plate bypass capacitor is a sheet of fused-type teflon, wrapped around the anode contact retaining ring. Both the plate-grid and cathode-grid cavities are tuned by sliding, finger-contact plungers that vary the length and resonant frequency of the cavity. The plungers are driven by a gearing arrangement external to the amplifier proper and are controlled manually by two axially mounted annular rings. One ring is for the cathode plunger, the other for the plate plunger. The output probe is a capacitivedisk type, which is adjustable in the cavity both radially and longitudinally.

	(7) Triple coupler. The output of the power amplifier is fed to the triple coupler through a short length of RG— 9B/U cable. This coupler is similar to the double coupler described in (3), above, and shown in figure 159, except that it has three decoupled outputs instead of two. The main output of the triple coupler is fed through an RG— 9B/U cable to the rf output connector at the rear of the transmitter. Two of the decoupled outputs are rf signals; the third is a de signal. The first decoupled output is an rf signal 36 db below the power output level. It is used to feed the crystal mixer in the afc system (par. 166). This is one of the most important signal points in the transmitter, because the signal obtained here is used for comparison with a reference frequency in controlling the operation of the afc system which, in turn, is responsible for holding the transmitter frequency properly on channel. The second decoupled output is an rf signal approximately 65 db below the power-output level, and is available at the back of the transmitter for test purposes. The third decoupled output is rectified by CR5, and the resultant de signal is fed



through R252 to the meter panel to indicate power amplifier power output.


166. Afe Circuits

a. General. The transmitter afc circuits consist of four major functional sections—a crystal oscillator, multiplier, and mixer; an if. amplifier, limiter, discriminator, and video preamplifier; a chopper and chopper amplifier, together with relay control circuits; and an afc motor drive system. An overall description of these functional circuits is given in b below.


	b. Block Diagram Description (fig. 164).

	(1) A crystal-controlled, vacuum-tube oscillator generates signals at a preset frequency in the range of 68 to 85 mc. This signal is doubled, tripled, and amplified in later stages, and its fourth or fifth harmonic (depending on the frequency selected) is mixed with the rf signal fed from the triple coupler to a crystal mixer. The resulting difference signal is an if. of 120 me.




	(2) The 120-mc if. is fed through a 6 stage, wide-band, if. amplifier, which amplifies and sends it to two limiters connected in cascade. The limiters eliminate any amplitude variations in the signal, set its reference level, and pass it on to a discriminator. The discriminator output includes the video modulation information and the 6-mc order-wire subcarrier. Part of the discriminator output is fed, as a de signal, to the chopper amplifier input, to the meter panel for the afc correction-signal monitoring, and to the TRANSFER CONTROL connector in the order-wire transmitter, where it is made available to the transfer control equipment. The remainder of the signal, containing the video and orderwire carrier intelligence, is amplified further by a video preamplifier, fed through a cathode-follower stage, and sent to the vtvm and order-wire monitor subchassis, where it is used for further measuring and monitoring purposes.







	(3) The portion of the signal sent to the chopper amplifier input is converted by the chopper into a series of short rectangular pulses, the amplitude of which is directly proportional to the amount of frequency error. The polarity is opposite to that of the dc signal. These pulses are amplified in the chopper amplifiers and phase inverter, which couples both positive and negative pulses to a peak detector circuit. The peak detector output governs the operation of a relay control tube which, in turn, effects the closing of one or the other of two relays.

	(5) Additional block-diagram details of the circuits described above are given in c(1)(a), (2)(a), (3) (a), and (4) (a), below, covering the detailed operation of each of the major sections of the afc circuits.

	c. Detailed Circuit Description.

	(1) Crystal oscillator, multiplier, and mixer.

	(a) General (fig. 165). The crystal oscillator circuit provides a crystalcontrolled rf signal, the frequency of which is multiplied and mixed with part of the rf output of the power amplifier to provide a 120-mc
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Figure 164. Afe circuit, block diagram.

(4) One of these relays applies power to operate the klystron tuning drive motor clockwise; the other relay applies power to the motor to cause it to rotate counterclockwise. As the motor tunes the klystron so that its output returns to the desired frequency, the afc error signal diminishes, finally reaching the point where the balance condition is satisfied, the relay opens, and the afc motor stops.

if. signal. It consists of crystal oscillator V11A operating at any one of 27 channel frequencies within the frequency range of 68 to 85 mc, frequency doubler V11B, followed by frequency tripler V12, and crystal mixer CR1. The crystal mixer accepts a sample of the transmitter output from the triple coupler and mixes it with the 24th or 30th harmonic of the fundamental crystal oscillator frequency. The resulting
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Figure 165. Crystal oscillator, multiplexer, and mixer, block diagram.
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Figure 166. Crystal oscillator doubler VII , simplified schematic diagram.


	if. signal then is fed to the if. amplifier chassis.

	(0) Crystal oscillator doubler V11 (fig. 166).

	ne Crystal oscillator V11 is a 2C51 twin triode, and operates in the range of 68 to 85 mc, depending on the crystal used. The oscillator uses a cathode feedbacktype circuit, with crystal Y1 connected between the two cathodes of V11. The crystal acts as a lowimpedance feedback path at its resonant frequency, and thereby controls the overall frequency stability of the circuit.




	Tube V11A operates as a grounded-grid amplifier with a broadly tuned plate circuit, consisting of inductor L4 and the distributed capacitance of the inductor. -Resistor R78 is placed across this resonant circuit to lower its Q, and to reduce the feedback voltage. This reduces the output somewhat, but increases stability. The rf voltage developed across this resonant circuit is coupled to the grid of V11B through capacitor C38. The voltage developed across cathode resistor R80 of V11B is coupled across the cathode resistor of V11A through crystal Y1. The two cathodes are in phase; consequently, the circuit is regenerative.




	The quartz crystal provides a low-impedance feedback path exactly at its series-resonant frequency. The overall circuit gain is maximum at this frequency. Cathode-to-cathode impedance is high for all other frequencies in the vicinity of the crystal resonant frequency and the platecircuit gain is low at frequencies far from the resonant frequency; therefore, oscillation occurs only at the series-resonant frequency of the crystal. Neutralizing coil L6 in series with capacitor C35 is placed across the







	crystal to resonate out the capacitance of the crystal holder, further insuring that a high series impedance is presented to all frequencies other than the seriesresonant frequency of the crystal.

	oS Tube V11B also acts as a frequency doubler, with its plate circuit of L5, C387, and C40 tuned to the second harmonic of the crystal frequency. The voltage developed across this resonant circuit is applied to the grid of V12. Resistor R81 is the V11B grid load, and R82 serves primarily as the meter resistor, and C36 serves as the plate bypass capacitor.

	(c) Frequency tripler V12 (fig. 167). The output of V11B is coupled through capacitor C41 to the grid of V12, a 5654/6AK5W pentode, connected in a frequency tripler circuit. The plate circuit of this stage is resonated by an adjustable quarter-wave stub physically located within the crystal mixer assembly (A-A!, fig. 167). This quarter-wave stub is adjusted to resonate with capacitors C45 and C46 and the capacitance of tube V12 at the third harmonic of the grid-input signal frequency. Resistors R86 and R83 are the plate and screen-dropping resistors, respectively. Capacitor C42 is the plate bypass capacitor. Resistor R84 is the grid load, and R85 serves primarily as the meter resistor.

	(d) Crystal mixer CR1 (fig. 167).

	yA The mixer circuit uses a 1N23B crystal, CR1, and functions as a mixer and harmonic generator. The output of the frequency tripler is coupled directly to CRI, where it is mixed with a sample of the transmitter output frequency obtained through a capacitor built into a tee fitting. One of the frequencies created by the beating together of the rf signal and a harmonic of the frequencytripler output is the desired 120-



me if. There are two possible paths this signal might take. One is into a branch of the tee leading back to the triple coupler. The second is through the branch of the tee leading to the if. amplifier. The capacitor in the rf input line prevents the if. from being short-circuited in the rf circuitry because it presents a relatively high impedance to 120 mc energy trying to travel in the reverse direction, but appears as a low impedance to rf energy traveling in the forward direction. As a result, practically all the 120-mc if. signal is fed through the desired path to its load circuit at the input to the if. amplifier.
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Figure 167. Frequency tripler V12 and crystal mixer CR1, simplified schematic diagram.

Many harmonic frequencies are developed across the crystal; however, only the harmonic frequency which is 120 mc above that of the rf input signal is used to beat with the rf signal and produce the 120-mc if. signal which is amplified by the if. amplifier. All other frequencies are rejected in the if. amplifier input circuit. For carrier frequencies below 1,900 me, the fourth harmonic of the -frequency-tripler output is used; for carrier frequencies above 1,900 me, the fifth harmonic is used.

(2) If. amplifier, limiter, discriminator, and video preamplifier.


	(a) General (fig. 168). The if. signal from the crystal mixer in the crystal multiplier subchassis is fed to the if. amplifier. Here the signal is amplified by six stages of if. amplification, then fed through two limiters to a discriminator. The output of the discriminator consists of a de error signal that is fed to the chopper amplifier, which controls the klystron frequency-correcting motor, and a video signal amplified by a video amplifier and used for monitoring in the vtvm. The six if. amplifier stages are arranged in two triplets, or triple stagger-tuned stages. The first, second, and third if. amplifiers comprise the first triplet. The fourth, fifth, and sixth if. amplifiers make up the second triplet.

	(b) Typical if. amplifier circuit.

	1. All six if. amplifier stages are identical circuits with the excepstuB which is modified slightly. Figure 169 is a simplified schematic diagram of the first if. amplifier. Except for the use of different reference symbols for the component parts, this schematic applies equally to any of the other if. amplifiers.

	In the if. amplifier circuit in figure 169, the if. input signal is applied through coupling capacitor C47 to the grid of V13, a 5654/ 6AK5W pentode. The signal is amplified and appears across tuned coil L9, which is resonated by its own distributed capacitance at the desired if. Resistor R88 is a grid load, R90 is the cathode-biasing resistor, and R91 iso-
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Figure 168. If. amplifier, limiter, discriminator, and preamplifier, block diagram.

lates the if. from the B+ supply. Resistor R93 provides additional decoupling and voltage dropping. Capacitors C48, C50, C52, C53, and C54 are all if. bypass capacitors. Inductor L8 and capacitor C51 provide decoupling for the filament supply.

(c) First triplet, V13 through V15.

Tubes V13, V14, and V15, the first, second, and third if. amplifiers, are cascade-connected to form a circuit configuration known as a stagger-tuned triplet. A stagger-tuned triplet consists of three cascaded amplifiers with single-tuned coupling networks having Q's and resonant frequencies which yield a high overall gain bandwidth product. Refer to TM 11-667, for a more complete theory discussion. This is accomplished by tuning one stage to the nominal center frequency, one stage somewhat above the frequency, and the third stage somewhat below the center frequency. The result is a relatively flat response over a wide frequency band. To help compensate also for the characteristic drop at the sides of a tuned-circuit curve, the Q's of the stages tuned above and below the center


	frequency are adjusted to be about twice as high as the Q of the on-frequency stage. This also aids in squaring the response curve by giving a sharper dropoff at the sides.

	In the first triplet, the first if. amplifier is tuned to 130.5 mc, the second amplifier to 120 mc, and the third amplifier to 110.5 mc. This arrangement provides an overall bandwidth of 21 mc and an overall gain of approximately 28 db. The input to this triplet is obtained from the crystal multiplier mixer through coil L7, which is resonated to 120 mc, and effectively rejects any signals appearing at this point with a frequency far from 120 me. The crystal mixer current is checked by the meter circuit, which is through metering resistors R87 and R89, and the complete dc path through crystal CR1. Capacitor C49 in this circuit is an if. bypass capacitor.

	(d) Second triplet, V16 through V18. Tubes V16, V17, and V18, the fourth, fifth, and sixth if. amplifiers, are cascade-connected to form the second triplet. In this triplet, the fourth if. amplifier is tuned to 130.5 me, the fifth if. amplifier to
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Figure 169. Typical if. amplifier, simplified schematic diagram.

110.5 mc, and the sixth if. amplifier to 120 mc. The sixth if. amplifier is slightly different from the first five if. amplifiers in that the if. voltage is developed across plate-load resistor R112 instead of a coil, and resonance is effected by coil L19 in the input circuit of the next stage.


	(e) First limiter V19 (fig. 170).

	The output of the sixth if. amplifier is coupled through C91 to the first limiter, V19, a 5654/6AK5W pentode. In this limiter, the cathode is grounded and a highly stable +42-volt screen and plate voltage is used. As a result, an essentially constant output level is maintained for both positive and negative half-cycles of the incoming if. signal. The if. amplifier gain is sufficient to raise the if. signal to a level that allows the limiter to be overdriven in both the positive and negative directions. In the positive direction, plate current saturation limiting occurs because of the low plate and screen voltage, and limiting in the negative direction occurs because grid cutoff is reached. Inductor L19 in the input circuit







	to this stage is resonated at 120 mec. Resistor R116 lowers the Q of the coil L21. Resistor R117 and capacitor C96 keeps the screen voltage constant thereby preventing degeneration. Capacitor C96 is the screen if. bypass capacitor. Resistor R118, with bypass capacitor C97, isolates the +42-volt supply from if. signals.

	Crystal CR2 detects a portion of the signal and develops a positive voltage across the _ resistancecapacitance (RC) network comprised of R115 and C93 that is proportional to the amplitude of the incoming signal. This voltage is applied to a meter on the meter panel through resistor R113. It indicates the if. level by measuring the first limiter grid signal. Capacitor C92 in this circuit is the if. bypass capacitor.

	(f) Second limiter V20 (fig. 170).

	ae Inductors L21, L23, and L22, with associated tube capacitances, comprise a wide-band tuned pisection, coupling network and couple the voltage developed in the plate circuit of the first limiter through C98 to the grid of second limiter V20, a 5654/6AK-
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Figure 170. First and second limiters V19 and V20, simplified schematic diagram.

5W pentode. The three legs, mutually resonated, together form the network, which is equivalent in performance and band-pass characteristics to a conventional double-tuned if. transformer. Tube V20 delivers an essentially constant-level output with a varying level input. When an input signal reaches the grid circuit, the signal charges C98 in proportion to signal amplitude. The discharge path for C98 must be through R122 and R120. The values of these components are such that the circuit has a relatively long time constant, effectively establishing a bias level that sets the operating point of the tube in accordance with the input signal level. If the input signal level increases, a larger bias voltage is built up across C98. This changes the effective operating level of the tube, and the output level is maintained fairly constant. Conversely, if the signal level decreases, the bias voltage decreases. A test point, E5, is placed in the circuit so that the band-pass waveform can be


	displayed on a test scope for if. alinement. It also can be used to check the bias developed. This bias is a measure of limiting action and depends on the modulation level. The test point is connected to the circuit through decoupling circuit R121 and C100.

	2. The tuned circuit in the plate of V20 is formed by L25 and the plate-cathode capacitance of V20. This circuit is resonant at 120 me. The if. voltage developed across R125 in series with L25 is applied then to the discriminator. Capacitors C101, C104, and C105 in this stage are bypass capacitors, resistor R123 is the cathodebiasing resistor, and_ resistor R124 is the screen-dropping resistor. Resistor R122, shunting L22, provides proper Q for the grid circuit.

	(g) Discriminator V21 (fig. 171).

	1. The if. voltage developed across R125 in the plate circuit of the second limiter is applied through coupling capacitor C107 to two series-resonant circuits in discriminator stage V21, a 6AL5W




	dual diode. One circuit, which consists of L27 in series with the plate-cathode capacitance of onehalf of the dual diode (Cl, fig. 171), is resonant at 141 mc. The other circuit, consisting of L26 in series with the plate-cathode capacitance of the other half of the dual diode (C2, fig. 171), is resonant at 108 mec. Resistors R128 and R126 are used as load resistors for the series-resonant circuits, and form the grid-load impedance of V22A.

	© To understand the action of the discriminator, consider first the voltage variation with frequency (response curve) that would exist (with respect to ground) if the discriminator output were perfectly balanced. The theoretical response curve of each of the two resonant circuits then would be as shown in figure 172. The voltage developed across the 108 mc resonant circuit is negative and the voltage developed across the 13l-mc resonant circuit is positive with a respect to the ground reference level. The actual discriminator output is the algebraic sum of these two voltage curves. This is illustrated by the composite broken-line curve on figure 172. For example, at 120 mc, both voltages are equal in magnitude; therefore, the resultant voltage is zero. At 130 mc, a maximum positive voltage is obtained, and at 110 mc, a maximum negative voltage is obtained. Refer to figure 178, which shows a typical measured output voltage versus signal frequency response curve of the discriminator. It is necessary that the cross-over point in the discriminator curve be alined precisely at 120 me. Any variation from this will cause an equal variation in the rf carrier frequency. The discriminator must always be alined




	whenever a 6AL5W tube is changed. This is done by field maintenance.

	In addition to being fed to video preamplifier V22, the discriminator output is sent, as a de signal, to three other points in the equipment. From the discriminator output, the signal passes through R130, through terminal 5 of TB11 to terminal 8 of TB12 at the input to the chopper. Part of the signal is tapped off at this point and sent through pin L of J12 to indicate the afc correction voltage on METER A in the meter panel. Resistor R129 also takes the signal from the discriminator output and passes it through terminal 2 of TB1l, terminal 4 of TB4 to terminal 3 of TB1 on the orderwire transmitter. The signal is not used in the order-wire transmitter, but appears at pin F of J3, which is used for connecting the transfer control equipment.

	If the klystron center frequency is correct, the signal output at this point is zero. If the klystron frequency is high, a negative dc component is present; if the frequency is low, the de component is positive. This is indicated on METER A in the meter panel.

	(h) Video preamplifier V22 (fig. 174).

	de The output of the discriminator obtained across load _ resistors R128 and R126 contains the video signal plus the order-wire carrier applied at the input to the modulator. This signal is fed to the grid of V22A, one-half of a 2C51 twin triode, which amplifies it and passes it through cathode follower V22B. Resistor R132 and inductor L29 in the plate circuit of V22 comprise a shunt-peaking circuit, which provides the desired highfrequency response characteristic. Resistor R131 is the cathodebiasing resistor.
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Figure 171. Discriminator V21, simplified schematic diagram.
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Figure 172. Idealized series-resonant response curves.
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TM 689-85

Figure 178. Typical static if. discriminator characteristic curves.


	2. The video voltage developed in the Note. For Radio Transmitter Tto the grid of V22B, a cathode follower, through capacitor C114. Resistor R136 is the grid-load resistor and R134 is the cathodebiasing resistor. The video volt age developed across VIDEO LEVEL control R135, which can be varied to provide the desired output level, is fed to VIDEO OUTPUT jack J6 through coil L30, which serves as an if. signal choke. This is the point at which the video voltage is obtained and fed to the video amplifier in the vtvm subchassis.

	plate circuit of V22A is coupled 303/G on Order No. 1640-—Phila—51 (serial No. 22-297) and Order No. 15739-Phila—55 (serial No. 298-417), resistor R264, 22 ohms, has been added in the plate circuit of V22B. This resistor was added to eliminate the tendency for parasitic oscillations in the prevideo amplifier.

	(3) Chopper amplifier circuits.

	(a) General (fig. 175). The discriminator de output of the if. amplifier is applied to the chopper amplifier. To amplify the signal easily, a chopper is used to break up the dc into a train of rectangular pulses. Unlike conventional choppers that switch between two sources, this chopper
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Figure 174. Video preamplifier V22, simplified schematic diagram.

gives a narrow pulse equal to the dwell time of the make before break of a series-connected switch pair. These pulses are directly proportional in amplitude and opposite in polarity to the dc voltage causing them. This rectangular pulse train is amplified by two conventional amplifiers, V23 and V24. The positive and negative outputs then are detected (rectified) by peak detector V25. The resulting dc voltages are used to actuate a relay control circuit that controls the operation of a motor drive system which, in turn, retunes the klystron in the direction that will reduce the dc signal.



(b) Chopper amplifier V23 (fig. 176).

The discriminator output voltage is applied through terminal 8 of TB12 to the chopper input circuit. The chopper input circuit contains an RC network, R137, R138, R140, and C115, which sérves as a voltage divider and filter. The time constant of this network is extremely long and integrates im-

[image: Figure, page 222]

Figure 175. Chopper amplifier circuits, block diagram.

pressed signals. The charging and discharging time is affected by R138 and C115, and by R137. Therefore, only very gradual changes in the output of the discriminator are applied to the chopper amplifier. The video signal and any momentary transients that may exist at the discriminator output are bypassed by C115 and are not applied to the chopper amplifier grid. For all practical purposes, the signal applied to the chopper amplifier grid may be considered to be a de signal.

(Ss) The dc signal is coupled to the grid of V23A through resistor R139. The grid of V23A, a 2C51 twin triode, also is connected to afc chopper K1. This chopper is operated by 6.3-volt, 50/60-cycle power applied to its coil. Application of this voltage causes the contacts of K1 to open and close con tinually. Its operation is somewhat analogous to that of a conventional vibrator power supply. When the contacts are closed, the grid of V23A is at ground potential. When the contacts are open, the de signal obtained from the RC network is applied to the grid. Figure 177 shows the input volt age waveforms obtained. The curve at A in this figure illustrates a typical de voltage. This voltage is applied to the grid while the chopper contacts remain open. When the chopper contacts are grounded, the dc _ voltage is shorted out and the grid voltage is zero. Consequently, the resultant voltage is a train of rectangular pulses recurring at twice the chopper supply frequency, as shown at B in the figure. The applied voltage is shorted to ground approximately 10 percent of the
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Figure 176. schematic diagram. Chopper amplifier V23, simplified time. When the dc voltage is positive in polarity, a train of negative rectangular pulses is applied to the grid.


	4. The voltage applied to the grid of V23A appears across V23A plateload resistor R142 as an amplified voltage. It is then coupled through C116 to the grid of V23B and further amplified by this stage. The voltage appearing across R144, the V23B plate-load resistor, is coupled through capacitor C117 to the grid of V24A. Resistors R143 and R145 are cathode-biasing resistors, and R146 is the grid resistor for V23B.

	(c) Chopper (fig. 178). amplifier-inverter, V24

	1. The rectangular pulses obtained from V23B are further amplified by V24A, one-half of a 2C51 twin triode. The amplified pulses appear across plate-load resistor R148 and are applied through capacitor C118 to the grid of phase inverter V24B, the other half of the 2C51. Output voltages
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Figure 177. Chopper voltage waveforms.
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Figure 178. Chopper amplifier-inverter V24, simplified schematic diagram.

are obtained across plate-load resistor R150 and cathode load resistor R153. These voltages are equal in amplitude but 180° out of phase. If the de signal from the discriminator is positive, a negative rectangular voltage waveform appears across plate-load resistor R150, and a _ positive rectangular waveform appears across cathode load resistor R153. Conversely, if the applied dc signal is negative, a positive rectangular pulse appears across R150 and a negative pulse across R153.


	2. These output voltages are coupled to the cathodes of V25A and V25B through coupling capacitors C120 and C119, respectively. Resistors R149 and R151 are cathode-biasing resistors; R147 and R152 are grid resistors for V24A and V24B, respectively.

	(d) Peak detector V25 (fig. 179).

	1. The outputs of the inverter are fed to the cathodes of V25A and V25B, two sections of a 6AL5W twin diode. When the input to the chopper amplifier is positive, a negative pulse from the plate of V24B is applied to the cathode of







	V25A, and a positive pulse from the cathode of V24B is applied to the cathode of V25B. Consequently, only V25A conducts, developing a positive voltage across R154. At the same time, V25B appears as an open circuit.

	Similarly, when the input to the chopper amplifier is negative, a positive voltage is applied to the cathode of V25A and a negative voltage to the cathode of V25B, then V25B conducts and results in a positive voltage across R155. If the input voltage is zero, neither diode conducts.

	Se Relay control tube V26 (fig. 179).

	The voltages developed across resistors R155 and R154 are applied to the grids of V26A and V26B, respectively. Both halves of V26, a 2C51 twin triode, are normally




	cut off because of the application of a fixed bias of about 6.5 volts to the cathodes of these tubes. The bias is obtained from the voltagedivided network, R157, R158 and R156, which is connected between the +150-volt supply and ground, through the break contacts of relays K2 and K3.

	When a positive voltage is applied to either grid, the appropriate tube conducts. When the voltage applied to the chopper is positive, a positive voltage is applied to V26B across R154, and this tube conducts. When the applied voltage is negative, a positive voltage is applied to V26A across R155, and V26A conducts. Relays K2 and K8, in the plate circuits of these tubes, operate when a plate current about 2.5 ma is drawn,
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Figure 179. Peak detector V25, relay control tube V26, and antihunt circuit, simplified schematic diagram.

and release at a plate current of about 0.5 ma. Therefore, a stronger signal is required to operate the relay than is required to hold it operated. Ordinarily, a change about 1 volt at the grid would be necessary to cause the 2-ma plate-current differential required for the relay to release. To increase the sensitivity of the circuit to grid voltage changes, resistor R141 is connected between ground and the lower end of the bias voltage divider for the tubes. The upper end of this resistor, at the junction of R156 and R141, is connected to a pair of break contacts in each of relays K2 and K8. These contacts are in series and, when both relays are deenergized, they connect this lead to ground, shorting out R141. When either relay is energized, the short is reremoved and R141 is in the circuit. This increases the bias on V26, placing the grid voltage near cutoff. This compensates for the relay current characteristic so that a difference in applied grid voltage about 0.1 volt in the proper direction will cause the relay to release if it is operated, or operate if it is released. Relay K2 is operated when V26A draws sufficient current, and K3 when V26B draws sufficient current. The operation of either K2 or K3 is determined by the polarity of the error voltage. The relays control the direction of rotation of the afc drive motor to retune properly the klystron to correct the frequency error; one relay for each direction. (f) Antihunt circuit. L rf Hunting is the term applied to an undesirable characteristic inherent in any servomechanism (mechanical servo system). The transmitter afc circuits used in this equipment fall into the cate gory of servomechanisms. The electrical portion of the feedback loop responds rapidly to error signals, but there is a relatively long time lag in the response time of the mechanical components. For instance, when the afc drive motor is running and its operating voltage is removed, it does not stop immediately despite dynamic braking, but coasts for a period of time, because of momentum. The operating voltage is not removed until the error signal reaches zero; therefore the mechanical drive will continue to run and overshoot the correct point. This will cause an error signal in the opposite sense, and the motor will drive in the reverse direction, again overshooting the desired point. The amount of overshoot acts like a damped oscillation and becomes smaller with each succeeding cycle, but continues for some time searching for a point of equilibrium that satisfies the balance conditions of the feedback circuit. This process is known as hunting.

Resistor R141 is placed in the cathode circuit of V26 (fig. 179) to provide an antihunt action. This circuit is arranged so that when either relay K2 or K8 is operated, R141 is inserted in series between cathode resistor R156 and ground. When both relays are released, R141 is shorted out. When R141 is in the circuit, the bias on V26 is increased ((e)2 above), causing the sensitivity of the circuit to be increased by a factor of about 10. The added sensitivity means that less voltage change at the grid of V26 is needed to cut the tube off; therefore the required grid cutoff voltage is reached sooner during a motor-operating cycle, effectively causing the circuit to anticipate a _ satisfactory condition,


	and remove power from the motor earlier than would otherwise be the case. Because of the mechanical time lag, the discriminator output is very nearly zero by the time the motor stops. The reduction of bias which occurs when the relay releases and R141 is shorted out does not permit sufficient current to flow through the tube to reoperate the relay.

	Relays K2 and K8 together act as a differential relay. When both are released, the motor stops. When one is operated, the motor runs in one direction; when the other is operated, the motor runs in the opposite direction. The operation of the motor is caused by the removal of current from one winding, rather than by its application ((4)(b), below). When both relays are released, power is applied to both motor windings. These windings are phased to oppose each other electrically, so that the motor cannot run in either direction. When power is removed from one winding, the power in the other winding plus the voltage coupled the klystron tuning setting will minal 10 of TB12B. not change, regardless of frequen- 2. Motor B1 is a 2-pole, induction- cy deviations and consequent afc input signals, likewise causing an alarm indication.

	(4) Afe drive motor system (fig. 180).

	(a) General.

	1. The drive motor system consists










	of the output circuits of the chopper amplifier plus a number of switching circuits that control the motion of the frequency-error correction motor. Figure 180 is an overall schematic diagram showing all the components of the afc drive motor system. Some of these components are physically located on the chopper amplifier subchassis. Others are located on the main transmitter chassis.

	The chassis elements of the afc drive system include the following: the output circuits of the chopper amplifier; afc motor Bl; afc motor capacitor C150; AFC ON-OFF switch S89, which enables an operator to disconnect the 6.8-volt ac power from the coil of chopper K1, disabling the entire afc system; AFC-MANUAL SWITCH S6, which enables the operator to operate either K2 or K83, following the chopper amplifier relay control stage, thereby obtaining manual klystron frequency adjustment; and two cam detent microswitches, which limit the amount of motor rotation.

	(6) Normal AFC-ON operation.

	through C150 causes the motor to 1. Assume that the klystron is on rotate. These conditions effec- frequency. Neither K2 nor K3 is tively create a fail-safe circuit. energized. One hundred and fif-If one relay or one-half of V25 teen volts ac are applied from teror V26 fails, the motor can rotate minal pin W of P26 to point A in one direction, but not in the (yellow lead) on motor Bl. One other. This will cause the klys- hundred and fifteen volts ac are tron frequency to remain off its applied also to point B (red lead) assigned value sufficiently to oper- of motor Bl from terminal 5 of ate the alarm circuit. If any of TB12B, through contacts C—A of the preceding components fail and relay K3 and pin T of P26. The neither relay operates, the motor motor ac return (green lead) is is prevented from rotating and through terminal P of P26 to ter

	type torque motor with a built-in gear train, and is reversible in rotation. When ac is applied to both sides of the motor capacitor (points A and B), the motor is dynamically braked. Consequent-
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Figure 180. Control, relay, and afc motor drive circuit, simplified schematic diagram.

ly, with K2 and K38 not operated, the motor is in a stopped condition.

Assume now that the klystron frequency shifts to a lower value. This causes the application of a positive voltage to the chopper and results ultimately in the operation of relay K8. This removes ac from point B of the motor and causes the motor to rotate counterclockwise (as viewed from the shaft end). The motor is mechanically coupled to the fine-tuning adjustment screw of the klystron.


	With the motor turning counterclockwise, the klystron frequency is increased, bringing it back toward the correct value.

	x Assume now that the klystron shifts to a higher frequency. This causes the application of a negative voltage to the chopper and results ultimately in the operation of relay K2. This removes ac from point A of the motor and causes the motor to rotate clockwise, decreasing the klystron frequency.

	Resistors R159 and R162 are



peak-current, transient-limiting resistors that reduce the peak currents generated when either of the two sets of relay contacts opens. Resistor R160 and capacitor C121, and R161 and C122 are microswitch arc-suppression networks.


	(c) Operation of limit switches S7 and S8.

	i, Detent microswitches S7 and S8 are wired in parallel with the contacts of relays K2 and K83, respectively. Switch S7 limits the rotation of the motor in the clockwise direction; S8 limits its rotation in the counterclockwise direction. If these limit switches were not incorporated it would be possible, under certain conditions, for the motor to run continuously in one direction and damage the klystron.




	The limit switches are actuated by a circular cam with two detents. This cam is mounted on the motor shaft. Each switch has a roller arm that bears on the circular cam. When the motor shaft has turned about 180° in either direction, the roller on one switch or the other reaches the detent involved, and the switch is actuated.




	In normal operation, switches S7 and S88 are open (fig. 180). Assume that relay K2 is actuated, causing the motor to turn clockwise, because ac has been removed from point A. When the rotation causes the cam detent to reach switch S7, the switch is closed. Ac voltage is now applied to point A from terminal 5 of TB12B, through pin N of P26, switch S7, and pin K of P26, and the motor is dynamically braked. Similarly, if K8 is actuated, the motor rotates counterclockwise until the detent is reached, which actuates switch S88. With S88 actuated, ac voltage is applied to point B through S8 and pin C of P26, and the motor is braked.







	(d) AFC-MANUAL TUNING switch S6.

	Ls AFC-MANUAL TUNING switch $6 can be used to operate either K2 or K38. These relays normally are operated by current flowing through tube V26, with switch S6 in the center position. When switch S6 is placed in the down position (terminals 2 and 4 making contact), relay K2 is actuated (as though the klystron frequency were high), because a de path to ground through the relay coil is provided through R253 from the 150-volt supply. At the same time, contacts 1 and 8 of S6 short-circuit the coil of relay K3 so that this relay cannot be actuated: With K2 operated, the motor turns in a clockwise direction and the klystron frequency is lowered.




	When switch S86 is placed in the up position, relay K3 is operated by completion of the de path from . the 150-volt supply through the coil of K8, contacts 2 and 6 of S6, and resistor R253, to ground. At the same time, contacts 1 and 5 short-circuit the coil of relay K2. With K8 energized, the motor turns in a counterclockwise direction and the klystron frequency is. increased.




	(e) AFC ON-OFF 'switch S9. 6.8-volt ac power for the coil of chopper K1 is obtained from terminal 6 of TB-12B through pin H of P26, AFC ON-OFF switch S9, and pin D of P26. In the ON position, S9 applies power to coil K1. In the ON position, S9 applies power to coil K1. If this switch is in the OFF position, however, primary power is not applied to chopper K1. In this condition, the chopper amplifier input is grounded, and neither K2 nor K3 can be energized by the afc signal, thus disabling the system.





167. Vtvm Subchassis


	a. General. The vtvm subchassis actually consists of four separate operating sections:

	(1) Sawtooth generator V27 delivers an adjustable-amplitude sawtooth test signal to the modulator input for checking system performance.




	(2) The vtvm consists of a 3-stage video amplifier (V28—V30), peak detector V31, and peak voltage (positive and negative) dc amplifier V32 that, in conjunction with PEAK VTVM meter M4, indicates positive or negative voltage peaks, depending on the position of POS PEAK-NEG PEAK switch S5. It is used for checking modulation levels at different points in the transmitter. In conjunction with its associated meter and meter switches in the meter panel, the vtvm monitors the modulator input, modulator output, both in terms of peak voltage, and monitor video output, in terms of percent modulation. This meter has two scales: one calibrated directly in peak volts and the other calibrated in percent modulation.




	(3) Monitor amplifier V33 matches the impedance of the video output of. the video preamplifier in the if. amplifier subchassis to the 50-ohm, coaxial-cable, terminating impedance.




	(4) The order-wire carrier monitor amplifier is used to indicate, by a lamp on the meter panel, the presence of the order-wire carrier and to give a meter indication of the order-wire carrier level. This amplifier also furnishes an order-wire carrier alarm signal that controls the operation of the transfer control equipment (when available). The order-wire monitor circuits consist of amplifier V34, peak detector V35, relay control tube V36, and relay K4.




	b. Block Diagram Description (fig. 181).

	(1) Sawtooth oscillator. Sawtooth oscillator V27 is used to generate a sawtooth voltage waveform, which may be coupled to the modulator to be used in testing the operation of the transmit-










	ter but not for a final system level adjustment. It is located on the vtvm subchassis for reasons of mechanical convenience. Its l-stage circuit uses a 2C51 twin triode as a sawtooth oscillator, having a common cathode resistor for the feedback path. The sawtooth wave is formed by the charging and discharging of a capacitor in the output circuit, the output voltage being obtained from the arm of the ST LEV-EL potentiometer. The operating frequency of the sawtooth oscillator is approximately 500 cps, and the output level is sufficient to drive the modulator to provide 100 percent modulation of the carrier. The output signal appears at ST OUTPUT jack J8 and is connected by a coaxial cable to the modulator. The waveform is not exactly symmetrical and the normal positive to negative peak ratio is 85 to 110. See paragraph 233i(7). The signal, therefore, cannot be used as a level adjustment for balanced signals; for instance, 45-channel operation.

	(2) Vacuum-tube voltmeter. VTVM SEL SW S82, mounted on the vtvm subchassis, selects the MOD INPUT or MOD OUTPUT signals from the modulator, or the MON OUTPUT signal from the video preamplifier in the if. strip. An additional switch position grounds the vtvm input. and is used for zeroing the meter before making measurements. The signal selected by S2 is fed to the grid of first video amplifier V28, which amplifies it and sends it on through V29, then through V30, the second and third video amplifiers, respectively. These are all 6AG7 tubes, connected in a feedback circuit. From the output of V30, the signal enters peak detector stage V31, which detects the positive and negative peaks of the video signal. The resultant dc is passed through S5 on the meter panel, which selects either the positive or negative peak sig- -nal to be indicated on the PEAK VTVM meter. Switch S5 also selects a de amplifier balancing voltage for zeroing the meter. These voltages are
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Figure 181. Vtvm subchassis, block diagram.

returned to the vtvm subchassis, where they are applied to de amplifier V32, amplified, then sent back to the meter panel to be displayed on PEAK VTVM meter M4.


	(3) Order-wire monitor circuits.

	(a) The order-wire monitor provides a means of indicating the presence of the order-wire carrier in the main rf signal. The order-wire carrier is the only signal that is present at all times when the transmitter is oper- c. Detailed Circuit Description. that the main transmitter is functioning properly. Absence of the order-wire signal, though it could be caused by other reasons, indicates transmitter failure. If the orderwire carrier is present, the TRANS-MITTER OPERATING indicator lamp lights. At the same time, 115 volts ac, which was applied to the order-wire alarm circuit, is removed.

	(0) A 6-me order-wire carrier signal from the monitor amplifier is fed to monitor order-wire amplifier V34, a 5654/6AK5W. After amplification,






the order-wire carrier signal is fed to monitor order-wire diode detector V35, a 6ALSW, which rectifies and doubles the signal voltage. This de voltage drives V36, a 2C51 relay control tube. The tube is normally conducting (with order-wire carrier present) , holding relay K4 operated. When the carrier disappears, there is no de voltage present at the grid and the relay releases.


	

	ating properly. Thus, the presence (1) Sawtooth oscillator V27 (fig. 182).

	of the order-wire signal indicates (a) Tube V27, a 2C51 dual triode, is a sawtooth oscillator, operating at a frequency of approximately 500 cps. The output of this circuit is fed directly to the modulator subchassis for modulating the klystron. The output level may be adjusted to obtain 100 percent modulation. The basic method of obtaining the sawtooth voltage is by the charge and discharge of capacitor C125. Capacitor C125 charges up toward the +150-volt de supply level while V27B is cut off, and discharges through V27B while it is conducting.



q
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Figure 182. Sawtooth oscillator V27, simplified schematic diagram.


	(b) Assume that at a given instant tube V27A is conducting and V27B is cut off. Tube V27A is conducting because its grid is at ground potential and the cathode bias developed across common cathode resistor R165 is insufficient to cut the tube off. Tube V27B is cut off because C124, which has been charged, is discharging toward a lower value of V27A plate voltage (caused by the voltage drop across plate resistor R164) and, as a result, is placing a negative bias on the grid of V27B. In this condition, C125 is charging up toward +150 volts through resistors R166 and R163.

	(c) After a period of time, determined by the time constant of R167 and C124, C124 has discharged sufficiently to permit the V27B grid voltage to rise above cutoff. This allows V27B to conduct. With V27B conducting, the cathode bias increases and cuts off V27A. This applies a positive pulse to the grid of V27B through C124, which charges up to the higher plate voltage through the low grid-cathode impedance path of




	V27B. Capacitor C125 discharges rapidly, and the plate voltage of V27B decreases accordingly, until the combination of the high cathode bias and low plate voltage again drives V27B beyond cutoff. This permits V27A to conduct once more, and the cycle is repeated.

	(d) The period of conduction of V27A (fig. 182) when plate voltage is minimum is much greater than the cutoff period when the plate voltage is maximum. The conduction period is determined mainly by the period of time required for the grid of V27B to go (in a positive direction) from its maximum negative value to the cutoff value. The V27A cutoff period is a function of the time constant of C125 and V27B plate-cathode impedance when the tube is conducting. Because the conduction period of V27A is much greater than the cutoff period, the sawtooth frequency is determined mainly by the C124—R167 time constant.

	(e) The plate voltage of V27B (waveform 4) rises gradually as C125 charges up while this tube is cut off,



and drops sharply as C125 discharges while the tube is conducting. This sawtooth voltage is coupled through capacitor C126, voltage-dividing network (R168 and R169, and J8&), to the modulator input. The output voltage is taken from the arm of ST LEVEL potentiometer R169, which can be adjusted to provide the desired output voltage.


	(2) Vacuuwm-tube voltmeter.

	(a) Input circuit (fig. 183). The vtvm can be switched by VTVM SEL SW S2 to any of three monitoring points: modulator input obtained from J7 and fed to the input of the video amplifier through MOD IN-PUT (position 4) of S2; modulator output from P6 and fed through MOD OUTPUT (position 6) of S2; and transmitter video output (which indicates degree of modulation) through a voltage divider from P23 and fed through MON OUTPUT (position 5) of S2. The modulator input voltage is attenuated by a voltage divider comprised of R170 and R171, and the monitor video input voltage is attenuated by a voltage divider consisting of R201 and R202. When 82 is at GND (position 7), the input is grounded, corresponding to a zero-signal input. This position is used in conjunction with the positive and negative balance potentiometers to zero the meter electrically by balancing the amplifier currents.




	(b) Video amplifiers, V28 through V80 (fig. 183).

	ii The video amplifiers consist of three stages using 6AG7 pentodes with overall feedback. The input signal selected by switch S2 is applied to the grid of the first video amplifier, V28, through coupling capacitor C127, and parasitic suppressor R173. The amplified video voltage obtained across plate-load resistor R174 is coupled to the second video amplifier through coupling capacitor C130 e 1d parasitic suppressor R178. The amplified










	voltage obtained across V29 plateload resistor R179 then is fed to the third video amplifier, V30, through capacitor C131 and parasitic suppressor R182. The voltage developed across plate-load resistor R183 is fed to the peak detector. Because the video amplifier has an odd number of stages, a phase reversal is introduced into the peak detector input signal. That is, a positive-going pulse at the input to the amplifier (V28) will emerge as a negative pulse to the peak detector (V31), and vice versa.

	The cathodes of V28 and V30 use common load resistor R185. Thus, a portion of the video voltage developed in the third video amplifier is fed back to the first amplifier. Because the feedback voltage from V80 passes through two amplifiers, each shifting its phase by 180°, it is in phase with the signal applied to the grid of V28. It acts degeneratively. This feedback voltage reduces distortion and stabilizes the overall voltage gain of the amplifier system about 23.

	Resistor R176 and capacitor C128 in series, both in shunt with the cathode load and feedback resistor R185, form a high-frequency compensation circuit. At low frequencies, this circuit presents a relatively high shunt impedance, and therefore does not greatly affect the feedback circuit. At high frequencies, however, the impedance of this circuit is small enough to reduce effectively the shunt feedback resistance and thereby reduce the feedback voltage. This increases the overall gain of the amplifier at these high frequencies. Without the R176—- C128 circuit, the frequency response of the video amplifier would be flat from 30 eps to 0.5 me and down 8 db at 8 mc. With the high-frequency compensation, the
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	response is flat from 30 cps to 5.0 me and is down 3 db at 9.0 mc.

	i Resistors R172, R177, and R181 are grid resistors for the first, second, and third amplifier stages, respectively. Resistors R175, R180, and R184 serve as cathode-biasing resistors for these stages. Resistors R175 and R184 also affect the feedback network, because they are in series with R185 and R176— C128. Capacitors C129 and C132 are video bypass capacitors for the --250-volt supply.

	(c) Peak detector circuit V31 (fig. 184).

	{. The output of the video amplifier is coupled through C133 to V31, a 6AL5W twin diode. When the input signal is positive, V31A conducts, charging capacitor C134 to the peak of the applied voltage. When the signal voltage returns to zero, the capacitor discharges slowly through R188, a very high resistance (3.3 megohms). The capacitor recharges during the next positive period and the cycle is repeated. The time constant of C134—R188 is very high, the capacitor therefore discharges only very slightly between cycles and, for most practical purposes, the voltage across the capacitor can be considered equal to the peak input voltage. Similarly, when a negative signal is applied to the circuit, V31B conducts' and charges C135 to the peak voltage.

	a3) A phase reversal occurred in the 3-stage video amplifier ; therefore a negative voltage appearing across C135 corresponds to the application of positive pulses at the input to the video amplifier. Consequently, based on the polarity of the input signal, the output of this stage is called the positive peak, although it is actually a negative voltage. In the same manner, the positive voltage obtained across C134 is called the negative peak.







	The outputs of the peak detectors are fed to the meter panel subchassis through terminals 7 and 10 on TB13B, and are introduced into this subchassis through pins F and D of J13. Here, either the positive or negative peak voltage and the positive or negative balancing voltage from. R196 or R198 is applied to the de amplifier.

	(d) De amplifier V32 and meter circuit (fig. 184).

	ih The de amplifier, V32, a 2C51 twin triode, operates as follows: with no signal applied to either grid, the two tubes are adjusted to draw equal currents. When this condition exists, the voltage at the cathode of V32A across R193 is equal to the voltage at the cathode of V32B across R194. There is no voltage difference across the meter circuit of VTVM SENS potentiometer R197 and PEAK VTVM meter M4; therefore, a zero meter reading is obtained.




	When switch S5 is in the NEG PEAK position, VTVM ZERO BAL NEG potentiometer R198 is adjusted for a zero meter reading with the input to the video amplifier grounded (VT VM SEL SW in position 7). When S65 is in the POS PEAK position, VTVM ZE-RO BAL POS potentiometer R196 is adjusted for a zero meter reading with the input to the video amplifier grounded.




	Application of a negative pulse to the video input causes a positive voltage to exist across C134. With switch S5 in NEG PEAK position, this voltage is applied to the grid of V32A, increasing the tube current flow; consequently a potential difference exists across the meter circuit, providing a meter reading. The magnitude of the meter reading is proportional to the value of the peak voltage applied at the grid of V32A.






[image: Figure, page 236]

Figure 184. Vtum peak detector and dc amplifier circuit V31 and V32, simplified schematic diagram.

The setting of VTVM SENS potentiometer R197 is such that the overall vtvm sensitivity is about 0.5-volt rms for full-scale defiection. The meter scale has two sets of calibrations: one reading peak volts from 0 to 100, and the other (in red) reading percent modulation. The meter circuits are calibrated so that the meter reading on the 0 to 100 scale reads actual modulator output peak voltage. A half-scale reading on the percent


	modulation scale represents 100 percent modulation on the monitor video input circuit.

	Similarly, application of a positive pulse to the video amplifier input provides a negative voltage across C135. With switch S5 in the POS PEAK position, this voltage is applied to the grid of V32B, decreasing the tube current which decreases the voltage across R194. This creates a potential difference across the meter circuit that is
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Figure 185. Monitor video amplifier V33, simplified schematic diagram.

proportional to the peak voltage applied. Note that the polarity of this voltage is the same as that obtained when switch S65 is in the NEG PEAK position and a negative pulse is applied to the video amplifier input. Thus, the magnitude of a reading is obtained directly from the meter deflection; the sense of the reading is determined by the setting of S5.

6. A fixed +50-volt bias is applied to the peak detector output points (terminals 7 and 10 of TB13B). This voltage is derived from a voltage-divider network consisting of R187 and R186 connected to the +-250-volt supply. This bias is apnlied also to the grid of either V32A or V82B, depending on the position of S5. An equal bias is applied to the other V32 grid by the voltage-dividing network of R192, R196, and R199 or R195, R198, and R200, which is also connected to the +250-volt supply. If switch S5 is in the NEG PEAK position, for example, fixed bias is applied to the grid of V32A from terminal 7. In this same setting of S5, however, a voltage is applied from the R195, R198, and R200 voltage divider to the grid of V32B. This is adjusted to be ex actly equal to that applied to the grid of V32A. This adjustment is made for a zero reading on the meter. The 50-volt bias for both tubes is derived from the same source; therefore, individual adjustment of R196 and R198 can be made to compensate for variations in individual tubes and other components.

Note. For Radio Transmitter T-3803/G on Order No. 1640-—Phila—51 (serial No. 57-297) and Order No. 15739-Phila—55 (serial No. 298-417), the +50-volt fixed bias is increased to +60 volts because of the change in the value of R186 from 220K ohms to 270K ohms. The value of this resistor was changed to center the zero balance potentiometer adjustments.


	(3) Monitor video amplifier V33 (fig. 185). The monitor amplifier is a 1-stage, cathode follower used to match the video output from the if. amplifier to the 50-ohm terminating impedance of the VID MON OUTPUT coaxial cable. The monitor video input voltage is ap- plied through coupling capacitor C136 _ and parasitic suppressor R204 to the . . grid of V33, a 6AG7 pentode. Resistors R201 and. R202 form a. voltage divider to provide proper input. level to the vtvm video amplifier. The output voltage developed across cathode load resistors R206 and R207 is coupled to VID MON OUTPUT jack P31 and to the grid of V34 in parallel. Ca- -.. pacitor C139 is an electrolytic capaci- _. tor that provides the low-frequency response. Capacitor C140 is a paper capacitor across C139 to balance out - the inductance in C139. Resistors _.. R208 and R209 are for parasitic suppression. With this circuit, the frequency response of this stage is flat . from 30 eps to about 6 me within + 0.5 db.

	(4) Order-wire monitor circuits (fig. 186).

	(a) General. The order-wire monitor provides an indication of the presence or absence of the order-wire carrier in the main rf channel. The presence of this order-wire signal







	indicates that the transmitter is functioning properly, because this is the only signal that is present at all times. The lack of order-wire carrier initiates an order-wire alarm signal and indicates transmitter failure. If this occurs and standby equipment and transfer control facilities are available, the order-wire alarm signal actuates the transfer control equipment, which automatically replaces the defective transmitter with the standby transmitter.

	a — Monitor order-wire amplifier V34. The output of the monitor video amplifier is coupled through capacitor C142 to the grid of order-wire monitor amplifier V34, a 5654/6AK5W pentode. This signal contains both video and 6-mc components. The resonant circuit, L31-C144, in the plate circuit. of V34, however, is tuned to 6 mc, thus amplifying the '6-mc component and rejecting the video component. Consequently, the output of this stage contains only the 6-mc order-wire signal. Capacitors C143 and Ci465 in this stage are video and 6-mc bypass capacitors. Resistor R210 is the grid resistor, R211 the cathode-biasing resistor, and R212 the plate and screen-dropping resistor.

	(c) Momtor order-wire detector-voltage doubler V35. The amplified 6-mc signal then is fed to V35, a 6AL5W twin diode, connected as a voltage doubler. During the negative halfcycle of the input voltage, V35A conducts and charges capacitor C146 to -.a voltage equal to the peak amplitude of the applied signal. Consequently, a positive voltage is developed across C146, almost equal to the peak applied voltage. During the next positive half-cycle of the input voltage, the voltage that exists across C146 adds to the value of the applied voltage, so that C147 in the cathode circuit of V385B is charged up to twice the peak voltage (fig. 187). The resulting output voltage
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Figure 186. Order-wire monitor amplifier V34, detector-voltage doubler V35.

developed across the RC network of C147, R213, and R214 is a de voltage, the amplitude of which is equal to approximately twice the amplitude of the 6-mc signal originally obtained across the plate circuit of V34. A portion of this voltage is fed to the meter circuit to provide an indication of its magnitude.

(d) Relay control circuit V36. Tube V36, a 2C51 twin triode with both sections connected in parallel, normally is biased to cutoff in the absence of an input signal, because of the fixed voltage of about 7 to 8 volts applied to the cathode from the +-150-volt de supply, through voltage divider R217, R218, and R215. Resistor R216 is a current-limiting resistor in series with the +-250-volt, de supply and the coil of relay K4, which establishes a biasing current through the coil. This sensitive relay is in the plate circuit of V36, and operates when the relay current is about 2.5 ma. The bias current op poses the direction of. flow of the normal tube current through the coil of K4, so that more than 2.5 ma must flow through the tube to operate the relay. This places the relay operating point on a more linear portion of the tube characteristic curve. With a normal order-wire signal, the positive de voltage applied to the grid of this stage is sufficient to maintain the relay operated at all times, because the tube current exceeds the relay bias current by more than 2.5 ma. In this condition, 115-volt ac power is applied to TRANSMITTER OPER-ATING lamp I 1 on the meter panel from terminal 5 of TB13B (which is connected to the 115-volt line) through contacts B of K4, terminal 4 of TB13B, terminal M of J13, through I 1, terminal P of J13 to the common side of the 115-volt line. While this condition exists, the TRANSMITTER OPERATING lamp remains lighted. At the same time, contacts A of K4, which control the external order-wire alarm circuit, remain open. These are connected through terminals 4 and 5 of TB13B to terminals 2 and 3 of TB4A and to J3 on the order-wire transmitter. If the order-wire carrier disappears, V36 is cut off, the relay opens, the TRANSMITTER OPER-ATING lamp is extinguished, and the contacts are closed to J3, controlling operation of the transfer control equipment.
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Figure 187. Order-wire monitor, peak detector waveforms.



168. External Monitoring Facilities

a. General. In addition to the many monitoring and measuring facilities that are an integral part of the equipment, certain signals are available at external connection points. These signals may be used in connection with equipment that is not a part of Radio Transmitter T-303/G to effect supplementary control and monitoring functions. The signals include the de afc monitoring voltage and the order-wire carrier alarm signal. Both of the signals appear on pins of jack J3 which, although electrically unrelated, is placed on the order-wire transmitter chassis for mechanical convenience and ease of access. These two signals are used in the operation of the transfer control equipment.

b. Afe Monitoring Signal. The de afc moni toring signal is taken from the if. discriminator output at the same point in the circuit from which the afc voltage to the chopper is taken. Its measurement gives an indication proportional to the de afc voltage, which is an error signal whose level varies in accordance with the amount by which the klystron is off-frequency. The signal is brought to terminal 2 of TB11 on the if. chassis and then it goes through terminal 4 of TB4 on the transmitter chassis to terminal 3 of TB1 on the order-wire transmitter. The signal is not used in the order-wire transmitter but appears at pin F of J3 on this chassis, where it may be obtained for external use.

c. Order-wire Carrier Alarm Signal. The two leads for the order-wire carrier alarm signal are connected to a pair of normally closed relay contacts on K4. Relay K4 also controls the TRANS-MITTER OPERATING indicator lamp on the meter panel. Because the relay is energized under normal operating conditions, the contacts are open most of the time. When the order-wire carrier is absent, these contacts close, because of the action in the relay control tube at the output of the order-wire monitor circuits. The order-wire carrier alarm leads from contacts A on K4 appear at terminals 2 and 3 of TB13 on the vtvm and order-wire monitor subchassis. The signal travels from there through terminals 2 and 3 of TB4 on the transmitter chassis to terminals 1 and 2 of TBI1 on the order-wire transmitter chassis. The order-wire carrier alarm signal is not used in the order-wire transmitter chassis, but appears on pins J and H of J3 on that chassis.



169. Meter Panel (fig. 408)

a. General.

(1) All metering circuits in the radio transmitter, primary POWER circuit breaker CBl, and TRANSMITTER OPERATING lamp I 1 are located on the meter panel subchassis. METER A, M2 (at the extreme left), meters the circuits indicated and controlled by switch S4; PEAK VTVM meter M4 operates in conjunction with the vtvm circuit and measures video signals (positive or negative, depending on the setting of POS PEAK-NEG PEAK switch S5) selected by the VTVM SEL


	SW S2. LINE VOLTS meter M3 indicates the voltage of the 115-volt, ac line; METER B, M1 (at the extreme right), meters circuits indicated and controlled by switch S38. Details of the circuitry at the originating point of each of the metered circuits are given in the description of that circuit.

	(2) Generally, voltage measurement is made in the meter circuit by connecting a suitable voltage-dividing meter multiplier resistor network to the point at which the voltage is measured. Current measurements are made by inserting a small series resistor in the circuit being metered and applying the voltage developed across this resistor to the meter.

	(3) Pertinent information for meters M2 and M1 is tabulated in b and c below. Each chart includes eight columns that contain the following information:

	(a) S4 (or S8) pos column indicates the position of the meter switch.




	(b) Pos name column indicates the front panel marking corresponding to the







	switch positions indicated in the switch position column.

	(c) Circuit monitored column indicates the stage being monitored, and the subassembly on which it is located is listed in parentheses.

	(d) Normal range column indicates the meter reading range that should be obtained when equipment is operating properly.

	(e) TB on meter panel column indicates the terminal number and terminal board number on the meter panel feeding voltage to the meter circuit.

	ees TB on subassembly indicates the terminal number and terminal board number on the subassembly feeding voltage to the meter panel terminal board.

	(9) Resistors on meter panel column indicates the meter resistors located on the meter panel.




	(h) Resistors on subassembly column indicates the meter resistors on subassembly of stage being monitored.




	b. METER A, M2. The chart given below lists functional data for METER A, M2.




	d. PEAK VTVM Meter, M4. The circuit operation of PEAK VTVM meter and its associated switch has been covered fully in the de- - scription of the circuit (par. 167).

	e. LINE VOLTS Meter, M3. LINE VOLTS meter M3 measures the voltage applied to Power Supply PP-764/G.








170. Electronic Voltage Regulator

a. General. The electronic voltage regulator (evr) is part of the power supply system for the radio transmitter. It takes an unregulated floating voltage of 1,350 volts dc, obtained from Power Supply PP-764/G, and furnishes to the klystron reflector a highly stable, low-ripple regulated de voltage, continuously adjustable between —1,295 and —2,000 volts, with respect to ground (or between —295 and —1,000 volts, with respect to the klystron beam voltage). A well-regulated voltage of —1,000 volts de is furnished to the unit as a reference voltage.


	b. Functional Description (fig. 188).

	(1) The evr contains components and circuitry similar to those of most conventional, degenerative-type series voltage regulator circuits. An unregulated floating voltage (not tied to any fixed reference) of 1,350 volts dc is applied






through regulator tube V8, which acts as a variable series resistance. The conduction of the regulator tube is controlled by de control amplifier V9, the cathode of which is connected to voltage reference tube V10. Voltage changes are transmitted to the control amplifier grid through a portion of the voltage divider across the output. This sets the plate voltage of V9 which, by its interconnection, sets the grid voltage of V8 so that the output voltage is caused to return to its desired value.

Instead of taking the output voltage from the cathode of regulator tube V8, this point is connected to the —1,000-volt klystron beam supply, which is used as a fixed reference level for the evr. Likewise, the voltage from the lower end of voltage reference tube V10 is used in this application to tie to the output divider. The output is obtained from the arm of a potenti- (2 — ometer physically located on the radio transmitter chassis and connected be- ( tween the cathode of V10 and the negative side of the de input voltage supply. The functional position of the evr in relation to the other dc power sources for the klystron is shown on figure 154. Considering the differences explained herein, the operation of the circuit can be analyzed in a manner similar to that of a conventional voltage regulator circuit.


	c. Detailed Circuit Description (fig. 409).

	(1) Circwt arrangement.

	(a) Regulater tube V8, a type 807, is operated with its plate connected through parasitic-suppressor resistor R60 to the most positive (or least negative) side of the 1,350 volt input supply (approximately —650 volts) from terminal 1 of TB9. The cathode is connected to the —1,000-volt klystron beam supply through terminal 2 of TB9. The
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Figure 188. Electronic voltage regulator, functional block diagram.


	—1,000-volt regulated supply is used to tie the regulated output to a fixed reference level. The screen grid is connected to the —650-volt point through parasitic-suppressor resistor R57. The control grid voltage for V8 is obtained from the plate of de control amplifier V9 through isolating resistor R58. The series resistance and, therefore, the voltage drop across this tube are functions of the de voltage applied to its grid by the de control amplifier.

	(0b) The plate supply voltage for V9 is obtained from the —1,000-volt reference line through plate-load resistor R61. The cathode is connected to the plate of voltage reference tube V10. Resistors R62 and R69, R63 and R70, and R64 and tube V10 are in series. Resistors R71, R72, and R73 are also in series. These two series strings are in parallel with each other, and the whole combination, which is in series with resistors R65 through R68, forms a voltagedivider network across a portion of the output of the supply. A tap in this series provides the screen-grid voltage for V9. Voltage for the V9 control grid is obtained from the arm of potentiometer R72. This potentiometer is adjusted to set the operating point of V9 and the desired output voltage. Capacitors C31 and C32 minimize the effects of transient voltage variations on the cathode voltage of V9. Capacitor C33 improves the regulation of the supply against ripple and sharp transient voltage variations.

	(c) The lower end of resistor R68 in the output divider network and bleeder is connected to the most negative side of the 1,350-volt input supply (—2,000 volts). REFL VOLTS ADJ potentiometer R250 in the transmitter main chassis (fig. 402) is connected to terminals 5 and 6 of TB9, placing it in parallel with R65 through R68. Terminal 5 is connected to a point on the output




	divider network, placing it about 700 volts higher than the —2,000 volt point at terminal 6. Thus, the potentiometer arm can be used to select any desired reflector voltage between —1,295 and —2,000 volts de with respect to ground.

	(d) Toreduce the heater-cathode voltage difference in V8 and V9, a voltage divider consisting of R74 through R77 is connected between the —1,000- and —2,000-volt points. A tap on this divider is connected to the heater circuit to insure that the filament-cathode voltage difference is within specifications.

	(2) Circuit operation. Assume that the input voltage increases (that is, becomes more than 1,350 volts). This change is reflected across the output voltage-divider network and causes a rise in the grid voltage of V9 with respect to cathode. The increased current, which then flows through V9, causes a larger drop across load resistor R61, which results in a reduced plate voltage on V9 and, consequently, a lower grid voltage for V8. This increases the series (plate-cathode) resistance of V8, causing a larger voltage drop across the tube. The circuit values are so chosen that this increased drop exactly compensates for the voltage rise at the input. If there is a decrease in the input voltage, the reverse action takes place. The entire voltage change is compensated for by the change in drop across V8. This maintains a constant 1,000-volt difference between the —1,000-volt reference level and the —2,000-volt point at terminal 6 of TB9. Consequently, the tapped voltage at terminal 5 of TB9 also is maintained at a constant level.





171. Order-Wire Transmitter T-389/TRC—29

a. General. The order-wire transmitter generates a 6-me carrier that can be frequency modulated by either the through or local audio signal. The through audio signal is obtained from the order-wire receiver which receives it from the preceding Radio Set AN/TRC-29 in the radio relay system. The local audio signal is furnished by either a handset at the transmitter location or a remote handset located nearby. The local and through audio signals can be mixed in the order-wire transmitter and transmitted as a composite signal. The through order-wire signal may contain audio information from any or all of the other stations or terminal on the relay route (in the same direction of transmission) ; therefore, communication is carried on by means of the order-wire transmitter (and receiver) on a party line basis. On-off carrier-keying facilities are provided which are used for both signaling and alarm purposes. The modulated 6-mc order-wire transmitter output is fed to the modulator of Radio Transmitter T-303/G (pars. 16lc and 164a) where it modulates the main transmitter carrier and is transmitted together with the regular 23-channel multiplexed traffic. An afc system is provided for holding the 6-mc carrier on frequency. Also included on this chassis are a 1-ke test-tone oscillator for audio testing, a monitor audio amplifier for checking audio level and percent modulation, a meter circuit, a test switch circuit, and a connector for connecting the system to transfer control equipment.


	b. Block Diagram Description (fig. 189 and 410).

	(1) Order-wire currier signal circutts. Audio signals from both through and local sources are passed through OR-DER WIRE TEST SWITCH S81 and applied to V1, a type 2C51 twin-triode audio amplifier. The through signal is applied to the grid of one triode section and the local signal to the grid of the other. Each audio level may be set independently with a potentiometer in its grid circuit. The amplified audio signals are mixed in the primary of coupling transformer T1, which acts as the common load for the V1 plates. The circuit of carrier oscillator V2, a type 5725/6AS6W, is arranged so that oscillations at approximately 6-mc are supported between the control grid and plate of the tube. Audio modulating signals from the secondary of T1 are applied to the suppressor grid of the tube, where they frequency modulate the 6-mc carrier by changing the tube







	resistance. in conformance with the modulating voltage. The modulated 6-mc signal is fixed in amplitude level by carrier limiter V3, a 5654/6AK5W. | The carrier limiter output is fed | through the ORDER WIRE CARR LEVEL potentiometer to carrier am- | plifier V4, a 5725/6AS6W. The suppressor grid of V4 is connected to an external keying circuit, which permits the carrier to be keyed off for signaling and alarm purposes. The output of V4 is sent to the main transmitter where it is used to modulate the main transmitter carrier.

	(2 ) Afe system. A portion of the modulated 6-mc signal is obtained inductively, by transformer T3, following the carrier-limiter stage. This signal is passed through afc limiter V8, a 5654/6AK5W, which further reduces any remaining amplitude variations. The output of V8 is applied through transformer T2 to afc discriminator V7, a 6AL5W twin diode. Part of the discriminator output passes through a filter that removes all but the de afc signal components, which are sent through S1 to afc amplifier V6A, onehalf of a 2C51 twin triode. The output of V6A is a de signal, the magnitude of which is determined by the amount and direction of error of the carrier signal with respect to its assigned frequency. This voltage is applied to the suppressor grid of carrier oscillator V2, where it brings the oscillator frequency back to the correct value.

	(3 ) Monitor audio amplifier. The remainder of the discriminator output passes through another filter. This removes all but the audio modulation voltage, which is sent through V6B (the other half of the 2C51 twin triode), ORDER WIRE TEST SWITCH S1, and meter selector switch S2, to the meter, where its value is read in terms of percent modulation.

	(4 — Tone oscillator. The tone oscillator stage uses a 5654/6AK5W tube, V5, in a phase-shift oscillator circuit, arranged to develop a 1,000-cps signal at
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Figure 189. Order-Wire Transmitter T-389/TRC-29, block diagram.

a level about 34 volt. When the transmitter. It furnishes an output WIRE TEST SWITCH, which con- a 6AU6 pentode. Input or output volt abled by grounding the phase-shift network ' either TONE position the phase-shift net- conditions on de amplifier V12. work is disconnected from ground and the (6) Order-wire test switch circuit. OR-

ORDER WIRE TEST SWITCH is in voltage of +140 volts de. Full-wave either TONE position, plate voltage is rectifier V9, a 6X4W, supplies de to supplied to the tone oscillator tube, 6AS7G series regulator tube V10B. and the oscillator furnishes the 1,000- The resistance and output voltage of cps voltage. This is sent to the ORDER V10B is controlled by dc amplifier V12, nects it to either the through or local age fluctuations are reflected as voltage audio amplifier input for test purposes. variations at the grid of V12, which Note. For Order-Wire Transmitter T- amplifies them and changes the grid 889/TRC-29 on Order No. 15739-Phila-55 voltage of V10B to bring the output (serial No. 298-417), the plate and screen voltage back to its proper value. Tube of the tone oscillator are connected directly V10A, the other half of the 6AS7G, is to the B+ line so that B+ is always present connected as a rectifier. This rectifier, at these points. The tone oscillator is dis- with voltage reference tube V11, and in the grid circuit of V5. Therefore, when OB2, furnishes a voltage that is used the ORDER WIRE TEST SWITCH is in to stabilize the steady-state biasing tone oscillator operates normally. DER WIRE TEST SWITCH S1 is (5) Power supply. A voltage-regulated used in conjunction with many of the power supply is used in the order-wire circuits within the order-wire trans mitter and controls its overall functions. Position 1 disables the afe system. Position 2 is used for normal operation. Position 8 changes the audio input to the meter so that it reads input audio level instead of percent mod...ation. Position 4 applies test tone to the through channel audio amplifier. Position 5 applies test tone to the local channel audio amplifier.


	(7) Metering circuits. Meter M1 measures a number of different quantities and is controlled by meter selector switch S2. In position 1, the carrier-limiter grid bias voltage is measured. Positions 2 and 3 display readings of.the de discriminator voltages. Position 4 measures the audio signal in terms of either level or percent modulation, depending on the position of switch Sl. Position 5 of the switch monitors the voltage output of the regulated power supply.

	(8) Transfer control equipment circuits. Though not a functional part of the order-wire transmitter, facilities are mounted on the chassis for the connection to transfer control equipment of order-wire carrier alarm and afc monitor signals from the main transmitter, as well as other voltages necessary for transfer control operation.

	c. Detailed Circuit Description.

	(1) Order-wire carrier signal.

	(a) Input circwt and audio amplifier V1 (fig. 190).

	1. Audio amplifier V1 uses a type 2C51 twin triode. The grids of the two sections are fed from separate sources, and the plates are connected in parallel.




	2. The local audio signal is fed across AUDIO LEVEL LOCAL INPUT potentiometer R2 from pin D of J1and section 1 of ORDER WIRE TEST SWITCH S1 ((6) below). The desired signal level that determines the level of frequency modulation is obtained from the arm of R2 and fed to the grid to one section of V1. The amplified output of V1 is developed













	across the primary of audio coupling transformer T1.

	The through audio signal is fed across AUDIO LEVEL THRU CHANNEL potentiometer Rl from pin A of J1 and section 2 of ORDER WIRE TEST SWITCH Sl. The desired signal level that determines the level of frequency modulation is obtained from the arm of R1 and fed to the grid of the other section of V1. The amplified output of this half of V1 also is developed across the primary of T1 and, in this manner, the two audio signals are mixed.

	The audio levels are adjusted by potentiometers R1 and R2 to obtain 100 percent modulation of the order-wire carrier signal. The primary of T1 serves as the plate load for the tube. Resistors R4 and R65 are the cathode load resistors for the two tube sections, and the two potentiometers serve as grid loads.

	(b) Carrier oscillator V2 (fig. 191).

	fe Carrier-oscillator tube V2 is a 5725/6AS6W pentode. Consider first its operation with no modulating signal present. A portion of the voltage developed across inductor L1 in the plate circuit of V2 is fed back to its grid through feedback capacitor C7. This feedback is regenerative and large enough to maintain oscillation in the circuit. The circuit parameters are chosen to obtain an osciltion frequency of 6 mc.




	The carrier-oscillator frequency can be controlled by varying either the reactance of Ll or the plate resistance of the tube. With no audio modulation present, the circuit is tuned to 6 mc by FREQ ADJ control Ll. The 6-me frequency then is maintained by the afc system, which controls the tube resistance, and hence, by the plate current flow, by an afc bias
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Figure 190. diagram. Audio amplifier V1, simplified schematic that is applied to the suppressor grid of V2.


	3. The audio signals developed in the secondary of T1 also are applied to the suppressor grid of V2. Because the audio varies the voltage on the suppressor, the instantaneous frequency of oscillation changes directly with the amplitude of the modulating signal. Thus, the output of V2 is an fm 6-mce carrier.

	4. The deviation sensitivity of V2, the frequency change that occurs for a given audio voltage, is a function of the cathode impedance of the stage. The greater the cathode impedance, the lower the sensitivity of the circuit. The cathode impedance is determined primarily by circuit L2—C8. Inductor L2, MOD SENS ADJ control, can be varied to control the sensitivity of this stage, and is



adjusted to provide a deviation of +50 kc for 100 percent modulation. Necessary rf bypassing is provided by capacitors C4, C5, C6, and C9. Resistor R10 is the screen-dropping resistor, R12 is the grid resistor, and R11 the cathode-biasing resistor.


	(c) Carrier limiter V3 (fig. 192).

	a Since the frequency shift in the carrier oscillator is caused by varying the tube current, the carrier-oscillator output is slightly amplitude modulated as well as frequency modulated. The primary function of the carrier limiter is to remove these amplitude variations and provide a constant amplitude output voltage.




	2. The output of the carrier oscillator is fed through coupling capacitor C10 to the grid of carrier limiter V3, a type 5654/6AK5W pentode. Tube V3 is operated
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Figure 191. Carrier oscillator V2, simplified schematic diagram.

with the cathode grounded and the plate and screen connected through a common screen and plate voltage dropping resistor, R15, to the same dc potential. This stage uses a combination of saturation limiting and grid-cutoff limiting, which produces a flattopped wave from a sine wave. Therefore, the signal applied to the grid is limited by the current


	saturation during the positive half-cycle and clipped during the negative half-cycle.

	When the signal applied to the grid of V8 is positive, the grid draws current and a negative voltage is developed across R13. The RC circuit that consists of R138 and C10 maintains this bias at a level close to that of the peak value of the input signal by means of small amounts of grid current drawn on positive input peaks.

	When the negative applied voltage drives the tube to cutoff, the plate voltage reaches its maximum value. Any further increase in input voltage in the negative direction is not amplified by the tube, and consequently a portion of the negative half-cycle would tend to be clipped by this stage. During the positive half of the input cycle, the low plate and screen voltage cause the tube to saturate at a relatively low signal level which tends to flatten the negative portion of the output signal. :

	This limited voltage appears
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Figure 192. Carrier limiter V3, simplified schematic diagram.

across the primary of T3, which is a wide-band, double-tuned transformer, in which the waveform is improved (rounded out), and the resultant constant amplitude fm carrier is fed to the carrier amplifier. Note that the secondary of T3 is not used in this circuit, but is used in the afc limiter. The primary of T3 acts as a plate load for V3. Suitable rf bypassing is provided by capacitor C12, while R13 is the grid resistor. Resistor R14 and capacitor C11 serve as a takeoff point for metering voltage.


	(d) Carrier amplifier V4 (fig. 198).

	f The output of V3 is coupled to carrier amplifier V4, a 5725/- 6AS6W pentode, through C13 and ORDER WIRE CARR LEVEL potentiometer R16, which also serves as the grid resistor. The output of this stage, the level of which is adjusted by R16, is fed to the output connector of J2 through C15 and a length of RG-58C/U cable.




	This stage can be keyed off by the application of a negative voltage, obtained from pin C of J1, to the suppressor grid of V4. In the







	absence of the negative voltage this stage acts as an amplifier. The application of about —12 volts cuts off the tube and no carrier output is obtained. Whenever the carrier is absent, a ringing (signaling) circuit is caused to operate at the receiving point. This feature also serves to operate the carrier alarm circuits, held open when the carrier is present.

	8. Resistor R17 is the suppressor keying load resistor. Capacitors C86 and C13 act as a voltage divider to reduce the voltage fed to R16. Resistors R18 is the plate-load resistor and R19 the screen-dropping resistor. Capacitors C16 and C87 bypass the screen and plate, respectively. Bias voltage for the tube is built up across C14 and R20 in the cathode circuit.

	(2) Afe system.

	(a) General. To frequency modulate the carrier oscillator, its frequency must be sensitive to audio modulating voltage changes. This characteristic also makes it susceptible to undesirable changes in frequency. Consequently, since the oscillator is essentially free-running, an afc system is
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Figure 193. Carrier amplifier V4, simplified schematic diagram.

required to stabilize the oscillator center frequency. The system used is based on the fact that the average value of the audio modulating signal is zero and the average, or center, carrier frequency will be some single controllable frequency; in this case, 6 me. Any long-term deviation from this center frequency is an indication of oscillator frequency drift, and must be corrected. The afc circuit detects any long-term deviation from the center frequency and applies a corrective bias voltage to the oscillator circuit. This changes the
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Figure 194. Transformer T8, response curve.


	oscillator frequency in the direction necessary to cancel the error.

	(6) Afc limiter V8 (fig. 195). The output of carrier limiter V3 is applied to transformer T3. This transformer couples the signal from V3 to V8; its primary also acts as a load for V3. The transformer has the response characteristic shown on figure 194. As seen on this figure, the amplitude of the fm carrier at the secondary of the transformer varies considerably, depending on the instantaneous frequency. To obtain a constant amplitude voltage, it is necessary to use another limiter stage, V8, a type 5654/6AK5W. This stage is similar to carrier limiter V3. Its output is fed to the primary of T2. As in the carrier limiter, the cathode of afc limiter V8 is grounded. Bias voltage is developed across R42 and C29. Capacitor C27 bypasses the screen and R41 is the plate and screen voltage dropping resistor. For a further description of the operating principles of this circuit, refer to paragraph 166c(2) (e).

	(c) Afc discriminator V7 (fig. 196).

	Me The afe discriminator is a type 6AL5W dual diode connected in a phase discriminator circuit. The output of the afc limiter, V8, is fed through T2 to this circuit. The 6-mc fm carrier is demodu-
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Figure 195. Afe limiter V8, simplified schematic diagram.

lated in this circuit and the output then consists of the original audio signal and a dc voltage, if the center frequency of the carrier oscillator is not at 6 mc. If the carrier is at 6 mc, the dc output is zero. If it is not, the dc output is positive or negative with respect to the reference level, depending on the direction of deviation; its magnitude is proportional to the amount of deviation.

mary of transformer T2, which is tuned to furnish maximum voltage at the intermediate frequency. This voltage is coupled to the center tap on the secondary of T2 through a capacitor that is part of the transformer. The secondary of T2 is tuned to the same frequency as the primary. The inductive coupling between the primary and secondary allows the magnetic flux in the primary to
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B. SIMPLIFIED EQUIVALENT SCHEMATIC DIAGRAM

TM689-284

Figure 196. Discriminator V7, equivalent circuit and simplified schematic diagram.

The operation of the discriminator can be understood better with the aid of the simplified schematic and equivalent circuit diagrams on figure 196. The input voltage, El, is developed across the pri induce a current in the secondary. The voltage across the secondary caused by this current is_ 90° eleetrically out of phase with the primary voltage. This is due to the fact that, when the secondary of


	a transformer is tuned to the same frequency, there is a 90° phase difference between the primary and secondary voltages at the resonant frequency.

	Because of the center-tapped winding, the voltage across the secondary is split into two equal parts that are 180° out of phase with each other so far as the diode rectifiers (V7) are concerned. These voltages are designated Ep. and E;. The relationship between these voltages and E, at the resonant frequency is shown vectorially in A and B, figure 197. Because of these conditions, the voltage across one diode is the vector sum of E, and Es, while the voltage across the other diode is the vector sum of E,; and E3. The connection between the center tap of the T2 secondary and the junction of diode load resistors R39 and R40 forms the dc return for the balanced diode circuits.

	The diode currents that flow through the load resistors oppose each other, building up output voltages of opposite polarities, as
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Figure 197. Discriminator vector diagrams.
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	indicated on the equivalent circuit diagram. When the input frequency is the resonant frequency of T2, equal voltages are applied to each diode (V7A and V7B) and equal currents flow through R389 and R40. Since these currents flow in opposite directions, voltages equal in magnitude but opposite in polarity are developed across R39 and R40. The net voltage across the output circuit, therefore, is zero. Any rf at cathode of V7A is bypassed by capacitor C26.

	If the frequency of the input signal is above resonance, the secondary of T2 is predominantly inductive, causing a lagging secondary current. Because of the coupling between the windings, the net effect is to cause the phase relationships between the primary and secondary voltages to change. Since Ez and Es; are 180° out of phase, the vector sum of voltages E, and E>» across V7A will increase and that of E, and E; across V7B will decrease. This is shown in C and D, figure 197.



¢ \ ,


	When the input frequency is below resonance, the secondary of T2 appears predominantly capacitive, the higher voltage appears across V7B and the polarity of the output voltage is reversed. These conditions are represented by the vectors in E and F, figure 197.

	Thus, the output voltage obtained is proportional to the frequency deviation of the carrier from its center frequency of 6 mc. Since the input voltage is varying above and below the carrier frequency at the modulation rate, the voltage at the discriminator output reproduces the original audio modulating si,ual.

	The overall response curve of the discriminator is shown in figure 198. In this figure, the output is



zero when the carrier frequency is 6 mc; it rises linearly to +8.8 volts for a +80-ke deviation, and declines linearly to —8.8 volts for a —80-kce deviation. Since the ine put signal is frequency modulated by 'the audio signal, the output voltage has the same waveform as the original audio input. If the carrier frequency is exactly equal to 6 mc, this audio signal will vary about an axis of 0 volt. If the oscillator frequency drifts, how-
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Figure 198. Discriminator response curve.

ever, the audio signal will vary about a de voltage corresponding to the amount of drift. For example, if the carrier center frequency is 6.025 mc (+25 kc), the de component is equal to about +3 volts. Similarly, if the carrier frequency is 5.975 mc (—25 kc), the dc component is equal to about —3 volts.



(d) Afc amplifier V6A (fig. 199).


	i, The afc signal obtained at the output of the discriminator contains both de and audio components. These components are separated by C24, R7, and C3. Resistors R36 and R37 form a voltage divider to audio frequencies and C24 effectively blocks the dc, so that only the audio signal will go to the monitor audio amplifier, V6B. Resistor R7 presents an ac so that the dc voltage is applied to the grid of V6A (one-half of a 2C51 twin triode). Any audio signal that reaches this point is bypassed to ground by capacitor C3 whose ac impedance is small compared to that of R7. Thus, the audio signal is applied to V6B and the de signal to V6A.

	The de component of the discriminator output is applied to the grid of V6A, the afc amplifier, through section 2 of switch S1 when it is in
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diagram.

position 2, 3, 4, or 5. If the dc component is positive, the tube draws more current and a larger voltage is developed across cathode resistor R32. The voltage across this resistor is applied to the suppressor grid of V2, the carrier oscillator. Increasing the voltage at the suppressor decreases the frequency of oscillation and tends to return the oscillator frequency to 6.0 mc. Similarly, a negative dc component decreases the voltage across R382 and, in turn, increases the oscillator frequency toward 6.0 mc. In this manner, the carrier-oscillator center frequency is stabilized at 6.0 mc.

(8) Monitor audio amplifier V6B (fig. 200). The audio output of the discriminator, V7, is fed through C24 to the grid of the monitor audio stage, V6B (one-half of a 2C51 twin triode). This stage is a cathode follower; it isolates the low-impedance meter circuit from the discriminator and indicates, by means of meter M1, the level of the audio input signal in terms of percent modulation. AUDIO METER SENS potentiometer R24, in the output cir cuit in series with R29, is adjusted so that a meter reading of 100 corresponds to +50-ke deviation, or 100 percent modulation. The audio signal is obtained across cathode load resistors.R34 and R33, which also act as a voltage divider to provide proper grid bias. Resistor R35 is the grid resistor. The output signal is coupled through C18.

(

¢


	(4) Tone oscillator V5 (fig. 201).

	(a) A 1,000-cps tone oscillator provides a test signal to aline the order-wire transmitter. The output of this oscillator can be fed to either the through or local channel. The output voltage of the oscillator is 0.776 volt (+3 db). In most installations, this is the same audio level (0.776 volt) that provides 100 percent modulation.




	(6) The test tone oscillator, V5, uses a 5654/6AK5W pentode in a phaseshift oscillator circuit. This circuit operates in the following manner: assume that there is a 1,000-cps sine wave at the grid of V5, as in curve D, figure 201. This signal appears across plate resistor R26, 180° out of phase with the grid voltage, shown in curve A on figure 201. A
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Figure 200. Monitor audio amplifier V6B, simplified schematic diagram.
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Figure 201. Tone oscillator V5, simplified schematic diagram.

portion of this voltage is coupled back to the grid through three Lsection phase-shifting networks, C22-R31, C23-R30, and C21—-R28. Each network shifts the phase about 60° at 1,000 cps, as illustrated by curves B, C, and D. The total phase shift from the plate to the grid at 1,000 cycles is 180°. Adding to this 180° phase shift from grid to plate in the tube results in a total phase shift of the signal from grid back to grid of 360°. The signal fed back to the grid is in phase with the original signal and the stage will oscillate at 1,000 cps.

¥ (c) Each RC network provides a phase shift of about 60° only at 1,000 cps. At other frequencies the phase shift is not 60°, the total phase shift is not 360°, and the feedback is not in phase and regenerative. Therefore, the circuit oscillates only at or near 1,000 cps. Cathode bias-is provided by R27, and C20A is the cathode bypass capacitor. The output of the oscillator is coupled to the through and local channels through coupling network R25 and C19 and through positions 4 and 5 of switch $1. Note that plate and screen voltages are furnished to the tube through section 3 of Sl only when the switch is in position 4 or 5.

Note. For Order-Wire Transmitter T-389/TRC-29 on Order No. 15739-—Phila—55 (serial No. 298-417), the screen and plate voltages of V5 are not applied through section 3 of S1. The screen and plate are connected directly to the B+ line so that B+ is always present at these points. The tone oscillator is disabled by grounding the phase-shift network through switch Sl when this switch is in other than position 4 or 5.


	(5) Power supply, V9 through V12 (fig. 202).

	(a) Gencral. The power supply delivers 60 ma of regulated de at + 140 volts. The supply consists of a full-wave rectifier, RC filter, and a voltage regulator circuit.




	(b) Full-wave rectifier V9.

	Es Primary power for the full-wave rectifier is obtained from terminals 8 and 10 of TBl, through PLATE current circuit breaker CBl, and transformer T4. The circuit breaker is a magnetic delay type and serves both as an ON-OFF switch for the plate and screen voltages and to protect against overloads. Similarly, FIL circuit breaker CB2 in the T5 filament transformer primary line provides both a filament ON-OFF switch and overload protection.




	The secondary output voltage of transformer T4 is applied to the plates of V9, a 6X4W twin diode, connected as a full-wave rectifier. The output of this rectifier circuit is filtered by RC filter C30—R46— C31. The voltage at the output of the filter is about 225 volts. This voltage then is fed to the voltage regulator circuit, which regulates it to +140 volts.







	(c) Voltage regulator circuit, V10 to Vo2,

	i: The voltage regulator circuit includes three tubes that perform four functions. Tube V10B, onehalf of a type 6AS7G twin triode, is used as a series regulator. The de control amplifier, V12, is a 6AU6 pentode. An OB2 is used as the voltage reference tube, V11, and V10A, the other half of the 6AS7G twin diode, is used as a rectifier to furnish operating potential for V11.




	2. The circuit is arranged conventionally according to common series voltage regulator practice, although it contains one unusual feature. The voltage reference









tube, V11, instead of being used to decrease the variable control voltage between the output level and ground, here is used to increase that range, to make the circuit more easily controllable. The voltage reference tube is connected between the bottom of the control tube voltage divider and ground with its cathode connected to the voltage divider and the plate grounded. An ac voltage is taken across one-half of the plate supply transformer winding and rectified by V10A, which is diodeconnected. The output of this tube is about —200 volts de. It is passed through an RC filter, in which C32 and C33 are the filter capacitors and R50 the series resistor. Resistor R50 also serves as a voltage dropping and current-limiting resistor for V11. The filter output is connected to the cathode of V11, establishing a fixed level of —108 volts dc at that point, extending the voltage across the R49—R51-R52 voltage divider from +140 volts to —108 volts, or a total range of 248 volts. This allows the voltage at the grid of control amplifier V12 to be set at any point from approximately +38 volts to approximately —24 volts with respect to its cathode, which is grounded. In this manner, an extremely wide range of control is obtained for the de amplifier tube, V12. This arrangement is necessary because the allowable voltage drop across series regulator tube V10B is relatively small (85 volts).

Note. For Order-Wire Transmitter T-3889/TRC on Order No. 1640—Phila-51 (serial No. 115-297) and Order No. 15739-Phila—55 (serial No. 298-417), the voltage regulating circuit in the order-wire transmitter power supply has been improved by increasing the gain of the dc amplifier. This has been done by decreasing the screen voltage of tube V12.
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	Resistors R44 and R45 are used as a voltage divider to reduce the voltage at the input of rectifier V10A. Capacitor C20B helps to stabilize the voltage across R52 (and the voltage reference tube). Resistor R48 is the plate load for V12 and R53 serves to isolate the V12 grid. Capacitor C34 improves the regulation of the supply against ripple and transient voltage waveforms, and C85, across the output of the supply, reduces further the ripple content of the de output voltage, as well as improving the decoupling of the supply from signal voltages in the various stages of the orderwire transmitter.

	Assume that the output voltage of voltage regulator increases. Tnis increase in voltage causes a rise in the grid voltage of control amplifier V12, which increases the current flow through the tube. The increased current flow causes a larger voltage drop across plateload resistor R48, resulting ina decreased voltage at the plate of V12. Since the plate of V12 is connected directly to the grid of series regulator tube V10B, the grid voltage of V10B is reduced correspondingly. This increases the series resistance of V10B, and its output voltage is reduced, returning to its original assigned value of +140 volts, which has been set by potentiometer R51.

	Conversely, if the output voltage decreases, the voltage at the grid of V12 decreases, its plate voltage increases; the grid voltage of V10B increases, and the output voltage increases. If the input voltage from the rectifier fluctuates, similar actions take place and the output voltage is maintained at its normal value.

	(6) Order-wire test switch circuit (fig. 190).

	(a) The order-wire test switch, S1, is a







	8-section, 6-circuit, 5-position-percircuit rotary type. It is used with various tests and adjustments on the equipment. The six circuits controlled simultaneously are as follows: local channel audio input, through channel audio input, discriminator output to meter, afc signal to afc amplifier (afc on-off), plate voltage to tone oscillator, and audio signal selection to meter.

	(0) In the first position, AFC OFF, the connection between the de output of the afc discriminator, V7, and the the grid of the afc amplifier, V6A, is broken (section 2, pin 1) and the afc amplifier input is grounded. In this position, the carrier oscillator is free-running and the afc system is disabled. In all other positions of the switch, the afc signal is connected to the carrier oscillator.

	(c) In the second position, OPR, the unit operates normally. The afc signal is connected to the carrier oscillator, the signal from the through channel is connected to its audio amplifier (section 2, right hand side), the local audio signal is connected to its audio amplifier (section 1, right hand side), and the meter reading indicates percent modulation when meter selector switch S2 is set at AUDIO. The operation of this latter switch is described in (7) below. The meter is connected to the monitor audio amplifier stage, V6B, through section 3, left hand side, of switch S1. The tone oscillator is inoperative.

	(d) In the third position, INPUT AUDIO, the same connections as for position 2 are made, except that the meter is connected to the output of audio transformer T1 by contact 3 of the left hand side of section 3 of switch S1. In this case the meter reading, with the meter selector switch in AUDIO position, indi cates the level of the audio modulating signal instead of the percent modulation.




	(e) In the fourth position, THRU TONE, plate voltage is supplied to the test tone oscillator, V5, through the right hand side of section 3 of Sl, and its output is connected to the through channel through the right hand side of section 2 of Sl. The normal through channel and local channel audio signals are disconnected, and the grid of the local channel audio amplifier is grounded.

	(f) In the fifth position, LOCAL TONE, the output of the test tone oscillator, V5, is connected to the local channel through the left hand side of section 1 of Sl, the normal through and local channel audio signals are disconnected, and the grid of the through channel audio amplifier is grounded.

	(7) Metering circuit (fig. 203).

	(a) Meter selector switch S2 is a 5-position, 2-circuit switch that selects the signal metered by meter M1. In the first position, CARR LIM GRID, the meter measures the voltage across grid resistor R14 of carrier limiter V3. This meter reading indicates the relative level of the 6-me carrier oscillator signal.




	(b) In the second position, DISCR-, the de output of the discriminator is fed to the meter through one of two meter multiplier circuits. When ORDER WIRE TEST SWITCH S81 is at AFC OFF (position 1), the meter multiplier circuit consists of R6 and R32 in series (fig. 190). In any other position of the ORDER WIRE TEST SWITCH, however, the circuit consists only of R6, increasing the sensitivity of the meter circuit. The reason for this is that reduced sensitivity is required with the AFC OFF to permit a less sensitive alinement procedure.




	(c) In the third position, DISCR—, the output of the discriminator is connected in the same manner as in position 2, except that the meter leads are reversed so that negative de voltages can be indicated.







	(d) The fourth switch position, AUDIO, measures either the output of monitor audio amplifier V6B (when S1 is in position 1, 2, 4, or 5) or the voltage across the secondary of T1l (when S1 is in position 3). The audio signal is rectified by crystal rectifiers CR1 and CR2.

	(e) The fifth position, +140V, measures the +140-volt bus through voltagedividing network R22 and R23.

	(8) Transfer control connections (fig. 204).

	(a) Completion of connections between the transmitting equipment and suitable transfer control equipment is made through the transmitter order-wire chassis. These connections are completely independent of the other circuits in this chassis. When transfer control facilities are available they are connected to J3. Connections exist between pins of this jack and various terminals on terminal board TBl. By means of these connections, monitoring signals are made available to transfer control equipment so that it can detect a failure in an operating transmitter and effect changeover to standby equipment. This occurs when the carrier signal fails, when it deviates from its assigned frequency by more than a predetermined amount, or when there is any other fault detected and indicated by the orderwire monitor circuit in the transmitter.




	(b) The characteristics of the operating transmitter monitored are: presence or absence of the order-wire carrier; frequency of the main transmitter carrier, obtained as a de signal from the discriminator of the afc, if. amplifier in Radio Transmitter T-303/G. For further information on the sources and characteristics of these signals, refer to paragraphs 166c(2)(g), 167c(4), and 168.




	(c) The circuit is arranged as follows:

	Le Order-wire carrier failure closes
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Figure 208. Metering circuit, simplified schematic diagram.

contacts on K4 in vtvm chassis is in the MANUAL OPERATE


	2. The afe monitor line (obtained pins C and D of J3 by means of

	

	FER CONTROL ON lamp is pro- of the interlock switches. vided from terminal 5 of TB1 6. When all breakers are closed, lamp (I 1) only when switch S4 7. The ac power common return line position.

	5. Power to complete the interlock 172. Power Supply PP—764/G



in Radio Transmitter T-303/G position. When S4 is in the which are connected to terminals TRANSFER CONTROL position, 1 and 2 of TB 1 and then to pins the interlock circuit is opened, and H and J of J3. Pins H and J are changeover is accomplished by shorted by order-wire failure. closing the interlock circuit across from the transmitter monitor re- the transfer control equipment. ceiver discriminator) is fed to This completes the circuit from terminal 3 of TB1 and then to pin the FIL contactor, CB2, through F of jack J3. the order-wire transmitter inter-8. Ground connection is made be- lock switch S38, through J3, into tween terminal 4 of TB1 and pin the transfer control equipment, G of J3. and back again to terminal 6 of 4. 115-volt power for the TRANS- TB1, which continues to the rest


	which is connected to the mid- power is supplied to terminal A point of the front meter panel of J3 as a primary power ready breaker. Power is applied to this signal for the transfer equipment.

	is in the TRANSFER CONTROL is connected to terminal B of J3.



circuit is applied to terminal 6 of a. General. Power Supply PP-764/G is the TB1 through S4 when the latter transmitter high-voltage power supply. It con tains three independent rectifier circuits that deliver one regulated and two unregulated dc voltages to Radio Transmitter T-303/G. A multiwinding filament transformer also furnishes filament voltages for the tubes in the radio transmitter. Several low-voltage de potentials obtained from Power Supply PP-689/G (par. 173) are connected through this power supply for use in the radio transmitter. In addition, control and indicating facilities for the 115-volt ac power are provided.
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	b. Block Diagram Description (fig. 205).

	(1) The power supply contains three rectifier circuits that supply to the radio transmitter —1,000 volts de regulated beam voltage, —1,350 volts de unregulated reflector voltage, both for the klystron oscillator, and 0 to +900 volts de unregulated power amplifier plate voltage. Power transformer T2 converts the 115-volt, ac line voltage to the voltages required for the beam voltage and reflector voltage rectifiers. Power transformer T4 converts the 115-volt, ac line voltage to the voltage required by the power amplifier, plate voltage rectifier. Full-wave rectifier tubes V1 and V2 and a filter circuit are used to furnish the voltage to the —1,000-volt, de regulator. Series regulator tubes V3 through V6 and de control amplifier tube V7 are used to maintain the output of this regulator constant. A fixed reference voltage is applied to V7 by the voltage reference tube V8. Changes in output voltage are transmitted to the control amplifier grid across a portion of the resistive network in the output. Tubes V9 and V10, connected in a voltage-doubler circuit, together with a filter network, supply the floating —1,350 volts de. Tube V11, connected as a full-wave rectifier, plus another filter network, supply the 0 to +900 volts de.




	(2) Regulated de voltages of 300 volts, 250 volts, 150 volts, 42 volts, and —150 volts enter the supply at J8, to which they are sent by transmitter low-voltage power supply. These are not used within the high-voltage supply, but are passed on to be connected to the radio







	transmitter. Primary line power also is supplied to the low-voltage supply through this connector.

	(3) Filament transformer T5 contains five windings that furnish filament voltages for tubes in various parts of the radio transmitter in addition to supplying filament voltage to the power amplifier plate rectifier, V1.

	(4 Time-delay and power relays, switches, circuit breakers, power outlets, fuses, and indicating lamps also are contained in the power supply. All of these are used in conjunction with the 115-volt powerlines.

	c. Detailed Circuit Description.

	(1) —1,000-volt beam supply (fig. 206).

	(a) In the —1,000-volt beam supply, half-wave diodes V1 and V2 (type 836) are connected in a full-wave rectifier circuit. The negative output of the rectifier circuit is taken from the center tap (terminal 6) on a secondary winding of power transformer T2. The positive side of the rectifier circuit is ungrounded to provide approximately +300 volts to operate the regulator tubes. The output is filtered by a pi-type filter that consists of capacitors Cl and C2 and inductor L1. The output appears across the resistive network that consists of R25 through R34. Four type 807 regulator tubes, V3 through V6, are in series with the rectifier output; for simplicity, these tubes are represented by a single tube designated V3 on figure 206. The four tubes act in parallel, the circuits for all of them being identical. The bias on V3 is varied by control tube V7, a 6AU6 de amplifier. The cathode voltage on V7, in turn, is controlled by voltage reference tube V8, a type 0A2, providing a fixed bias. The grid voltage for V7 is obtained from the arm of BEAM V ADJ potentiometer R36, part of a voltage divider which reflects any change in output voltage. A change in potential at the output results in a proportional change in the grid
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Figure 205. Power Supply PP-764/G, block diagram.

voltage of V7. The resultant change in current through plate-load resistor Rl changes the plate voltage of tube V7 and, consequently, the grid voltage of series regulator tube

V3. The change in grid voltage of V3 changes the impedance of this tube so that the voltage drop across it varies in such a manner as to maintain the output voltage constant.
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	(b) Capacitors C4 and C5 minimize the effect of transient voltage variations on the cathode voltage of V7, while C3 increases the sensitivity of the grid to such changes by passing the entire effect of sharp changes to the grid, rather than the smaller portion of such changes which would be obtained from R36, with relatively poor response time. Resistors R2, R3, R4, and R65 serve for isolation, parasitic suppression, and current equalization in the V8 circuits. Similar components used for these purposes with V4, V5, and V6 may be found on the complete schematic diagram. A dc voltage taken from the junction of R22 and R23 is connected to the center tap of the filament winding supplying V7, maintaining the tube filament at a fixed negative potential, comparable to that at the cathode, to keep the filament-cathode voltage drop low and thus prevent breakdown.

	(c) The effect of the action described in (a) above can be understood by analyzing a change in line voltage that appears across the primary of power transformer T2. Assume that an increase in line voltage increases the output voltage of the rectifier, which results in the lower end of the resistive network across the output becoming more negative. Part of this change appears across the voltagedivider network that consists of resistors R35 and R37 and potentiometer R36. Because of the action of the voltage reference tube, V8, the only portion of the change reflected between grid and cathode of V7 is that tapped off the voltage divider. The result of this arrangement is to make the grid more positive with respect to the cathode. The consequent increase in current flow through V7 decreases the plate voltage of the tube. This decrease in voltage is fed to the grid of V3 through resistor R3, resulting in an increase in the resistance of V3 and




	increased voltage drop across it. The circuit parameters are so chosen that this increase in voltage drop across V3 compensates for the rise in output voltage. Should the input voltage decrease, reverse action takes place. The same holds true for changes in output voltages. The net effect is to hold the output voltage constant at a level determined by the setting of R36, the BEAM V ADJ potentiometer.

	(2) —1,350-volt reflector supply (fig. 207). Full-wave rectifiers V9 and V10, type 5R4WGY, are connected in a voltagedoubler arrangement to provide the —1,350-volt reflector supply voltage. The voltage that appears across terminals 3 and 4 of a secondary winding on power transformer T2 is applied across the voltage-doubler circuit. Capacitor C6 acts as a high-frequency bypass. When terminal 3 of the secondary is positive with respect to terminal 4, V9 conducts, charging capacitor C7 with the polarity shown. The cathode of V10 is positive with respect to its plate during this half-cycle and, therefore, does not conduct. When terminal 4 is positive with respect to terminal 3, V89 stops conducting and V10 conducts, charging capacitor C8 with the polarity shown. Since capacitors C7 and C8 are in series and charge with the same polarity, the voltages across them add, and the output voltage is approximately double that of the peak voltage between terminals 3 and 4 on the transformer secondary. The doubler output is fed to the chokeinput filter which consists of inductor L2 and capacitor C9, then to an RC type filter consisting of resistor R42 and capacitor C10. Capacitor C10 is returned to the negative output terminal of the —1,000-volt beam supply to obtain the desired bypassing. The output is taken from two ungrounded terminals, allowing the supply to float. The voltage at the upper terminal is approximately —650 volts, that at the lower is approximately —2,000 volts,



the total supply potential being about —1,350 volts. This output is fed to the electronic voltage regulator subchassis in the radio transmitter (par. 170), where it is regulated before being applied to the klystron.

(3) Zero to +900-volt power amplifier plate supply (fig. 208). Full-wave rectifier V11, a type 5RAWGY, is connected in a conventional full-wave rectifier circuit across terminals 3, 4, and 5 of the secondary winding on power transformer T4. The output is filtered by the choke-input filter consisting of inductor L3 and capacitors C11 and C12. The output of the filter is ungrounded. It is taken across the B+ and B— terminals and fed to the radio transmitter chassis. Capacitor C13 provides a bypass for the B— leg. The primary voltage of T4 can be varied from 0 to 115 volts ac by VARIABLE AUTO-TRANSFORMER T8 on the power supply chassis, which effectively controls the voltage fed to the power amplifier over the range of 0 to +900 volts de.



173. Power Supply PP—689/G

a. General. Power Supply PP-689/G is the low-voltage power supply for Radio Transmitter T-303/G. It contains three rectifier circuits that furnish five regulated voltages to the transmitter. These voltages are +300, +250, +150, +42, and —150 volts de. The output voltages are sent through high-voltage power supply from which point they, together with the high voltages furnished by that supply, are fed to the radio transmitter. The unit is equipped with two pilot lights that indicate when the tube fila-
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Figure 207. —1,850-volt reflector supply V9 and V10, simplified schematic diagram.
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Figure 208. Zero to +900-volt plate supply V11, simplified schematic diagram.

ments are on and when the low-voltage dc regulators are operating.


	b. Block Diagram Description (fig. 209).

	(1) Power transformer T2 is used to convert the 115-volt, ac line voltage to the voltages required for the +300- and +250-volt rectifiers. Power transformer T3 converts the line voltage to the voltage required for the —150-volt rectifier.




	(2) Full-wave rectifier tube V1 and a filter network furnish the input voltage to the +300-volt dc regulator. Series regulator tube V2 and de control amplifier V3 maintain the output voltage constant. Reference bias for V3 is




	provided by the —150-volt regulated supply. Changes in input or output voltage are transmitted to the dc control amplifier grid through a portion of a voltage divider across the output. The de control amplifier adjusts the resistance of the series regulator, which compensates for the change.

	(3) Full-wave rectifier tubes V4, V5, and V6 and a filter circuit furnish dc voltages for both the +-250- and +150-volt supplies. Voltage regulators and control amplifiers that operate in the same manner as the one described for the +800-volt regulated supply maintain both outputs constant. In the +250-
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Figure 209. Power Supply PP-689/G, block diagram.

volt supply, V7, V8, and V10A are the regulators, and V9 is the control amplifier. Tubes V11, V12, and V10B are the regulators, and V13 is the control amplifier for the +150-volt circuit.

Part of the output of the +150-volt supply is fed to a voltage regulator tube, V14, which provides a regulated output of approximately +42 volts. (4)

Full-wave rectifier tube V15 furnishes the input voltage for —150-volt dc supply. Voltage regulator tube V16 is used to obtain the —150-volt de output voltage. Besides being used for bias voltage in various parts of the radio transmitter, the —150-volt output is used as a reference level for the other regulator circuits in this power supply. (5)



c. Detailed Circuit Description.


	(1) +300-volt regulated supply (fig. 210).

	(a) Tube V1, a 5R4WGY, is connected as a full-wave rectifier across a secondary winding of power trans-






former T2 to provide the necessary high voltage. The rectified output is taken at the filament of V1 and fed to a pi-type filter consisting of inductor L1 and capacitors Cl, C2, and C3. Inductor L1 and capacitor C2 form a parallel-resonant trap circuit to reduce the undesired ripple frequency. The filter output is applied to the plates of series regulator tube V2, a 6AS7G twin triode, both sections of which are connected in parallel. The output is taken from the cathodes of this tube through current-equalizing resistors R3 and R4. A voltage divider that consists ~ of resistors R8 and R10 and potentiometer R9 is placed between the +300-volt regulated output and the —150-volt regulated output ((5) below). This, together with the grounded cathode of V3, stabilizes the dc bias conditions on the tube.
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Figure 210. +800-volt regulated supply V1 through V3, simplified schematic diagram.


	(6) Changes in potential at the output of the supply result in proportional changes in the control grid-cathode voltage of de control amplifier tube V3. The resultant changes in current through plate load resistor Rl change the plate voltage of tube V3, and hence the grid voltage of series regulator tube V2, through grid resistors R2 and R5. The changes in grid voltage of V2 change the impedance of this tube and the voltage drop across it in such a manner as to return the output voltage to the proper value.

	(c) Screen-grid voltage for V3 is furnished by a tap on the voltage divider formed by R6 and R7, between +300 volts and ground. The output voltage is adjusted by the setting of potentiometer R9. Capacitor C4 transmits sharp transient voltage changes directly to the grid of V3, which improves the response of the regulator.

	(d) The effect of the action described in (b) above can be seen by analyzing a change in line voltage. An increase in line voltage increases the output voltage of rectifier tube V1. This raises the plate voltage and hence the cathode voltage of series regulator tube V2. Raising the cathode voltage of this tube increases the voltage drop across the output voltage divider. Since the low end of this divider is held constant by being returned to the —150-volt regulated supply, the voltage drop across each component of the divider increases. The resultant increase in the grid voltage of V3 through potentiometer R9 increases the current flow through this tube and, consequently, decreases its plate voltage. This decrease in plate voltage decreases the grid voltage of tube V2, resulting in an increased voltage drop across V2. The circuit parameters are chosen so that the increase in the voltage drop across tube V2 compensates for the rise in voltage applied at the plate




	of that tube. The net effect is to hold the output voltage constant at a level determined by the setting of +300 V ADJ potentiometer R9.

	(2) +250-volt regulated supply (fig. 211).

	(a) Type 5R4WGY tubes V4, V5, and V6 in parallel are connected in a full-wave rectifier circuit across a secondary winding of power transformer T2 to provide the necessary high voltage for both the +250- and +150-volt regulated outputs. The rectified output is taken at the filaments of the rectifiers and fed to a filter consisting of inductor L2 and capacitors C5 and C6. The output of this filter then is fed both to the +250- and the +150-volt regulator circuits.




	(0) The +250-volt regulator circuit operates in the same manner as the +300-volt voltage regulator described in (1) above. Type 6AS7G series regulator tubes V7, V8, and V10A connected in parallel with each other provide the varying impedance whose changing voltage drop compensates for changes in output voltage. Because the regulator is in series with the load current, the added tubes are necessary to carry the load. Dc control amplifier V9, a 6AU6, sets the grid voltage of the series regulator tubes through resistors R13, R16, R17, R20, and R21, one for each triode section.




	(c) The voltage divider across the output consists of resistors R25 and R27 and +250V ADJ potentiometer R26. The lower end of the voltage divider is returned to the —150-volt supply to provide a constant reference bias. Capacitor C7 improves the voltage regulator response to fast changes in output voltage. Resistors R23 and R24 form a voltage divider for obtaining proper screengrid voltage on tube V9. Resistor R12 is the plate load for V9, and R14, R15, R18, R19, and R22 are







	the cathode resistors for regulator tubes V7, V8, and V10A.

	(d) The circuit action is identical with that described for the +300-volt regulator ((1)(d) above).

	(3) +150-volt regulated supply (fig. 212).

	(a) The output of the filter consisting of inductor L2 and capacitors C5 and C6 (fig. 211) also is fed to the +150 volt regulator circuit through a 500-
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Figure 211. +250-volt regulated supply V4 through V10A, simplified schematic diagram.


	ohm dropping resistor, R11 (fig. 212).

	(b) The +250- and +150-volt regulators operate in an identical manner. The series regulator tubes are V11, V12, and V10B, all type 6AS7G. The de control amplifier is V13, a type 6AU6. This tube sets the grid-voltage of the series regulators through grid resistors R29, R32, R33, R36, and R37.

	(c) The voltage divider across the output consists of R41, R48, and +150V ADJUST potentiometer R42. The lower end of this voltage divider is returned to the —150-volt supply line to provide a constant reference bias for de control amplifier V13. Capacitor C8 improves the voltage regulator response to fast changes in output voltage. Resistors R89 and R40 form a voltage divider for obtaining proper screen-grid voltage on tube V13. Resistor R28 is the plate load for V13, and R30, R31, R34, R35, and R38 are the cathode




	resistors for regulator tubes V11, V12, and V1OB.

	(d) The circuit action is identical with that described for the +300-volt regulator ((1)(d) above).

	(4) +42-volt regulated supply (fig. 213).

	(a) Part of the output of the +150-volt regulated supply is fed to the +42 volt voltage regulator. Shunt voltage regulator tube V14, a type OB2, and resistor R48 form a voltage divider across the +150-volt output, providing a regulated +42 volts at their junction.




	(5) Capacitor C10 is a bypass capacitor for the circuits fed by the +42-volt supply. Resistor R44 is a transientcurrent limiter for the V14 circuit.




	(c) Tube V14 maintains a constant voltage drop across itself by varying its resistance as the current through it changes. Since the +150-volt and ground potentials are constant, the voltage across R48 also is constant.




	(6) —150-volt regulated supply (fig. 214).

	(a) Rectifier tube V15, a 6X4W, is con-
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Figure 212. +150-volt regulated supply V10B through V18, simplified schematic diagram.

nected in a conventional full-wave rectifier circuit across the secondary winding of power transformer T3. The cathode of V15 is returned to ground, and the negative rectified output is fed from the secondary winding center tap to an RC filter consisting of resistor R45 and capacitors C11 and C12.

(6) Resistor R46 in series with the output of the filter enables shunt voltage regulator tube V16, a type OA2, to maintain the output voltage constant. Capacitor C13 bypasses to ground any fast change in voltage. Resistor R47 is a bleeder resistor.
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TM 6869-4

Figure 218. +42-volt regulated supply V14, simplified schematic diagram.
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Figure 214. —150-volt regulated supply V15 and V16, simplified schematic diagram.




Section Ill. RECEIVING EQUIPMENT


174. General Description (fig. 215)

a. General. The receiving equipment of Radio Set AN/TRC-29 consists of three separate units that have the following nomenclature:


	(1) Radio Receiver R—418/G.

	(2) Order Wire Receiver R—543/TRC-29.

	(3) Power Supply PP-690/G.

	b. Radio Receiver R-418/G.

	(1) The primary function of Radio Re-






ceiver R-418/G is to accept fm, rf signals received by the antenna, amplify and demodulate them and furnish an output consisting of a multiplexed video signal and a 6-me order-wire subcarrier.

(2) Signals received by the antenna are fed to the receiver input, in some cases through a duplexer. A duplexer is a device, constructed of passive circuit elements, that permits one antenna to be used for both transmitting and receiving purposes on a frequency-sharing basis. The receiver is a single superheterodyne type, using a crystalcontrolled local oscillator. It has a 120 me intermediate frequency. The rf bandwidth of the receiver is approximately 21 mc; its video frequency response is limited by a filter in the order-wire receiver to slightly less than 6.0 me. The rf circuits in the receiver are designed to cover frequencies from 1,700 to 2,400 me.

through 183 give detailed information on the components comprising the receiver.

( ( ( c. Order-Wire Receiver R-548/TRC-29. The primary function of the order-wire receiver is to amplify and detect the 6-mc order-wire subcarrier and to furnish outputs that consist of the order-wire audio voltages, ringing and alarm signals. The order-wire receiver chassis contains a composite video filter, used to separate the video signal from the 6-mc order-wire subcarrier. This video filter contains two functional sections. One section acts as a low pass filter for the main video signal and
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Figure 215. Receiving equipment, block diagram.

(3) The receiver has a preselector-mixer assembly, a local-oscillator assembly, an if. preamplifier, an if. amplifier, which includes limiting and demodulating circuits, and a video amplifier. In addition, it contains auxiliary operating circuits, including afc to maintain the local-oscillator frequency constant, and automatic gain control (agc) to insure a constant output level from the if. amplifier. The receiver also contains built-in test circuits to expedite alinement, troubleshooting, and evaluation of the performance of the equipment during operation. These test circuits feed pertinent signal voltages and currents to a meter panel that monitors a number of different critical signals on two meters by the use of suitable switching circuits. A functional block diagram description of the radio receiver is given in paragraph 175. Paragraphs 176 presents an extremely high impedance to the 6-me subcarrier. Therefore, only the video signal appears at the output of this section, and from there it is fed to the VIDEO OUTPUT receptacle. The other section of the filter presents . a low impedance to the subcarrier signal and an extremely high impedance to the main video signal. Only the subcarrier signal appears at the output of this section, and this signal is applied to the subcarrier amplifier of the orderwire receiver, Auxiliary circuits in the orderwire receiver provide for connecting a local or remote handset for originating order-wire messages; for monitoring and alarm features; for the connection of transfer control equipment; and for the operation of sensing and control circuits for diversity operation. A de power supply is an integral part of the unit. Details of the order-wire receiver are covered in paragraphs 184 through 189.

d. Power Supply PP-690/G. Power Supply PP-690/G furnishes six regulated voltages, covering all of the high- and low- frequency dc power requirements of Radio Receiver R—418/ G. It contains high-voltage and low-voltage rectifier circuits and six regulator circuits. The regulated dc output voltages furnished are +250 volts, +150 volts, +42 volts, —300 volts, —475 volts, and —625 volts. In addition, the supply provides 6.3 volts ac for all tube heaters in the radio receiver and 115 volts ac for operation of the order-wire receiver. For detailed information on this power supply, refer to paragraph 190.



175. Radio Receiver R—418/G, Block Diagram (fig. 216)

a. Therf input to the receiver is fed to a preselector that rejects any signal outside the selected receiver operating frequency range. The output of the preselector is fed to a crystal mixer where it is mixed with the output of klystron oscillator V21, whose frequency is adjusted to be 120 mc above that of rf input signal. The 120-mc intermediate frequency obtained at the output of the crystal mixer then is amplified by an if. preamplifier that contains six if. stages (V1-V6) and then by an if. amplifier containing six additional if. amplifiers (V7-— V12). The output of the if. amplifier is fed through two limiters (V13 and V14) to a discriminator (V15) that detects the video and 6-me order-wire subcarrier signals. These signals are amplified by a video preamplifier (V16) and video amplifiers V17 through V20. Agc is provided by means of a de amplifier (V29) that adjusts the grid bias on one of the if. amplifiers (V7).

b. A portion of the klystron oscillator output is fed to the afc circuits, which stabilize the klystron output at the desired frequency. This portion of the klystron output is mixed with the output of a crystal-controlled oscillator-multiplier (V22-V24). A 34.5-mce intermediate frequency is obtained at the output of this mixer (CR3) which is amplified by 34.5-me afc if. amplifiers V25 and V26, limited by V27 and fed to a discriminator (CR4 and CR5). The discriminator output is a positive or negative dc signal if the klystron frequency deviates from the desired frequency. This de error voltage is amplified by the afc de amplifier (V28) and is applied to the klystron reflector, changing its operating frequency in a direction that de creases the error signal. In this manner, the klystron frequency is stabilized at the desired frequency. A wavemeter receives a small portion of the klystron oscillator output for frequency-measuring purposes.

c. Suitable metering leads are connected from key points in the radio receiver circuits to the meter panel. Two meters are mounted on the meter panel with appropriate switching facilities to select the circuit to be metered.



176. Preselector Mixer Assembly

a. General. The signal picked up by the antenna is fed through a duplexer (in some installations), and through a coaxial cable to the preselector. The inner conductor of the coaxial cable is terminated in a loop formed within the first section of the preselector. The preselector consists of two high-Q cavities, each of which is tuned to the receiver frequency by means of a tuning rod driven by a tuning drive mechanism. These two cavities act as a narrow band-pass filter that passes only signals at the receiver frequency and rejects all other signals. At 1,715 me, the filter has a maximum insertion loss of only 3 db over a bandwidth of approximately 21 me (fig. 217). The signals passed by the preselector cavity are introduced into the crystal mixer, Z2, where they are mixed with the local-oscillator signal. The difference frequency (if.) of 120 mc is used to feed the if. preamplifier.



b. Detailed Description


	(1) Preselector Z1.

	(a) Figure 218 is a simplified electromechanical diagram and figure 219 is the electrical equivalent circuit of the preselector and mixer assembly. The rf energy is coupled into the first cavity of the preselector by means of a coupling loop. Coupling between cavities is effected by an aperture located in the wall separating the two cavities. The cavity output is picked up by another loop and fed to the mixer.




	(d) The cavities are tuned to the proper resonant frequency by a tuning drive mechanism, which increases or decreases the depth of insertion of the hollow tuning rods into the cavities. Each cavity must be tuned
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Figure 216. Radio Receiver R-418/G, block diagram.

separately, making sure that there is no interaction between it and the tracking error. other cavity. For this purpose, de- (2) Crystal mixer Z2. tuning rods. Normally, these detuning rods are withdrawn so that they are entirely within the tuning rods. During the tuning procedure, one detuning rod is pushed forward until a portion of the detuning rod extends beyond the ends of the tuning rod. This effectively detunes that cavity, permitting independent tuning of the other cavity. The insertion of the tuning rods can be varied by one of two driving mechan- cable. anism (fig. 218) drives both rods simultaneously. The primary rod is also driven by a separate driving mechanism, not shown on the sim plified diagram, correcting for any


	

	tuning rods are placed inside the (a) The output of the second preselector cavity is fed into crystal mixer Z2. Also injected into the mixer through a 240-ohm isolating resistor is the output of the klystron local oscillator. The klystron frequency is adjusted to be 120 mc above that of the incoming rf signal. Consequently, an if. signal of 120 mc is obtained in the crystal mixer. This 120-mc if. signal is coupled out of the mixer assembly by means of a coaxial

	isms. The main tuning drive mech- (b) As indicated in figures 218 and 219, the rf energy is prevented from reaching the if. output by means of an rf bypass capacitor and an rf choke. The rf bypass capacitor is
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Figure 217. Preselector mixer selectivity curve.

formed by placing a dielectric be- ted to the if. preamplifier by a doutween the crystal cathode and the ble-shielded coaxial cable. This coaxsidewall of the assembly. The rf ial cable is approximately 14 wavechoke is a section of transmission length at the if. and serves to match line built around the if. output cou- the if. impedance of the crystal to pling. At its input it presents a very the input impedance of the if. prehigh impedance to rf energy, but a relatively low impedance to the if. energy. The if. signal appearing at AfROM oles. iene

ZI PRESELECTOR 1 TUNING ROD RF CRI CAVITY CAVITY P3 case! MIXER XTAL PRESELECTOR ZI : cour MESSvoRS ane W Os URE LOCAL me 22 MIXER ies tr a TM 689-252 a, Rp pipess Figure 219. Preselector mixer, electrical equivalent LOOPS circuit. COMPUUND-LINE 240 OHMS CHOKES DETUNING RODS

Z2 electromechanical diagram. wavelength.
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amplifier, and this permits the phys-TUNING ORIVE ieansive ical separation of the mixer and if. : ; 1 Figure 218. Preselector mixer Z1 and preamplifier by a distance up to 2



177. Local-oscillator Assembly Z3 and Wavemeter M3

a. General. Local-oscillator assembly Z3 consists of two major parts, klystron oscillator tube V21, a 6BM6, and the reflex cavity in which it is installed. It is tunable over the range of 1,820 to 2,520 mc and provides a signal 120 mc above the frequency range of the transmitter. The oscillator furnishes three separate probe-coupled outputs, one to crystal mixer Z2, one to wavemeter M3, and another to afc mixer Z4.



b. Circuit Description.


	(1) Since it is assumed that the reader is familiar with the basic fundamentals of reflex klystron operation, these are not covered in this manual. For detailed information on this subject, refer to TM 11-673. An electromechanical diagram of the _ local-oscillator assembly is given on figure 220.

	The cathode, or beam electrode, of V21 is connected to the —300-volt supply through a small current metering resistor, located in the afc and age dc (2)



amplifier subchassis. The control-grid bias voltage is adjustable within the range of —300 to —475 volts de by means of the BEAM CURRENT potentiometer, also in the afc and age dc amplifier subchassis. The cavity grid, or anode, of the tube, is tied to ground, as is the positive side of the voltage supply. The reflector electrode is connected to a voltage that is negative with respect to the cathode. This voltage may be adjusted through the range —300 to about —600 volts depending on the frequency desired, and is controlled by the afc circuit for any one setting under operating conditions.



c. Operational Details.

(1) Frequency-controlling elements. Oscillation in the tube is sustained within the output cavity. The frequency of oscillation is primarily a function of the reflector voltage and the setting of the klystron cavity plunger. Also, it is affected to a small extent by the control-grid voltage. The klystron
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Figure 220.—Local-oscillator assembly 28, electromechanical diagram.

klystron near the desired frequency with the afc circuit disconnected. The reflector voltage then is adjusted by & means of REFL V control on the afc £ plunger is adjusted initially to set the and age de amplifier subchassis to provide the exact frequency desired. The control-grid voltage is adjusted to provide the proper beam current. These voltage controls are located in the afc de amplifier in the afc and age dc amplifier subchassis. With the afc system connected, any klystron oscillator frequency drift is corrected by automatic readjustment of the reflector voltage to bring the oscillator back on frequency.

Output probes. The microwave energy developed in the klystron cavity is fed through coupling probes to three points: the rf crystal mixer, the afc subchassis, and the wavemeter. The physical configuration of the coupling probe varies for each of these outputs to provide the required power output. > The crystal mixer probe is a small ca- (2 ~ pacitive disk; the afc probe is in the form of a loop. For the wavemeter, the probe is merely an extension of the center conductor of the output cable into the cavity. All probes are coupled loosely into the cavity and load it very lightly. Consequently, they do not materially affect the klystron frequency.

(3) Output signals.


	(a) The main oscillator output is obtained at. .CPl. Mixes and fed through cable W2 and plug P3 to the LO INPUT jack on mixer Z2, in which it is heterodyned with the rf signal.

	(b) The afe output signal leaves the oscillator through afc probe CP3 and cable W7, which is connected through P9 to the LO INPUT jack on the afc subchassis. The signal is mixed with the afc crystal multiplier output to form the afc if., which is used to develop a frequenev-correcting voltage.

	(c) The rf energy picked up by the waveq meter probe, CP2, is fed through co-



axial cable W8 and plug P10 to the wavemeter, M8. The wavemeter is illustrated on figure 160 and described in paragraph 165c(4). The wavemeter dc output is fed through Pll and acable to METER A on the meter panel, where it is used to indicate the oscillator frequency.

Note. For Radio Receiver R-418/G on Order No. 1640—Phila—51 (serial No. 57-297) and Order No. 15739-—Phila—55 (serial No. 298-417), a 470-ohm resistor has been added in the erystal output cable connector to reduce stray rf pickup. This resistor is part of the wavemeter assembly.



178. Afce Circuit

a. General. The klystron oscillator frequency is stabilized at the desired value by means of the afc circuit. This circuit is composed of the afc subchassis and the afc de amplifier, located in the afc and age de amplifier subchassis. In the afc subchassis, the klystron output is compared with the output of a crystalcontrolled signal. Any deviation in the difference frequency from the present value is amplified and applied as a de voltage to the klystron reflector to correct the error.

b. Block Diagram Description (fig. 221). Tube V22 is a cathode-coupled crystal oscillator that develops an output in the frequency range between 44 and 53 mc. The second half of V22 doubles this frequency. This doubled output is passed through another frequency doubler and then through a third doubler (V23 and V24), which results in a signal ranging between 352 and 424 mc. The 5th or 6th harmonic of this signal, as required, is mixed in crystal mixer CR3 with a portion of the local-oscillator klystron output, which results in a difference, or intermediate frequency of ?*.5 me. The multiplied crystal frequency is : ways below the local-oscillator frequency. The intermediate frequency is amplified by three if. amplifiers, V25, V26, and V27. Some limiting action also takes place in V27, the output of which is fed to a discriminator composed of two crystal diodes. If the klystron frequency is correct, the discriminator output is zero. If the klystron frequency shifts, the discriminator output is a de signal (positive or negative) proportional to the frequency shift, whose polarity depends on the direction of the shift. This de signal is ampli fied by afc de amplifier, V28, and applied with proper polarity and magnitude to the klystron reflector to correct for the frequency error.


	c. Detailed Circuit Description.

	(1) Afe subchassis.

	(a) Crystal oscillator-doubler, V22 (fig. eel

	The crystal oscillator-doubler, V22, uses a 2C51 twin triode, and operates in a range of 88 to 106 me (doubled frequency), depending on the crystal used. The crystal frequency range is about 44 to 53 mc. The oscillator is a conventional cathode-coupled feedback circuit with crystal Y1 connected between the two cathodes of V22. The crystal acts as a low-impedance feedback path at its resonant frequency. Coil L45 is tuned to a













	the fundamental frequency of the crystal while L46 is tuned to the 2d harmonic. The crystal frequency (within the range of 44 to 538 mc) is selected so that its multiplied output at the mixer is 34.5 mc below that of the assigned klystron frequency.

	Tube V22A is a grounded-grid amplifier with a tuned plate circuit, which consists of L45 and C127. Capacitor C128, the rf bypass capacitor, also forms a part of the tuned circuit. However, because its capacitance is much greater than C127, it has very little reactance and the tuned circuit frequency is determined by C127. Resistor R175 is placed across coil L45 to lower its Q and



[image: Figure, page 281]

Figure 221. Afe circuit, block diagram.


	to reduce the feedback driving voltage applied to the grid of V22B; this reduces the crystal dissipation. Resistor R103 is a plate-voltage dropping resistor and R102 is a parasitic suppressor. Capacitors C126 and C128 are rf bypass capacitors.

	The rf voltage developed across the plate circuit of V22A is coupled through capacitor C125 to the grid of V22B. The voltage developed across cathode resistor R98 of V22B is coupled across cathode resistor R97 of V22A through crystal Y1. At the fundamental frequency, the two cathodes are in phase and the voltage feedback is greater then the input voltage across R97; consequently, the circuit is regenerative.

	A low-impedance feedback path is provided by the quartz crystal exactly at its series-resonant frequency. The overall circuit gain is maximum at this frequency. The cathode-to-cathode imped-
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schematic diagram.


	ance is high for all other frequencies in the vicinity of the crystal resonant frequency, while the plate-circuit gain is low at frequencies greatly removed from the resonant frequency. Therefore, oscillation occurs only at the series-resonant frequency of the crystal. A neutralizing coil, L44, in series with capacitor C123, is placed across the crystal to resonate any residual reluctance because of the crystal and crystal holder, further insuring that a high series impedance is presented to all frequencies other than the series-resonant frequency of the crystal.

	Tube V22B also is a frequency doubler. The plate load that consists of L46 and its distributed capacitance is tuned to the 2d harmonic of the crystal frequency in the range of 88 to 106 mc. The voltage developed across this res- -onant circuit is applied to the - grid of V23 through capacitor C131. Resistor R104 is a platevoltage dropping resistor. Resistor R99 is the grid resistor, and R101 in the grid circuit together with R100 provides the proper voltage level to the meter circuit. Capacitors C130, C129, and C126 are rf bypass capacitors.

	(b) Second frequency doubler, V23 (fig. 223). The output of V22B is fed to V23, a 5654/6AK5W pentode, operated as a frequency doubler in the range of 176 to 212 mc. The plate circuit inductor of this stage, L47, is resonated with C134 in series with the tube capacitance to twice the freqency of the signal applied to its grid. Resistors R110 and R109 are voltage dropping resistors for the plate and screen, respectively. Resistor R106 is the grid resistor, whereas R108 provides the proper voltage to the meter circuit through resistor R107. Capacitors C132 and C133 are rf bypass capacitors.
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Figure 223. Second and third doublers V23 and V24, and mixer CR3, simplified schematic diagram.


	(c) 223). The voltage developed across L47 is coupled inductively to L48, which resonates at the same frequency as L47, and the signal is applied to the grid of V24, the third frequency doubler. The resonant circuit of L48 includes C135 and the input capacitance of V24. This stage develops an output in the frequency range of 352 to 424 mc across the tuned plate circuit comprised of L49, C139, and the capacitance of the tube. Resistors R115 and R114 are voltage dropping resistors for the screen and plate, respectively, and R116 is a parasitic suppressor. Resistor R112 is the grid resistor, and R118 provides the proper voltage to the meter current through resistor R111. Capacitors C136 and C138 are rf bypass capacitors.

	(d) Crystal mixer (CR3) Z4 (fig. 223). The output of V24 is coupled inductively through L49 (primary and secondary wound on a common form) to the crystal mixer, which serves as both a mixer and harmonic generator. As a harmonic generator, the crystal provides a harmonic frequency (of the 352- to 424-mc output) in the frequency range of






Third frequency doubler, V24 (fig: 1,785.5 to 2,485.5 mc. Many harmonic frequencies are developed in this stage; however, only that frequency is used that is 34.5 mc below the assigned frequency of the klystron. In the lower half of the band, the 5th harmonic of the V24 output is selected, while in the upper part of the band, the 6th harmonic is used. All other harmonics and sum and difference frequencies are rejected by the if. amplifier following the mixer. The klystron output is fed to the crystal through a coaxial cable. Rf bypassing is provided by the capacitance that exists between the crystal cathode and outer shell of the housing. A de path to ground for the-crystal is provided by L50 and R119 in the input circuit of the if. amplifier (fig. 224).


	(e) 34.5-me if. amplifier V25 through V27 (fig. 224).

	Li The 34.5 mc if. signal obtained from the crystal mixer is amplified by three stages of if. amplification, V25 through V27, all type 5654/6AK5W pentodes. The crystal mixer output is coupled to the grid of V25 through L50 and C142. Conductor L50 serves to reject any rf energy component in
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Figure 224. Afe if. amplifiers V25 through V27, simplified schematic diagram the mixer output. Resistor R119 in series with L50 provides a dc "return path for the crystal. The crystal mixer current is metered through meter resistors R118 and R117. Capacitor C140 is an if. bypass capacitor.


	The first if. amplifier, V25, is resonated at 34.5 mc by distributed capacitance inductor L52 in its plate circuit (fig. 224). Resistor R122 in the plate circuit is a voltage dropping resistor and C144 and C145 are if. bypass capacitors. Resistor R120 is the grid resistor. The output of V25 is fed through capacitor C146 to the grid of V26, the second if. amplifier. This if. amplifier is similar to the first one, except that R127 is connected across resonant coil L54 to lower the Q of the circuit. Resistor R123 is the grid resistor, R125 the plate- and screen-voltage dropping resistor, and C148 and C149 are if. bypass capacitors. In- . ductor L54 and the distribut- ed capacitance also resonate at 34.5 me. :

	The output of V26 is fed to the 3d if. amplifier, V27, through cou-



pling capacitor C150. This stage also acts as a limiter. The grid voltage in this stage is metered through the grid resistor voltagedivider network of R128 and R129 and meter resistor R126. The plate circuit is resonated at 34.5 mc by coil L56 and the distributed capacitance. Resistor R131 is the plate- and screenvoltage dropping resistor, and C151, C153, and C154 are if. bypass capacitors.


	(f) Discriminator, CR4 and CR5 (fig. 225).

	i. The output of the if. amplifier is coupled capacitively through capacitor C155 and _ inductively through inductor L57 to the discriminator circuit. The discriminator uses two 1N69 germanium diodes, CR4 and CRS, in a balanced ungrounded circuit. The voltage applied to each crystal is the resultant, E,, of the voltage applied to the circuit through C155 and that applied through L57. The output voltage is equal to the difference between the two resultant voltages:




	To describe the basic principles of




	this discriminater, it is necessary to define certain basic vectors that exist in the circuit. Inductors L56 and L57 are coupled inductively and together with their circuit capacitances comprise the tuned primary and secondary of the discriminator transformer. The voltage that appears across the primary, L56, is designated E,. The voltage inductively coupled and appearing across the secondary, L57, is designated Ey)'.

	The secondary voltage Ej' is referenced to the primary voltage E, by connecting L56 through C155 to the center point of the secondary tuned circuit of L57 and two equal capacitors C156 and C157. At resonance, E;' is —90° (—90°, rather than +90°, by design of the transformer) out of phase with E;. Voltage E,' may be represented by two voltages, designated E, and E3. Voltage Ez, is measured from the center of the secondary tuned circuit to the top




	of L57 and appears across C157. Voltage E; is measured from the center of the tuned circuit to the bottom of L57 and appears across C156. These two voltages, E, and E;, are always equal and 180° out-of-phase. All of these vectors and their relationship to each other are shown in figure 226.

	The phase of E, with respect to E,' is a function of the applied _ signal frequency. When the applied signal frequency is 34.5 me, the resonant circuit that consists of L57 and C156 and C157 acts as a pure resistance and introduces no reactance into the circuit. Under this condition, as indicated above, E,' is exactly —90° (270°) out of phase with Ej.

	The voltage with respect to reference point A, figure 225 obtained at the junction of C157 and CR4 is equal to the vectorial sum of E; and E.. This vectorial sum, designated Eri, 2, is shown in B, figure 226 for the resonant condition
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Figure 225. Afe discriminator CR4 and CR5, simplified schematic diagram.
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A. DEFINITION OF VECTORS
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C. BELOW RESONANCE

D. ABOVE RESONANCE

TM 689-486

Figure 226. Afce discriminator vector diagram.

described in 4 above. Similarly, the voltage with respect to reference point A obtained at the junction of C156 and CR®5d is the vectorial sum of E, and Eg, designated E;1, 3 as shown in B, figure 226. Evi, 2 is equal to Ey, 3 when the applied signal is 34.5 mc.

When the applied signal frequency is below 34.5 mc, the resonant circuit introduces an inductive reactance component into the circuit. Consequently, the phase between E,' and E, becomes less than —90°. Asa result, the mag-


	nitude of E,1, 2 increases and E,,, 3 decreases (C, fig. 226).

	Similarly, when the applied signal frequency is above 34.5 me, the resonant circuit introduces a capacitive reactance component into the circuit causing the phase between FE; and E,' to increase above —90°. In this case, Eri, 3 increases (D, fig. 226).

	The resultant voltage E,1, 2 is applied to crystal diode rectifier circuit comprised primarily of CR4, C158, R136, and R137. The time constant of C158, R136, R137, and




	R135, is such that capacitor C158 charges up to the peak E,1, 2 voltage when CR4 is conducting and discharges only slightly during the cutoff period. The voltage developed across C158 in this manner is positive with respect to reference point A.

	The resultant voltage E,1, 3 is applied to crystal diode rectifier circuit comprised of CR5, C158, R135, R137, and R136. In this case, a negative voltage with respect to reference point A is developed across C158 equal to the peak E,, 3 voltage. This voltage, of course, subtracts from the positive voltage developed across C158 from Ey, 2.

	0; When the applied signal is 34.5 me, and E,1, 2 is equal to E,1, 3, the net voltage developed across C158 is zero, and hence the output of the discriminator is zero. When the applied signal is below resonance, E;i, 2 is greater than Er, 3 and a net positive voltage is developed across C158. Similarly, when the applied signal frequency is above resonance, a net negative voltage is developed across C158. A typical measured frequencyversus-output voltage response curve is given on figure 227.

	fi, The input frequency is exactly 34.5 me when the klystron is at its assigned frequency. If the klystron frequency increases, the crystal mixer output becomes greater than 34.5 mc and the output of the discriminator is a negative voltage. Conversely, if the klystron output frequency decreases, a positive voltage is obtained at the discriminator output. This output is fed to the afc dc amplifier.

	12. Resistors R133 and R134 effectively reduce the backward resistance of CR4 and CR5 to about 47,000 ohms each and act as loading resistors for the resonant circuit. Also, without these two re-



sistors the high backward resistance of CR4 might be considerably different from that of CR5, thereby unbalancing the circuit. When the equipment is switched from the ON position to the OFF position, a very large initial surge of voltage is applied to the discriminator. Resistor R132, 1 megohm, applies the direct high voltage, connected to the output of the discriminator during this initial surge, to the other side of capacitors C155, C156, and C157 to prevent breakdown during switching capacitor. Capacitor C159 is an if. bypass capacitor.

( (


	(2) Afe de amplifier V28 (fig. 228).

	(a) Afe de amplifier V28, located in the afc and age de amplifier subchassis, provides a correction signal to the klystron reflector when it is off frequency, and supplies proper klystron electrode voltages. Included in this stage is BEAM CURRENT potentiometer R145, which varies the bias voltage supplied to the control grid of the klystron. This is adjusted to limit the beam current to 15 ma.




	(b) The reflector voltage obtained from the plate of V28 is a function primarily of the voltage drop across V28, a type 6AU6 pentode. The cathode of this stage is connected to the —625-volt supply through bias resistor R139. The plate is connected to —800 volts through R144 and R146. The reflector voltage can vary between a minimum of —300 volts when V28 is cut off and about —600 volts when the tube current is maximum.




	(c) The exact output reflector voltage obtained in the absence of an afc correction signal or with switch Sl in the OFF position, depends on the setting of R146, the REFL V (reflector voltage) control. Resistor R146 varies the plate circuit resistance and plate supply voltage of V28 and consequently the plate voltage and reflector voltage.






[image: Figure, page 288]

Figure 227. Afc discriminator response curve.

(d) When an afc error voltage is applied to this circuit, the circuit action varies the reflector voltage in the following manner. The error voltage is developed across resistor R137, and is fed to the grid of V28. When the error voltage on the grid is positive (with respect to the junction of R137 and R139, that is, reference point A), the total bias decreases, the tube draws current, the tube drop decreases and the reflector voltage becomes more negative (approaches —625 volts). This increases the klystron frequency. When the error voltage is negative, the voltage drop across V28 increases and the reflector voltage be comes more positive (or less negative), which decreases the klystron frequency.

(e) The cathode of V28 is tied to the —475-volt supply through resistor R141. The function of the —475-volt supply is to provide a bleeder current through R141 and R139 to the —625-volt supply, resulting in a fixed bias across R139. This results in a stable, fixed, quiescent current through V28 in the absence of input signal. All three negative supplies (—300, —475, —625 volts) are so designed that any voltage change that appears on the —625-volt supply is transmitted equally to the other supplies, which insures that all relative voltages are constant. Capacitor C160 across resistor R144 in the V28 plate circuit bypasses transient changes in plate voltage. The reflector voltage is metered through R143.



179. If. Preamplifier

a. Generah The crystal mixer output is fed to the input of the if. preamplifier subchassis. This subchassis contains six if. amplifier stages, V1 through V6.. The first two stages, V1 and V2, form a cascode circuit, the next three, V3 through V5, form a stagger-tuned triplet, and the 6th if. amplifier, V6, acts as a single amplifier stage, the output circuit of which is designed to match the input impedance of the coaxial coupling cable plus the if. amplifier input - which this circuit drives.


	b. Block Diagram Description (fig. 229).

	(1) The first two if. amplifiers, V1 and V2, are types 5654/6AK5W and 6J4, respectively. They are connected in a circuit configuration known as the
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Figure 228. Afe de amplifier V28, simplified schematic diagram.

cascode (not to be confused with cascade), which has many advantages in this type of application. In comparing the features of this circuit with that of other circuits, the two tubes and their associated circuitry are considered as one unit rather than two separate stages. The basic cascode circuit has two triodes. The first triode is connected in the conventional manner with its cathode grounded. The output from the plate of the first triode is fed to the cathode of the second triode, the grid of which is grounded. The output of the combination is obtained at the plate of the second triode. Resonant circuits are used as plate loads for both tubes. In this application, the 6AK5 tube used for V1 is triode-connected. This circuit arrangement combines the desirable features of both pentodes and triodes, while eliminating some of the undesirable features of each. It features the high-gain, high-impedance input, and stability of a pentode, but has the low noise figure of a triode, an important factor when amplifying weak signals at these frequencies. The improvement in noise figure over a more conventional pentode amplifier is approximately 2 db at 120 mc.

(2) The 3d, 4th, and 5th if. amplifiers, V3 pacitance of V1, shown as Cgk on about double that of the on-frequency pled to the cathode of V2 through


	stage. This results in a response curve which has a relatively flattop over a wide band of frequencies, giving a good gain-bandwidth product.

	(3) The output from the triplet is fed to the 6th if. amplifier, V6, which further amplifies the signal and, at the same time, has a specially designed output circuit that acts as a reactive voltage divider, as well as an impedancematching device for the cable that carries the preamplifier output signal to the if. amplifier.

	c. Detailed Circuit Description.

	(1) Cascode amplifier, V1 and V2 (fig. 230).




	(a) The basic principles and features of the cascode amplifier have been described in b(1) above. This cascode amplifier consists of the 5654/6AK-5W Ist if. amplifier, V1, and the 6J4 2d if. amplifier, V2. The 120-mc if. signal from the output of crystal mixer, Z2, enters the if. preamplifier at the PRE IF. INPUT connector, and is coupled to the grid of V1 through the double-tuned pi-type if. transformer consisting of Ll, L3, C3, and L4. Capacitor C3 is a coupling capacitor. Inductors L1 and L4 in combination with the input ca through V5, are associated in what is the figure, are alined for a broad called a stagger-tuned triplet. They pass band about a center frequency are in cascade, and have conventional of 120 mc. The plate and screen grid circuitry. Their main feature as a of V1 are connected together (as are triplet is the fact that only one of the the cathode and suppressor grid), stages is tuned to the desired interme- effectively giving a tube having tridiate frequency. The other two are ode characteristics. The output sigtuned, respectively, above and below nal of V1 is developed across L7, the if. and are designed to have a Q which is tuned to 120 mc, and cou-
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Figure 229. If. preamplifier, block diagram.


	C10. Inductor L6, resistor R4, and capacitor C9 are used as a neutralizing network. Neutralization is used here not primarily for stability considerations, but because it helps to improve the noise figure.

	(6) The grid of V2, a 6J4, is grounded; the cathode signal is amplified and taken off at the plate. The output signal is coupled to the grid of V3 in the triplet by the T-type if. transformer formed by L9, L10, C16, and L11. Capacitor C16 is a coupling capacitor. Both coils are resonated with tube and distributed circuit capacitances to provide a broad pass band about a center frequency of 120 mc. Resistor R7 is placed across the primary of the double-tuned transformer to reduce the Q and broaden the pass band.

	(c) Resistor R3 develops cathode bias for V1, bypassed by C4 and 7. Resistors R5 and R9 are plate-voltage dropping resistors for V1 and V2,




	respectively, while R6 and R8 are power supply decoupling resistors. If. bypass capacitors in this circuit also include C1, C2, C8, C11, C14, C15, and C17.

	(d) In the input circuit, R2 provides a de return path for the crystal mixer current. Coil L2 is an rf choke that prevents leakage of if. current from the meter circuit. 'The mixer current develops a voltage across R2, which is connected through Rl to METER B, which monitors the if. mixer crystal current.

	(2) First triplet, V3 through V5.

	(a) Basic if. amplifier circuit.

	ah All three if. amplifier stages in the first triplet use identical circuits. Figure 231 is a simplified schematic diagram of the third if. amplifier (V3). Except for the use of different reference symbols for the component parts, this schematic diagram applies to the other if. amplifiers in the triplet.









[image: Figure, page 291]

Figure 230. Cascode amplifiers V1 and V2, simplified schematic diagram.


	ing resistor, R15 put coupling capacitor. In the if. amplifier circuit on figure 231, the if. input signal is applied to the grid of V3, a 6(AK5W pentode. The signal is amplified and appears across tuned coil L138, which is resonated with its own fe distributed capacitance and that of the tube at the frequency desired. Resistor R10 is the grid resistor, R12 is the cathode-biasisolates the stage if. from the B+ supply, and R13 provides additional decoupling and plate-voltage dropping. Capacitors C18, C19, C21, C22, and C23 are all if. bypass capacitors. Inductors L12 and C20 provide decoupling for the filament supply. Capacitor C24 is the out-

	(b) V8 through V5, 3d, 4th, and 5th if. amplifiers.

	1. Tubes V3, V4, and V5, the 3d, 4th and 5th if. amplifiers are cascadeconnected to form a circuit configuration known as a stagger- 3. A stagger-tuned triplet consists of three cascaded tuned triplet.







	amplifiers with single-tuned coupling networks having Q's and resonant frequencies that yield a high overall gain-bandwith product (TM 11-667).

	One stage is tuned to the nominal center frequency, one stage above this frequency, and one stage somewhat below the center frequency. The result gives a relatively flat response over a wide frequency band. In addition, to help compensate for the characteristic drop at the sides of a tuned circuit curve, the Q's of the stages tuned above and below the center frequency are adjusted to be about twice as high as the Q of the on-frequency stage. This also aids in squaring the response curve by giving a sharp dropoff at the sides. In this equipment, the Q of the high- and low-frequency stages is 11; the Q of the on-frequency stage is 5.5.

	In the first triplet, 3d if. amplifier V8 is tuned to 130.5 me, the 4th amplifier to 110.5 mc, and the 5th



[image: Figure, page 292]

Basic if. amplifier (V3), simplified schematic diagram.

amplifier to 120 mc. This arrangement provides an overall bandwidth of 21 mc and an overall gain of approximately 28 db. A complete schematic diagram is shown on figure 395. The output of this triplet is developed across L17 and coupled through C38 to the grid of V6.

(3) V6, 6th if. amplifier (fig. 232). The 6th if. amplifier, V6, a type 5654/6AK-5W, in addition to its amplification function, matches the impedance of the preamplifier output to the 93-ohm impedance of the coaxial cable that couples it to the if. amplifier input. The if. input signal to V6 is developed across grid resistor R22. The output voltage is fed to the reactive divider network that consists of L19, L20, and C47 in the plate circuit of V6. Inductor L19 is resonated with tube and distributed circuit capacitances to 120 mc, and the output signal is developed across the load L20 and C47 with the proper impedance transformation. Inductors L19 and L20 and capacitor C47 are actually part of a T-type transformer with the output series arm equal to zero. This output is coupled through C48 to J3, the PRE IF OUT-PUT jack, where it enters the 93-ohm cable connecting it to the if. amplifier input. Resistor R24 is the cathode- biasing resistor, and R25 and R26 are the plate- and screen-voltage dropping and power supply decoupling resistors, respectively. Capacitors C40, C438, C44, C45 and C46 are if. bypass capacitors for the amplifier stage.



180. If. Amplifier

a. General (fig. 233). The if. signal from the output of the if. preamplifier is fed to the if. amplifier. Here the signal is amplified by six stages of if. amplification and then fed through two limiters to a discriminator. The output of the discriminator consists of a video signal (including the order-wire subcarrier), which is amplified by a video preamplifier and sent to the video
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Figure 282. Sixth if. amplifier V6, simplified schematic diagram.

amplifier, and a de signal, which is used for measurement purposes at the meter panel. The six if. amplifiers are arranged as two triplets, or triple stagger-tuned stages, comparable to the triplet in the if. preamplifier. The 7th, 8th, and 9th if. amplifiers comprise the second triplet (the first is in the if. preamplifier) and the 10th, 11th, and 12th if. amplifiers make up the third triplet. This subchassis is the same as the if. amplifier subchassis used in the transmitter. Part of the output of the 12th if. amplifier is rectified and sent through the age (automatic gain control) amplifier; the age amplifier feeds the signal back to the grid of the 7th if. amplifier where it determines the bias and, therefore, the gain of V7. The age amplifier (e below), though electrically and functionally a part of the if. circuits, is located on the afc and age de amplifier subchassis.

b. Typical If. Amplifier Circuit. All six if. amplifier stages have identical circuitry, with the exception of the 12th if. amplifier, the output circuit of which is slightly different. This difference is explained in d below. These if.

amplifier stages are identical with the basic if. amplifier circuit described in paragraph 179c(2)(a) (fig. 231) except for the use of reference symbols.

c. Second Triplet, V7 Through V9. Tubes V7, V8, and V9 (7th, 8th, and 9th if. amplifiers) (fig. 396) are cascaded to form the second triplet. The stagger-tuned triplet configuration is described in paragraph 179c(2). In this triplet, V7 is resonated at 130.5 mc, V8 at 120 mc, and V9 at 110.5 mc. The output of V9 is fed to V10 and a part of the third triplet.

d. Third Triplet, V10 through V12. Tubes V10, V11, and V12 (10th, 11th, and 12th if. amplifiers) are cascaded to form the third triplet. In this triplet, V10 is tuned to 130.5 mc, V11 to 110.5 mc, and V12 to 120 mc. Note that the output voltage of V12 is developed across plateload resistor R52 instead of a coil, and resonance is effected by coil L32 in the input circuit of first limiter stage V13. Crystal CR2, in the input circuit of V13, detects a portion of the signal and develops a positive voltage across RC network R55 and C95 that is proportional to
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Figure 283. If. amplifier, limiters, discriminator, and video preamplifier, block diagram.

the amplitude of the incoming signal. This voltage is applied to the input of the age de amplifier in the afc and age de amplifier subchassis through resistors R53 and R54, to develop an age voltage, which is used to control the gain of V7. Capacitor C94 is an if. bypass capacitor. ce. Age De Amplifier V29 (fig. 234).

(1) The gain of the if. amplifier is automatically varied inversely with variations in signal level to maintain a constant output. This is accomplished by controlling the bias on 7th if. amplifier V7 by the action of age de amplifier

V29, a 6AU6 pentode.

(2) The presence of a signal at the if. amplifier output (plate of V12) is detected by CR2, and a positive voltage developed across the RC network, consisting of R55 and C95, is applied through resistors R53, R54, and R148, and bypass capacitor C94, to the grid of V29. The voltage is amplified and inverted in the plate circuit of the tube and appears at the output as a less positive de potential.

(3) The if. bias voltage is developed at the junction of R155, R153, and CR6. This voltage is the difference between the positive de voltage existing at the plate of V29 because of the +150-volt supply, and a negative voltage obtained from the —625-volt supply, through a voltage divider comprised of R154, R155, R153, and R149. In the absence of an if. signal, the grid becomes more negative with respect to the cathode and V29 is biased beyond cutoff by the high fixed voltage applied to its cathode from the +150-volt supply through voltage-divider network R150, R151, and R152. Under this condition, the plate voltage of V29 is at its maximum positive value; the if. bias cannot rise above about -++0.5 volt, which is the voltage drop across CR6 (the 1N69 germanium clipping diode), when a positive voltage is applied across it. The voltage cannot become more positive than this value because CR6 presents a low impedance above this voltage value. IF. LEVEL potentiometer

R152 in the cathode circuit of V29 adjusts the sensitivity of the circuit.

(4) The output voltage is passed through R29 and R28 and applied to the grid of V7 in the if. amplifier. An increase in signal causes more plate current in V29, lowering the voltage at the junction of R149 and R153, and placing a more negative voltage on CR6. This causes V7 bias to increase in the negative direction. The stronger the if. signal, the more the negative increase in bias and the lower the amplification of V7. The gain of the if. amplifier is decreased as the sign] strength increases, which causes the average output if. voltage level to be maintained approximately constant.

f. First) lamiterovis' (ig 9230).


	(1) The output of the 12th if. amplifier is coupled through C93 to first limiter V13, a 5654/6AK5W pentode. In this limiter, the cathode is grounded and a regulated +42-volt screen and plate voltage is used. This results in maintaining: an essentially constant output level for both positive and negative half-cycles of the incoming if. signal to a level high enough to allow the limiter grid to be overdriven in both the positive and negative directions. In the positive direction, grid-saturation limiting occurs because the grid is driven positive, drawing grid current; limiting in the negative direction occurs because grid cutoff is reached. Coil L82 in the input circuit to this stage is resonated at 120 mc. Resistors R58 and R5d7 are plate- and screenvoltage dropping resistors and C98 is the screen if. bypass capacitor. Resistor R58, in conjunction with bypass capacitor C99, isolates the +42-volt supply from if. signals. Resistor R56 is a plate-load resistor. If. decoupling for the filament supply is provided by chokes and bypass capacitors in the filament line (not shown in simplified schematic diagrams).

	(2) Inductors L34, L386, and L385, in conjunction with associated tube capacitances, comprise a wide-band tuned
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Figure 284. Age circuit, simplified schematic diagram.

pi-section coupling network; this network couples the voltage developed in the plate circuit of the first limiter through C100 to the grid of second limiter V14, a 5654/6AK5W pentode. The three legs, mutually resonated, form the network which is equivalent in performance and pass band to a conventional double-tuned if. transformer.



g. Second Limiter V14 (fig. 235).

(1) Tube V14 delivers an essentially constant-level output with a varying level input. When an input signal from V13 reaches the grid circuit of V14, the signal charges C101 in proportion to the signal amplitude. The discharge path for C101 must be through R60. Because of the values of these two components, the circuit has a relatively long time constant, effectively estab lishing a bias level that sets the operating point of the tube in accordance with the input signal level. If the input signal level increases, a larger bias voltage is built up across C101. This reduces the gain, and the output level is maintained fairly constant. Conversely, if the signal level decreases, the bias voltage decreases and the tube gain is raised. Test point E2 is placed in the circuit so the band-pass waveform can be displayed on a test scope for if. alinement purposes. It can also 'be used to check the bias developed. This bias level is a measure of the limiting action of V18. The test point is connected to the circuit through decoupling circuit R61 and C102.

(2) The tuned circuit in the plate of V14 is comprised of L38 and the platecathode capacitance of V14. This cir-
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Figure 235. First and second limiters V18 and V14, simplified schematic diagram.

cuit is resonant at 120 mc. The if. voltage developed across R65 in series with L38 is applied to the discriminator. Capacitors C102 to C108 in this stage are bypass capacitors, while R63 is the cathode-biasing resistor and R64 is the screen-dropping resistor. Resistor R62, shunting L385, provides proper Q for the grid circuit.



h. Discriminator, V15 (fig. 236).


	(1) Theif. voltage developed across R65 in the plate circuit of the second limiter is applied through coupling capacitor C109 to two series-resonant circuits in discriminator stage V15, a 6AL5W dual diode. One circuit, which consists of L40 in series with the plateload capacitance of one-half of the dual diode (Cl, fig. 236), is resonant at 141 me. The other circuit, consisting of L389 in series with the plate-cathode capacitance of the other half of the dual diode (C2, fig. 236), is resonant at 108 mc. Two 820-ohm resistors, R68 and R66, are the load resistors for the series-resonant circuits, and also form the grid-load impedance of video preamplifier V16A.

	(2) The discriminator feeds its video out-



put to video preamplifier V16 and also feeds the de component of its output through R70 to METER B, which indicates on off-frequency operation.

(



1. Video Preamplifier V16 (fig. 237).


	(1) The ac output of the discriminator obtained across load resistors R68 and R66 contains the video signal plus the order-wire carrier. This signal is direct-coupled to the grid of V16A (one-half of a 2C51 twin triode), which amplifies it and passes it through cathode follower V16B. Resistor R72 and inductor L42 in the plate circuit of V16A comprise a shunt-peaking circuit, which provides the desired high-frequency response characteristic. Resistor R71 is the cathode-biasing resistor of V16A.

	(2) The video voltage developed in the plate circuit of V16A is coupled to the grid of V16V, a cathode follower, through capacitor C116. Resistor R76 is the grid resistor and R74 is the cathode-biasing resistor. The video voltage developed across VIDEO LEVEL control, R75, which can be varied to provide the desired output level, is fed to VIDEO OUTPUT jack
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Figure 236. If. discriminator, simplified schematic ; diagram.

J4 through coil L43, which serves as an if. signal choke. From this point, the video voltage is fed to the video amplifier subchassis.

Note. For Radio Receiver R—418/G on Order No. 1640—Phila—51 (serial No. 16-297) and Order No. 15739-Phila—55 (serial No. 298-417), resistor R177, 22 ohms, has been added in the plate circuit of V16B. This resistor was added to eliminate the tendency for parasitic oscillations in the prevideo amplifier.



181. Video Amplifier

a. General (fig. 238). The combined video and order-wire signal obtained at the output of the video preamplifier (V16) in the if. amplifier subchassis is fed to the video amplifier subchassis. Here the signal is amplified by a 3-stage feedback amplifier consisting of cascaded video amplifiers V17 and V18, and cathode followers V19 and V20, connected in parallel. The overall gain of the amplifier is 0.4, with a frequency response about 1 db down at 7.5 mc. This is as measured at J7 (AT1-VIDEO OUT-PUT MONITOR) across 50 ohms.
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Video preamplifier V16, simplified schematic diagram. Figure 237.

[image: Figure, page 299]

Figure 2388. Video amplifier, block diagram.


	b. Circuit Description (fig. 397).

	(1) First video amplifier, V17. The combined video and 6-mc order-wire signal is applied through C117 to the grid of 1st video amplifier V17, a 6AG7 pentode. The signal is amplified by this stage and appears across plate-load resistor R79. Resistors R77 and R78 are parasitic suppressors. The cathode circuit of this stage consists of resistors R89, R92, R94, R95, and R96. These resistors also are used in the cathode circuits of V19 and V20 and form the feedback circuit described in (4) below. The grid bias of V17 is derived across cathode resistors R89 and R92 through grid resistor R84.




	(2) Second video amplifier, V18. The signal developed across plate resistor R79 is applied through capacitor C118 to the grid of V18, a 6AG7 pentode. The amplified signal appears across plateload resistor R83 and is coupled to V19 and V20 through C119. Screengrid voltage is obtained from the +150-volt supply through parasitic suppressor R81. Resistor R80 is the grid resistor, and R82 is the cathodebiasing resistor.




	(3) Cathode follower, V19 and V20. Tubes V19 and V20, both 6AG7 pentodes, are connected in parallel as a cathodefollower stage, matching the 50-ohm output cable impedance plus terminating impedances. The output voltage is developed across cathode resistors R89, R92, R94, R95, and R96 in series,







	and coupled to the video output cable through capacitors C120 and C121. Resistors R88 and R93 in the plate circuits and R86 and R91 in the grid circuits are parasitic suppressors. Grid bias is obtained across cathode resistor R89 through grid resistor R85. Resistors R87 and R90 are screen-voltage dropping resistors. Capacitor C122 is a video bypass capacitor.

	Feedback circuit. A common cathode circuit is used for V17, V19, and V20. Consequently, the output voltage developed across this cathode circuit by V19 and V20 also is applied to the cathode of first video amplifier V17. Because the cathode follower is preceded by a 2-stage amplifier, this feedback voltage is in phase with the signal voltage applied to the grid of V17. Because the feedback moves with the grid voltage, it is degenerative with respect to the input signal in the sense that it reduces the tube gain by reducing the grid-cathode signal voltage. (4)





182. Afc and Age Dc Amplifier Subchassis (fig. 398).


	a. The afc and age amplifier subchassis is a small unit that contains two independent amplifier circuits together with their associated controls. Each of these amplifiers is used in conjunction with other portions of the equipment.

	b. Afe de amplifier V28 is a 6AU6 pentode. It corrects the frequency of the klystron local oscillator. It also has facilities for turning the



) afe function on and off and for controlling and adjusting the reflector, beam, and control-grid voltages for the klystron. Complete details are given in paragraph 178c(2).

c. Age de amplifier V29 is a 6AU6 pentode. 4 This circuit acts as an automatic gain-adjusting device for the if. amplifier, so that the output of the if. amplifier will be maintained at a constant level. IF. LEVEL potentiometer (par. 180e) controls the sensitivity of the age circuit.



183. Meter Panel


	a. General.

	(1) All metering circuits in the radio receiver, primary POWER circuit breaker CBl, and RECEIVER ON lamp I 1 are located on the meter panel subchassis. Left hand METER A, M1, meters the circuits indicated and controlled by switch S2. Right hand METER B, M2, meters the circuits indicated and controlled by switch S3. Details of the circuitry at the originating point of each of the metered circuits are given in the description of that circuit. ) (2) Generally, voltage measurement is

	made in the meter circuit by connecting a suitable voltage-dividing metermultiplier resistor network to the point at which the voltage is measured. Current measurements are made by inserting a small series resistor in the circuit being metered and applying the METER A, M1.







	voltage developed across this resistor to the meter.

	(3) Pertinent information for each meter is tabulated in b and ¢ below. Each chart includes seven columns that contain the following information:

	(a) S2 (or S3) pos column indicates the position of the meter switch.




	(b) Pos name column indicates the front panel marking corresponding to the switch position indicated in the S2 (or S3) pos column.




	(c) Circuit monitored column indicates the stage being monitored, and the subassembly on which it is located is listed in the parentheses.




	(d) Normal range column indicates the meter reading range that should be obtained when equipment is operating properly.




	(e) TB to meter panel column indicates the number and terminal board number which feed voltage to the meter panel.




	(f) Resistors on meter panel column indicates the meter resistors that are located on the meter panel.




	(g) Resistors on subassembly column indicates the meter resistors on the subassembly of the stage being monitored.




	b. METER A, M1. The chart given below contains pertinent circuit information for
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c. METER B, M2. The chart given below contains pertinent circuit information for METER B, M2.



184. Order-Wire Receiver

a. General. The video and 6-mc signal obtained at the output of the radio receiver is fed to the order-wire receiver. Here the video and 6-me subcarrier signals are separated. The video signal is fed directly out of the order-wire receiver through the VIDEO OUTPUT jack. The subcarrier signal is amplified and detected in the order-wire receiver circuits. The resultant audio signal is amplified further, then fed to the local or remote handset and to the order-wire transmitter (at a repeater station). Incoming signals from the handset are received and fed to the order-wire transmitter. The order-wire receiver also performs the following functions:


	(1) Alarm and ring. In the absence of a main-channel carrier signal or, if the radio link signal-to-noise ratio is very poor, the order-wire receiver initiates an alarm signal at the point of failure. This alarm signal is maintained as long as the failure exists. Also, a single 2-second buzz is transmitted to all repeaters and terminals, and ringing facilities for normal order-wire party line communications are provided.

	(2) Switchover. Facilities are provided for transferring operation to a standby receiver if the radio receiver or order-wire receiver should fail.

	(3) Diversity. The order-wire receiver



contains sensing and control circuits for diversity operation of two radio receivers when diversity is installed at the station. The signal-to-noise ratio is monitored continuously in the two receivers. The video of the receiver with the better signal-to-noise ratio is selected as the video output of the receiver at the location.


	b. Block Diagram Description (fig. 239).

	(1) Subcarrier amplifier.

	(a) The incoming composite video signal, which consists of a 6-mc subcarrier signal superimposed on the multiplexed main-channel video pulse train, enters the order-wire receiver at connector J1 and is fed to the 6-mc trap. This trap has a high series impedance and a low shunt impedance to 6-mc signals, so that the 6-mc energy is diverted through the shunt path and fed to the input of Vl. The 6-mc trap presents a high shunt impedance and low series impedance to signals below 6 mc; therefore, the mainchannel video intelligence travels through the series path, and the trap effectively separates the two signals. The video signal is fed to diversity control relay K1, which controls it in diversity operation. In normal operation, however, this connection









is bypassed by a jumper, and the video information is fed directly from the output of the 6-mc filter to the low pass filter. This filter passes frequencies up to about 5 mc but attenuates all frequencies above that; this filters out any remaining 6-mc signal from the video channel, the output of which appears at J2 and is connected to external equipment.

The 6-mc signal is amplified by 1st and 2d carrier amplifiers V1 and V2 and sent to the limiters. A portion of the negative voltage developed at the grid of the 1st limiter V3 is fed back to the grids of V1 and V2 as an age voltage. The signal is further amplified and limited by lst and 2d limiters V3 and V4 and fed to discriminator V5, in which it is demodulated.

(2) Audio and signaling circuits.

(a) The audio output of the discriminator is fed to both through channel amplifier V6B and local channel amplifier V6A. They are fed from the AUDIO LEVEL potentiometer. The through channel section supplies an amplified audio signal to the orderwire transmitter for retransmission, and the local channel section provides audio signals for the local or remote handsets. A portion of
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Figure 239. Order-Wire Receiver R-543/TRC-29, order-wire circuits, block diagram.

the outgoing audio from the handset transmitter is fed to the inputs of the audio amplifiers where it is mixed with the existing audio to provide for the handset receiver while the main portion of the outgoing audio from the handset transmitter is fed to the order-wire transmitter. The remote handset is supplied so that the order-wire communication may be carried on at distances of up to 200 feet from the equipment rack in the same manner as is done at the rack with the local handset. In addition, the remote handset contains ringing and signaling facilities.


	(6) Outgoing ringing signals are initiated by operating RING push button S5 or by the pushbutton on the remote handset unit. Pressing either of these pushbuttons causes ring relay K3 to operate, which causes a ring pulse to actuate the bell in the remote handset and buzzer I 2 in the order-wire receiver. In addition, operation of the ring relay interrupts the subcarrier signal generated in the order-wire transmitters in the station. This interruption of the subcarrier signal is detected by the alarm circuits at the succeeding stations; the alarm circuits then cause the bell and buzzer to ring.

	(3) Alarm circuits. The de signal developed at the grid of the second limiter, which is proportional to the 6-mc carrier level, is fed to one-half of alarm differential amplifier V7. The receiver noise spectrum is taken from the discriminator output and passed through a 40- to 70-kc alarm noise filter, which applies a de signal proportionate to noise level to the other half of the alarm differential amplifier. The circuit of V7 is arranged so that these signals balance the amplifier. Under normal conditions, V7 supplies a positive voltage to grid of alarm relay control V8A, maintaining it in a conducting condition. Since




	alarm relay K2 is in the V8A plate circuit, the relay is normally operated. If the 6-mc carrier disappears, because of failure of a radio or order-wire transmitter or receiver, or if the signal-to-noise ratio in the main channel that maintains the balance of V7 becomes lower than 24 db, the voltage that V7 supplies to V8A becomes negative. When this happens, V8A is cut off and K2 releases, which closes circuits that initiate a 2-second alarm signal down the microwave system. However, the buzzer at the unit initiating the alarm sounds continuously until either the condition is corrected or BUZZER CONTROL switch S82 is thrown to the MONITOR position. The buzzer is silenced when S2 is in MONITOR position, but the circuits are monitored; when normal conditions are resumed, the buzzer sounds again. This indicates the fact to the operator, who returns the switch to NORMAL position, silencing the buzzer.

	(4) Power supplies. Two self-contained power supplies are included in the order-wire receiver. One supply contains a bridge-type selenium rectifier, which furnishes —18 volts de for the signaling circuits and —10 volts de for the telephone talking circuits. The other supply (V10-V18) is an electronically regulated supply, which includes two rectifiers, a series-regulator tube, a de control amplifier, and a shunt regulator and voltage reference tube. One rectifier feeds the seriesregulator tube, whose output is 140 volts de. The output voltage is kept constant by varying the series resistance of the regulator tube. This is controlled by the de control amplifier, the grid voltage of which is obtained by sampling the output voltage of the supply. The other rectifier supplies a voltage to the cathode of the gastube shunt regulator. The voltage across this tube is held at —108 volts de. When a large current flows through the tube, the gas is highly



ionized, and the internal impedance of the tube is low; conversely, when a small current flows, the gas is less ionized, and the impedance of the tube is high. The product of the current through the tube and the internal impedance, which represents the voltage drop across it, remains practically constant over the operating range. The —108 volts is used as a reference voltage for the 140-volt supply, as well as for biasing purposes in the alarm and diversity circuits. The 140 volts dc is used for plate and screen supply voltages for all the order-wire receiver tubes which require such voltages.

Metering circuits. Meter M1 and meter selector switch S1 monitor voltages in the order-wire receiver. The following voltages can be metered by appropriate settings of S1: order-wire carrier level, average discriminator output level, audio level, diversity control signal level, diversity operating indication, and the output of the 140-volt power supply.



185. Subcarrier Amplifier


	a. Composite Video Filter (fig. 240).

	(1) General. The composite video filter consists of two sections: the 6-mc trap (order-wire subcarrier filter), which extracts the 6-me subcarrier signal for use by the order-wire receiver ; and the e . . FROM ratio of the radio receiver and to re- RADIO RCVR move 6-mc components from the video normal operation, however, a jumper between jack J9 and plug P1 connects




	nal from the radio receiver is fed to : the order-wire chassis through jack = NOTE: J1. The incoming signal can follow one of two paths. One path, comprised : a relatively high impedance to the Figure 240. Video composite filter, schematic diagram.



6-mc subcarrier signal but a much lower impedance to the video signal with frequency components from 0 to 4.5 mc. The second path, consisting of Rl, with L4 series tuned by the combined capacity of C5 and C6, presents a relatively high impedance to the video signal, but a low impedance to the 6-mc signal, because C5 is tuned to obtain series resonance at 6 mc. The overall result is that the video signal is passed through L3 and C4 to J9, while the 6-mc signal is fed to the grid of V1 through a tap on L4.

Low pass filter (fig. 241). The video signal obtained from J9 is fed to the low pass filter. This filter employs and m-derived. T-configuration consisting of R80, L2, C3, C2, L1, C1, and a 50 ohm terminating resistor at the output of the video output cable. This latter resistor is electrically a part of the filter, although it is physically located in another equipment. The low pass filter passes all frequencies from 0 to 4.5. mec with little attenuation, as shown in figure 241. However, above 5.5 me, the signal attenuation increases sharply with frequency, so that at 6.0 mc the attenuation is 20 db. Consequently, little 6-mc signal exists at the output of the low pass filter.
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Figure 241. Composite video filter, response curve.


	b. Six-mc Carrier Amplifiers V1 and V2 (fig. 242).

	(1) The 6-mc signal obtained from tap on L4 in the 6-mc trap is coupled through capacitor C7 to the first 6-mc carrier amplifier, V1 (a 5654/6AK5W pentode). The signal is amplified in this stage for which the primary of doubletuned transformer T1 is the plate load. The secondary of this transformer, which is also tuned to 6 me, is coupled through capacitor C10 to the grid of







	V2, the second 6-mce carrier amplifier. The amplified signal from this stage is developed across the primary of T2, another : double-tuned 6-mc_ transformer.

	(2) Fixed bias on the cathode of stages V1 and V2 is obtained from the +140 volt supply through voltage-divider networks R5, R3 and Rll, R10, respectively. The grids of V1 and V2 are biased by the agc bus through grid resistors R2 and R9. As the 6-me carrier signal level increases, the agc bias becomes more negative and reduces the gain of stages V1 and V2; this tends to maintain a constant signal at the primary of T2. Resistors R7 and R12 are plate- and screen-voltage dropping resistors, and C9, C12, C8, and Cll are bypass capacitors.

	c. First and Second Limiters, V3 and V4 (fig. 243):

	(1) The output developed across the secondary of T2 is fed through capacitor C138 to the grid of the first limiter, V3 (a 5654/6AK5W pentode). Limiting occurs in this stage because the grid draws current during the peaks of the positive half-cycles and is driven beyond cutoff during negative halfcycles. The limited signal is developed
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Figure 242. Six-me carrier amplifiers V1 and V2, simplified schematic diagram.
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Figure 248. First and second limiters V3 and V4, simplified schematic diagram.

across the primary of T3, a doubletuned 6-mc transformer.


	(2) During a portion of the positive halfcycle, the grid-to-cathode circuit acts as a rectifier (the grid draws current) and develops a de voltage across filter network R13 and C13 whose amplitude is proportional to the magnitude of the applied signal (fig. 242). This negative dc voltage, which is isolated by R14 and filtered by C14, is applied to the age bus. It also provides the grid bias for this stage.

	(3) The 6-mc signal applied to the limiter contains an amplitude-modulated envelope caused primarily by noise existing in the radio receiver. This amplitude-modulated component is detected in the screen-grid circuit of V3, and partially filtered by filter network C15 and R15. The signal developed across




	this network is coupled to the grid of V8B, the diversity-noise amplifier. This signal is proportional to the amount of noise existing in the radio receiver.

	(4) The voltage developed in the plate circuit of V8 is transformer-coupled by T3 to the grid of the second limiter V4 (a 5654/6AK5W pentode). Limiting occurs in this stage because the grid draws current during the peaks of the positive half-cycle and is driven beyond cutoff during the negative halfcycle. The grid-to-cathode circuit acts as a rectifier and develops a negative de voltage across filter R16 and C16. This provides the grid bias for the tube, and a portion of this voltage is tapped off at the junction of R17 and R18 and is fed to the alarm differential amplifier V7 (par. 187b). The



magnitude of this voltage is proportional to the signal level of the orderwire receiver. Capacitor C17 filters out any 6-mc component existing at this point, while C18 is a screen bypass capacitor.

d. Discriminator, V5 (fig. 244).


	(1) Tube V5 is a 6ALSW twin diode connected in a phase discriminator circuit. The output of second limiter V4 is fed to this circuit through transformer T4. The discriminator demodulates the 6-mc fm carrier and provides an audio signal output when an audio signal is applied to the originating order-wire transmitter.

	(2) For a detailed explanation of the action of this discriminator, refer to paragraph 171c(2) (c).

	(3) The overall amplitude-versus-frequency curve of the discriminator is show1 on figure 198. This figure shows ths output is zero when the carrier frequency is 6 me, rises linearly to +8.8 volts for a -+-80-ke deviation, and declines linearly to —8.8 volts for a —80-




	ke deviation. The output voltage obtained is the audio signal which was used to modulate the originating order-wire transmitter.

	The audio voltage developed across C21 is filtered by R24 and C22 (which remove any remaining 6-mc signal) and is applied across potentiometer R26, the AUDIO LEVEL control. A portion of this voltage, its magnitude depending on the setting of R26, is fed to the audio amplifier section of the order-wire receiver. The output voltage is also fed through resistor R25 and switch S1 to meter M1. (4)





186. Audio and Signaling Circuits

a. General. The audio circuits include a through channel audio amplifier, whose output is fed to the following order-wire transmitter in a repeater installation (this circuit is not used at a terminal) : a local channel audio amplifier, which feeds the local and remote handsets ; and telephone circuits and audio interconnections necessary for conducting a telephone conversation in party line operation. The required signaling circuits are also included.
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Figure 244. Discriminator V5, simplified schematic diagram.


	b. Through Channel Amplifier V6B (fig. 245).

	(1) The incoming through audio signal is obtained from the discriminator and the AUDIO LEVEL control and coupled through R27, C238, and voltage divider formed by R28, R29, and R77 to the grid of V6B, one-half of a 2C51 twin triode. The grid of through channel audio amplifier V6B is fed from a junction of R28 and R29. Cathode bias is developed across R30, which is bypassed for audio by C26A. The output is coupled from plate load resistor R35 through C27, C28, C29, and R34 to terminal E of REPEATER IN-TERCONN connector J7; this modulates the order-wire transmitter.




	(2) Low-frequency equalization is inserted by RC network C27, C28, C29, and R34. High-frequency equalization is furnished by R34, R33, and C25 at the output, and R28, R29, and C24 at the input. The sidetone coupling network R31, R36, and C23, used in the local audio amplifier input circuit (fig. 246), also aids the high-frequency equalization.




	ac. Local Channel Amplifier (fig. 246).

	(1) The local channel audio amplifier is used to drive the local and remote telephone receivers. The input circuit for this stage is the same as that used for










	the through channel audio amplifier, from AUDIO LEVEL control R26 through C23 and across high-frequency equalization network R28, R29, C24, and R77 to the grid of V6A (the other half of the 2C51 twin triode). Cathode bias is developed across R82. The unbypassed cathode _ resistor causes degeneration and this improves the frequency response of the stage. The plate load of V6A is the primary of telephone impedance-matching transformer T5.

	(2) The audio output obtained from the secondary of transformer T5 is coupled through C31 to the following outputs: local handset receiver HS1 (TB2-B) through R387, remote handset receiver REC, and REPEATER INTERCONN connector J7 (terminal K). The repeater interconnection lead connects in parallel the telephone transformer of this order-wire receiver and the other order-wire receiver (for the opposite direction) at the repeater station, so that both operating order-wire receivers in a repeater feed the same handsets. This is done so that a signal entering the repeater station from either direction can be heard in any headset. Resistors R31 and R36 and capacitor C32, in addition to providing high-frequency
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Figure 245. Through channel audio amplifier V6B, simplified schematic diagram.


	equalization, are used to couple a small portion of the speech signal (which originates at the local handset transmitter) through the local audio amplifier to provide a sidetone signal to the handset receiver.

	(3) The audio output is also detected by CR1, a germanium crystal diode, and fed through resistor R4 and selector switch S1 to meter M1.




	(2) Through signal.

	(a) The through channel signal is coupled from the plate of amplifier V6B to terminal E of REPEATER INTERCONN connector J7, and through a jumper built into the RE- PEATER INTERCONN cable between terminal E and A. From A of J7 it goes to A of J6, the ORDER WIRE INTERCONN connector, the
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Figure 246. Local channel audio amplifier V6A, simplified schematic diagram.


	d. Telephone and Signaling Circuits and Audio Interconnections (fig. 247).

	(1) General. The telephone handsets and circuits are common to both order-wire receivers in a repeater station so that it is possible to hold a conversation in either direction. The interconnections between the two order-wire receivers, as well as the common telephone circuits, are shown on figure 247. To distinguish between the two orderwire receivers, one receiver is arbitrarily called the east-west receiver, and the other is called the west-east receiver.




	cable from which is connected to the following east-west order-wire transmitter (terminal A of J1). The REPEATER INTERCONN cable is not used at a terminal station; therefore, the jumper from E to A on J7 is not present. This prevents a through signal reaching the terminal from going back down the line and reechoing.

	(6) The local handset receives the incoming signal by local audio amplifier V6A through isolating resistor R387. The remote handset receives the incoming signal through the



REC terminal, which is connected to the junction of C31 and R387. The operator at the west-east order-wire receiver rack may also listen to the message because both telephone transformers T5 are fed in parallel, interconnected through C31, terminals I of J7, and the REPEATER INTERCONN cable.

Figure 247. Audio and local ring interconnections for repeater operation, simplified schematic diagram. (Contained in separate envelope)


(3) Local signal. An operator talking at any of the local or remote handsets is heard at all stations down the line in both directions. The speech is coupled from the telephone' transmitter through C39 to terminal D of J6 (OR-DER WIRE INTERCONN) and terminal D of J7 (REPEATER INTER-CONN), and then to terminals D of Jl on both order-wire transmitters (east-west and west-east) to modulate both local channels. Because capacitor _C39 in one order-wire receiver connects to C39 in the other through the REPEATER INTERCONN cable, CR5 is inserted in the circuit to prevent double loading on the telephone transmitter. For sidetone, the speech is fed back through CR5, C32, and R31 to the grid of the local audio amplifier V6A and is heard at the handset receiver, though greatly attenuated.



(4) Remote handset.

(a) The remote handset can be used ata distance up to 200 feet from the order-wire receiver rack. For this - service, the local handset is disconnected from the order-wire receiver and connected to the remote handset unit with two pairs of field wire. An operator away from the rack still has full party line service and may ring down the line. He may also hear a failure alarm (a continuous ringing of the bell) in the remote handset unit.

(b) Resistor R1 acts as an isolating resistance for the handset receiver, S2 is the hook switch, and CR1 is a rectifier that prevents bell I 1 from loading the handset receiver by acting as a high impedance when no dc is being applied to the bell. When an operator presses push button S1 on the remote handset (or RING button S5 in the order-wire receiver), —18 volts de is applied through CR6 and ring relay K8 to ground. Ring relay K3 is pulled in and —18 volts dc is applied through contacts 11 and 2 of K3 to the remote handset REC terminal to ring bell I 1. At the same time, contacts 5 and 12 on K83 close and apply 115 volts ac to operate buzzer I 2. Crystal CR6 polarizes ring relay K38, because the coils of K2 in both the east-west and west-east receivers are tied together at terminals 7 of J7 through the REPEATER IN-TERCONN cable. The high back resistance of the crystal prevents actuation of K8 in the west-east receiver when voltage is applied at terminal J of J7 from the east-west receiver. With CR6 in the circuit, K8 can be actuated only when it is grounded by either S1 or S5.

(5) Local ring.

(a) Ringing down the line is accomplished by the interruption of the 6-mc subcarrier signal. This is done by keying off each succeeding orderwire transmitter carrier with a negative pulse. To prevent complete interruption of order-wire service if an operator should keep the ring button pressed, rings are limited to about l-second duration. Capacitor C48B charges up to —18 volts de through break contacts 11 and 1 on the K3 ring relay when K3 is released. When K3 is energized, C48B is discharged through contacts 10 and 14 of K8 and R17 in the succeeding order-wire transmitter to ground. The resulting 1-second negative ring pulse goes from terminal 14 of K3 to terminal C of J6 (ORDER WIRE INTERCONN) through the cable to terminal C of

J1 in the east-west order-wire transmitter.


	(b) The pulse cuts off the 6-mc signal by applying a high negative bias to the suppressor grid of the final carrier amplifier in the order-wire transmitter (par. 171c(1) (d)), causing a l-second subcarrier interruption. If the ring relay in the west-east order-wire receiver is energized, the 1-second pulse cuts off the order-wire transmitter operating in the west-east direction. An operator hears his own ring at the order-wire receiver, because 115 volts ac is applied through contacts 5 and 12 of K3 to ac BUZZER I 2. The application of —18 volts dec through contacts 11 and 12 of K3 to the REC terminal enables the operator at the remote handset to hear his own ring.

	(6) Through ring (fig. 248).

	(a) A ring that originates at a preceding east-west station must be connected through the order-wire receiver to the order-wire transmitter and transmitted down the line eastwest. The order-wire receiver alarm circuit senses the through ring as a 1-second carrier failure. The output of alarm differential amplifier V7 produces a drop in voltage (negative pulse) ; the voltage passes through R34 and R86 and is coupled from terminal H to terminal F of J7 through a jumper in the RE-PEATER INTERCONN cable and through break contacts 9 and 14 of K3 to terminal C of J6 (ORDER WIRE INTERCONN). The voltage cuts off the east-west order-wire transmitter for 1 second.






Note. For Order-Wire Receiver R-543/ TRC-29 on Order No. 1640—Phila—51 (serial No. 230-297) and Order No. 15739- Phila—55 (serial No. 298-417), the output of alarm differential amplifier V7A produces a drop in voltage (negative pulse) ; the voltage cuts alarm relay control tube V8A off and deenergizes alarm relay K2. This causes the —18 volts, which is derived from the telephone supply rectifier


	through contacts 2 and 11 of alarm relay K2, to be removed from the junction of C34, R86, and R87. Instead, —54 volts, which is obtained from the -108-volt bias supply through voltage divider R86 and R87, then appears at the same point. Thus, when relay K2 is deenergized the voltage appearing at C34 drops from —18 to —54 volts and a —86-volt pulse is coupled through C34. The negative pulse passes from terminal H to terminal F of J7 through a jumper in the REPEATER INTERCONN cable and through break contacts 9 and 14 of K8 to terminal C of J6 (ORDER WIRE INTERCONN).

	(b) The east-west through ring is heard locally at the east-west order-wire receiver only, and at the east-west and west-east remote handsets. The 1-second negative pulse at the plate of V7 is applied to the grid of V8A and cuts it off. Alarm relay K2 releases momentarily, because its coil is the plate load of V8A. The —18 volts de then is applied to the remote handset bell through contacts 4 and 5 of SERVICE SELECTOR switch S38, break contacts 11 and 1 of K2, contacts 6 and 4 of BUZZER CON-TROL switch S2, and contacts 8 and 7 of S83 to the REC terminal of the remote handset and then to the bell. Because the REC terminals in the east-west and west-east order-wire receivers are connected together through the K lead of the repeater cable, both bells ring. One hundred and fifteen volts ac is fed to ac BUZZER I 2, through contacts 1 and 2 of S3, break contacts 12 and 4 of K2, contacts 5 and 3 of S2, contacts 11 and 10 of S3, break contacts 4 and 12 of K3 to ac BUZZER I 2. Therefore, the buzzer (in the eastwest order-wire receiver only) sounds at the same time.



'



187. Alarm Circuits

a. General. When the order-wire receiver fails to detect a 6-me subcarrier signal, or when q the 6-mce signal-to-noise ratio is below 8 to 12 g db, an alarm circuit is actuated. The 2-second alarm signals to all stations up and down the microwave system and continuously rings the buzzer at the order-wire receiver where failure was detected. Conditions for an alarm may be caused either by a defective radio receiver or oy an order-wire receiver at the station initiating the alarm, or by a defective order-wire transmitter or by a radio transmitter at the station, which is transmitting to the station initiating the alarm.
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	b. Alarm Differential Amplifier V7 (fig. 249).

	(1) The alarm differential amplifier consists of 2C51 twin triode V7. A portion of the negative voltage developed in the grid-to-cathode circuit of second limiter V4 is fed to the grid of V7A. A portion of the discriminator output developed across AUDIO LEVEL potentiometer R26 is fed to the grid of V7B through an alarm noise filter network, C20, L5, CR2, C19, and R21, which acts as a narrow-band filter and passes signals with frequency components from 40 to 70 ke. This provides a de signal proportional to audio output noise. These voltages are compared in V7.




	(2) The second limiter grid voltage is a







	negative signal, the amplitude of which is a function of the magnitude of the 6-mc carrier signal present at the grid of V4. With a normal signal, a low noise component level exists at the input of the alarm noise filter. However, as the signal-to-noise ratio in the main channel decreases below the threshold value of 26 to 16 db, noise components are received at the output of the discriminator and develop a negative voltage across R21 and C19.

	Stage V7A is connected as a conventional amplifier. Stage V7B is connected as a cathode follower with its plate circuit connected to an essentially constant voltage provided by the voltage-divider network of R49 and R47 connected to +140 volts. Cathode resistor R48 is common to both stages.

	When power is first turned on in this equipment, no output is obtained from either the second limiter grid or noise circuits, and both tubes conduct. Consider the effect of the application of
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Figure 249. Alarm sensing circuit: alarm differential amplifier 17, alarm relay control 18A, simplified schematic diagram. ;

negative signals of equal amplitude to both grids. The application of a negative signal to V7B reduces the tube current through that tube and, because it acts as a cathode follower, increases the negative voltage appearing at the cathode by an amount approximately equal to the applied signal. This negative increase at the cathode effectively applies a positive signal to the grid of V7A, which nullifies the negative signal applied to this grid. Therefore, current flow through tube V7A remains at the same level, although a negative signal has been applied to its grid. Tube V7A acts as an amplifier only when there is a difference between the two grid voltages, and this circuit is called a differential amplifier.


	(5) Under normal operating conditions, however, a highly negative signal is applied to the grid of V7A. Tube V7B continues to conduct although the negative signal applied to V7A is sufficient to cut off this tube. A voltage-divider network, R44, R81, and R45, is connected between the plate of V7A and —108-volt de supply. With V7A cut off, the plate voltage is at a high positive potential and the voltage obtained at the arm of ALM SENS potentiometer R81 is positive and allows V8A to conduct (c below).

	(6) These conditions are affected by the following situations:

	(a) Order-wire transmitter failure at the preceding station.




	(b) Radio transmitter failure at the preceding station.




	(c) An increase in microwave path attenuation or a decrease of radio receiver signal-to-noise ratio, which results in a main-channel output signal-to-noise ratio of less than 26 to 16 db. > (d) Radio receiver failure.

	




	(e) Order-wire receiver failure.




	(7) When the order-wire transmitter fails at the preceding station, no 6-mc subcarrier signal is present in the orderwire receiver, even though the radio






receiver may be functioning properly. Under this condition, there is a zero output from the 2d limiter grid and from the alarm noise filter. With a zero output from the 2d limiter grid, V7A conducts and lowers its plate -. voltage; this causes the voltage at the arm of R81 to become negative.


	(8) When the radio transmitter fails at the preceding station, no rf signal or 6-mc subcarrier is picked up by the radio receiver. In this case, the radio receiver puts out a high level of broadband noise. When this occurs, there is a negative voltage at the output of the alarm noise filter approximately . equal to the negative voltage output of the 2d limiter grid. This negative voltage is reflected as a positive signal at the grid of V7A ((4) above) and nullifies the negative signal at this grid permitting V7A to conduct. This causes the output voltage at the arm of R81 to become negative.

	(9) When the 6-mc signal-to-noise ratio decreases below 8 to 12 db, the level of the 6-mc subcarrier is approximately equal to the level of the noise components. Under this condition, negative voltages are obtained at the output of both the 2d limiter grid and the alarm noise filter; the negative voltages permit V7A to conduct and again make the R81 output negative.

	(10) When the radio receiver fails, there .. igs no 6-me signal or broad-band noise. Under this condition, a zero voltage - output is obtained at the 2d limiter grid and at the alarm filter. Tube V7A conducts and the R81 output is negative.

	(11) When the order-wire receiver fails because of tube or voltage failure, an alarm condition is set up, either because there is no 6-mc subcarrier and noise ((8) above) or because of the fail-safe feature.

	c. Alarm Relay Control V8A (fig. 249). Tube V8A, one-half of a 2C51 twin diode, is the control tube for alarm relay K2. The grid of this tube is connected to the arm of R81 in the plate circuit of alarm differential amplifier V7. Dur-



ing normal operation, the voltage from R81 is positive, and current flows through tube V8A to actuate alarm relay K2. Under this condition, no alarm is transmitted. When any of the elements of the system fail (6(5)-—(9) above), the voltage obtained from R81-is negative and V8A is cut off. This causes alarm relay K2 to release and initiate an alarm signal. If tube V8A, or any tube in the order-wire receiver other than V5, V6, or V9 fails, relay K2 releases and an alarm is initiated. This is the fail-safe feature of this unit.


	d. Alarm Signal (fig. 248).

	(1) When alarm relay K2 releases, —18 volt de is applied through contacts 4 and 6 of switch S38, contacts 11 and 1 of relay K2, contacts 6 and 4 of switch S2, contacts 8 and 7 of switch 83, and through the REC terminals to the bells of the remote handsets. Ac BUZZER I 2 is actuated by the application of 115 volts de to it through contacts 1 and 2 of switch 83, contacts 12 and 4 of relay K2, contacts 5 and 3 of switch S2, contacts 11 and 10 of switch S3, and contacts 4 and 12 of relay K3.




	(2) In addition, when tube V7A changes from a cutoff to a conducting state and initiates the alarm, a negative 2-second pulse is transmitted through C34 and R86 to the order-wire transmitter. The duration of this pulse is determined by the time constant of C34 and R86. During this 2-second period, the orderwire transmitter carrier is cut off, causing actuation of the alarm circuit in the following receiver. This alarm circuit also initiates a 2-second pulse, which actuates the alarm circuit in the next station, and soon. After a period of 2 seconds, the order-wire transmitter at each station resumes its normal operation, and the alarm signal is discontinued. The alarm signal is maintained at the initiating station until the condition which causes the unbalance of the differential amplifier is corrected.






Note. For Order Wire Receiver R-543/ TRC-29 on Order No. 1640-Phila-—51 (serial No. 230-297) and Order No. 15739-Phila—55 (serial No. 298-417), the duration of the cutoff pulse applied to the suppressor grid : of V4 is determined by the time constant of C34 and R17.

e. BUZZER CONTROL Switch, S2 (fig. 248). After an operator has become aware of the alarm condition, the continuous ringing of the handset bells and ac buzzer should be stopped by placing BUZZER CONTROL switch S2 in the MONITOR position. This disconnects the 115 volts ac from the buzzer and the —18 volts de from the handset bells. However, if the failure is corrected while S2 is in the MONITOR position, alarm relay K2 is actuated and 115 volts ac is applied to the buzzer and —18 volts de to the bells; this notifies the operator that the equipment once again is operating properly. The new 115-volt path is through contacts 1 and 2 of switch S3, contacts 12 and 5 of relay K2, contacts 1 and 3 of switch S2, contacts 11 and 10 or switch 83, and contacts 4 and 12 of relay K3. The new —18-volt path is through contacts 4 and 5 of switch 83, contacts 11 and 2 of relay K2, contacts 2 and 4 of switch S2, contacts 8 and and 7 of switch S3, and through the REC terminals to the handset bells.



188. Power Supplies


	a. General. Necessary dc power for the vacuum tubes and the telephone and alarm circuits is supplied by power supplies included within the order-wire receiver chassis. Two basic supplies are used: a regulated supply that provides output voltages of 140 and —108 volts and an unregulated selenium rectifier supply that provides —10 and —18 volts for the telephone and ringing circuits.

	b. Regulated Power Supply, V10 through V13 (fig. 250).

	(1) Rectifiers V10 and V12B. Primary power to plate transformer T7 is applied through PLATE circuit breaker CB2. The secondary of this transformer feeds two rectifiers: V10, a 6X4W dual diode, and V12B, one-half of a 6AS7G twin triode, connected as a diode rectifier. Tube V10 is a fullwave rectifier, the output of which is filtered by C42, R67, C43, R66, and C44. Resistor R69 is a bleeder resistor. The output of this rectifier is fed to the plate of series regulator tube V12A. Part of the transformer output
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is taken at the junction of voltagedivider resistors R68 and R70 and applied to V12B. -The half-wave negative rectifier output is filtered by C46, R76, and C47, and fed across V13. Resistor R76 also acts as a voltagedropping resistor for V13 (an OB2), which varies its own resistance to maintain a constant 108-volt drop across the tube.


	(2) Voltage regulator circuits, V11 through V13.

	(a) The voltage regulator circuit includes. three tubes which perform four functions. Tube V12A, one-half of a 6AS7G twin triode, is used-as a series regulator. De control amplifier V1l is a 6AU6 pentode. An




	lower than that obtainable from the order-wire receiver. tube is connected between the bottom of the control tube voltage divider and ground, with its cathode connected to the voltage divider and its plate grounded. An ac voltage is taken from voltage dividers R68 and R70 across one-half of the plate-supply transformer winding, and rectified by V12B, which is diode-connected. The output of this tube is about —130 volts de. It is passed through an RC filter, in which C46 is the filter capacitor and R76 is the series resistor. Resistor R76 also serves as a voltage-dropping and current-limiting resistor for V13.







	The filter output is connected to the cathode of V18, establishing a fixed | level of —108 volts de at that point; this extends the voltage across the ; R78, R74, R75 voltage divider from —_ +140 volts to —108 volts, or a total range of 248 volts. This allows the - . voltage at the grid of control ampli-: fier V11 to be set at any point from approximately +38 volts to approximately —24 volts with respect to its cathode, which is grounded. Thus, an extremely wide range of control is obtained for the de amplifier tube. This arrangement is necessary because the available voltage drop 'across series-regulator tube V12A is relatively small (85 volts).

	OB2 is used as the voltage reference (c) Resistors R68 and R70 are used as tube and also furnishes a bias out- a voltage divider to reduce the voltput of —108 volts; V12B, the other age at the input of rectifier V12B. half of the 6AS7G twin triode, is Capacitor C33B helps to filter the used as a rectifier to furnish operat- negative voltage applied to the diing potential for V13. vider. Resistor R71 is the plate load (b) The circuit is conventionally ar- for V11, and R72 serves to isolate ranged according to common series the V11 grid. Capacitor C45 im- | voltage regulator practice and con- proves the regulation of the supply ( tains one rather unusual feature. against ripple and transient voltage — Voltage reference (and regulator) waveforms. Capacitor C26B, across _ tube V13, instead of decreasing the the output of the supply, reduces available variable voltage between further the ripple content of the de the output level and ground, is used output voltage, and improves the here to increase that range and to decoupling of the supply from sigpermit a regulated output voltage nal voltages in the various stages of

	simple, conventional regulators. The (d) If the output voltage of the voltage regulator increases in voltage, a rise in the grid voltage of contro] amplifier V11 will occur and increase the current flow through the tube. The increased current flow causes a. larger voltage drop across plateload resistor R71; this results in a decreased voltage at the plate of V1l. Because the plate of V11 is connected directly to the grid of series-regulator tube V12A, the grid voltage of V12A is reduced correspondingly. This increases the series resistance of V12A; its output voltage is reduced and it returns to its original assigned value of +140






volts, which has been set by +140V ADJ potentiometer R74.

Note. For Order-Wire Receiver R-548/TRC-29 bearing Order No. 1640- Phila—51 (serial No. 83-297) and Order No. 15739—Phila—55 (serial No. 298-417), the wiring of pin 6, V11, has been changed. The lead from pin 6 has been moved from the +140 V DC output to the junction of R73 and R74. This change was made to lower the screen voltage of V11 in order to improve regulation.

(e) If the output voltage decreases, the voltage at the grid of V11 decreases, and its plate voltage increases; the grid voltage of V12A increases, and the output voltage increases. If the input voltage from the rectifier fluctuates, similar actions take place and the output voltage is maintained at its normal value. .

c. Telephone, Ring, and Filament Power Supply (fig. 251). Primary power is applied to filament transformer T6 through FIL circuit breaker CB1. Transformer T6 has two secondaries. One secondary is used to supply filament voltage to all the tubes in the order-wire receiver. The output of the other secondary feeds a full-wave bridge selenium rectifier, CR4, the output of which is filtered by R61, C40, R62, and C41. Resistor R64 is a bleeder. The —18 volt output is taken at the junction of R61 and R62 and is used for the ringing circuits. The —10-volt output required for talking current for the telephone handset transmitter is taken through R65 at the junction of R62 and R64.



189. Metering Circuits

Meter selector switch S1 in conjunction with meter M1 is used to check the overall performance of the order-wire receiver and is an aid in field alinement. The meter positions for normal operation and their functions are given in a through f below:

a. OW CARR LEVEL. In this position, the meter measures the voltage at the plate of differential amplifier V7A through meter resistors R42 and R41. When the meter reads 100, the correct 6-mc subcarrier signal is being received. When the meter reads 0, the 6-mc subcarrier level approximately equals the level of the 6-mc noise components from the radio receiver. This corresponds to the normal alarm trip point. A negative reading is obtained when the 6-mc noise components override the 6-me subcarrier signal.

b. DISCR+ and DISCR—. In these positions, the meter monitors the de output of discriminator V5 at the junction of R24 and R25. When the average of these two meter readings is other than zero, it indicates that either the local order-wire receiver discriminator or the order-wire transmiter at the preceding station is detuned. Two positions of reverse polarity are used for this measurement because the discriminator voltage may be negative or positive.

c. AUDIO. In this position, the meter measures the audio output voltage from the telephone transformer, T5. This signal is detected by CR1 and fed through meter resistor R4 to the meter. A reading of 100 on the meter corresponds to an audio output level of 0 dbm when

[image: Figure, page 318]

Figure 251. Telephone, ring, and filament power supply, simplified schematic diagram.

the received 6-megacycle signal is modulated with a 1-ke audio voltage at a frequency deviation of +50 ke.

d. +140V. In this position, the meter measures the output voltage of the +140-volt supply through meter resistors R8 and R6.

e. DIV CONT LEVEL. In this position, the meter measures the output control voltage of diversity differential amplifier V9B, through meter resistors R58 and R55.

f. DIV OPER. In this position, the meter indicates which unit is furnishing the outgoing video voltage in diversity operation. The meter reading is 100 on the operating order-wire receiver; it is zero on the other unit. In normal operation, without diversity, the meter indication is zero.



190. Power Supply PP—690/G

a. General. The receiver power supply supplies de power to the radio receiver. It contains two rectifier circuits, which provide the following regulated de output voltages: +250 volts, +150 volts, +42 volts, 625 volts, —475 volts, and —300 volts. The output voltages are fed to terminals on terminal board TB38A from where they are fed to the radio receiver. The unit has two pilot lamps, which indicate that power has been applied to receiving equipment and that B+ voltage is being applied to the radio receiver. It also contains three circuit breakers for applying power to, and protection of, filament and plate transformers. The operation of the pilot lamps and circuit breakers is described in detail in paragraph 205.


	b. Block Diagram Description (fig. 252).

	(1) Power transformer T1 is used to convert the 115-volt ac line voltage to the voltage required for the +250-volt, +150-volt, and -+42-volt rectifiers. Power transformer T3 converts the line voltage to the voltage required for the —675-volt, —475-volt, and —300-volt rectifiers.




	(2) Rectifiers V1 and V2 and a filter network furnish de voltage for the +250 volt supply. The output of the +250 volt supply is maintained constant by series-regulator tubes V8, V9, V10, V38A, and V11A (all connected in parallel), and de control amplifier V12. Reference bias for V12 is provided by






reference tube V13. Changes in input or output voltage in this supply are transmitted to the de control amplifier grid through a voltage divider connected across the +250-volt output. The de amplifier adjusts the resistance of the series regulators, which compensate for the change in voltage.


	(3) Part of the +250-volt output voltage is fed to the +150-volt supply, which consists of series-regulator tubes V3B and V4 and de control amplifier V5. Reference bias for V5 is provided by reference tube V7. This circuit operates in the same manner as one described for the +-250-volt supply.

	(4) Part of the output of the +150-volt supply is fed to regulator tube V6, which provides a regulated output of +42 volts.

	(5) Rectifier V14 and rectifier-regulator tube V11B are connected in a voltagedoubler type circuit in which the magnitude of the voltage supplied by V11B is a function of the control voltage applied to its grid from de amplifier V17. A reference voltage is applied to V17 by regulator-reference tubes V15 and V16. The output voltage of the voltage-doubler circuit is —625 volts. Any change in this voltage is transmitted to the de amplifier which adjusts the resistance of V11B to compensate for the voltage change.

	(6) Part of the —625-volt output is fed to regulator-reference tube V15 which provides a regulated output of —475 volts.

	(7) Part of the —475-volt output is fed to another regulator-reference tube, V16, which, with a dropping resistor, provides a regulated output of —300 volts.

	c. Detailed Circuit Description.

	(1) +250-volt regulated supply (figs. 253 and 254).

	(a) Tubes V1 and V2, both 5R4WGY diodes, are connected in a full-wave rectifier circuit (fig. 253) across the secondary winding of power transformer T1, which provides the necessary high voltage. The rectified output is taken at the filaments
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Figure 252. Power Supply PP-690/G, block diagram.

of V1 and V2 and fed to a pi-type filter consisting of inductor L1 and capacitors Cl, C2, and C3. The filter output is applied to the series regulators of +250-volt supply.


	(0) Series regulation of the filter output voltage is provided by eight triode sections, V8, V9, V10, V38A, and V11A, all connected in parallel. The +250-volt output voltage is taken from the cathode circuits by current-equalizing cathode resistors. The grid bias to each stage is obtained via a grid resistor from the plate of de amplifier V12 (fig. 254).

	(c) The voltage existing on the plate of the de amplifier, a 6AU6 pentode, depends upon the bias voltage applied to its grid. This voltage is derived from the -+250-volt line by a voltage-divider network comprised of resistors R31 and R33 and poten-




	tiometer R32. Potentiometer R382, +250V ADJ, is adjusted to provide a 250-volt output. The dc bias on this tube is stabilized by connecting the cathode to reference tube V18.

	(d) Changes in potential at the cathodes of the regulator tubes result in a proportional change in the gridcathode voltage of the de amplifier, V12. The resultant change in current through plate-load resistor R34 of this tube changes the bias voltage applied to the grids of the regulator tubes. The change in grid voltage of the regulator tubes changes the impedance of these tubes so as to return the cathode voltage to its proper value. This supply operates similarly to the -+300-volt supply described in paragraph 173c(1).

	(e) Screen voltage for the dc amplifier is provided by a voltage divider com-



prised of resistors R35, R36, R37, and R388. The effects of transient changes are minimized by filter capacitor C4 and coupling capacitor C7; they transmit sharp transient voltage changes directly to the grid of V12 and improve the response of the regulator to such changes.


	(2) +150-volt regulated supply (fig. 255).

	(a) Part of the output of the +250-volt supply is fed to the +-250-volt supply where this voltage is dropped to 4-150 volts by regulator tubes V3B and V4 and maintained at this voltage by de contro! amplifier V5 (fig. 255). Reference voltage for the de amplifier is provided by V7.




	triode sections, instead of eight, are of +42 volts. used as series regulators in this (4) Regulated supply, +150-volt supply. Grid bias is ob- 256). (b) The +250-volt and +150-volt regulators operate in identical manner, tained from the plate of V5 via grid resistors R1, R5, and R8.




	(c) The grid bias of dc amplifier V5 is







	obtained from a voltage divider comprised of resistors R9 and R11 and +150V ADJ. potentiometer R10. This potentiometer is adjusted to provide a +150-volt output from the cathode circuit of the regulator tubes. Capacitor C5 improves the voltage-regulator response to fast changes in output voltage; capacitor C6 tends to filter out such transient voltages. Resistors R13 and R14 form a voltage divider for obtained proper-screen-grid voltage on tube V5. Resistor R12 is the plate-load resistor for V5.

	(3) Regulated supply, +42-volt. Part of the output of the +150-volt supply is fed to regulator tube V6, an OB2, which drops the voltage by 108 volts the only exception being that three de provide a regulated output voltage

	—625-volt (fig.

	(a) Tubes V14 (a 5R4WGY) and V11B (one-half of a 6AS7G) are connected in a voltage-doubler type of cir-
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Figure 258. Rectifier circuit, +250-volt supply, simplified schematic diagram.
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'wn.boip s4vUmeyos payydwurs 'fyddns 3100-9g¢+ "FNIa.1219 wozoynbay "7Eg ainbr7J cuit. The secondary of power transformer T3 is applied to both tubes. During the positive half-cycle (terminal 3 with respect to terminal 4), V11B conducts and charges up capacitor C9 to a negative voltage, with respect to ground, equal to the peak applied voltage minus the voltage drop across V11B. During the negative half-cycle, V14 conducts and charges C10 to a voltage equal to the peak applied voltage minus the voltage drop across V14, with a polarity that is negative at the junction of C10 and plates of V14 and positive at the junction of C10 and C9. The negative voltage developed across C9 (during positive half-cycle) is added to the voltage developed across C10 (during negative half-cycle), and this sum voltage is applied to a filter comprised of L2, Cll, and C12. Consequently, the voltage obtained at the output of this filter is equal to approximately twice the peak applied voltage minus voltage drops in tubes V14 and V11B and is negative with respect to ground.


	(b) The voltage drop across tube V11B is controlled by de amplifier V17 (a 6AU6) which provides the grid bias for V11B. The grid bias of the de amplifier is obtained from a voltage divider comprised of resistors R43 and R45 and BEAM V ADJ. potentiometer R44. Potentiometer R44 is adjusted to provide a —625 volt regulated output from this supply. Resistor R39 serves as the plate load for V17; screen voltage is obtained from a voltage divider comprised of resistors R40 and R41. A floating reference bias is applied to the cathode of V17 through reference tubes V15 and V16.

	(c) A change in the —625-volt output voltage results in a proportional change in the grid bias of V17. The resultant change in the plate current of R89 of this tube causes a corresponding voltage change in the bias of V11B. The voltage drop across V11B changes so as to return the —625-volt output voltage to its proper value.

	(5) —475-volt regulated supply. Part of the output of the —625-volt supply is
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Figure 255. +-150-volt and +42-volt supply, simplified schematic diagram.
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30VL10A fed to regulator tube V15, which drops the voltage by 150 volts to provide a regulated output voltage of —-475 volts.

(6) —300-volt regulated supply. Part of the output of the —475-volt supply is fed to regulator tube V16, which drops the voltage by 150 volts to —325 volts. This voltage is further dropped by resistor R42 to about —300 volts.




Section IV. ANTENNA SYSTEM


191. General

(fig. 257)

The antenna system transmits the microwave signal generated by the transmitter to the next station and receives the signal transmitted by that station and feeds it to the receiver. The output of the transmitter is fed to either duplexer, which directs the energy to the surfacewave transmission line. The signal is transmitted through this transmission line to the antenna. Similarly, energy picked up by the antenna is transmitted down the surface-wave transmission line to the duplexer. The duplexer then directs the received energy to the receiver input.
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Figure 257. Antenna system, block diagram.



192. Duplexer

(fig. 258)

a. The duplexer enables the use of a single transmission line and antenna system for both transmitting and receiving. However, use of the duplexer also greatly limits the combination of transmitter-receiver frequencies that can be used at a radio set as illustrated in figure 32 and described in paragraph 39e(3). To increase the number of transmitter-receiver combinations there are two duplexers available. Whenever possible, the transmitter and receiver frequencies are selected so that one of these duplexers can be used. However, if this is not pos sible, the equipment may be operated without a duplexer, if the requirements indicated in paragraph 39f(2) are met. It is necessary to have separate antenna and surface-wave transmission line systems for transmitting and receiving when operating without a duplexer.


	b. The duplexer contains two coaxial line filters, one a low pass filter and the other a high pass filter. The low pass filter passes any energy in the low pass band, that is, 1,700 to 1,993 mc (channels 1 to 8) for Duplexer CU-268/ TRC-29 and 2,050 mc (channels 1 to 14) for Duplexer CU-869/TRC-29. It presents an extremely high impedance to any energy in the high pass band, that is, 2,050 to 2,400 mc (channels 15 to 27) in Duplexer CU-—368/TRC-29 and 2,165 to 2,400 me (channels 20 to 27) in CU-369/TRC-29. Similarly, the high pass filter passes energy in the high pass band and presents an extremely high impedance to energy in the low pass band.

	c. As illustrated in figure 258 there are three receptacles on the duplexer. One, marked AN-TENNA, connects to the surface-wave transmission line. The other two, marked CHAN-NELS 1-8 and CHANNELS 15-27 on the Duplexer CU-868/TRC-29, are connected to the transmitter output and receiver input. If the receiver is operating on channel 3 and the transmitter on channel 20, the receiver input is connected to the CHANNELS 1-8 receptacle and the transmitter output to the CHANNELS 15-27 receptacle.

	d. This means that channel 20 signals from the transmitter are passed through the high pass filter and fed to the antenna. These signals are blocked from entering the receiver input by the low pass filter. Similarly, channel 3 signals, picked up the antenna and fed to the duplexer, are passed through the low pass filter to the receiver and are blocked from entering the transmitter by the high pass filter.
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Figure 258. Duplexer, block diagram.



193. Radio Frequency Transmission Line Assembly CG—1013/U

a. General. The cable assembly is used to transmit the rf energy from the duplexer to the antenna and vice versa. The surface-wave transmission line (SWTL) wire, forming a major component of Radio Frequency Transmission Line Assembly CG—1013/U, is a relatively new type of low-loss transmission line which employs a single dielectric coated conductor as a wave-conducting means. The problem is one of reducing the radiation loss normally present so that the line will not act as a long-wire antenna. The nonradiating wave mode is brought about by the resistivity of the wire. A perfectly conducting wire would not guide a nonradiating wave. The finite conductivity causes a reduction in the phase velocity of the radio energy field, compared to the freespace velocity, and it is this reduction in phase that establishes conditions rendering nonradiating wave propagation feasible. If the phase velocity can be reduced enough, for instance by covering the surface of the wire with a dieletric layer, the nonradiating wave becomes stable and can be excited more easily and with a high degree of efficiency.

b. Wave Development. The functioning of the SWTL is best understood if it is compared with a coaxial line to which it is closely related. Neglecting the effect of finite conductivity, the guided wave is a transverse electric and magnetic wave that propagates with the velocity of light (A, fig. 259). If the space between the inner and outer conductor is filled with a dielectric material, the wave is unchanged, but the velocity of transmission is reduced. If the inner conductor is covered with a dielectric that only partially fills the space, the velocity will be intermediate between a solid dielectric line and an air-filled line. An important modification of the electric field occurs as shown in B, figure 259. The field lines become curved and some of them no longer reach the outer conductor. If the diameter of the outer conductor is increased while the inner conductor and its dielectric sheath are unchanged, more of the return current does not reach the outer conductor. If the outer conductor is large enough, conduction current along the outer tube becomes practically zero. Thus, the outer conductor becomes unnecessary (C, fig. 259). To form a practical line, this mode must be the only mode excited on the line. The preceding explanation suggests a method of exciting this mode. Starting from a coaxial line section, the inner conductor of which has a dielectric coat, the diameter of the outer conductor is gradually increased until it is so large that it has no appreciable effect on the field. In this manner, a coaxial wave is gradually changed to a guided wave. In practice, it is convenient to expand the coaxial line somewhat before introducing the dielectric coating. Thus, the dielectric cover of the wire need extend only to the tip of the launcher and no cover on the taper section is required.

c. Line Loss. As the outside of the coaxial cable is enlarged while keeping the same center conductor, the impedance of the line is raised, and the loss is reduced because less current is generated in the higher impedance for a given power transmission. The SWTL has an impedance of 200 to 400 ohms and, therefore, the loss in such a line is a fraction of that of an ordinary coaxial cable with the same size inner conductor. Compared with a 2-wire line of the same impedance and the same wire size, the loss is about half, because dissipation occurs in only one wire rather than in two wires. The dielectric coat introduces slightly greater loss than would be expected from the open-wire line by comparison. For this reason, the dielectric material must be chosen for low-loss characteristics at the desired operating frequency. The SWTL of Radio Frequency Transmission Line Assembly CG—1013/U has a loss of approximately 1 db per 100 feet at 2,500 mc.

[image: Figure, page 327]

d. Radiation Loss. Such a direct comparison of losses between the SWTL application and coaxial lines is not quite fair as there is a radiation loss inherently connected with the formation of the surface wave. This loss, which is substantially independent of the length of the line, depends on the design of the launchers and their physical size. Because of this launching loss, which is usually in the order of 1 db for both terminations, the SWTL cannot compete with ordinary transmission lines if they are so short that their loss is about 5 db or less. For longer lines, this launching loss becomes of little importance and the superiority of the SWTL becomes apparent. Compare a 200-foot SWTL with a loss of 6 db with connecting cables to an RG-17/U line of 14 db loss. The amplitude distribution of the expanded field at the mouth of the horn must match the normal amplitude of the surface wave. This is particularly true if the horn diameter is too large and there is in addition the possibility of exciting undesirable radiation modes within the horn mouth. The launching horn loss appears as a radiated field pattern from the horn. The field pattern from this horn is similar to that of a similar horn antenna radiating one-tenth the power. Maximum coupling to this horn launcher from interfering rf fields occurs when the interfering field is vertically polarized. For this reason, to reduce the mutual coupling between the different portions of a 2-frequency link, all operating antennas should be horizontally polarized (approximately 20 db reduction). The launcher casting is designed to match a 50-ohm transmission line to the several hundred ohm impedance of the SWTL. In order to provide continuity for the de-icing current from the SWTL to the launcher housing, a quarter wave (shorted coaxial stub) matching section is provided between the coaxial fitting and the end of the launcher casting. The design of this quarterwave section limits the launcher to 1,700 to 2,400 megacycle applications.

e. Climatic Effects. Being an open waveguiding line, the SWTL is subject to weather conditions, but to a degree less than open 2-wire lines. Rain and dry snow have little effect. Droplets of water on the line however act as small radiating dipoles and increase the loss of the line. Such droplets form on lines that are nearly horizontal but are no problem on vertical installations at 2,400 megacycles. The formation of ice is more serious and must not be allowed to form on the lines. In contrast to twin leads, a water film or a layer of soot has little effect since the electric field is almost perpendicular to the dielectric surface. With twin leads, such a layer forms a conduction path between the two conductors thereby introducing high attenuation. The de-icing assembly will remove the ice or prevent its formation when approximately 40 amperes flows in the wire. Do not let the current exceed 60 amperes or overheating will result during above-freezing operation. The de-icing assembly should be turned on only during the periods when ice is expected to form which is during a relatively narrow temperature range from 20° to 33° air temperature. A disadvantage of the SWTL is its susceptibility to bends or kinks, which convert the guided mode to a radiating mode and introduce loss and cross coupling. A 30° bend will introduce a radiation loss of one-half db or more.

f. Coupling. Little cross coupling is experienced between the guided modes on two parallel lines. The attenuation between lines varies from 45 db at 2 feet to 60 db at 6 feet. A separation of 10 feet will reduce the coupling from this factor to a value sufficiently low to permit normal failure alarm operation on Radio Set AN/TRC-29 links. When installing, it is important to prevent excitation of. radiating modes in nearby metal objects, inasmuch as ra diation coupling will rapidly raise the cross talk between the two directions of 2-frequency links. All métal objects should therefore be kept at least 5 feet from the line at all times. Coupling from the line and launchers to an external rf field is 45 db below the AN/TRC-29 antenna with vertical polarization and 65 db with horizontal polarization.



194, Antenna AS—554/TRC—29

a. The antenna is a horn-fed parabolic-reflector antenna, which may be mounted on a suitable structure such as Tower AB-216/U. The orientation of the feed horn can be rotated to provide either vertical or horizontal polarization. The 8-foot reflector beams the energy in the direction perpendicular to the plane of the antenna providing an antenna gain of about 30 db.

b. Figure 260 shows the horizontal radiation pattern of this antenna. The beamwidth is about 4.5° at the half-power (or 3-db) points. The ratio of the maximum power point in the major lobe to the maximum power point in any of the minor lobes is more than 200:1, that is, the major-to-minor lobe ratio is greater than 20 db.




Section V. ACCESSORIES


195. General

The accessories supplied with Radio Set AN/ TRC-29 are the switch box autotransformer and the remote handset. The switch box is used when there are two sources of primary power from which to select. The autotransformer is used to provide a nominal 115-volt primary-power output voltage for input voltages in the range of 100 to 130 and 200 to 260 volts. The remote handset is used at a station.



196. Switch Box SA-—357/G (fig. 261)

The switch box permits the selection of one of two power sources. Generally the autotransformer output is connected to 115/230 VAC INPUT 2 receptacle J4 and the alternate power source is connected to 115/230 VAC INPUT 1 receptacle J8. INPUT SELECTOR SWITCH S1 is then placed in the 2 position so that the autotransformer output is fed to both 115/230

VAC OUTPUT receptacles J1 and J2, which are connected in parallel. The primary power connection for Radio Set AN/TRC-29 is made to one of these jacks, while the other jack is used for any utility power that may be required at the station. A GND CONN post is connected to a suitable ground stake and is the common ground connection for all equipment located at a station, including the video equipment.



197. Autotransformer

The autotransformer is used when the primary power source is other than 115 volts ac. Two input jacks are provided: 230V INPUT jack J4 is used for line voltages between 200 and 260 volts, and 115V INPUT jack J5 is used for line voltages between 100 and 180 volts. The line voltage used is fed through a circuit breaker to autotransformer T1. The autotransformer and its taps are designed so that a 115-volt output (within 4 volts) can be obtained. The prop-
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Figure 261. Switch box, schematic diagram.

er voltage tap is selected by INCREASE OUT-PUT switch S1. The 115-volt nominal output is available at 4 KVA MAX. LOAD 115V OUT-PUT receptacle J3. The autotransformer is designed for a maximum load of 4 kva. The autotransformer output voltage is indicated by the LINE VOLTS meter in the radio transmitter and can also be measured across the OUTPUT VOLTAGE TEST jacks. J1 and J2, on the autotransformer. The voltages shown in figure 262 are those measured between winding taps with either 115 or 230 volts input.



198. Handset-Signaling Unit H-102/TRC—29 (fig. 263)

The remote handset is used for order-wire channel communication and ringing. This unit is described in detail in paragraph 186d(4).
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Figure 262. Autotransformer, schematic diagram.
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Figure 268. Handset-Signaling Unit H-102/TRC-29.




Section VI. ALARM AND RING-DOWN FACILITIES OF RADIO RELAY SYSTEM


199. General


	a. Provision has been made in the radio set for transmitting alarm and ring-down signals in the order-wire channel (pars. 186 and 187). This section briefly summarizes the operation of the alarm and ring-down circuits in the individual set and then traces the transmission of these signals through the radio relay system.

	b. The alarm facilities of the radio set include circuitry that will operate with suitable switchover equipment to switch automatically to a stand-by radio set when an alarm condition exists in the operating radio set. The switchover facilities provided by the radio set are described in paragraph 202.





200. Alarm System

a. Failure of any component of a radio set or the existence of a poor signal-to-noise ratio at any station (as detected in the order-wire receiver) in the radio relay system causes the initiation of an alarm signal. The alarm signal in the case of a receiver consists of a continuous ring at the station detecting the alarm condition and only one 2-second ring at every sta tion following the point of detection of the radio relay system terminal. That is, if a failure occurs in an east-west signal, the 2-second alarm signal is transmitted east-to-west to all stations west of the initiating station until it reaches the west termina]. No alarm signal is transmitted east of the initiating station and, of course, this signal] is not heard in the east terminal. If the transmitter fails, the TRANS-MITTER OPERATING lamp goes off.

( (
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	b. Figure 264 is a simplified schematic of the circuit indicating an alarm or ring-down signal. A brief summary of the operation of this circuit is given below to describe its application in the overall system operation.

	c. With the equipment operating normally, V7A is cut off by a bias developed by the detected order-wire subcarrier signal. A failure in the order-wire transmitter, radio transmitter, or antenna in the preceding station, or the antenna system, radio receiver, or order-wire receiver in the station being described causes an alarm condition permitting V7A to conduct. When V7A conducts, the plate voltage drops and a negative pulse is transmitted through C34



and R86, across R63, and to the suppressor grid of V4 in the order-wire transmitter. This negative pulse is of sufficient amplitude to cut off this stage and thereby cut off the subcarrier output of the order-wire transmitter.

Note. For Order-Wire Receiver R—543/TRC-29 on Order No. 1640-Phila—51 (serial No. 230-297) and Order No. 15739-Phila—55 (serial No. 298-417), the following should be substituted for c above:

With the equipment operating normally, V7A is cut off by a bias developed by the detected order-wire subcarrier signal. A failure in the order-wire transmitter, radio transmitter, or antenna in the preceding station, or the antenna system, radio receiver, or order-wire receiver in the station being described causes an alarm condition permitting V7A to conduct. When V7A conducts, the voltage across the voltage divider, consisting of R44, R81, and R45, becomes more negative. Since the control grid of V8A is connected to the voltage divider, it too will be driven negative. This negative voltage will be high enough to cut off tube V8A. When tube V8A is cut off, alarm relay K2 is deenergized. This causes the —18 volts, which is derived from the telephone supply rectifier through contacts 2 and 11 of alarm relay K2, to be removed from the junction of C34, R86, and R87. Instead, —54 volts, which is obtained from the —108 volt bias supply through the voltage divider R86 and R87, then appears at the same point. Thus, when relay K2 is deenergized the voltage appearing at C34 drops from —18 to —54 volts and a—36-volt pulse is coupled through C34 to the suppressor grid of V4 (in the orderwire transmitter). This negative pulse is of sufficient amplitude to cut that tube off.


	d. With the order-wire transmitter signal cut off, a subcarrier signal cannot be detected in the next station; hence, V7A in the orderwire receiver of this station is permitted to conduct, and it cuts off the subcarrier signal of its order-wire transmitter. In this manner, the signal is transmitted from one station to the next until it reaches the terminal.

	e. The cutoff pulse transmitted from the plate of V7 (in the order-wire receiver) to the suppressor grid of V4 (in the order-wire transmitter) has a duration which is a function of the C34—R86—-R17 (in the order-wire transmitter) time constant. After a period of about 2 seconds, capacitor C34 discharges enough to permit V4 to conduct and the order-wire transmitter operates normally. This removes the alarm condition from the next station which, in turn, removes it from the succeeding station and so on. After about 2 seconds, the alarm signal is removed at each of these latter stations.



Note. For Order-Wire Receiver R-543/TRC-29 on

Order No. 1640-Phila—51 (serial No. 230-297) and Order No. 15739—Phila—55 (serial No. 298-417), the first sentence of e above should be changed to read as follows: ~

The duration of the cutoff pulse applied to the suppressor grid of V4 (in the order-wire transmitter) is determined by the time constant of C34 and R17 (also in the order-wire transmitter).

f. When tube V7A in the order-wire receiver conducts, it operates an alarm sensing circuit that operates the local buzzer and remote handset bell. At the initiating station, this tube conducts as long as an alarm condition exists, and the buzzer and bell operate continuously. However, at the succeeding stations, the alarm condition lasts only 2 seconds (as described above), after which period, each station returns to its normal operating condition. Consequently, the buzzer and bell sound for a period of only 2 seconds in these stations.



201. Ring-Down System


	a. Ring-down is initiated by pressing the RING button on the order-wire receiver or the remote handset. Whenever the RING button is pressed, an up to 1-second ring is transmitted in both directions to every station in the radio relay system.

	b. When the RING button or remote handset pushbutton is pressed, relay K3 is operated. The negative voltage across capacitor C48B in the order-wire receiver is applied across resistor R63 and from there to the suppressor grid of V4 of the order-wire transmitter. This cuts off the order-wire transmitter for a period of about 1 second (time constant of C48B and R17 in the order-wire transmitter) if the RING button is pressed for over 1 second. If the RING button is released before 1 second, the ring stops when the button is released.

	c. With the order-wire transmitter cut off for 1 second, an alarm condition exists in the following station, which actuates its buzzer and cuts off the order-wire transmitter in that station. In this manner, the 1-second ring signal is transmitted down the radio relay system. Pressing the RING button applies a negative signal to both the east-west and west-east orderwire receivers; therefore, this ring-down signal is transmitted in both directions and all stations in the radio relay system receive it.
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Figure 264. Alarm and ring-down simplified schematic.


	(1) Facilities have been incorporated in the radio set to operate with appropriately designed switchover equipment. When connected for switchover operation, a standby radio set is provided for each operating set. A failure on the operating radio set will be detected by the switchover equipment, which will then automatically place the standby set into operation to replace the defective equipment.

	(2) The switchover equipment monitors separately the transmitting and receiving equipments of Radio Set AN/ TRC-29. This is necessary, because in any one complete communication link, the signal is transmitted by the transmitter at one station and picked up by the receiver at the next station. By monitoring transmitting and receiving equipment separately, it is possible to actuate the switchover at the station at which the failure occurs. A failure



202. Switchover Facilities of the transmitting equipment results (fig. 265) in a signal failure in the subsequent a. General receiving system. Consequently, receiver switchover is delayed sufficiently to permit the transmitter to switchover first if trouble is in the transmitting system. In this event (transmitter defective), switchover corrects the trouble and the receiver switchover is not effected. However, if the trouble is not in the transmitter and is in the receiving system, the receiver switchover takes place after the time-delay period.


	b. Transmitter Switchover Facilities | (fig. 265).

	(1) Switchover of the transmitting system is effected by opening the interlock circuit in the defective equipment and completing the interlock path in the standby equipment. The interlock path in the transmitting system is completed through pins C and D of jack J3 in the order-wire transmitter. Connection is made between these pins only when a primary power ready volt-
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Figure 265. Switchover facilities.

age, proper AFC MON, and OW CAR-RIER ALARM signals are obtained at pins A and B, F and G, and H and J, respectively, of jack J3.

(2) The ready voltage is applied to pins A and B only if all the interlocks and circuit breakers in the transmitting system are closed. The proper AFC MON voltage is obtained as long as the transmitter frequency is within certain prescribed limits. The proper OW CARRIER ALARM signal is obtained if the overall transmitting system is operating properly. If the proper ready voltage is not obtained when the equipment is turned on, or if after the equipment is operating the AFC MON or OW CARRIER ALARM deviates from prescribed limits, the primary power connection between pins C and D is opened and such a connection is made in the standby equipment (which normally does not connect pins C and D), which energizes this equipment.

c. Receiver Switchover Facilities (fig. 265).


	(1) Switchover from the preferred to the standby equipment is accomplished by opening the interlock path in one equipment and closing it in the other. The interlock path is completed through pins C and D of jack J5 in the order-wire receiver. Connection is made between these pins when the proper signal is applied to pins A and B, and proper voltage is applied to pin K.

	(2) Ready voltage is applied when all interlocks and switches are closed. Proper voltage is applied to pin K as long as the proper signals are monitered in the alarm differential amplifier of the order-wire receiver. Defective operation of the receiving system causes the removal of the failure indication voltage at pin K and operates the switchover equipment. The switchover equipment will also have facilities for transmitting a coded alarm signal which is applied through pin J.






Section VII. PRIMARY POWER SYSTEMS


203. General

There are two basic primary power distribution systems in the radio set that are virtually independent of each other. One primary power distribution system covers all the transmitting equipment, including the order-wire transmitter, transmitter, low-voltage power supply, high-voltage power supply; and the other covers all of the receiving equipment including the order-wire receiver, radio receiver, and receiver power supply. The high-voltage power supply also acts as the distribution point for all ac primary power. That is, the primary power enters the high-voltage supply, and from there it is branched to the transmitting and receiving systems.



204. Transmitter Primary Power System (fig. 266)

a. Input Circuit. Figure 266 is a ladder schematic diagram showing the distribution of power in the ccinplete transmitter equipment. The ac input to the whole system enters the high-voltage power supply at pins D and E of receptacle J1. Pin D of J1 is designated as the common side, while terminal E is the high side. It is in the high side of the input line that all control of the primary power circuits, such as circuit breaking or interlocking, takes place.

The input primary power obtained at pins D and E of J1 branches into two paths: one supplies power to convenience outlets J4, J5, J6, and J7 through fuses F1 and F2, and the other supplies power to the equipment through circuit breakers CB1 and CB2 (INPUT POWER BREAKER). Outlets J2 and J3 in the latter branch supply ac power to the receiver and auxiliary equipment.


	b. Application of POWER Circuit Breaker GBi:

	(1) Leads from D and E of J1 connect to terminals 13 and 12, respectively, of TB3A in the high-voltage power supply. The common lead, terminal 13, then branches out to the various units comprising the transmitter. Terminal 12 (high side) connects directly through the interconnecting cable to main circuit breaker CB1 in the radio transmitter. This breaker controls all primary power in the transmitting system.






Figure 266. Transmitter primary power circuits, ladder schematic diagram. (Contained in separate envelope)


	(2) The switch position of this breaker and all others following are in series so that power is applied in sequence. The sequence is: filament power, bias, low voltage, and then high voltage. When circuit breaker CB1 in the radio transmitter is closed, the high side of the primary powerline is applied through terminal 11 of TB3 in the high-voltage power supply to filament transformer T5, which supplies filament power for all tubes in the radio transmitter. Green pilot light I 1 in the high-voltage power supply will light to indicate that power is on.

	c. Application of HV FILAMENT and LV FILAMENT Circuit Breakers. When CB1 is closed, power is applied to terminal 7 of TB3 in the high-voltage power supply and from there to CB4 (HV FILAMENT) in the high-voltage power supply. When CB4 is closed, power is applied to Tl (the high-voltage power supply filament transformer) and to CB3 (LV FILA-MENT). When CB3 is closed, power is applied



to transformer T1 in the low-voltage power supply, which supplies filament power for this supply. The green FIL ON lamp in the low-voltage power supply then lights. With CB3 closed, power is also applied to time-delay relay K2 through contacts of relay K1 (normally closed). The heating element in this relay will take 60 seconds to warm up enough to close its normally open switch.


	d. Application of FIL Circuit Breaker.

	(1) When CB3 is closed, power is also applied to circuit breaker CB2 (FIL) in the order-wire transmitter. This applies primary power to order-wire filament transformer T5 (via terminal 3, TB3 in high-voltage power supply to terminal 9, TB1 in order-wire transmitter).




	(2) Primary power is also applied to interlock switch S83 in the order-wire transmitter when CB2 is closed. The interlock system that links the four chassis in the system begins here. When the equipment is in switchover operation (TRANSFER CONTROL), connection from the interlock switch to terminal 6 of TB1 (in order-wire transmitter) is made through terminals C and D of jack J3, which are shorted in the switchover equipment. Under these conditions, TRANSFER CONTROL ON light I 1 in the order-wire transmitter goes on. When switchover is not used, switch S4 (MANUAL OP-ERATE) is closed, and connection to terminal 6, TB1, is made through the contacts of this switch. From terminal 6, TB1, the interlock circuit goes to terminal 7, TB4, of the radio transmitmitter ; interlock switch S10; terminal 9, TB3 (radio transmitter) ; terminal 1, TB3 (high-voltage power supply) ; pin K, jack J8 (high-voltage power supply) ; pin K, jack J1 (low-voltage power supply); interlock switch S1 (low-voltage power supply); pin J, jack J1 (low-voltage power supply) ; pin J, jack J8 (high-voltage power supply) ; and through interlock switch Sl (high-voltage power supply) to time-delay relay K2 and relay K1.




	e. Operation of Time-Delay Relay K2. When



all filament circuit breakers and _ interlock switches are closed, ac power is applied to the switch in the time-delay relay and at a stationary contact of the switch in relay K1. Ac power is applied to the heater of relay K2 when the LV FILAMENT circuit breaker is closed. After the heating element warms up and closes its associated switch, ac power is applied to the coil of K1, which closes two contacts. One contact provides a holding voltage for the K1 coil. The second contact connects ac power to BIAS V-— 150V circuit breaker CB5 and removes ac power from the heating element of K2. Relay K1 remains closed by the holding voltage applied to its coil. This relay is constructed to close its two switches for about 3 seconds in the event of momentary failure or interruption of the input primary power. In the event of a longer failure, the relay releases and the initial warmup cycle must be repeated when ac is reapplied.

f. Application of BIAS V-150V, LV PLATE, and KLYSTRON HV Circuit Breakers.


	(1) Closing of circuit breaker CB5 (BIAS V-150V) applies primary power through its coil to pin L, jack J8 (highvoltage power supply) ; pin L, jack J1 (low-voltage power supply); and to transformer T3, the bias voltage transformer. Primary power is also fed to circuit breaker CB6 (LV PLATE). When CB6 is closed, power is applied to low-voltage plate transformer T2 via pins P on jacks J1 (low-voltage power supply) and J8 (high-voltage power supply). When power is applied to this transformer, red PLATE ON (low-voltage power supply) lamp I 2 goes on.

	(2) Power is also supplied to circuit breaker CB7 (KLYSTRON HV). When CB7 is closed, red HV PLATE ON lamp I 2 (high-voltage power supply) goes on. Power is applied to transformer T2 (high-voltage power supply), which is the klystron high-voltage transformer through S2 (PA PLATE VOLTAGE ADJUST position). It is also applied to klystron blower B2 in the radio transmitter, through terminal 9 of TB3 (high-voltage power supply) and through terminal 6 of TB3 (radio transmitter). This



ready voltage is applied to the switchover equipment only after all circuit breakers and interlock switches are closed.


	g. Application of PA PLATE and PLATE Circuit Breakers.

	(1) After CB7 is closed, power is connected to circuit breaker CB8 (PA PLATE). In the normal operating position, PA PLATE VOLTAGE AD-JUST—KLYSTRON BEAM VOLT-AGE TEST ADJUST switch S2 (highvoltage power supply) is in PA PLATE VOLTAGE ADJUST as shown in figure 266. With S2 in this position, power is applied to T3, a variable transformer, when CB8 is closed. The output of this transformer is then fed to transformer T4, the power amplifier voltage transformer, through switch S82.




	(2) Switch 82 is only used in the alternate position (KLYSTRON BEAM VOLT-AGE TEST ADJUST) when a new klystron is to be broken in for a short time at reduced voltages. In this case, T3 is first adjusted down to the zero point with circuit breakers CB7 and CB8 open. Switch S82 is then placed in the KLYSTRON BEAM VOLTAGE TEST ADJUST position, and circuit breakers CB7 and CB8 are closed. This applies the output of T3 to the klystron high-voltage transformer through contacts of switch S2. Under these conditions, a lower than normal output voltage can be obtained from the klystron high-voltage supply.




	(3) When circuit breaker CB8 is closed, power is also applied to terminal 8, TB3 (high-voltage power supply) ; to terminal 10, TB3 (high-voltage power supply) ; terminal 8, TB1 (order-wire transmitter) ; and to CB1 (PLATE). When this circuit breaker is closed, power is supplied to transformer T4, the order-wire plate voltage transformer. Primary power is also supplied to the ready line of the switchover equipment through pin A of jack J3.








205. Receiver Primary Power

(fig. 267)


	a. Figure 267 is a ladder schematic diagram showing the distribution of power in the complete receiver equipment. Primary power for the receiving equipment is applied to pins B (common) and C of jack J1 115V AC INPUT in the receiver power supply. From these pins, power is applied to the buzzer in the order-wire receiver via terminals 3 and 15 (common) of TB4 (power supply), terminals 2 and 8, TB1l (order-wire receiver), fuse F1, and contacts of ring relay K3. One side of the primary powerline is also applied to POWER circuit breaker CB1 in the radio receiver via terminals 6 of TB4 (power supply) and 8 of TB1 (radio receiver).

	b. When POWER circuit breaker CB1 in the radio receiver is placed in the ON position, primary power is applied to transformer T2, indicator lamp I 2 (POWER ON), and CB3 (HV 'FIL), in the power supply via terminals 6 and 7 of TB1 (radio receiver) and 8 and 7 of TB4 (power supply). Transformer T2 supplies filament power for all filaments in the radio receiver.



Receiver primary power circuits, ladder schematic diagram. (Contained in separate envelope) Figure 267.


	c. When the HV FIL circuit breaker is placed in the ON position, primary power is applied across transformer T4 (power supply), which supplies filament power to the tubes in the power supply. Actuation of this circuit breaker also connects one side of the primary powerline to circuit breaker CB1, FIL (order-wire receiver), via terminals 11 of TB4 (power supply) and 6 of TB1 (order-wire receiver), and a contact of relay K1 (power supply).

	d. When the FIL circuit breaker in the orderwire receiver is placed in ON position, primary power is applied to transformer T6 (order-wire receiver), which supplies filament power to all tubes in the order-wire receiver. Primary powerline is at the same time connected to the coil of relay K1 (power supply) via contacts of SERVICE SELECTOR switch S83 (order-wire




	receiver), interlock switch S4 (order-wire receiver), terminal 9 of TB1 (order-wire receiver), terminal 2 of TB1 (radio receiver), interlock switch S4 (radio receiver), terminal 5 of TB1 (radio receiver), terminal 5 of TB4 (power supply), and interlock switch S1 (power supply). Primary power cannot be applied to relay K1 unless all filament switches are on and all interlock switches are closed.

	e. Application of power to relay K1 closes its "contacts and connects one side of the primary powerline to CBl, LV PL (power supply). When this circuit breaker is placed in the ON position, primary power is applied to PLATE ON indicator lamp I 1 (power supply) and transformer T1 (power supply), which supplies voltage to the positive regulated supplies. At the same time, one side of the primary powerline is also connected to circuit breaker CB2, HV PL (power supply).

	f. When the HV FIL circuit breaker is placed in the ON position, primary power is applied to transformer T3 (power supply), which supplies high-voltage power for the negative power supplies. At the same time, one side of the primary powerline is also connected to circuit breaker CB2, PLATE (order-wire receiver), via terminals 14 of TB4 (power supply) and 7 of TB1 (order-wire receiver).

	g. When the PLATE circuit breaker is placed in ON position, primary power is applied across transformer T7 (order-wire receiver), which supplies voltage for the order-wire receiver power supvly. Application of this circuit breaker also completes the primary power connections across the RECEIVER ON indicator lamp I 1 (radio receiver) via terminals 10 of TBl (order-wire receiver) and 3 of TB1 (radio receiver). The other side of this indicator lamp is connected to the common buss in the power supply unit via terminals 4 of TB1 (radio receiver) and 9 of TB4 (power supply). PLATE power cannot be applied to the order-wire receiver unless all the other circuit breakers in the receiving equipment are in ON position, and the RECEIVER ON lamp lights only when all receiving equipment circuit breakers are on.






Section Vill. DIVERSITY OPERATION


206. Introduction

a. Diversity Reception. Diversity reception is the term applied to a system of reception of radio signals in which two receivers, each with its own antenna, are used to receive the same transmitted signal, and in which the output of the receiver providing the better signal is automatically selected for use in the radio system. The purpose is to minimize the effects of fading on the received signal because of changing propagation phenomena. Radio Set AN/TRC-29 uses two sets of receiving equipment and two sets of antenna equipment. Each set of receiving equipment is permanently connected to one of the sets of antenna equipment. Both antennas are beamed in the same direction, but are spaced from each other so that the line-of-sight path length from the antenna at which they are beamed differs by approximately an odd multiple of 1/2-wavelength at the operating frequency. This spacing arrangement insures that simultaneous serious fading at both antennas is extremely unlikely. Both receivers are tuned to the same frequency and receive the same signal. In this system, the signal-to-noise ratios of both receivers are constantly monitored and, by electronic control circuits, the receiver whose output provides the best signal-to-noise ratio at any moment is selected to furnish the video signal to be used.

b. Fading. The term fading, as used in connection with diversity reception, refers to variations (usually attenuation) of signal] strength over periods ranging from a fraction of a second to a duration of several minutes. It does not, in this application, refer to the slow, hour-to-hour, day-to-night, day-to-day, or seasonal variations in signal strength. Signal fading is caused principally by the fact that radio waves propagated from a transmitting antenna may travel over two or more paths in reaching the receiving antenna. This is described in paragraph 40.

c. Elimination of Effects of Fading. The diversity system of reception practically eliminates the possibility of complete loss of received signals because the receiving antennas are positioned so that their distances from the transmitting antenna make it highly improbable that a secondary path signal will cancel the received signal at both antennas simultaneously. The signal induced in one antenna is usually greater than that induced in the other during fading. The receiver output signals are not combined; instead the best is selected and switched by relay contacts to the associated transmitter at a through repeater station, or to the multiplex equipment at a terminal or drop-channel repeater.



207. Diversity Circuit Interconnections

a. All of the circuits used for sampling, comparison, control, and switching functions for diversity operation are located in the order-wire receivers. Because the video output of each radio receiver is fed to its respective order-wire receiver, it is necessary to interconnect only the order-wire receivers. This interconnection is done with two cables (fig. 268) (part of a typical east-west diversity repeater station). One is a coaxial cable that connects the video output of one receiver to the switching circuits of the other receiver, The other, a multiconductor cable, is connected to DIVERSITY INTERCONN connector J8 on each order-wire receiver. It carries all of the other signals necessary for the proper functioning of the diversity circuits. This cable is not symmetrical; one end is connected and wired differently from the other end. This difference is necessary to achieve desired connections for diversity operation. One end of the cable is color coded red, and the order-wire receiver to which this end is connected is designated as the preferred unit.

b. To avoid confusion when dealing with two identical receivers, one is arbitrarily designated as the preferred receiver (receiver B) and the other as the standby receiver (receiver A). The essential difference between them functionally is that the preferred receiver is selected to monitor the control and switching functions for diversity operation. As a further distinction, mention of parts by reference designation in the standby receiver includes a prime (') symbol following the reference designation; for example, J8' in the standby receiver corresponds to J8 in the preferred receiver.

c. The microwave signal is picked up by both antennas. The signal from antenna 1 passes through the duplexer and is connected to the
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Figure 268. Diversity cable interconnections at typical east-west repeater station.

antenna input of the preferred receiver. The signal from antenna 2 is applied to the antenna input of the standby receiver. The video output of each receiver is applied to its respective order-wire receiver at VIDEO INPUT FROM REC connector J1 (and J1'). The signal from the standby receiver is connected from J9', the OW CARR FILTER OUTPUT connector on the standby order-wire receiver. to J3, the VIDEO INPUT FROM DIV REC connector on the preferred order-wire receiver. Connectors J1 and J3 feed the video outputs from both receivers to contacts on the diversity relay in the preferred order-wire receiver. The output of this relay appears at DIV RELAY OUTPUT connector J4 and is patched to LOW PASS FIL-TER INPUT connector Pl. The filter output appears at VIDEO OUTPUT connector J2, which is connected to the video input of the eastwest radio transmitter. The LOW PASS FIL-

TER INPUT (P1'), VIDEO OUTPUT (J2'), VIDEO INPUT FROM DIV REC (J3'), DIV RELAY OUTPUT (J4'), ORDER WIRE IN-TERCONN (J6'), and REPEATER INTER-CONN (J7') connectors on the standby orderwire receiver are not used. Likewise, the OW CARR FILTER OUTPUT connector (J9) on the preferred order-wire receiver is not used.



208. Diversity Operating Characteristics

a. The diversity control and switching circuits operate within a signal-to-noise ratio range of 34 db to 12 db. As long as the signal-to-noise ratio of both receivers is better than 34 db, the output of the receiver that is operating is used, even though the signal-to-noise ratie of thother receiver may be better. If the signal-tonoise ratio of both receivers is worse than 8 to 12 db, the diversity system is disabled and the regular alarm operates. Within the signal-to noise ratio range of 34 db to 12 db, the diversity switching and control circuits switch receivers as soon as the signal-to-noise ratio of the operating receiver becomes about 2 db relatively worse than that of the nonoperating receiver.

b. When both receiver outputs have the same signal-to-noise ratio (within 2 db), the video output of the receiver that was last supplying the signal is used for retransmission or demultiplexing. Assume that receiver B is operating and that both receivers have a signal-to-noise ratio of 34 db. Now assume that the signal-tonoise ratio of receiver B becomes worse and drops 2 db to 32 db; the signal-to-noise ratio of receiver A remains the same. The diversity circuits operate, and the video output of receiver A is switched to the input of the east-west transmitter; this replaces the output of receiver B. Now, if the signal-to-noise ratio of receiver A (the receiver now operating) should get worse and become the same as that of receiver B, no switching occurs. A curve indicating the ideal diversity characteristic is shown on figure 269. Regardless of which receiver is operating, its signal-to-noise ratio must become 2 db worse relative to that of the other receiver before switching occurs. At equal signal-to-noise ratios, there is no arbitrary preference for one receiver over another and the operating receiver remains operating.


	c. Figure 270 shows a typical measured diversity characteristic curve. The diversity operating range extends from 34 db to 16 db, and the actual difference in signal-to-noise ratios required to cause switching varies from about 3 db when the receiver signal-to-noise ratios are about 30 db to less than 1 db when they are near 20 db.

	d. A block diagram description of the diversity circuits is given in paragraph 209. Details of circuit operation, including sampling, switching, control and interlock, and the audio and ringing circuits, are contained in paragraphs 210 through 218.





209. Block Diagram Description

a. Diversity switching depends on changes in the relative signal-to-noise ratio of two signals; therefore, it is necessary to obtain voltages proportional to the signal-to-noise ratios; compare
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Figure 269. Ideal diversity characteristic curve.
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Figure 270. Typical measured diversity curve.

these voltages and, in turn, develop a difference voltage; this magnitude and sense can be used to control the switching circuits. If one of the two basic voltages (signal and noise) can be held constant, the variations of the other will be inversely proportional to the ratio between the two. Therefore, the signal voltage is held constant by the limiting action which takes place in the radio receiver. By monitoring the level of the noise voltage, a measure of the receiver signal-to-noise ratio can be obtained.

b. Such a voltage is obtained in the preferred receiver by sampling the ac component of the voltage at the screen grid of first limiter V3 (fig. 271). This contains components of broadband noise from 5.9 to 6.1 mc. The noise voltage is amplified by diversity noise amplifier V8B, the output of which is passed through a bandpass filter that transmits only components from 40 kc to 70 ke. The filter output is rectified by CR3 and appears across DIVERSITY CALI-BRATE potentiometer R50 as a de voltage proportional to the noise. A portion of this voltage is fed to one-half of diversity differential ampli fier V9B' which is in the standby order-wire receiver.

c. The other half of diversity differential amplifier V9B is located in the preferred orderwire receiver. It is fed with a voltage from DI-VERSITY CALIBRATE potentiometer R50' in the standby order-wire receiver. This signal is obtained as described above for the preferred order-wire receiver signal. The operation of V9B and V9B', which together form the diversity differential amplifier, is exactly the same as that described in paragraph 187b(3) for the alarm differential amplifier.

d. The output of the differential amplifier feeds diversity relay control tube V9A in the preferred unit. The coil of diversity control relay K1 is in the plate circuit of V9A. When the signal-to-noise ratio of the preferred receiver, within the diversity operating range, is approximately 2 db better than that of the standby receiver, V9A conducts, holding K1 energized. This permits the video from the preferred receiver to be selected as the video signal to be used. When the signal-to-noise ratio of the :

standby receiver is approximately 2 db better than that of the preferred receiver, the conduction of V9A drops and releases the relay, causing the video output to be taken from the standby receiver. The receiver video which is selected is passed through the low pass filter and appears at VIDEO OUTPUT connector J2 on the preferred order-wire receiver, and is sent on to the next radio transmitter or to the multiplex equipment.



210. Diversity Noise Sampling Circuit (fig. 272)

a. The 6-me components of broad-band noise are detected in first limiter V3 and are taken from its screen grid as a signal 200-kc wide between 5.9 and 6.i mc. They are connected through capacitor C37 to the grid of diversity noise amplifier V8B, one-half of a 2C51, where the voltage is developed across grid resistor R52. The output appearing across plate-load resistor R51 is coupled to the diversity noise filter, which consists of C38, C36, and L6. Only noise components ir the band between 40 ke and 70 ke are passed by the filter. This provides a noise-voltage indication independent of carrier modulation.

b. Crystal rectifier CR3 converts the noise components to a negative voltage that varies in proportion to the radio receiver noise level. — Capacitor C49 bypasses any 6-mc signal that may reach this point so that it will not be rectified by CR3. DIVERSITY CALIBRATE control R50 acts as the detector load. The variable control is necessary in both order-wire receivers to adjust the de level applied to the grids of the
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Figure 271. Diversity circuits, block diagram.
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Figure 272. Diversity noise sampling circuit, simplified schematic diagram.

differential amplifier to compensate for inherent gain differences between units. In this way the same level of 6-mc noise results in equal de voltages to the differential amplifier grids, regardless of variations in circuit parameters or rectifier efficiency. Capacitor C35 bypasses any remaining ac noise components and, because of its filtering action, prevents spurious switching from transients of the video output from one receiver to another.

c. Identical circuitry in the standby orderwire receiver, making use of V3', V8B', CR3', and their associated parts, develops a similar de voltage across R50' proportional to the noise voltage in the standby radio receiver.



211. Diversity Differential Amplifier Circuit (fig. 273)

a. To compare the broad-band noise levels of both radio receivers, the negative de voltages representing noise levels are applied to the grids of a differential amplifier. The differential amplifier has two sections, which are physically separated. Tube V9B, one-half of a tube 2C51, is located in the preferred orderwire receiver and V9B' is located in the standby order-wire receiver. When properly interconnected by the DIVERSITY INTERCONN .eable, they form a differential amplifier, the para meters of which (except for the value of the output load) are identical with those of alarm differential amplifier V7 in each order-wire receiver (par. 187b).

b. The de noise voltage from R50' in the standby order-wire receiver is applied to the grid of V9B in the preferred order-wire receiver, and the de noise voltage from R50 in the preferred order-wire receiver is applied to the grid of V9B' in the standby order-wire receiver. The circuits are arranged so that the plate voltage of V9B' is held at a relatively fixed level by R84 and R85, while the output voltage of the differential amplifier is taken at the plate of V9B, across plate load R59. Because the circuit is de coupled, R50 in the noise rectifier output circuit acts as the grid load for V9B'. The cathodes of the two triode sections are coupled together and share a common cathode resistor, the resultant of R60 and R60' \in parallel, and returned to the —108-volt supply. This negative voltage is used, in conjunction with the unusually high cathode resistor value, to obtain the desired differential amplifier action.

c. The circuit shows that a large (negative) signal voltage at the grid of V9B (relative to that at V9B') will cause a maximum positive voltage at the plate of V9B'; a large (negative) signal voltage at the grid of V9B' (relative to
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Figure 278. Diversity differential amplifier circuit, simplified schematic diagram.

that at V9B) will cause a minimum positive voltage at the plate of V9B. A maximum positive output voltage at the plate of V9B is needed when the signal-to-noise ratio of the standby receiver is worse than that of the preferred receiver; that is, the de noise voltage from the standby receiver is more negative. Thus, the de noise voltage from the standby receiver is fed to the differential amplifier section in the preferred unit, and vice versa. The operation of the V9A relay control tube is described and explained more fully in paragraph 212.

d. Consider the operation of the differential amplifier under the following three sets of conditions:


	(1) The broad-band noise levels of both receivers are identical. The negative potentials at both differential amplifier grids are the same and move in synchronism with each other. The grid voltage and cathode voltage of V9B rise and fall together; this keeps the resultant bias on the tube essentially constant, which causes no significant change in V9B output voltage.

	(2) The broad-band noise level of the preferred receiver is greater-than that of the standby receiver. A larger negative de voltage is applied to the grid of V9B' than is applied to the grid of



VOB. Less current flows through V9B', which causes the voltage at both cathodes (since they are tied together ) to become less positive (or more negative). Although the grid voltage at V9B remains the same, there is less bias on V9B', more current flows through it and causes the output voltage at its place to be lowered.

(3) The broad-band noise level of the stand-by receiver is greater than that of the preferred receiver. The conduction of V9B' increases and raises the cathode voltage. The grid voltage at V9B remains the same while the bias on V9B is increased, and V9B goes toward cutoff, which raises the output voltage at its plate toward the maximum positive value.



212. Diversity Relay Control Tube Circuit (fig. 274)

a. The output voltage at the plate of V9B is applied to one end of a voltage divider composed of Rd3, Rd4, and R56. The other end of the voltage divider is connected to the —109-volt de supply. A portion of this voltage is tapped off at the arm of DIVERSITY PREFERENCE potentiometer R54, which is part of the divider. This is fed to the grid of diversity relay control tube V9A. The potentiometer is adjusted so that, when the output from V9B is near maximum, V9A will conduct heavily, and when the output from V9B is near minimum, V9A will conduct only slightly or will be completely cut off. When V9A is conducting heavily, diversity relay K1 in its plate circuit is operated. When V9A is almost or completely cut off, relay K1 is released. DIVERSITY PREFERENCE potentiometer R54 is adjusted to set the operating level of V9A so that in its quiescent state (zero excitation) the current flow through the tube is midway between the operate and release current points of relay K1.

b. A pair of transfer contacts on the diversity relays (Ki and K1') is used for controlling the order-wire audio circuits. To obtain proper switching conditions for these circuits, when Ki operates, K1' must simultaneously release; when K1 releases, K1' must simultaneously operate. These switching requirements are shown in figure 274. When V9A is conducting and K1
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Figure 274. Diversity relay control tube circuits, simplified schematic diagram.

is operated, —108 volts de is passed through contacts 12 and 5 to the junction of R56' and R57' in the standby unit. The upper end of R54' is grounded, and sufficiently high negative voltage is applied to the grid of V9A' to cut the tube off and release Kl'. When V9A is cut off and K1 is released,.the —108-volt de connection is removed from the junction of R56' and R57'. Resistor R57', the lower end of which is grounded, is placed in the circuit and, since both ends of the V9A' grid voltage divider now are grounded, the tube grid also is effectively grounded, the tube conducts heavily, and relay K1' is operated.



213. Diversity Video Switching (fig. 275)

a. The external video interconnections between the preferred and standby order-wire receivers have been described in paragraph 207 and shown on figure 268. Internal circuitry handling described in b below covers the video signals and shows how their switching is controlled by operation of the diversity relay.

b. The video signal from the preferred radio receiver enters the preferred order-wire receiver at J1 and arrives at the 6-mc trap. Here the 6-mc order-wire signal is separated from the main-channel video and passes through the shunt leg of the trap to the carrier amplifiers, where part of it is later used to indicate receiver noise level. The main-channel video information goes through the series leg of the trap (L3 and C4) and is connected to terminal 1 of diversity relay K1. A similar route is followed in the standby order-wire receiver by the video from the standby radio receiver, as far as the output of the series leg of the 6-mc trap. The video then is connected to J9'; from here it is carried in the diversity video cable to J3 on the preferred order-wire receiver. This connector is internally connected to terminal 10 of diversity relay K1.

c. Terminal 9, the output of K1, is connected to J4 which is patched to Pl, the input to the low pass filter. The output of the low pass filter appears at J2 and from this point is cabled to the east-west radio transmitter. The low pass filter and the video contacts of the diversity relay in the standby order-wire receiver are not used.

d. In order to eliminate completely any mo mentary video-signal interruption due _ to switching, the video contacts on the diversity relay (fig. 275) are of the make-before-break type. By feeding from a low source impedance (the receiver video amplifier) into a higherthan-line-impedance load, the switching transient is reduced to less than 0.5 db. The impedance mismatch effect on the sampled 6-mc noise is reduced to a negligible value by the 6-mc antiresonant circuit (L3 and C4). Because the standby receiver output is working out of an impedance of approximately 15 ohms, through the 50-ohm cable into an impedance of about 83 ohms, it is not terminated. However, a cable length (from J9' to J3) of 5 feet can be tolerated without noticeable deterioration of the video frequency response.


	e. Examination of the circuit indicates the following:

	(1) The position of KI' has no effect on the video signal.




	(2) When K1 is operated, video from the preferred receiver is fed through the low pass filter to the east-west radio transmitter.




	(8) When K1 is released, video from the standby receiver is fed through the low pass filter to the east-west radio transmitter.








214. Diversity Control Circuit Interconnection Details

(fig. 276)

a. The circuits for controlling and switching the video signals in diversity operation are described in paragraphs 210 through 213 and on figures 272 through 275. Figure 276 shows the cross-connections effected by connection of the DIVERSITY INTERCONN cable between the preferred order-wire receiver and the standby order-wire receiver. The diversity equipment and circuity in both order-wire receivers are identical; but the cross-connections are necessary, because different functions are required from each when they are connected as the preferred and standby receivers in diversity operation. All these changes in circuitry are accomplished automatically when the DIVERSI-TY INTERCONN cable is connected between J8 in the preferred order-wire receiver and J8' in the standby order-wire receiver. The wiring to the connectors in the cable at the two

[image: Figure, page 347]

[image: Figure, page 348]

490)40};U2 W4N]D Aqissaarp £U91298UW0I-8804L9 31909 Ajssaanigq "9L¢ a4nbiy ends is not the same. To aKaurs proper orientation of the cable, the connector which is to be attached to J8 in the preferred receiver is colorcoded red.

b. The de diversity noise voltage from the standby receiver is connected from the arm of R50' in the standby unit through A' in J8', through C in J8, to the grid of V9B, one-half of the differential amplifier, in the preferred unit. Jumper B—D in J8 connects the plate of V9B to plate-load resistor R59. Lead D-—D' in the cable interconnects the cathodes of the two halves of the differential amplifier. The dc diversity noise voltage from the preferred receiver is connected from the arm of R50 through A (J8), through C' (J8'), to the grid of V9B', the other half of the differential amplifier, in the standby unit. Lead B'-G in the cable connects the V9B' plate with its plate veltage supply, R84 and R85, in the preferred unit.

c. Jumpers H—-X (J8) and H'—X' (J8') connect the —108-volt supply to R60 and R60', the V9B and V9B' differential amplifier cathode resistors. Cable lead H'/—-F connects —108 volts from the standby unit to the junction of R56 and R57 in relay control tube V9A input circuit in the preferred unit. The —108 volts dc is connected through the H—X jumper in J8 to terminal 12 of diversity relay K1. When K1 is operated, this voltage is connected to terminal 5 of K1, and from there goes through R (J8), through F' (J8'), to the junction of R56' and R57' in the standby unit. This voltage is applied only when K1 is operated. At other times, the ground connection at the lower end of R57' is effective. The upper end of this divider, R54', R56', and R57', which forms the input circuit for relay control tube V9A', is grounded through E' and a jumper in J8' to grounded pin Z'.

d. The video from the standby receiver is connected, by means of a separate coaxial cable, from J9' in the standby receiver to J3 in the preferred receiver, and from there to terminal 10 of diversity relay K1.



215. Diversity Alarm Interlock and Lockup Circuits

(fig. 276)


	a. Alarm Interlock Circuit.

	(1) Because the principle of diversity switching is based on the use of the






receiver exhibiting the lowest amount of broad-band noise, a problem would arise if the video signal in one of the receivers disappeared completely (due to a cable short, video amplifier failure, or other cause). If this occurs, the 6-mce subcarrier signal would disappear also and exhibit a condition of zero noise in the diversity noise sampling circuit for that receiver. This would result in the receiver appearing to the diversity circuits as the one with the better signal-to-noise ratio, and the diversity relay would attempt to take the video output from a defective unit. To prevent such a condition, the diversity circuits are interlocked with the alarm circuits in the order-wire receivers; this takes advantage of the fact that the alarm circuits operate immediately upon failure of the 6-mc subcarrier (par. 187). Loss of the 6-mc subcarrier causes immediate disabling of the diversity circuitry.


	(2) If the video and 6-me subcarrier in the preferred receiver fail, alarm relay control tube V8A is cut off, alarm relay K2 releases. Contacts 9 and 14 on K2 close, which applies —18 volts de through R39 and the relay contacts to the ungrounded end of DIVERSITY CALIBRATE potentiometer R50. This causes a negative voltage to appear at the arm of R50 far greater than that developed by any noise voltage. This voltage appears as high noise signal to the diversity circuits, K1 releases, and video output is taken from the standby receiver. This action occurs before normal diversity operation can take place, because of the 1-second time-delay inherent in the diversity noise filter and rectifier circuit. If the failure occurs in the standby receiver, —18 volts is applied to R50', K1 is operated, and the video signal is taken from the preferred unit.

	(3) Operation of the alarm circuit because of tube failure, etc., will automatically cause the diversity circuits to be disabled. Failure of the +140-volt supply or of tube V9 will cause K1 to re-



lease and switch operation to the standby receiver.


	b. Alarm Lockup Circuit.

	(1) To insure reliable operation of the diversity circuits in situations where the video and 6-mc subcarrier have failed in one receiver and, during the failure period, the 6-mc subcarrier in the other receiver is keyed off for ringing purposes (or if a sharp fade should occur in both receivers simultaneously), an additional control bias is added to the alarm interlock circuit described in a above. If this were not done, the video output would be switched to a nonoperating receiver during a ring interval in an operating receiver. This additional bias acts as a lockup circuit which allows the receiver that was last operating to continue operating when the 6-mce subcarrier fails in both receivers.




	(2) Assume that the preferred receiver is operating when both 6-mc signals disappear. The circuit conditions are as shown in figure 276; relay K1' is released. When the 6-mc signals fail, alarm relays K2 and K2' release. Because relay K1 is operated, nothing occurs in the circuit of the preferred unit beyond the application of the —18-volt alarm interlock bias. Since KI' is released, however, in addition to the —18-volt bias, —108-volts dc is applied through the H'—X' jumper in J8', through contacts 12 and 4 of KI', through resistor R40', through contacts 9 and 14 of relay K2', to the ungrounded side of potentiometer R50'. The arm of R50' applies a high negative potential to the grid of V9B in the preferred unit and, through the normal diversity circuitry, relay K1 is maintained in the operated condition. If K1 had been released when the failure condition occurred, the — 108 volts would have been applied through the preferred unit circuitry to the grid of V9B', the opposite action would have taken place, and relay K1' would have been maintained operated and K1 rereleased.








216. Diversity Incoming Ring and Alarm Control Circuit

(fig. 277)

a. The order-wire receiver buzzers and the remote handset bells must operate during an incoming ring signal and during a bona fide alarm condition. At the same time, it is undesirable and often confusing to the operator if spurious ringing occurs when there is a sharp fade or a failure in only one unit. Since all these conditions represent an absence of 6-mc signal, the receiver is unable to differentiate among them. To overcome this problem, the incoming ring circuits are arranged to operate only when the ring signal is detected simultaneously by both receivers (alarm relays K2 and K2' release at same time). This is accomplished by connecting in series all alarm relay contacts involving the ring circuits.

b. When both alarm relays are released, 115 volt ac is connected, in the preferred order-wire receiver only, through fuse F1 to J8, through jumper S—U (J8), through contacts 12 and 4 (K2), through contacts 5 and 3 (S2) to J8; from V (J8) through the diversity interconnecting cable to U' (J8'), through contacts 12 and 4 (K2'), and through contacts 5 and 3 (S2') to J8'; through jumper V'—Y' (J8') directly to the buzzer in the standby unit; and through lead Y'-Y in the diversity cable to the buzzer in the preferred unit.

c. Under the same conditions, —18 volts de for the remote handset bells is connected to P (J8), through jumper P-T (J8), through cohtacts 11 and 1 (K2), through contacts 6 and 4 (S2) to J8; from W (J8&) through the diversity cable to T' (J8'), through contacts 11 and 1 (K2'), through contacts 6 and 4 (S2') to J8'; through jumper W'—J' (J8'), directly to the bell in the standby unit remote handset; and through lead J'—J in the diversity cable to the bell in the preferred unit remote handset.

d. Because these conditions require both alarm relays to release simultaneously, proper diversity operation is maintained by the alarm lockup circuit described in paragraph 215b.



217. Diversity Through Local Cvlagia) Ring Connections

(fig. 278)


	a. Through Ring.

	(1) The operation of the normal through
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"munLBnip d1yDWMaYIS payrdwis 013U09 WLnj}p pun Bure Gurmoour Aqissaarqd "LLG alnbry ring (to the east-west order-wire transmitter) and repeater (to the west-east order-wire receiver) circuits are described in paragraph 186d(6) and shown on figure 248. Essential parts of this circuit, as they relate to diversity operation, are shown on figure 278.

(2) A through ring pulse received by the standby order-wire receiver is connected from alarm differential amplifier V7A' in the standby order-wire receiver through C34' and R86' to M' on J8'. It is carried through the diversity cable to M on J8 that is connected to H on J7. From this point, the signal follows the same path as that from the preferred order-wire receiver. To prevent reechoing, a through ring signal received by an east-west receiver is passed on only to the east-west transmitter; it is not connected to the west-east equipment.



b. Local Ring.


	(1) Information on local ring operation is given in paragraph 186d(5) and shown on figure 247. Essential parts of this circuitry, as they relate to diversity operation, are shown on figure 278.

	(2) A local ring signal, initiated by depressing S5 in the preferred orderwire receiver or the ring button in its remote handset, passes through contacts 3 and 1 of S3A and places ground on terminal 6 of ring relay K3. Ground is also furnished to the ring relay in the west-east order-wire receiver through J7 and the J lead of the RE-PEATER INTERCONN cable and causes ringing in both directions. In addition to this, the ground connection is connected to terminal L of J8, through the diversity cable to L' of J8', and from there to ring relay K3' in the standby order-wire receiver. By the same interconnections, a ring signal initiated by S5' in the standby orderwire receiver or by the ring button in its remote handset (if used) is sent back to the ring circuitry in the preferred order-wire receiver. This causes



the same circuit actions as those which occur when the signal is initiated in the preferred order-wire receiver.



218. Diversity Audio Connections (fig. 279)

a. For a maximum convenience and operating efficiency, handsets in both the preferred and standby order-wire receivers are connected at all times. Normally, since the two orderwire receivers contain identical internal circuitry, this would mean that both sets of audio amplifier circuits also would be operative simultaneously. If this situation were permitted to exist, the result would be double terminations in the audio circuits, with consequent excessive loading, as well as the possibility of noise from a failed receiver being superimposed on the desired audio signal. These undesirable conditions are prevented by circuitry which disables the audio circuits in one receiver during the period when its video output is not being used. Thus, only one set of audio circuits is operative at any one time. The circuits which accomplish this, together with the essentials of the associated normal audio circuits, are shown on figure 279. For more complete information on the audio connections from a single order-wire receiver, see figure 247.

b. Five leads in the diversity cable form the principal interconnections for these circuits between the preferred and standby receivers. Lead a-a' (J8—J8') carries the local audio incoming signal, lead K—K' carries the through audio signal, lead N-N' carries the _ local audio outgoing signal, lead J—J' is used for the incoming through ring signal, and lead Z—Z' is the common ground. Thus, common connections between the preferred and standby order-wire ~ receivers for all audio functions, as well as those incoming through ring signals, are obtained.

c. Figure 279 shows relay K1 in the preferred receiver in operated condition, so that the output of the preferred receiver is being used. Relay K1' in the standby receiver is released, and —108-volt de is applied through its contacts 12 and 4, through R79', R78', and R29', to the grid of through audio amplifier V6B', and through R28' to the grid of local audio amplifier V6A', providing a bias which cuts the tubes off. Audio output then is furnished only from V6B in the preferred order-wire receiver. When video is
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CHAPTER 7 — FIELD MAINTENANCE

Note. The amount of repair that can be performed by units having field maintenance responsibility is limited only by the tools and test equipment available, and the skill of the repairman.


Section |. TROUBLESHOOTING AT FIELD MAINTENANCE LEVEL

Warning: When servicing this equipment be extremely careful of the high voltages exposed. Note the general precautions given in paragraph 222. With high voltage off, potentials as great as 300 volts still are present in the equipment. Keep one hand in the pocket when measuring socket voltages with probe. Before touching any part after voltage is shut off, short the part to ground.


219. Troubleshooting Procedures

The first procedure in servicing a defective radio set is to sectionalize the fault. Sectionalization means tracing the fault to the major component responsible for abnormal operation of the set. The second procedure is to localize the fault. Localization means tracing the fault to the defective part responsible for the abnormal operation. Some faults such as burned-out resistors, rf arcing, and shorted transformers often can be located by sight, smell, and hearing. The majority of faults, however, must be localized by checking voltage and resistance values.


	a. Equipment Sectionalization. Equipment sectionalization is discussed in paragraph 129.

	b. Component Sectionalization and Localization. The tests in (1) through (5) below aid in isolating the source of trouble. To be effective, the procedure should be followed in the order given. Remember that the servicing procedure followed should cause no further damage to the equipment. First, trouble should be localized to a single stage or circuit. Then the trouble may



be isolated within that stage or circuit by appropriate voltage, resistance, and continuity measurements.


	(1) Visual inspection (pars. 124 and 125). Through visual inspection alone, the repairman frequently may discover the trouble or determine the stage in which the trouble exists. This inspection is valuable in avoiding additional damage to the equipment that might occur through improper servicing methods and in forestalling future failures.

	(2) Input resistance measurements. These measurements prevent further damage to the equipment from possible short circuit.

	(3) Operational test. The operational test (par. 224) is important because it frequently indicates the general location of trouble. In many instances, the information gained will determine the exact nature of the fault. To use this information fully, all symptoms must be interpreted in relation to one another. ~

	(4) Troubleshooting chart. The trouble symptoms listed in these charts will aid greatly in localizing trouble.

	(5) Final test and adjustment. The final test and adjustment procedures can be used to determine that trouble exists in a component, and to sectionalize the trouble.





220. Troubleshooting Figure References

The following troubleshooting data will help in rapid location of faults.



a. Order-Wire Transmitter.









	Par.

No.
	Fig.

No.
	Description




	
	280
	Order-wire transmitter,

tube-socket

voltage

and resistance chart.



	
	
	Order-wire transmitter, right hand front. view.



	
	
	Order-wire transmitter, rear view.



	
	
	Order-wire transmitter, rear oblique view.



	
	
	Order-wire transmitter, bottom oblique view.



	228
	
	De resistance of transformers and coils.



	
	
	Order-wire transmitter, schematic diagram.



	
	
	Order-wire transmitter, wiring diagram.







b. Radio Transmitter.








	Par.
	Description




	
	Radio modulator, tube socket voltage and re

sistance diagram.



	
	Crystal multiplier, tube socket voltage and

resistance diagram.



	
	If. amplifier, tube socket voltage and resist

ance diagram.



	
	Chopper amplifier, tube socket voltage and

resistance diagram.



	
	Electronic

voltage

tube

socket

regulator,

voltage and resistance diagram.



	
	Vtvm, tube socket

and resistance

voltage

diagram.



	
	Transmitter

tube

voltage

klystron,

socket

and resistance diagram.



	
	Radio modulator, left hand front view.



	
	Radio modulator, bottom view.



	
	Crystal multiplier, top view.



	
	Crystal multiplier, rear view.



	
	If. amplifier, front view.



	
	If. amplifier, rear view.



	
	Chopper amplifier, left hand rear view.



	
	Chopper amplifier, front view.



	
	Chopper amplifier, right hand rear view.



	
	Vtvm, front view.

?



	
	Vtvm, rear view.



	
	Meter panel, left hand rear view.



	
	Meter panel, rear view.



	
	Electronic voltage regulator, oblique bottom

view.



	
	De resistances of transformers and coils.



	
	Radio transmitter, overall schematic diagram.



	
	Radio modulator, schematic diagram.



	
	Crystal multiplier, schematic diagram.



	
	If. amplifier, schematic diagram.





Chopper amplifier, schematic diagram.



b. Radio Transmitter (cont).







	Description




	Vtvm, schematic diagram.



	Meter panel, schematic diagram.



	Electronic voltage regulator, schematic dia

gram.



	Radio transmitter, overall] chassis wiring dia

gram.



	Radio modulator, wiring diagram.



	Crystal multiplier, wiring diagram.



	If. amplifier, wiring diagram.



	Chopper amplifier, wiring diagram.



	Vtvm, wiring diagram.



	Meter panel, wiring diagram.



	Electronic voltage regulator, wiring diagram.







c. High-Voltage Power Supply PP-764/G.









	Par.

No.
	Fig.

No.
	|

Description




	
	306
	High-voltage power supply tube socket volt

age and resistance diagram.



	
	307
	High-voltage power supply terminal

board

voltage and resistance diagram.



	
	
	High-voltage power supply, oblique top view.



	
	
	High-voltage power supply, bottom view.



	
	
	High-voltage power supply, rear view, cover

removed.



	
	
	High-voltage power supply, front view.



	
	
	De resistance of transformers and coils.



	
	
	High-voltage

power

supply schematic

dia

gram.



	
	
	High-voltage power supply wiring diagram.





d. Transmitter Rack. Transmitter rack interconnecting diagram is shown in figure 40l.



e. Order-Wire Receiver.









	Par.

No.
	Fig. No.
	Description




	
	312
	Order-wire receiver, left hand front view.



	
	313
	Order-wire receiver, right hand front view.



	
	314
	Order-wire receiver, rear view.



	
	315
	receiver, rear oblique view.

Order-wire



	
	316
	Order-wire receiver, oblique of rear.



	
	
	Order-wire receiver, top view.



	
	
	Order-wire receiver, side view.



	
	
	Order-wire receiver, tube socket voltage and

resistance diagram.



	
	
	Dc resistances of transformers and coils.



	
	
	Order-wire receiver, schematic diagram.



	
	
	Order-wire receiver, wiring diagram.







f. Radio Receiver.









	e
	320
	




	
	
	If. preamplifier, tube socket voltage and re



	
	
	sistance diagram.



	
	321
	If. amplifier, tube socket voltage and resist

ance diagram.



	
	322
	Video amplifier, tube socket voltage and re

sistance diagram.



	
	323
	Afe circuits, tube socket voltage and

_resist

ance diagram.



	
	324
	Age and afe de amplifiers, tube socket voltage



	
	
	and resistance diagram.

Local oscillator, tube socket voltage and re



	
	325
	sistance diagram.



	
	
	If. preamplifier, front view.



	
	
	If. preamplifier, rear view.



	
	
	If. amplifier, front view.



	
	
	If. amplifier, rear view.



	
	
	Video amplifier, front view.



	
	
	Video amplifier, rear view, right oblique.



	
	
	Video amplifier, rear view, left oblique.



	
	
	Afe circuits, front view.



	
	
	Afe circuits, rear view.



	
	
	Age and afc de amplifiers, front view.



	
	
	Age and afc de amplifiers, rear view.



	
	
	Age and afc de amplifiers, side view.



	
	
	Radio receiver, overall schematic diagram.



	
	
	Preselector mixer, schematic diagram.



	
	
	Local oscillator, schematic diagram.



	
	
	Afe circuits, schematic diagram.



	
	
	If. preamplifier, schematic diagram.



	
	
	If. amplifier, schematic diagram.



	
	
	Video amplifier, schematic diagram.



	
	
	Afe and age de amplifier, schematic diagram.



	
	
	Radio receiver, overall wiring diagram.



	
	
	Afe circuits, wiring diagram.



	
	
	If. preamplifier, wiring diagram.



	
	
	If. amplifier, wiring diagram.



	
	
	Video amplifier, wiring diagram.



	
	
	Afe and age de amplifiers, wiring diagram.



	
	
	Dec resistances of transformers and coils.







g. Receiver Power Supply PP-690/G.









	Par.

No.
	Fig.

No.
	Description

—$$<$—_ + —.




	
	338
	Receiver power supply, tube socket voltage

and resistance diagram.



	
	339
	Receiver power supply terminal strip, volt

ages and resistance diagram.



	
	
	Receiver power supply, front view.



	
	
	Receiver power supply, rear view.



	
	
	Receiver power supply, rear view, terminal

board swung down.



	
	
	Receiver power supply, upper rear view.



	
	
	Receiver power supply, lower rear view.



	
	
	De resistances of transformers and coils.



	
	
	Receiver power supply, schematic diagram.



	
	
	Receiver power supply, wiring diagram.







h. Low-Voltage Power Supply PP-689/G.









	Par,

No,
	Fig,

No,
	Description




	
	345
	Low-voltage power supply, tube socket volt

age and resistance diagram.



	
	
	Low-voltage power supply, front view.



	
	
	Low-voltage

power

left hand

supply,

rear

view.



	
	
	Low-voltage power supply, top rear view.



	
	
	De resistances of transformers and coils.



	
	
	Low-voltage

power

schematic

supply,

dia

gram.



	
	
	Low-voltage power supply, wiring diagram.





1. Recewer Rack Cabling. Interconnections between components of the receiver rack are shown in figure 391.



221. Test Equipment Required for Troubleshooting

The test equipment required for troubleshooting Radio Set AN/TRC-29 is listed below. Technical manuals associated with the test equipment are also listed.








	Test equipment
	Technical manual




	Audio Oscillator TS-382/U or equal
	TM 11-2684



	Electronic Multimeter TS—505/U
	TM 11-5511



	Oscilloscope AN/USM-50
	



	Voltmeter ME-30A/U
	



	Electron Tube Test Set TV-2/U
	TM 11-2661



	=

Electron Tube Test Set TV-7/U
	TM 11-5083



	Multimeters0S=3527-Ue=

=
	TM 11-5527



	RF Signal Generator AN/URM-25D|
	TM 11-5551



	Signal Generator AN/URM-61
	



	Signal Generator AN/URM-64
	



	Signal Generator TS-497A/URR
	TM 11-5030



	Sweep Generator SG—-92/U
	TM 11-319



	Wattmeter ME-69/U
	



	Frequency Meter AN/URM-32
	



	requency Meter AN/URM-79
	TM 11-5094



	Frequency Meter AN/URM-80
	TM 11-5095







222. General Precautions

Whenever equipment is serviced, follow these precautions carefully:

a. Be careful when the protective back cover is removed. Do not pull out the safety interlock (that is cheat on interlock) unless it is necesto apply voltage to the chassis.

[image: Figure, page 359]

Figure 280. voltage and resistance chart. Order-wire transmitter, tube socket

[image: Figure, page 360]

Figure 281. Order-wire transmitter, right hand front view.

[image: Figure, page 360]

Figure 282. Order-wire transmitter, rear view.

[image: Figure, page 361]

e 288. Order- wir e trans me itter, rear ob li que v ew. . igur . F.

[image: Figure, page 362]

Figure 284. Order-wire transmitter, bottom oblique view. :

[image: Figure, page 363]


	UNLESS OTHERWISE SHOWN: VOLTAGES AND RESISTANCES ARE MEASURED TO GROUND WITH A 20,000 OHM-PER-VOLT METER. USE HIGHER METER RANGES TO PREVENT CIRCUIT LOADING

	NC INDICATES NO CONNECTION

	t INDICATES READING WITH R250 FULLY CLOCKWISE

	# INDICATES FILAMENT READING BETWEEN FILAMENT PINS



TM689-456

Figure 285. Radio modulator, tube socket voltage and resistance diagram.

[image: Figure, page 364]


	l. UNLESS OTHERWISE SHOWN: VOLTAGES AND RESISTANCES ARE MEASURED TO GROUND WITH A 20,000 OHM-PER-VOLT METER. USE HIGHER METER RANGES TO PREVENT CIRCUIT LOADING.

	2. % INDICATES READING OF LESS THAN | VOLT OR OHM TM 689-453



Figure 286. Crystal multiplier, tube socket voltage and resistance diagram.

[image: Figure, page 365]


	|. UNLESS OTHERWISE SHOWN: VOLTAGES AND RESISTANCES ARE MEASURED TO GROUND WITH A 20,000 OHM-PER-VOLT METER. USE HIGHER METER RANGES TO PREVENT CIRCUIT LOADING

	2. % INDICATES READING OF LESS THAN | VOLT OR OHM

	3. t INDICATES READING WITH RI35 FULLY CLOCKWISE



TM 689 - 457

Figure 287. If. amplifier, tube socket voltage and resistance diagram.

[image: Figure, page 366]

Figure 288. Chopper amplifier, tube socket voltage and resistance diagram.

[image: Figure, page 367]

Figure 289. Electronic voltage regulator, tube socket voltage and resistance diagram.

[image: Figure, page 368]

Figure 290. Vtum tube socket and resistance diagram.

[image: Figure, page 369]


	UNLESS OTHERWISE SHOWN: VOLTAGES AND RESISTANCES ARE MEASURED TO GROUND WITH A 20,000 OHM-PER-VOLT METER. USE HIGHER METER RANGES TO PREVENT CIRCUIT LOADING.

	NC INDICATES NO CONNECTION

	t INDICATES READING WITH R250 FULLY CLOCK-WISE

	# INDICATES FILAMENT READING BETWEEN FILAMENT PINS



Figure 291. Transmitter klystron, tube socket voltage and resistance diagram.

[image: Figure, page 369]

Figure 292. Radio modulator, left hand front view.

[image: Figure, page 370]

Figure 298. Radio modulator, bottom view.

[image: Figure, page 370]

Figure 294. Crystal multiplier, top view.

[image: Figure, page 370]

Figure 295. Crystal multiplier, rear view.

[image: Figure, page 371]

Figure 296. If. amplifier, front view.

[image: Figure, page 371]

Figure 297. If. amplifier, rear view.

[image: Figure, page 372]

Figure 298. Chopper amplifier, left hand rear view.

[image: Figure, page 372]

Figure 299. Chopper amplifier, front view.

[image: Figure, page 372]

Figure 300. Chopper amplifier, right hand rear view.

[image: Figure, page 372]

Figure 301. Vtvum, front view.

[image: Figure, page 373]

Figure 802. tum, rear view.

[image: Figure, page 374]

Figure 303. Meter panel, left hand rear view.

[image: Figure, page 375]

[image: Figure, page 375]

Figure 305. Electronic voltage regulator, oblique bottom view.

[image: Figure, page 376]

NOTES;


	1, UNLESS OTHERWISE SHOWN: VOLTAGES AND RESISTANCES ARE MEASURED TO GROUND WITH A 20,000 OHM PER VOLT METER. USE HIGHER METER RANGES TO PREVENT CIRCUIT LOADING.

	2.NC INDICATES NO CONNECTION

	3, * INDICATES READING OF LESS THAN ONE VOLT OR

	4.+ INDICATES READING WITH R36 FULLY CLOCKWISE

	6400 5.# INDICATES FILAMENT : READING BETWEEN FILAMENT PINS

	6. ## INDICATES READING BETWEEN TUBE PINS AND TERMINAL 4 OF T4




	7. #% INDICATES READING BETWEEN TUBE PINS AND TERMINAL 6 OF T2




	8. #+t INDICATES READING BETWEEN TUBE PINS AND TERMINAL 3 OF T2






™ 689-465

Figure 306. High-voltage power supply tube socket voltage and resistance diagram.

[image: Figure, page 377]


	|, UNLESS OTHERWISE SHOWN: VOLTAGES AND RESISTANCES ARE MEASURED TO GROUND WITH A 20,000 OHM-PER-VOLT METER. USE HIGHER METER RANGES TO PREVENT CIRCUIT LOADING.

	% INDICATES READING OF LESS THAN | OHM

	t INDICATES READING WITH R250 Cw

	# INDICATES READING WITH R250 CCW

	%* INDICATES READING OF LESS THAN } OHM WITH S9 CLOSED TM 669-488 yes wn



Figure 307. High-voltage power supply terminal board voltage and resistance diagram.

[image: Figure, page 378]

Figure 308. High-voltage power supply, oblique top view.

[image: Figure, page 379]

Figure 309. High-voltage power supply, bottom view.

[image: Figure, page 380]

Figure 310. High-voltage power supply, rear view, cover removed.

[image: Figure, page 380]

Figure 311. High-voltage power supply, front view.

[image: Figure, page 381]

Figure 312. Order-wire receiver, left hand front view.

[image: Figure, page 382]

Figure 3138. Order-wire receiver, right hand front view.

[image: Figure, page 383]

Figure 314. Order-wire receiver, rear view.

[image: Figure, page 383]

Figure 315. Order-wire receiver, rear oblique view showing resistors.

[image: Figure, page 384]

Figure 316. Order-wire receiver, oblique view of rear.

[image: Figure, page 384]

[image: Figure, page 384]

Figure 318. Order-wire receiver, side view. 299

[image: Figure, page 385]

Figure 319. Order-wire receiver, tube socket 'voltage and resistance diagram.

[image: Figure, page 386]


	|. UNLESS OTHERWISE SHOWN VOLTAGES AND RESISTANCES ARE MEASURED TO 4TH I-F GROUND WITH A 20,000 OHM-PER-VOLT

	




	3. FOR RADIO RECEIVER R-418/G ON ORDER NO. I640-PHILA-S5I (SERIAL NO. 16 THROUGH 297) AND ORDER NO. 15739 (SERIAL NO. 298 THROUGH 417), THE RESISTANCE OF PIN I, V6, IS 2.2K OHMS.






Figure 320. If. preamplifier, tube socket voltage and resistance diagram.

[image: Figure, page 387]


	|. UNLESS OTHERWISE SHOWN. VOLTAGES AND RESISTANCES ARE MEASURED TO GROUND WITH A 20,000 OHM-PER-VOLT METER. USE HIGHER METER RANGES TO PREVENT CIRCUIT LOADING

	2. % INDICATES READING OF LESS THAN ! VOLT OR OHM



Figure 821. If. amplifier, tube socket voltaye and resistance diagram.

NOTES: |. UNLESS OTHERWISE SHOWN: VOLTAGES AND ronowes RESISTANCES ARE MEASURED TO GROUND WITH A 20,000 OHM-PER-VOLT METER. USE eae? HIGHER METER RANGES TO PREVENT CIRCUIT LOADING ay 2.% INDICATES READING OF LESS THAN | VOLT OR OHM oo MACE 3.4¢ INDICATES FILAMENT READING BETWEEN FILAMENT PINS 341K IST VIDEO a AMPL % VI7 6.3VA-C 6AG7 20 VIDEO es AMPL ee , CATHODE POLLOWER vig #6 3VA-C SAG7 #0 247).

[image: Figure, page 388]


	UNLESS OTHERWISE SHOWN: YOLTAGES AND RESIST-ANCES ARE MEASURED TO GROUND WITH A 20,000 OHM-PER-VOLT METER. USE HIGHER METER RANGES TO PREVENT CIRCUIT LOADING.

	% INDICATES READING OF LESS THAN | VOLT OR OHM.

	@ INDICATES FILAMENT READING BETWEEN FILAMENT PINS.



TM689 ~46i

Figure 322. Afe circuits, tube socket voltage and resistance diagram.

[image: Figure, page 388]


	UNLESS OTHERWISE SHOWN: VOLTAGES AND RESISTANCES ARE MEASURED TO GROUND WITH A 20,000 OHM-PER-VOLT METER. USE HIGHER METER RANGES TO PREVENT CIRCUIT LOADING.

	*% INDICATES READING OF LESS THAN | VOLT OR OHM

	% ¥ INDICATES READING WITH METER LEADS REVERSED

	t INDICATES READING WITH RII6 AND RI52 FULLY CLOCKWISE

	. #% INDICATES FILAMENT READING BETWEEN FILAMENT PINS TM689-453



ENGUEC O24. voltage and resistance diagram. Age and afe de sniplifiers, tube socket

[image: Figure, page 389]

Figure $25. Local oscillator, tube socket and resistance diagram.

[image: Figure, page 389]

Figure 326. Ife

[image: Figure, page 390]

Figure 327. If. preamplifier, rear view.

[image: Figure, page 391]

F igure 828 If. amplifier, front v 1éW.

[image: Figure, page 391]

F: igure 829 If. amplifier, rear view.

[image: Figure, page 391]

Figure 330. Video amplifier, front view.

[image: Figure, page 392]

Video amplifier, rear view, right oblique.

[image: Figure, page 392]

Figure 332. Video amplifier, rear view, left oblique.

[image: Figure, page 393]

Figure 338. Afe circuits, front view.

[image: Figure, page 393]

Figure 834. Afe circuits, rear view.

[image: Figure, page 394]

[image: Figure, page 394]

Figure 335. Age and afc de amplifiers, front view. Figure 336. Age and afc de amplifiers, rear view.

[image: Figure, page 394]

Figure 387. Age and afc dc amplifiers, side view.

[image: Figure, page 395]

TM 689-466 Figure 338. Receiver power supply, tube socket voltage and resistance diagram.

'mDLEVIP 20UDIS1S24 pun a6n2)00 'dis jouwsa? Ajyddns samod saareoey §*6&E ainbrg

[image: Figure, page 397]

Figure 340. Receiver power supply, front view.

[image: Figure, page 398]

Figure 341. Receiver power supply, rear view.

[image: Figure, page 398]

Figure 342. Receiver power supply, rear view, terminal board swung down.

[image: Figure, page 399]

[image: Figure, page 400]

[image: Figure, page 401]

voltage and resistance diagram.

[image: Figure, page 402]

Figure 346. Low-voltage power supply, front view.

[image: Figure, page 403]

Figure 347. Low-voltage power supply, left hand rear view.

[image: Figure, page 404]

Figure 348. Low-voltage power supply, top rear view.


	b. In the radio transmitter and high-voltage power supply, do not turn on the high-voltage power supply (KLYSTRON HV and PA PLATE switches on the high-voltage power supply should be in the OFF position) until circuits that use the high voltages are required. If high voltage is required, place the INPUT POWER BREAKER circuit breakers on the high-voltage supply to the OFF positions before connecting the meter probe to the circuit being tested; place the INPUT POWER BREAKER circuit breakers in the ON position. Allow for the 1-minute time delay, and note the meter reading. Finally, place the INPUT POWER BREAKER in the OFF position, and withdraw the probe.

	c. Careless replacement of parts often makes new faults inevitable. Note the following points: :

	(1) Before a part is unsoldered, note the position of the leads. If a part, such as a transformer, has a number of connections, tag each of the leads to it.




	(2) Be careful not to damage other leads by pulling or pushing them out of the way.




	(3)° Do not allow drops of solder to fall into the set, since they may cause short circuits.




	(4) A carelessly soldered connection may create a new fault. It is very important to make well-soldered joints, since a poorly soldered joint is one of the most difficult faults to find.




	(5) When a part is replaced in an if,, rf, subcarrier, or discriminator circuit, it must be placed exactly as the original one was. A part that has the same electrical value but different physical size may cause trouble in these circuits. Give particular attention to proper grounding when replacing a part. Use the same ground as in the original wiring. Failure to observe these precautions may result in decreased gain or possibility of oscillation of the circuit. Also, when replacing protective shields for if. amplifier, modulator, and crystal multipliers, be sure that the shield is making good contact with the chassis and that all fasteners are tight. Power must be






turned off when removing or replacing these protective shields.



223. Checking Filament and B+ Circuits for Shorts


	a. Trouble within the radio set often may be detected by checking the resistance values of all terminal boards in the power supplies (figs. 307 and 338). This checks the filament and B+ circuits of the radio transmitter and radio receiver as well as the power supplies involved. The order-wire transmitter is checked by noting the resistance across C35 to ground. It should be greater than 100K (fig. 410). The order-wire receiver is checked by measuring the resistance between C26B to ground (fig. 399). It should be greater than 10K.

	b. When a short is noted in one of the power supplies, or if one of the circuit breakers keeps throwing, indicating an overload condition in its associated circuit, the power supply output lead should be disconnected. Determine whether the short exists in the power supply or in its output circuit by measuring resistances to ground of the power supply terminal and of the disconnected lead. Check the wiring and components in the circuit indicating a short until the cause of the short is determined. After the fault is located and corrected, reconnect the power supply output lead to its terminal.

	c. Reference should be made to the transmitter and receiver rack interconnection diagrams (figs. 391 and 401) and power distribution diagrams (figs. 266 and 267). These diagrams aid in tracing the filament and B+ circuits.





224. Operational Test


	a. General.

	(1) The equipment should be operated and checked as described in the checklists in paragraphs 131 and 132. The meter reading charts that are made up during preventive maintenance procedures also should be reviewed. These charts and the equipment performance checklists are important because they frequently indicate the general location of the trouble. Also listen for crackling or buzzing noises that indieate high-voltage arcing. Check the equipment for smoke and the edor of burned or overheated parts.







	(2) In many cases, the trouble can be localized to a single stage by performing the procedures indicated in (1) above. In this case, assuming that all pluck-out items have been checked as described in chapter 4, the best procedure for localizing trouble within the stage is to check the tube voltage and resistance values against the values given on the voltage and resistance diagrams.

	b. Use of Equipment Performance Checklist. The equipment performance checklist (par. 132) generally localizes trouble to a single, or several stages. In some items, reference is made to chapter 7 for corrective maintenance or alinement procedures. This reference was made because corrective maintenance or alinement for field maintenance equipment performance these items requires a higher degree of skill or checklist is below.

	test equipment not normally available to organizational personnel. Described below in ¢ and d are the corrective maintenance and other measures required for these items only and continue on from where the checklist in paragraph 132 left off. That is, it is assumed that maintenance personnel have performed all actions indicated in paragraph 132 and have been referred to chapter 7 for further action. Note that these charts use the same columns described in paragraph 1316 except that the item numbers used in Item No. column are the same used in the associated equipment performance checklist so that cross reference between the two charts can readily be made.

	c. Transmitter Field Maintenance Equipment Performance Checklist. The transmitter

















	Item

No.
	Item, action

or condition
	Normal

indications
	Other

condition
	Corrective

measures
	Other

measures




	
	4 | LINE VOLTS meter on

radio transmitter.
	Between 103.5 and 126.5
	ER BREAK-

ERS in ON

position.
	INPUT POW- | If circuit breakers keep

throwing, check for short,

or partial short, between

these circuit breakers and

POWER circuit breakers

in radio transmitter and

in radio receiver.
	



	
	5 | Place POWER switch in

ON position.
	POWER lamp in high

voltage power supply

should go on.

All fila

ments in radio trans

mitter, plus V11 fila

ment in high-voltage

power supply should go

on.
	
	If circuit breaker keeps

throwing, check filament

circuit of all tubes in radio

transmitter and tube V11

in high-voltage power

supply.

In radio trans

mitter, this can be done

best by disconnecting fan

ning strip from each sub

assembly terminal board

and checking filament

leads on that fanning

strip for short.

If short

is localized to subassem

bly, check each tube cir
	



	
	10 | Place LV PLATE switch

in high-voltage power

supply in ON position.
	LV PLATE lamp in low

voltage power supply

should go on.
	
	cuit in that subassembly.

If circuit breaker keeps

throwing, check trans

former T2 in low-voltage

power supply for shorts.

Check for short between

pins M and P in J1 and
	



	
	11 | +150V meter reading on

radio transmitter ME

TER B.
	Io

DE tO ORS

ee eee

2
	ee

ol kes
	cable.

Check operation of low-

voltage power supply and

adjust +150V ADJ con-

trol as described in para-

graph 249.
	Record meter

reading ob

tained in me

ter chart.





d. Receiver Field Maintenance Equipment Performance Checklist. The equipment performance checklist for receiver field maintenance follows:












	Item

No.
	Item, action

or condition
	_ Normal

indications
	Other

condition
	Corrective

measures
	Other measures




	
	4 | Place POWER switch on

radio receiver in ON

position.
	POWER lamp on re

ceiver power supply

should go on and fila

ments in radio receiver

should light.
	
	If circuit breaker keeps

throwing, check filament

circuit of all tubes except

V21 and V28 in radio re

This can best be

ceiver.

done by disconnecting,
	



	
	
	
	
	one at a time, the fanning

strip from each subassem

bly terminal board and

checking

filament

leads

on that fanning strip for a

If short is local

short.

ized to subassembly,

check each tube circuit in
	



	
	7 | Place LV PL switch in re

ceiver power supply in

ON position.
	PLATE lamp should go

on.
	
	that subassembly.

If circuit breaker keeps

throwing, check trans

former T1 and associated

circuit in receiver power
	



	
	8 | +250V meter reading on

radio receiver METER

B.
	Between 95 and 110, after

15-minute warmup

period.
	
	supply for short.

Check operation of receiver

power supply and adjust

+250V ADJ control as

in paragraph

described
	Record meter

reading ob

tained in me

ter chart.



	
	9 | +150V meter reading on

radio receiver METER

B.
	OO SRCOm LT Ores eee Sep
	
	248.

Same as item 8, adjusting

+150V ADJ control.
	Same as item

8.



	
	10 | Place PLATE switch on

order-wire

receiver

in

ON position.
	+140V meter reading on

order-wire receiver be

tween 90 and 110.
	
	Check operation of power

supply and adjust +140V

ADJ control as described

in paragraph 2346.
	Same as item

8.



	
	11 | Place HV PL switch on

receiver power supply

in ON position.
	A BEAM V meter read

ing within five divisions

of reading obtained

during installation.
	
	. If circuit breaker keeps

throwing, check trans

former T3 and associated

power supply in receiver

power supply.

. If installation reading

unknown or unobtain

able, refer to paragraph

239.
	



	
	CORRECTION+

17 | AFC

and —

meter readings

on radio receiver ME

TER A.
	Average of two readings

should not exceed 5.
	Local oscillator

is off by more

than 2.0 mc,

AFC

IF.

LEVEL meter

reading is

correct, and

average AFC

CORREC

TION meter

reading below

55.
	Check discriminator circuit

CR4 and CR5.
	Check aline

ment of if.

amplifiers

and discrim

inator by de

termining

that results

described in

paragraph

2386 = are

obtained. If

necessary,

realine these






	
	are encountered in this equipment. These troubles are equipment failure, indication of imminent failure as noted by meter readings, and performance deterioration.




	(2) In most cases, the equipment performance checklist (par. 1382), supplemented by field maintenance charts (par. 224c and d), will localize trouble to a single stage or series of stages (such as the modulator, if. amplifier). Where trouble is localized to a series of stages, reference should be made to the troubleshooting charts in d through g below (covering order-wire transmitter, radio transmitter, order-wire receiver, and radio receiver) which, when possible, indicate procedures for further localizing trouble.




	(3) The cause of performance deterioration can best be localized by checking suspected components in accordance with the final test procedures given in paragraphs 241 through 250. If the component checked does not meet the performance indicated in this section, then reference can be made to the troubleshooting charts given in d through g below which indicate the possible







	225. Troubleshooting Charts causes of trouble and corrective measnan General ures that can be taken.

	(1) Three general categories of troubles (4) When trouble is localized to a single stage or circuit, voltage and resistance measurements of this stage ordinarily should be sufficient to isolate the defective part.






Note. Troubleshooting charts do not localize trouble within power supply circuits. When trouble is localized to such a circuit, the best procedure for determining the cause of trouble is to check voltages and resistances of each tube.



b. Meter Circuits.


	(1) In all of the troubleshooting procedures given previously it has been assumed that the meter circuits are operating properly. These circuits should be checked for possible cause of trouble if one of the two following conditions exist:

	(a) All meter readings for a particular meter are of approximately the same amount. The meter may be at fault.




	(0) Trouble cannot be found in stage associated with an improper meter reading. If the equipment and/or stage meets all of the performance tests given in paragraphs 241 through 250, then trouble exists in the metering circuit.




	(2) Reference should be made to the meter



charts given in paragraphs 169 and 183 as an aid in localizing trouble in either the radio transmitter or radio receiver meter circuits.


	c. Use of Troubleshooting Charts. The following troubleshooting charts contain the four columns described in (1) through (4) below.

	(1) The symptom column indicates the symptom that should be observed to take the procedures indicated in the following columns.




	(2) The possible trouble column indicates







	the possible causes of trouble for the symptom indicated.

	The further checks column indicates additional checks that can be taken to determine the cause of trouble. (3)

	The corrective measures column indicates procedures to be taken to determine the defective component and correct trouble. (4)

	d. Order-Wire Transmitter Troubleshooting Chart. The order-wire troubleshooting chart is given below:












	Symptom
	Possible trouble
	Further checks
	Corrective measures*




	Audio output of 0.3 volts rms can

not be obtained at pin 7 of V2

with 0.776-volt rms, 1,000-cycle

signal applied to pins A and B

ORDER WIRE TEST

of

Ji.

SWITCH in OPR position.
	=} . Shag Gp Vil mee ore a

|
	ren eee eee

ee ee

eee
	Check V1 components including

input connections.

Adjust au

dio levels as described in para

graph 232e.



	
	BENT

Cayy 08 =) pad Be bee eR

JA
	Snes

spe See

§
	Check T1.



	CARR LIM GRID meter read- | a. Stage V2

ing low.
	
	AN/

With

Frequency

Meter

URM-79_

determine

that

6.000-mce signal is obtained.
	If proper 6-mc signal is not ob

tained, check V2 components

including connections from V6.

Realine V2 as described in par

agraph 232d.



	
	DO Dtage Nose. sans
	Check for at least a 4-volt read

ing on vtvm at junction of C10

and R13.
	Check V3 components,

partic

ularly grid circuitry.



	CARR LIM GRID reading prop- | a. Stage V3

er, but carrier output level low

as determined in paragraph 243.
	
	Check for at least 10-volt read

ing at junction of R16 and

C36.
	Check V3 components.



	
	b. Stage V4|
	Proper indication obtained in a

above.
	Check V4 components including

bias applied to pin 7.



	Discriminator

as described in paragraph 232c

DISCR

readings

average

or
	cannot be alined | a. Stage V8
	Voltage at junction of R41 and

C27 does not vary as T3 is

tuned.
	Check V8 components.

Realine

discriminator as described

in

paragraph 232c.



	more than +10.

assumed to be operative.
	Stage V3 is | b. Stage V7
	Voltage at junction of R38 and

R389 does not vary as T2 pri

mary is tuned.
	Check V7 components.

Realine

discriminator

as described in

paragraph 232c.



	
	c. Stage V6
	of secondary of T2

Variation

does not affect oscillator fre

quency,

and

oscillator

fre

AFC

quency

is same

with

switch ON or OFF.
	Check V6 components.





* After voltage and resistance measurements.

e. Radio Transmitter Troubleshooting Chart. The radio transmitter troubleshooting chart is given below:










	Symptom
	Possible trouble
	Further checks
	Corrective measures*




	MODE OUT

Seeds eee ratio low, or 44 volts

MODE IN
	a. First feedback

amplifiers V1 and

V2:
	at pin 4, V3.
	See that 1.2 volts rms is obtained | If 1.2 volts rms is not obtained,

check V1 and V2 components.



	(+10 percent) is not obtained | b. Second

at modulator

output for 0.1

volt input (par. 233c).
	feedback

V3

amplifiers

to

V6.
	1.2 volts rms is obtained in a

above.
	Check V3 to V6 components.





* After voltage and resistance measurements.










	Symptom
	Possible trouble
	Further checks
	Corrective measures*




	More than 100 millivolts of noise

obtained at modulator output

with MOD SEL SW in GND

position (par. 244a).
	feedback

a. First

amplifiers V1 and

V2.
	See that noise at pin 4, V3, is

less than 2.5 millivolts.
	Check filter capacitors in stages

Viand V2.

Refer to chapter 6

for identification of filter capa

Replace

citors in these stages.

tubes V1 and V2.



	
	b. Second feedback

V3

amplifiers

to

V6.
	Less than 2.5 millivolts of noise

is obtained in a above.
	Check filter capacitors in stages

V3 to V6 using procedure out

Replace

above.

lined

in a

tubes V3 to V6.



	Frequency response characteris

tic indicated in paragraph 233d

is not obtained.
	a. First feedback

amplifiers V1 and

V2.
	Check frequency response at pin

4, V3.
	If proper frequency response is

not obtained, check frequency

determining elements, such as

coupling and bypass capacitors.



	
	b. Second feedback

V3

amplifiers

to

V6.
	Proper frequency response noted

in a above.
	Check frequency determining ele

ments in stages V3 to V6; fol

low procedure

outlined

in a

Readjust modulator as

above.

described in paragraph 233d.



	Spurious response

(sudden dips

or peaks noted while making

frequency

measure

response
	a. First feedback

amplifiers V1 and

V2:
	Check for spurious response at

pin 4, V3.
	If spurious response

noted,

is

check bypass capacitors in V1

and V2.



	ments).
	b. Second feedback

amplifiers V3 to

V6.
	Spurious response is not ob

tained in a above.
	Check bypass capacitors in V3

to V6.



	1ST LIM GRID meter reading

low or if. amplifier cannot be

alined

described

in para

as

graph 233e.
	If. amplifiers V13

through V18.
	Check unit visually as described

in paragraph 226a(2).

Check voltages and resistances

as described in paragraph

226a(3).

Try signal tracing as described

in paragraph 226b.

See that response given in figure

370 is obtained using test set

up described in paragraph

233e¢.
	Check components of stage found

to be defective, and replace de

fective component.

Check if.

amplifier alinement and, if

necessary, realine it as de

scribed in paragraph 233e.



	CORRECTION

AFC

average

readings less than +5 with kly

stron off frequency and if. am

plifier operative or alinement

indication in paragraph 233e(3)

cannot be obtained.
	a. First limiter

V19.
	See that voltage of 3 to 4 volts

is obtained at E5.
	Check V19 components. Replace

component found to be defec

Check alinement of lim

tive.

iter and realine it, if necessary,

as described in paragraph 233e.



	
	b. Second limiter

V20 or discrimi

nator V21.
	Proper indication obtained in a

above.
	Check V20 and V21 components.

Replace component found to

be defective. Check alinement

of discriminator and realine it,

as described

if necessary,

in

paragraph 233e.



	Klystron off frequency and AFC

CORRECTION

reading over

15.
	a. Chopper

ampli

fier V23 or V24A.
	Connect equipment as shown in

figure 349. Rectangular wave

displayed on scope should vary

in amplitude as potentiome

ter is varied, and in polarity

as polarity switch is placed in

one position and then the
	Check V23 and V24A compon

ents, including chopper if .no

rectangular wave, or one of im

proper duration, is obtained.



	
	b. Chopper stage

V24B or V25.
	other.

With potentiometer adjusted

for meter reading of —20 mil
	Check V24B and V25 compon

ents.





livolts, 6-volt +14-volt reading should be obtained at pin 3, V26. With potentiometer

* After voltage and resistance measurements.










	Symptom
	Possible trouble
	Further checks
	Corrective measures*




	
	Cc. Relay control

stage V26.
	adjusted for meter reading of

+20 millivolts, 6-volt +1%-

volt reading should

be ob

tained at pin 7, V26.

With potentiometer adjusted to

+.01-volt, relay K3 actuates
	Check V26 components.



	
	
	and with polarity switch re

versed for —.01-volt reading,

relay K2 actuates.
	



	waveform

Sawtooth

cannot

be

obtained

adjusted

de

or

as

scribed in paragraph 2337.

MON OUT
	Sawtooth oscillator

Vis

Video preamplifier
	Check calibration of percent mod
	Check V27 components.

Adjust

sawtooth output as described

in paragraph 2332.

Check V22 components.

Adjust



	ratio low, or MON

MOD OUT

OUT frequency response

im
	V22.
	ulation meter as described in

paragraph 233h.
	VIDEO LEVEL control as de

scribed in paragraph 233h.



	proper (par. 244b).

MON

REC OUTPUT of 0.33-

volt rms cannot be obtained as

described in paragraph 244a(13)

or frequency response improper
	Amplifier V33
	
	Check V33 components.



	(par. 244b).

PEAK VTVM meter reading not

adjustable to 50 with VTVM

SELSW in MOD OUT position

and voltage of 35.4-volt rms

obtained at modulator output

as described in paragraph 244a.
	. Feedback ampli

fiers V28 through

|

V30.
	With 500-cycle 0.5-volt rms, sig

nal applied to pin 1, S82 (in po

sition 2), a 11.1-volt rms (+1

volt) signal should be obtained

at pin 8, V30.
	If an output of 11.1 volts is not

check V28 to V30

obtained,

Adjust vtvm as

components.

described in paragraph 233c.



	
	. Stage V31 or

V32.

WEIS Votes Soo
	If proper indication is obtained

in a above, trouble is in either

V31 or V32.
	Check V31 and V32 components.

Adjust vtvm as described in

paragraph 233c.



	Communications are normal,

proper MON REC OUTPUT

signal obtained, but TRANS

MITTER OPERATING lamp

off.
	
	Check to see whether relay is

actuated.

If it is, trouble is

in relay contacts.

If it is not,

manually operate relay. Lamp

should go on, otherwise trouble

is in relay.
	If lamp does not light with relay

actuated, check relay and its

connections.



	
	. Stages V34 and

V35.
	Adjust MON OW PLATE TUN

control for maximum ORDER

WIRE CARR LEVEL meter

Meter reading in ex

reading.

cess of 80 should be obtained.
	Check V34 and V35 components

if reading over 80 is not ob

tained.



	
	c. Stage V36
	
	Check V36 if ORDER WIRE

CARR LEVEL meter reading

of greater than 80 is obtained.



	Power output indicated in para

graph 244c is not obtained, but

proper KLYSTRON POWER

OUT meter reading obtained.
	Power amplifier

a.

V37.
	Place Wattmeter ME-69/U at

Power

output of slug tuner.

output about one-fifth of that

indicated in paragraph 244c

should be obtained.
	Check stage V37 if proper power

output obtained in previous

column.



	
	. Slug tuner or

double coupler.
	Place Wattmeter ME-69/U at

output of double coupler.

Same power output noted in

a above should be obtained.
	If proper power output is ob

tained at double coupler,

trouble is in slug tuner and it

should be replaced.

If proper

power output is not obtained,

replace double coupler.





nS

* After voltage and resistance measurements.

f. Order-Wire Receiver Troubleshooting Chart. The order-wire receiver troubleshooting chart is given below:










	Symptom
	Possible trouble
	Further checks
	Corrective measures*




	OW CARR LEVEL meter read

ing low or carrier amplifiers and

limiters cannot be alined as de

scribed in paragraph 234c.
	a. Input filter~
	Apply signal to order-wire re

ceiver as described in para

graph 234c(1) through (5). In

crease in oscilloscope display

should be noted at pin 1, V1,

as C5 is varied.
	If variation in level is not ob

tained, check input filter. Aline

carrier amplifiers and limiters

as described in paragraph 234c.



	
	b. Subcarrier am

plifier V1.
	Reading of at least 80 millivolts

rms should be obtained on os

cilloscope at pin 1, V2, with

equipment connected as de

scribed in a above.
	If 80-millivolt reading is not ob

tained, check V1 components.

Aline 'equipment as described

in paragraph 234c.



	
	c. Subcarrier am

plifier V2.
	Reading of at least 200 millivolts

rms should be obtained at pin

1, V3, with equipment con

nected as described in a above.
	If 200-millivolt reading is not ob

tained, check V2 components.

Aline equipment as described

in paragraph 234c.



	
	d. First limiter V3 ne
	Reading of at least 9 volts de

should be obtained at pin 1,

V4, with equipment connected

as described in a above.
	If —9-volt

reading is not ob

tained, check V3 components.

Aline equipment as described

in paragraph 234c.



	
	e. Second limiter

V4.
	Voltage at junction of R22 and

R23 varies as ORDER

WIRE CARR LEVEL con

trol in order-wire transmitter

is varied.
	V4 components.

Check

Aline

equipment as described in par

agraph 234d.



	
	tata

Wee EEO

tec ae

6
	Proper indications obtained in a

through e above.
	Check V7 components.



	Average DISCR meter readings

+20 or discrim

greater than

inator cannot be alined as de

scribed in paragraph 234d.
	Discriminator V5
	Zero reading at junction of R22

and R24 by adjustment of T4.
	Check V5 components and aline

discriminator

as described in

paragraph 234d.



	Proper AUDIO meter reading not

obtained,

or order-wire voice

communications cannot be ob

voltages of 0.776

tained,

or

volt and 1.25 volts cannot be

obtained at pins E and K of

REPEATER INTERCONN

jack as described in paragraph

246d.
	Audio amplifier V6
	With equipment connected

as

described in paragraph 246),

reading of 0.776-volt rms can

not be obtained.
	Check V6 components.

Adjust

AUDIO LEVEL control as de

scribed in paragraph 234e.

Check



	Alarm circuit cannot be adjusted

as described in paragraph 84b

(6) through (8), or proper or

communications

der-wire

can

be maintained, but alarm signal

is continually indicated.
	Differential ampli

fier V7 or relay

control tube V8A.
	
	V7 and V8A including noise

filter at grid of V7B and second

limiter output to grid of V7A.

Refer to paragraph 1846(8) for

and de

simplified schematic

scription of this circuit.



	Diversity operation cannot be ob

tained

described

in para

as

graph 93.
	Differential ampli

fier V9B or relay

K1, V8B or CR3.
	
	Check V8B and V9 components.

Refer to paragraphs 210 and

211 for simplified schematics

and description of this circuit.





* After voltage and resistance measurements.

£ q. Radio Receiver Troubleshooting Chart. The radio receiver troubleshooting chart is iven below:

[image: Figure, page 415]

[image: Figure, page 415]

Figure 849. Chopper test setup.

[image: Figure, page 415]

Figure 350. Video amplifier test connections.

[image: Figure, page 416]




SCHEMATIC OF EQUIVALENT GENERATOR

[image: Figure, page 416]

TM689-472 Figure 351. Equivalent generator network for video amplifier.

[image: Figure, page 416]

Figure 352. Linearity characteristics of video amplifier. 431

[image: Figure, page 417]

Figure 358. Frequency response of video amplifier.


226. Special 120-Mc If. Amplifier Troubleshooting Procedure


	(1) The general procedure given below can be used for troubleshooting the following 120-mce if. amplifiers: V13 through V18 in the radio transmitter ; V1 through V6 (preamplifier) in the radio receiver; and V7 through V12 (if. amplifier) in the radio receiver.

	When trouble is localized to one of these if. amplifier subassemblies, first make sure that coaxial cable fittings to and from the assembly are securely in place and that the center conductor of the coaxial cable is making proper contact with the cable connector. Remove the shield covers and visually inspect assembly for burned-out resistors or other obvious cause of trouble. (2)

	(3) If visual inspection does not reveal the




	cause of trouble, check the pin socket voltages and resistances of each tube and examine components of any stage that provides abnormal voltage or resistance readings.

	If voltage and resistance measurements do not indicate a source of trouble, trace the signal through the amplifier as described in b through d below. (4)



Note. The procedures indicated in }b through d below are performed with if. shield covers removed. If spurious oscillations are obtained, the shield must be placed back on and connection to the tube pin must be made as illustrated in B, figure 354.


	b. Radio Transmitter If. Amplifier Signal Tracing Procedure. The signal through the if. amplifier in the radio transmitter is traced as follows:

	(1) Modify if. amplifier as described in paragraph 233e(1).







	(2) Connect Signal Generator TS-497A/ URR to if. amplifier input as shown in figure 369.

	(3) Adjust the signal generator frequency to 120 mc and amplitude modulate it with a 400-cycle signal.

	(4) Connect the oscilloscope to pin 6 of V13 through the test lead and resistor as illustrated in A, figure 354. Pull out tube V15.




	nal is not obtained, trouble is in stage V14. Replace V16.

	Connect the oscilloscope to pin 6, V15, and pull out V17. If the 400-cycle signal is not obtained, trouble is in V15. Replace V17. (7)

	Connect the oscilloscope to pin 6, V16, and pull out V18. If the 400-cycle signal is not obtained, trouble is in stage V16. Replace V18. (8)



[image: Figure, page 418]

[image: Figure, page 418]

Figure 354. Test leads for if. amplifier signal tracing.


	(5) Increase the signal generator output until a 400-cycle signal is observed on the oscilloscope. Adjust the signal generator output or scope controls until the peak-to-peak amplitude of the waveform covers about three-quarters the height of the face of the cathoderay tube. If this 400-cycle signal cannot be obtained, trouble is in stage V13. Replace V15.

	Note. In checking the output of each of the successive tubes as described in the following procedures, reduce the signal generator output level in approximately uniform steps to obtain the same signal amplitude on the oscilloscope.




	(6) Connect the oscilloscope to pin 6, V14, and pull out V16. If the 400-cycle sig-




	(9) Connect the oscilloscope to pin 6, V17. Do not pull out tube V19. Refer to the note given in a(4) above if oscillation is observed. If the 400-cycle signal is not obtained, trouble is in stage V17. If this signal is obtained, trouble is in stage V18.

	Remove modification made in (1) above. (10)

	c. Radio Receiver If. Preamplifier Signal Tracing Procedure. The signal through the if. preamplifier of the radio receiver is traced as follows:

	(1) Connect the signal generator, via its isolating pad, to the if. preamplifier input through the equivalent mixer as shown in figure 355.







	(2) Adjust the signal generator frequency to 120 me and amplitude modulate it with a 400-cycle signal.

	(3) Connect the oscilloscope to pin 6 of V3 through the test lead and resistor as illustrated in A, figure 354. Pull out tube V5.

	(4) Increase the signal generator output until a 400-cycle signal is observed on the oscilloscope. Adjust the signal generator output or scope controls until the peak-to-peak amplitude covers about three-quarters the height of the face of the cathode-ray tube. If this signal cannot be obtained, trouble is in stage V1, V2, or V3. Replace V5.



Note. In checking the output of each of the successive tubes as described in the following procedures, reduce the signal generator output level in approximately' uniform steps to obtain the same signal amplitude on the oscilloscope.


	(5) Connect the oscilloscope to pin 6, V4, and pull out tube V6. If a 400-cycle signal is not obtained, trouble is in stage V4. Replace V6.

	(6) Connect the oscilloscope to pin 6, V5. Refer to the note given in a(4) above if oscillation is observed. If a 400 cycle signal is not obtained, trouble is in stage V5. If this signal is obtained, trouble is in stage V6.

	d. Radio Receiver If. Amplifier Signal Tracing Procedure. The signal through the if. amplifier in the radio receiver is traced, and the age de amplifier is checked, as follows:

	(1) Connect Signal Generator TS—497A/ URR to the if. amplifier input as shown in figure 374. Ground the age lead at terminal 8, TB4.




	(2) Check stages V7 to V12 following the procedure outlined in b(3) through (9) above; substitute V7 for V13, V8 for V14, V9 for V15, V10 for V16,







	V1l1 for V17, and V12 for V18. Remove ground from the agc lead.

	(3) Perform the procedures given in paragraph 240a through e.

	(4) Increase the signal generator output to 2,000 microvolts.

	(5) An IF. LEVEL meter reading in excess of 125 should be obtained.

	(6) Turn the IF. LEVEL potentiometer eounterclockwise and note the IF. LEVEL meter reading. It should decrease as the potentiometer is turned to a minimun of about 60. If this result is not obtained, trouble is probably in stage V29.





227. 34.5-Mc Discriminator Response Check

The 34.5-mc discriminator response curve is checked as follows:

a. Connect the equipment of the afc subassembly as shown in figure 379.

Note. In each of the following procedures, the signal generator output frequency should be checked on the frequency meter.


	b. Set the signal generator frequency to 34.5 me and vary its output level for a —0.5 reading on the multimeter. Note the output level of the signal generator.

	c. Ground terminal 7 of the fanning strip to the chassis.

	d. Connect the multimeter to terminal 6 of the fanning strip.

	e. Keep the signal generator output level at the same value noted in b above and vary its frequency from 30 to 34.5 mc in 0.5-mce steps. Note and record the reading on the multimeter at each step.

	f. Reverse the multimeter polarity switch so that it can indicate negative voltages.

	g. Repeat the procedure given in e above, varying the signal frequency from 34.5 to 39 mc in steps of 0.5 mc.

	h. Plot results obtained in e and g above.






[image: Figure, page 419]

Figure 355. Test setup for if. preamplifier signal tracing.

They should be in agreement with the plot given in figure 227.

2. Remove ground from termina] 7.



228. Dc Resistances of Coils and Transformers

a. Order-Wire Receiver R-543/TRC-29.



b. Radio Receiver R-418/G.



b. Radio Receiver R-418/G (cont).



c. Power Supply PP-690/G.



d. Power Supply PP-689/G.



e. Fixed Autotransformer Power Transformer TF-146/G.



f. Radio Transmitter T-303/G.



g. Power Supply PP-764/G.



g. Power Supply PP-764/G (cont).



h. Order-Wire Transmitter T-889/TRC-29.



i. Handset Signaling Unit H-102/TRC-29.




Section II. REPAIRS


229. Replacement of Parts



a. General.

(1) Besure that the power is turned off before replacing any parts. Tag all leads removed from a part so that they may be replaced correctly. Refer to the appropriate wiring diagram when rewiring a replaced part. All hardware re-


	moved when replacing a defective part should be used for mounting the new item.

	(2) Many of the parts mounted in the transmitter and receiver racks are readily accessible after removal of the individual unit rear covers. Figures 356 and 357 show the locations of the



rear cover fasteners. These figures also show the locations of the thumbscrews that secure the rear covers of the crystal multiplier and if. amplifier subchassis in the radio transmitter and if. amplifier, if. preamplifier, and afc amplifier subchassis in the radio receiver. Removal of these covers permits access to the parts mounted on the rear of the subchassis. Figures 358 and 359 show the locations of the thumbscrews that secure the front covers of the subchassis. Removal of these covers permits access to the parts mounted on the top of the subchassis.


	(3) When necessary, individual units can be removed from the transmitter and receiver racks. Each rack consists of an outer framework to which is shockmounted a welded inner frame (fig. 6). The units are mounted on the inner frame by means of screws. The inner frame is drilled and tapped for standard 19-inch relay rack spacing. Removable alining pins mounted on the frame guide the units into place. Units can be removed from the racks by first removing the appropriate fanning strip connections from the terminal blocks on the rear of the racks, and all unit interconnecting cables involved. Note that the plastic protective covers over the terminal blocks are provided with slots to facilitate removal of the fanning strip connections. After the disconnection of all interconnecting leads, the units can be taken out of the racks by removing the screws that mount them to the inner frame of the rack. When required, the frames on the front of the units that mount the access doors and handles can be removed by loosening the thumbbolts that secure them (figs. 358 and 359).

	(4) Protective covers are mounted by screws to the sides and, in some cases, to the top and/or bottom of the units mounted in the racks. When removed, additional working space is provided for replacement of parts. The side



covers can be removed with the units in place in the rack. To remove the top or bottom covers, the unit above or below the one being worked on would have to be removed from the rack.


	b. Replacement of Klystrons. The klystrons used in the radio transmitter and radio receiver are replaced by following the procedures given in paragraph 1383.

	c. Replacement of Parts of Order-Wire Transmitter. For replacement of many of the parts of the order-wire transmitter, remove the unit from the rack and take off the top and side covers. Terminal board TB1A mounted on the rear of the unit also can be swung out by loosening the Dzus fasteners to facilitate replacement of parts.



d. Replacement of Blower Motor. The blower motor that cools the klystron and power amplifier triode in the radio transmitter is mounted to the rear wall of the main panel above the klystron (fig. 360). To remove the blower motor, proceed as follows:


	(1) Remove the order-wire transmitter from the rack.

	Remove the radio transmitter top cover. (2)

	Remove the radio transmitter side cover that mounts the air filter. (3)

	Remove the radio transmitter rear cover and disconnect the leads to the blower motor. (4)

	Remove the retaining ring that secures the cloth duct to the assembly. Be sure the duct does not adhere to the assembly. (5)

	Remove the four bolts that mount the entire assembly to the transmitter. Hold the blower motor in place while removing the screws. (6)

	Lower the blower motor assembly to clear the edge of the transmitter chassis and pull straight out. Be sure that the cloth duct is kept clear and not damaged. (7)

	Install a new motor by reversing the procedure outlined above. (8)



Note. To replace blower motor capacitor C151, it is necessary to remove the blower motor from the transmitter chassis.

[image: Figure, page 423]

Figure 356. Transmitter rack, rear view showing location of mounting facilities.

[image: Figure, page 424]

Figure 357. Receiver rack, rear view showing location of mounting facilities.

[image: Figure, page 425]

Figure 358. Transmitter rack, front view showing location of mounting facilities.
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Figure 359. Receiver rack, front view showing location of mounting facilities.


	e. Replacement of Afc Motor. The afc motor is mounted on the radio transmitter main panel right front wall with its drive shaft coupled to the klystron fine tuning adjustment (fig. 10). To remove the afc motor, proceed as follows:

	(1) Remove the four screws that hold the plastic cover.




	(2) Remove the three leads from the microswitches.




	(3) Hold the assembly in place and remove the three mounting screws located on the outside surface of the right wall of the transmitter.







	(4) Tilt the assembly slightly and pull out. Do not twist the assembly when removing.

	(5) Remove the motor from the detent cam by taking out the Allen screws that secure it.



Note. To reach all the Allen screws that mount the motor to the detent cam, it may be necessary to connect the motor to a 115-volt, ac source and operate the motor until the Allen screw is in position for removal. Refer to the schematic diagram (fig. 402) for correct connection of motor to ac source.

(6) Install the new motor by reversing the procedures outlined above.

[image: Figure, page 427]

Figure 360. Blower motor assembly in place.

f. Replacement of Parts of Power Supply PP-764/G. To replace parts mounted on the bottom of the tube chassis (fig. 858), remove all interconnecting leads including the plate cap leads to V3 and V4. Loosen the fasteners that hold the chassis to the frame and remove the chassis. The circuit breakers and variable transformer can be replaced by first removing the screws that secure the panel to the frame and swinging down the panel. To gain access to the parts mounted to the rear of the power supply, remove the power supply from the rack and remove all covers as required. Note that the panels that mount the terminal boards and receptacles may be removed and swung away from the chassis (fig. 361).

g. Replacement of Parts of Order-Wire Receiver. For replacement of. many parts of the order-wire receiver, remove the unit from the rack and take off the top, bottom, and side covers as required.

h. Replacement of Parts of Power Supply PP-690/G. To replace parts mounted on the bottom of the tube chassis (fig. 359), remove all interconnecting leads, loosen the fasteners that hold the chassis to the frame, and slide out the chassis. To replace the circuit breakers, remove the power supply from the rack and remove the two screws that secure the circuit breaker bracket to the bottom of the power supply chassis. The rear terminal board bracket can be removed by removing the four screws that secure it to the chassis. To replace L1, Tl, or T2 located on the rear of the chassis, remove the mounting straps and the nuts that secure the mounting studs.

i. Replacement of Parts of Power Supply PP-689/G. To replace parts mounted on the bottom of the tube chassis (fig. 359), remove all interconnecting leads, loosen the fasteners that hold the chassis to the frame, and slide out the chassis. To gain access to the parts mounted in the rear of the power supply chassis, remove the unit from the rack.

230. Repair and Replacement of Radio Frequency Transmission Line Assembly CG—1013/U

If any component of the surface-wave transmission line assembly becomes defective, it should be replaced by a new component. Replacement of all parts of the launching units may be done at depot levels having replacement parts, proper tools, and cements.

Warning: Shut off all power before performing any repairs.
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Figure 361. panels removed. Power Supply PP-764/G, rear view with


	a. Transnrission Line. To replace the transmission line, proceed as follows:

	(1) Release the snubit clamp on the guy assembly and allow the guy wire to extend to its maximum length.




	(2) Disconnect the rf and power cables from the upper launcher.




	(3) Disconnect the launching unit mounting clevis from the tower strap and, using the hoist rope of the tower, carefully lower the launching unit to the ground.




	(4) Remove the cone and shield from the housing of each launching unit (fig. 74).




	(5) Remove the old transmission line from the connecting tip by prying the bent end of the transmission line from the hole in the connecting tip. Be careful not to break the tip.




	(6) Cut off the bent end of the transmission line and pull the line through the







	hole in the end of the connecting tip and the shield.

	(7) Replace the transmission line by following the procedure given in paragraph 50.

	b. Launching Unit. To replace either launching unit, proceed as follows:

	(1) Release the snubit clamp on the guy assembly and allow the guy wire to extend to its maximum length.




	(2) Disconnect the launching unit mounting clevis from the tensioning spring if the lower launching unit is to be replaced.




	(3) If the upper launching unit is to be replaced, disconnect the rf and power cables and the launcher unit mounting clevis and carefully lower the launching unit and transmission line to the ground using the tower hoist rope.




	(4) Remove the transmission line from the defective launching unit (a above).







	(5) Replace the transmission line in the new launching unit and install the launching unit by following the procedure given in paragraph 50.

	c. Miscellaneous Parts of Transmission Line Assembly. Miscellaneous parts of the transmission line assembly are replaced as follows:



Note. Do not attempt replacement of parts of the upper launching unit with the unit attached to the tower. Always lower the launching unit to the ground before working on it.


	(1) The cone and shield are replaced by removing the transmission line (a above) and unclipping the rope assembly at the housing.

	(2) The connecting tip is replaced by removing the transmission line (a above) and unscrewing the tip from the connecting rod. Do not lose the lockwasher between the connecting tip and connecting rod.

	(8) The connecting rod is replaced by removing the transmission line (a



above), removing the connector assembly including the connecting pin that screws into the connecting rod, and unscrewing the connecting rod.

Note. Do not attempt housing repairs unless a full set of connector assembly repair parts are on hand. The insulating connection is cemented'in place and will be damaged beyond reuse during disassembly.


	(4) The housing is replaced by removing the connecting rod ((3) above) and removing the two _ setscrews that mount the housing to the mounting assembly.

	d. De-icing Assembly. To replace the deicing transformer, the current transformer, the ammeter, or the toggle switch in the de-icing assembly, it first must be removed from its case as follows:

	(1) Remove the 22 bolts around the edge of its front panel.




	(2) Lift the panel from its case.




	(8) Disassemble the de-icing assembly as required.









Section Ill. ALINEMENT PROCEDURES

Note. This section contains the alinement procedures that cannot be performed with the internal metering and monitoring facilities provided in the radio set. Alinement or adjustment procedures that can be performed with the internal metering and monitoring facilities are given in chapter 2. (See pars. 65-72.)


231. Test Instruments Used for Alinement and Adjustment


	a. Order-Wire Transmitter. The following test equipment is required for alining the orderwire transmitter :

	(1) Vtum. A vtvm, such as Electronic Multimeter TS-505/U, is required to provide a dc voltage range of 0 to +200 volts. The input impedance should be 1 megohm, or higher.




	(2) Ac vtvm. An ac vtvm, such as Voltmeter ME-30A/U, is required to have a voltage range from 10 millivolts to 100 volts rms and an input impedance greater than 2 megohms,




	(3) Heterodyne frequency meter. A heterodyne frequency meter, such as AN/ URM-79, is required to measure frequency of 6-mc signal.







	(4) Signal generator. A signal generator, such as Signal Generator TS—497A/ URR, is required to have a frequency range of 5.9 to 6.1 mc, an output level of 0.1 volt, an output impedance of 50 ohms, and a 6-db isolation attenuator.

	(5) Oscilloscope. An oscilloscope, such as AN/USM-24, is required to have the following characteristics: frequency response of 0 to 6 mc, and input impedance of 0.5 megohm or greater.

	(6) Audio oscillator. An audio oscillator, such as Audio Oscillator TS-—382/U, is required to have a frequency range of 10 cps to 30 ke and an output level variable from 0 to 2.5 volts.

	b. Radio Transmitter. The following equipment is required for alining the radio transmitter :

	(1) Signal generator. A signal generator, such as Signal Generator TS-497A/ URR, is required to have a frequency range of 110 to 130 mc, an output level adjustable from 0 to 100 millivolts, an







	output impedance of 50 ohms, and a 6-db isolation attenuator.

	(2) Sweep generator. A sweep generator, such as SG—92/U, is required to have a center frequency of 120 mc, a deviation of +15 mc, sawtooth sweep output, variable output level from 0 to 100 millivolts, and output impedance of 50 ohms.

	(3) Oscilloscope. Same as_ oscilloscope listed in a(5) above.

	(4) Matching pad. A 50- to 90-ohm (120 mc) matching pad is required. This matching pad can be made up as indicated in figure 362.

	(5) Vtum. Two vtvms, such as Electronic Multimeter TS-505/U, are required to have a frequency response to at least 6 me and voltage ranges (ac and dc) from 0 to 40 volts.

	(6) Heterodyne frequency meter. A heterodyne frequency meter, such as Frequency Meter AN/URM-81, is required to have a frequency of 100 to 140 mc and an accuracy of +0.01 percent.

	(7) Coaxial cable. Three feet of RG—58C/ U cable with UG-88/U fittings are required.

	(8) Coaxial adapters. Two UG-201/U and one UG-273/U coaxial adapters are required.




	(9) Alinement tool. The alinement tool supplied in receiver rack is required.

	(10) Marker injection cable. A_ special marker injection cable is required which can be made up as indicated in figure 363.

	(11) Audio oscillator. Same as indicated in a(6) above.

	(12) Video signal generator. A video signal generator, such as RF Signal Generator AN/URM-25D, is required to have a frequency range of 20 kc to 6 mc and output voltage continuously variable from 0 to 50 millivolts.

	(18) Video signal generator. A video signal generator, such as Hewlett Packard model 650A, may be used instead of either or both of the instruments listed in (11) and (12) above.

	(14) Multimeter. A multimeter, such as Multimeter TS-352/U, is required to measure voltages to —2,500 volts.

	c. Order-Wire Receiver. The following test equipment is required for alining the order-wire receiver :

	(1) Vtvm. Same as vtvm listed in a(1) above.




	(2) Ac vtvm. Same as ac vtvm listed in a(2) above.




	(8) Heterodyne frequency meter. Same as heterodyne frequency meter listed in a(3) above.






[image: Figure, page 430]

OUTPUT










	
	
	NOTES:
	




	
	
	MX-554/U

BNC CONNECTOR
	100-r_RESISTOR REMOVED AND

SOLDERED TO

75—~ RESISTOR

CENTER

PIN OF FITTING, OTHER

SOLDERED

LEAD

TO BASE,



	
	
	UG-274/U

BNC T

CONNECTOR
	



	
	
	UG-260/U

BNG MALE

CONNECTORS

gc
	[|

TWO BNC MALE CONNECTORS

A

SOLDERED BACK TO BACK.

62 r_ RESISTOR LEADS CUT

SOLDERED

LENGTH AND

TO

TO GENTER PIN OF FITTINGS.



	
	
	5 aeons



	
	a]
	wn
	



	
	
	RESISTORS
	|GOMPOSITION, 45%, I/2W

(VALUES MEASURED ON BRIDGE).





Figure 362. Matching pad for if. amplifier alinement.
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Figure 363. Special marker injection cable.


	(4) Audio oscillator. Same as audio oscillator listed in a(6) above.

	(5) Oscilloscope. Same as oscilloscope listed in a(5) above.

	d. Radio Receiver. The test equipment is listed in (1) through (5) below.

	(1) If. preamplifier (V1 to V6) alinement. The following is a list of test equipment required for the if. preamplifier alinement:

	(a) Signal generator. Same as signal generator listed in b(1) above.




	(b) Sweep generator. Same as sweep generator listed in b(2) above.




	(c) Oscilloscope. Same as oscilloscope listed in a(5) above.




	(d) Vtum. Same as vtvm listed in b(5) above.




	(e) Heterodyne frequency meter. Same as heterodyne frequency meter list listed in b(6) above.




	(f) Coaxial cable. Same as coaxial cable listed in b(7) above.




	(g) Alinement tool. Same as alinement tool listed in b(9) above.




	(h) Coaxial adapters. Same as coaxial adapters listed in b(8) above.




	(1) Marker injection cable. A special marker injection cable must be made up as indicated in figure 363.




	(7) Crystal detector. A special crystal detector must be made up as indicated in figure 364.




	(k) Equivalent mixer network. A special equivalent mixer network must










	be made up as indicated in figure 365.

	(2) 120-me if. amplifier, limiter and discriminator. Test equipment list required to aline the 120-mc if. amplifier, limiter, and discriminator is the same as items in 0(1) through (10) above. .

	(3) Afc if. amplifier and discriminator. The following test equipment is required to aline the afc if. amplifier and discriminator:

	(a) Signal generator. A signal generator, such as Signal Generator TS— 497/URR, is required to have a frequency range of 30 to 39 me, frequency accuracy of 1 percent, output impedance of 50 ohms, a calibrated and adjusted output level of 5 to 100 millivolts, and a 6-db isolating attenuator.




	(b) Heterodyne frequency meter. A heterodyne frequency meter, such as AN/URM-80, is required to have a frequency of 34.5 mec, and an accuracy of +£0.05 percent.




	(c) Coaxial cables. One coaxial cable, same as listed in 0(7) above, and one 3-foot RG-58C/U cable with UG-— 88/U fitting at one end and the bared center conductor brought out at the other end.




	(d) Coaxial adapters. One UG-—201/U coaxial adapter and one UG—274/U adapter are required.
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	|. RESISTORS ARE ONE HALF WATT,* 5% COMPOSITION.

	2. CAPACITORS ARE SAME AS C2,RADIO RECEIVER R-418/G
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Figure 364. Special crystal detector.


	(e) Vtum. Same as vtvm listed in 0(5) Generator AN/URM-64 can be used

	
	(a) Rf signal generator. An rf signal URM-61 can be used to cover the generator is required to provide a range of 1,820 to 2,400 mc.




	above. to cover the range of 1,700 to 2,100 (4) Preselector and if. coupling coil. mc and Signal Generator AN/

	200-millivolt output in the frequency (b) Rf isolating pad. An rf isolating
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NOTES:
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Figure 865. Special equivalent mixer network.


	of RG-21/U is required to provide 10-db attenuation in the range of 1,700 to 2,400 me.

	(5) Beam current adjustment. To adjust the beam current, a multimeter, such as Electronic Multimeter TS—352/U, is required with a current range of 0 to 30 ma and an accuracy of 3 percent.




232. Order-Wire Transmitter Alinement ¢:nd Adjustment


	a. General. The order-wire transmitter is alined and adjusted as described in b through e below. When extensive repair of the orderwire transmitter has been performed, all the adjustment and alinement procedures described in b through e below should be made. However, if only a tube or other single component has been replaced, it is sufficient to adjust or aline only the circuit in which repair has been made. In each of these procedures it is assumed that power has been applied to the order-wire transmitter as described in paragraph 78a.

	b. Power Supply Adjustment. The +-140V ADJ control in the power supply is adjusted as follows:

	(1) Vary INCREASE OUTPUT control on autotransformer for a LINE VOLTS meter reading on radio transmitter as close to 115 volts as possible.




	(2) Place a vtvm across C35.




	(3) Measure voltage across C35 with vtvm. If necessary, adjust +140V ADJ control for a meter reading of 140 volts.




	(4) Measure ripple voltage across C35 with ac vtvm. It should be 50 millivolts or less.




	(5) Vary INCREASE OUTPUT control on autotransformer for a LINE VOLTS meter reading of 105 volts. Ripple voltage should not exceed 70 millivolts.




	(6) Readjust line voltage for 130 volts. Ripple voltage should not exceed 70 millivolts.




	(7) If the values of ripple voltage indicated in (4) through (6) above are not obtained, readjust the +140V ADJ control slightly first in one direction and then the other until proper ripple voltages are obtained. However, do






not vary the voltage by more than 5 volts.


	c. Alinement of Discriminator. The discriminator is alined in the following manner:

	(1) Place pickup loop from Frequency Meter AN/URM-79 near FREQ ADJ (L1) coil. Adjust FREQ ADJ for a zero beat at 6.000 mc. Place ORDER WIRE TEST SWITCH in AFC OFF position.




	(2) Place the vtvm between the junction of R42 and C29 and ground.




	(3) Adjust the primary and secondary coils of T3 for maximum negative dc voltage on the meter.




	(4) Place the vtvm at the junction of R39 and R40 and adjust the primary of T2 for maximum negative dc voltage.




	(5) Adjust the secondary of T2 for a zero meter reading at the junction of R38 and R89.




	(6) Repeat (4) and (5) above until one adjustment does not affect the other.




	(7) Readjust FREQ ADJ for 6.000 me.




	(8) Place ORDER WIRE TEST SWITCH in OPERATE position. If the oscillator frequency as noted on the AN/ URM-79 shifts, readjust secondary of T2 for an oscillator frequency of 6.000 me.




	(9) Place ORDER WIRE TEST SWITCH in AFC OFF position. The oscillator frequency should not change by more than +1 kc. If it does, repeat the alinement procedure.




	d. Alinement of Carrier Oscillator (fig. 366). The carrier oscillator is alined as follows:

	(1) Disconnect the cable from ORDER WIRE INTERCONN jack (J1) and connect output of audio oscillator between pins A and B (fig. 366).




	(2) Connect the oscilloscope signal lead to pin 6, V4. Connect the ground lead to the order-wire transmitter chassis.




	(3) Connect the output of the signal generator to pin.7, V4. Set the generator output to zero.




	(4) Adjust the audio oscillator frequency to approximately 1 kc and adjust its output level to 2.5 volts as read across its output terminal with the vtvm.




	(5) Place the vtvm across pin 7 of V2 and






ground and adjust the AUDIO LEVEL THRU CHAN control for a reading of 0.3 volt rms.


	(6) A series of sine waves should be displayed on the oscilloscope. Vary the sweep control until only 1 cycle is displayed as shown in the figure.

	(7) Set the signal generator frequency to exactly 6.000 mc by use of the frequency meter, then increase the output slowly until a small pip appears on the scope. The pip should appear halfway between the maximum negative and maximum position voltages. If it does not, adjust the FREQ ADJ control until it does.

	(10) Adjust the MOD SENS ADJ and FREQ ADJ controls until results indicated in (7) through (9) above are obtained; namely, pip appears that the center of the waveform (oscillator frequency) at 6.000 mc; at the bottom of the waveform at 6.050 mc; and at the top of the waveform at 5.950 me.

	(11) Disconnect the audio oscillator and measure the oscillator frequency with the frequency meter. It should be 6.000 mc. If it is not, repeat (10) above and this procedure until the reading is obtained.

	e. Audio Stages Adjustments. The audio stages are adjusted as follows:
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Figure 366. Crystal oscillator test setup.

(8) Set the signal generator frequency to exactly 5.950 mc using the frequency meter. The pip should appear at bottom of sine wave.


Caution: The signal generator output level should be kept to a minimum.




	(9) Set the signal generator frequency to exactly 6.050 mc. The pip should appear at top of sine wave.

	(1) Connect the audio oscillator to pins A and B. Adjust the audio oscillator frequency to 1,000 cps and the output level, as measured on the meter across the oscillator output terminals, to 0.776 volt rms.

	(2) Place the ORDER WIRE TEST SWITCH in the OPR position.

	(3) Place the vtvm at pin 7 of V2 and ad-



just the AUDIO LEVEL THRU CHANNEL control for a meter reading of 0.3 volt rms.

(4) Place the meter selector switch in the AUDIO position. Adjust the AUDIO METER SENS control for a reading of 100 on the front panel meter.

(5) Adiust the AUDIO LEVEL THRU CHANNEL control fully clockwise. The front panel meter reading should exceed 120.

(6) Readjust the AUDIO LEVEL THRU CHANNEL control for a meter reading of 100.

(7) Remove the audio oscillator connection from pin A and connect it to pin D.

(8) The front panel meter reading should exceed 120 with AUDIO LEVEL LOCAL INPUT control fully: clockwise. Adjust the AUDIO LEVEL LOCAL INPUT control for a meter reading of 100.

(9) Place the SWITCH in the INPUT AUDIO position, The front panel meter reading should be between 90 and 110. ORDER WIRE TEST (10) Place the ORDER WIRE TEST SWITCH in the LOCAL TONE position. The meter reading should be between 80 and 120.

(11) Place the ORDER WIRE TEST SWITCH in the THRU TONE position. The meter reading should be between 80 and 120. Return the ORDER WIRE TEST SWITCH to the OPR position.



233. Radio Transmitter Alinement and Adjustment

a. General. The radio transmitter is alined and adjusted as described in b through h below. When extensive repair of the radio transmitter has been performed, all of the adjustments and alinements described in this paragraph should be checked in the sequence listed below. However, if only one tube or other single component has been replaced, it is sufficient to check the adjustment or alinement of the circuit in which repair has been made. In each of these procedures, it is assumed that power has been applied to the radio transmitter as described in paragraph 77 and that all other circuits are operating and are calibrated properly. If the latter assumption cannot be made, check the adjustment or alinement of all circuits in question in the following sequence:


	(1) Tuneup of crystal multiplier.

	(2) Adjustment of vtvm.

	(3) Adjustment of modulator.

	(4) If. amplifier alinement.

	(5) Adjustment of klystron voltage.

	(6) Tuneup of klystron and power amplifier.

	(7) Calibration of meter. percent-modulation

	(8) Sawtooth output level adjustment.

	b. Tuneup of Crystal Multiplier. Tune crystal multiplier as described in paragraph 76.

	c. Adjustment of Vtvm. The vtvm is adjusted as follows:

	(1) Place the VTVM SEL SW in GND position.




	(2) Place the vtvm meter switch in POS PEAK position. Adjust the VTVM ZERO BALANCE POS control for a zero reading on PEAK VTVM. :




	(3) Place the vtvm meter switch in NEG PEAK position. Adjust the VTVM ZERO BALANCE NEG control for a zero reading on PEAK VTVM.




	(4) Remove the protective cover on the modulator. Connect the vtvm between the junction of R52 and C25 and ground, the modulator output (fig. 367).




	(5) Connect Audio Oscillator TS-382/U through a 560-ohm resistor to the VIDEO INPUT receptacle at the back of the radio transmitter.




	(6) Connect another vtvm across output terminals of the signal generator.




	(7) Adjust the audio oscillator frequency to 500 cps and adjust its output for a 1.2-volt reading on vtvm across its terminals. (This corresponds to a 0.1 volt modulator input.)




	(8) Place the MOD SEL SW switch in VID position. The vtvm connected to modulator output should read about 44 volts rms.




	(9) Adjust the audio oscillator so that the modulator output voltage is 35.4 volts rms.




	(10) Place the VTVM SEL SW in the MOD






OUT position and adjust the VTVM SENS control so that PEAK VTVM meter reads exactly 50 on the black scale. Lock the VTVM SENS control in this position.

(11) Switch the vtvm meter selector switch from the NEG PEAK to the POS PEAK position. The meter reading should not change.

d. Modulator Adjustment. The modulator is adjusted as follows:


	(1) Test equipment is connected to the transmitter in the same manner indicated in c(4) through (6) above.

	(2) Adjust Audio Oscillator TS-382/U frequency to 10 cps and output level to 0.6 volt.

	(3) Record the meter reading at the modulator output.

	(4) Keeping the output level at 0.6 volt, repeat (3) above for the audio oscillator frequencies of 20 cps, 40 cps, 70 cps, 100 cps. 200 cps, 400 eps, 700 eps, 1,000 cps, 2,000 cps, 4,000 cps, 7,000 cps, 10 kc, and 20 kc. As the frequency is changed, watch the meter for peaks and dips that indicate undesirable resonances,

	(5) Replace the TS-382/U with RF Signal Generator AN/URM-25D, removing the 560-ohm resistor so that the generator output is fed directly to the



modulator input. Adjust the signal generator frequency to 20 ke and the output level to 0.05 volt on the output meter. Note the modulator output meter reading and compare it with 20-ke reading obtained in (4) above. Usually these two readings will be different because the signal distortion in each generator is different. Determine the difference factor between the two generators; then multiply each reading obtained with RF Signal Generator AN/URM-25D by this factor so that all readings are normalized.


	(6) Keeping output level at 0.05 volt, repeat (3) above at signal frequencies of 40 kc, 70 ke, 100 kc, 200 kc, 400 ke, 700 ke, 1 mc, 2 mc, 3 mc, 4 me, 4.5 me, 5 me, and 6 mc. Each time the frequency is changed, watch the meter for peaks and dips. Each time the signal generator is switched from one band to another, check the output voltage meter reading at a frequency that is common to both bands and then normalize meter reading by following procedure outline in (5) above.

	(7) If a Hewlett-Packard Model 650A signal generator, or equivalent, is available the entire frequency response run can be made with this generator. In
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Figure 367. Vtum and modulator test setup.

this case, connect the signal generator to the modulator via the 560-ohm resistor and adjust the output for a vtvm meter reading of 1.2 volts (equal to 0.1 volt at modulator input) and check output of all frequencies indicated in (4) and (6) above with the signal generator output level maintained at 1.2 volts. Note that it is still necessary to normalize meter readings at 10 x 10K and 1 x 100K points.

Note. It should be noted that 0.1 rather than 0.05 volt is applied to the modulator as described above. Consequently, the readings obtained above are double those obtained in (3) and (5) above. Two sets of values are referenced in the following procedures and on the associated frequency response curves, one for a 0.05-volt input and the other for a 0.1-volt input.

(8) Plot the modulator output voltages obtained in (3) through (6) or (7) above as a response curve. Compare the for each reading.

curve obtained with the response curve shown in figure 368. As indicated in this curve, the output voltage should be substantially constant (within 0.5 volt out of 22 or 1 volt out of 44 volts) from 100 cps to 2.0 mc. There should be a smooth drop in voltage from 2.0 to 6.0 mc, and below 100 to 10 cps.

(9) Inspect the portion of the response curve from 1.0 to 4.5 me. There should be a slight rise of about 0.25 or 0.5 volt from 1.0 to 2.0 mc, then a smooth drop to 4.5 mc. The level at 4.5 me should be about 1.0 or 2.0 volts lower than that at 1.0 me. If this is not true, adjust peaking coil L3 so that level at 4.5 mc is 1.0 or 2.0 volts lower than at 1.0 mc. Make sure that the signal generator output is maintained at 0.05 or 1.2 volts and that the vtvm is zeroed
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Figure 368. Modulator typical response curve.


	including limiters and discriminator, is alined as described in (1) through (8) below. e. If. Amplifier Alinement. The If. amplifier

	(1) Modification of if. amplifier. To aline the if. amplifier, the following modifi- ) cations must be made:

	(a) Place all circuit breakers in the transmitter in the OFF position.




	(b) Solder a 91l-ohm resistor between pin 1 of V13 and the chassis ground.




	(c) Short coil L7 by connecting a bare, tinned, copper wire across it.




	(2) Preliminary if. alinement. The if. amplifier is alined initially as follows:

	(a) Connect the signal generator through its isolation pad to the matching pad (50-ohm side) with the 3-foot coaxial cable (fig. 369).




	(6) Disconnect the if. amplifier input cable from the mixer and connect the input cable to the matching pad (91-ohm side).




	(c) Connect the vtvm probe to terminal 4 of fanning strip (1st limiter grid).




	(d) Set the signal generator output at a minimum, and apply low-voltage power to transmitter rack as described in paragraph 76a. Allow a 10-minute warmup period.




	(e) Set the signal generator frequency










	to 120 me and increase the output level of generator until a meter reading of 2.2 volts dc is obtained.

	(f) Using the alinement tool, adjust L19 until the meter reads a maximum. While adjusting L19, reduce the generator level so that the meter reading stays at 2.2 volts.

	(9) With the signal generator tuned to 110.5 mc, repeat the procedure outlined in (f) above for L17.

	(h) With the signal generator tuned to 130.5 mc, repeat the procedure outlined in (f) above for L15.

	(1) With the signal generator tuned to 110.5 mc, repeat the procedure outlined in (f) above for Li3.

	(7) With the signal generator tuned to 120 mc, repeat the procedure outlined in (f) above for L11.

	(k) With the signal generator tuned to 130.5 mc, repeat the procedure outlined in (f) above for L9.

	(8) Preliminary limiter alinement. The first and second limiters are alined initially as follows:

	(a) Substitute the sweep generator for the signal generator and connect terminal 4 to oscilloscope (fig. 369), in parallel with the meter. Connect
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Figure 369. If. amplifier alinement test setup.


	the synchronizing cable between the oscilloscope and sweep generator.

	(b With the sweep voltage at zero, set the generator center frequency to 120 me.

	(c) Adjust the output attenuator on the sweep generator for a 2.2- volt de reading on meter.

	(d) Set the sweep voltage on the generator to maximum deviation. A response should now appear on the oscilloscope.

	(e) Reduce the sweep voltage so that only top 30 percent of the response amplitude is visible on the oscilloscope as illustrated in A, figure 370.

	(f) Adjust the center frequency of the sweep generator so that ends of the response terminate on the same horizontal line on the oscilloscope sereen (A, fig. 370).

	(9) Remove the top cover of the amplifier chassis.

	(h) Connect the oscilloscope and vtvm



to test point E5, second limiter grid (fig. 369).


	(7) Tune limiter coils L21 and L22 for maximum reading on the vtvm.

	(7) Adjust L22 so that peaks of the response waveform on the oscilloscope are equal.

	(k) Adjust L21 so that the ends of the response waveform terminate on the same horizontal line of the oscilloscope (C, fig. 370).

	(1) Repeat (7) and (k) above. Because of interaction between L22 and L21, it may be necessary to repeat these procedures several times before a response like the one shown in C, figure 370, is obtained.

	(4) Preliminary discriminator alinement. The' discriminator is initially alined as follows:

	(a) Substitute the signal generator for the sweep generator (fig. 369).




	(b) Connect the vtvm to terminal 4 of the fanning strip, tune the signal
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A. RESPONSE AT IST LIMITER GRID
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C. RESPONSE AT 2D LIMITER GRID
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B. 1-F Response MEASURED AT IST LIMITER GRID
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D. 1-F RESPONSE MEASURED AT 2D LIMITER GRID

Figure 370. Response waveshapes of if. amplifier.


	

	

	

	

	

	

	

	(2) Zero the vtvm on its 2-volt range. Connect it to terminal 5.

	(7) Slowly tune the generator about 120 me until the vtvm reads zero.

	




	

	

	

	

	generator to 120 me, and set its out- (1) With the frequency meter, determine put level for a 2.2-volt reading on the exact frequency of the signal the vtvm. generator set in (7) above. (c) Connect the vtvm to terminal 5, afc (m) Calibrate the signal generator dial discriminator output, and tune L25 at frequencies of 115, 120, and 125 for maximum voltage on the meter. me, and record the dial readings. (d) Connect the vtvm to terminal 4 of These calibration points will be used the fanning strip, tune the signal in setting generator frequency for generator to 108 mc, and set its out- the remainder of the alinement. put level for a 2.2-volt reading on (rn) Reconnect the signal generator to the meter. if. amplifier and set the generator to (e) Connect the vtvm to terminal 5 of 120 me. the fanning strip and tune L26 for (0) Set the signal generator level for 2.2 maximum negative voltage on the volts at terminal] 4. meter. (p) If the discriminator zero frequency (f) Tune the generator to 141 mc and determined in (/) above was below set its output level for maximum 120 mc, rotate tuning screws on L26 output. and L27 equal increments in a (9g) Tune L27 for a maximum positive counterclockwise direction until the voltage on meter. vtvm, connected to terminal 5, reads (h) Repeat the procedures outlined in exactly zero. Total rotation should (d) through (g) above until there not be more than 11% turns, other- is no reaction between tuning of wise the discriminator alinement L26 and L27. should be repeated.

	(q) If the discriminator frequency in (7) above was above 120 mc, rotate the tuning screws on L26 and L27 (k) Disconnect the signal generator equal increments in a clockwise difrom the if. amplifier input cable rection until the vtvm, connected to and connect it to the frequency terminal 5, reads exactly zero.

	meter as indicated in figure 371. (7) Set the signal generator frequency
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Figure 371. Discriminator alinement and sensitivity test setup.


	to 115 me and adjust its level for 2.2 volts at terminal 4.

	(s) Measure the negative voltage at-terminal 5.

	(t) Set the signal generator frequency to 125 mc and the output level to 2.2 volts at terminal 4.

	(w) Measure the positive voltage at terminal 5.

	(v) Compare the discriminator voltages obtained in (s) and (wu) above.

	(w) Set the signal generator to frequency corresponding to the lower of the two values obtained in (s) and (u) above and adjust the generator level for a 2.2-volt reading at terminal 4.

	(x) Set the meter to the proper range, zero the meter, and connect it to terminal 5.

	(y) Adjust L25 so that lower discriminator voltage is equal to higher voltage.

	(z) If necessary, repeat the procedures in (r) through (y) above until the outputs from the discriminator are equal.

	(5) Final alinement of limiter. The final alinement of the limiter is performed as follows:

	(a) Connect the sweep generator to the matching pad and vtvm and oscilloscope to terminal 4 as shown in figure 369.




	(b) Repeat the procedures in (3) (a) through (f) above.




	(c) Repeat the procedures in (3) (h) through (l) above.




	(6) Final if. amplifier alinement. The final alinement of the if. amplifier is performed as follows:

	(a) Connect the signal generator to the matching pad and the vtvm to terminal 4.




	(b) Repeat the procedures in (2) (e) through (k) above.




	(7) Final discriminator alinement. The final discriminator alinement is performed as follows:

	(a) Connect the signal generator to the transmitter (fig. 372).




	







	voltages at 115 and 125 mc by repeating the procedures in (4) (") through (w) above, making sure to zero set the vtvm.

	(c) If voltages are unequal, repeat the procedures in (4)(w) through (z) above.

	(d) Measure the discriminator zero frequency by repeating the procedures in (4) (i) through (1) above.

	(e) If the discriminator zero frequency is not within 100 ke of 120 me, repeat the preliminary discriminator alinement procedure given in (4) above.

	(8) Removal of modifications. Unsolder the 91-ohm resistor and shorting wire connected in (1) (0) above.

	f. Adjustment of Klystron Voltage. Adjust the klystron voltage as follows:

	(1) Apply the klystron voltage as described in paragraph 77 b(1) through (5).




	(2) Place the POWER switch to OFF position. Connect Multimeter TS-352/U between terminal 10 of TB9 and ground. (Use the negative voltage scale with the voltage range exceeding 2,000 volts.) Place POWER switch ON and allow a few minutes for a warmup period.




	(3) Adjust the REFL VOLTS SUPPLY ADJ control for a reading of —2,000 volts.




	(4) Turn off the power and disconnect meter. Turn on the power again.




	g. Tuneup of Klystron and Power Amplifier. Tune the klystron and power amplifier as described in paragraph 77.

	h. Calibration of Percent Modulation Meter. The VIDEO LEVEL control on the if. amplifier subassembly is adjusted to provide a 100 percent PEAK VTVM meter reading when the klystron is 100 percent modulated in the following manner:

	(1) Connect the output of Audio Oscillator TS-382/U through a 560-ohm resistor to VIDEO INPUT jack of the radio




	matching pad as shown in figure (2) Connect a 50-ohm load resistor across 371. MON REC OUTPUT jack in place of (b) Measure the discriminator output the terminating fitting.




	(3) Connect the signal input terminals of the oscilloscope across MON REC OUTPUT load resistor.

	Connect the output of Signal Generator TS—497A/URR through a marker cable to the if. amplifier. The if. amplifier end of the marker cable should be inserted between the shield and tube of V13. Set the output level of this signal generator to zero. (4)

	Make sure that the vtvm is zeroed and the klystron and power amplifier are tuned properly. (5) (11)

	Set the audio oscillator to 500 cps.

	Place MOD SEL SW to the VIDEO position and VTVM SEL SW to the MOD OUT position. (6) (7)

	Adjust the VIDEO LEVEL control to about 75 percent of its maximum clockwise rotation. (8)

	A sine wave should appear on the oscilloscope. Adjust the sweep control on the oscilloscope so that 1 cycle fills the screen of the cathode-ray tube horizontally, and adjust the vertical gain (9)




	for a peak-to-peak height of three fourths of the screen.

	(10) Set the signal generator to about 122 me. Increase the output of this signal generator until a pip appears on oscilloscope.



Caution: In this procedure and in all succeeding procedures, the signal generator output should be set to the minimum value that will make a pip visible.


	Set the signal generator to 123.6 mc and adjust the level of the audio oscillator until the marker pip coincides exactly with the center of a peak of the sine wave.

	(12) Set the signal generator to 116.4 mc. The marker pip should move to the other peak and end directly at its center. If it does not, adjust the level of the audio oscillator so that the frequency spread, as determined by the marker, between the two peaks is exactly 7.2 mc. To facilitate the exact location of the center of the sine wave



[image: Figure, page 442]

Figure 372. Test setup for percent modulation calibration.


	peaks, the horizontal gain of the scope should be reduced so that the cycle is compressed.

	(13) Adjust the VIDEO LEVEL control for a PEAK VTVM reading of exactly 100 percent. Switch from POS PEAK to the NEG PEAK position or vice versa. The reading should be almost equal.

	(14) Perform the procedures in paragraph 77b(49 and 50) (minimum deviation sensitivity adjustment).

	(15) Repeat the procedures in (9) through (13) above. However, in this case, the frequency spread of 7.2 mc should be determined accurately with the frequency meter.

	1. Sawtooth Output Level Adjustment. The sawtooth generator output is adjusted as follows:

	(1) Equipment should be adjusted as described in h above.




	(2) Connect the oscilloscope across 50-ohm MON REC OUT terminating resistor.




	(3) Adjust the oscilloscope so that a few cycles of the video modulating frequency are shown. Mark the peak-topeak amplitude of the sine wave on the face of the scope.




	(4) Place MOD SEL SW in ST position.




	(5) Readjust the sweep rate of the oscilloscope so that a few cycles of sawtooth test signal are displayed. (Repetition rate of sawtooth is about 500 cps.)




	(6) Adjust the ST LEVEL control for a peak-to-peak amplitude reading equal to that marked on the scope in (3) above.




	(7) Check the PEAK VTVM meter reading. In the NEG PEAK position, it should be about 110 percent and in POS PEAK position, about 85 percent.








234. Order-Wire Receiver Alinement and Adjustment

a. General. The order-wire receiver is alined and adjusted as described in b through f below. When extensive repair of the order-wire receiver has been performed, all the adjustment and alinement procedures described in this paragraph should be made. However, if only a tube or other single component has been replaced, it is sufficient to adjust or aline only the circuit in which repair has been made. In each of these procedures it is assumed that power has been applied to the order-wire receiver as described in paragraph 84a.


	b. Power Supply Adjustment. The +140V ADJ control in the power supply is adjusted as follows:

	(1) Vary the INCREASE OUTPUT control on the autotransformer for a LINE VOLTS meter reading on the radio transmitter as close as possible to 115 volts.




	(2) Measure the voltage across C26B with the vtvm and adjust the +140V ADJ control for a meter reading of 140 volts.




	(3) Check the ripple voltage across C26B with ac vtvm. Ripple should be less than 50 mv.




	(4) Vary the line voltage to 103.5 volts and check the ripple voltage. It should be less than 70 mv.




	(5) Vary the line voltage to 126.5 and check the ripple voltage. It should be less than 70 mv.




	(6) If the ripple voltage does exceed 50 mv in (4) and (5) above or 20 mv in (3) above, vary the +140V ADJ control slightly and recheck the ripple voltages. Repeat this procedure until proper values are obtained. However, do not vary the +140 volts by more than +5 volts.




	c. Tuneup of Carrier Amplifier and Limiters. Tune the carrier amplifiers and limiters as follows:

	(1) Disconnect all connecting cables from the back of the order-wire receiver.




	(2) Connect the cable from the LOW PASS FILTER INPUT to OW CARR FIL-TER OUTPUT.




	(3) Connect the output of an order-wire transmitter obtained at the ORDER WIRE CARR OUTPUT receptacle to the VIDEO INPUT FROM REC jack of the order-wire receiver being tuned.




	(4) Using the frequency meter, determine that the output frequency of the orderwire transmitter is exactly 6.000 mc (unmodulated).




	(5) Using an oscilloscope to measure the output level of the order-wire trans-







	mitter, vary the ORDER WIRE CARR LEVEL control for an output of 50 millivolts rms.

	(6) Place the oscilloscope at pin 1 of V1 and adjust C5 for maximum oscilloscope indication.

	(7) If L3 has been replaced, place the oscilloscope across VIDEO OUT jack terminated in a 50-ohm resistor. Adjust L3 by varying the spacing between turns for minimum output.

	(8) Place the oscilloscope at pin 1 of V2 and adjust the primary and secondary of T1 for maximum indication.

	(9) Place the oscilloscope at pin 1 of V3 and adjust the primary and secondary of T2 for maximum indication.

	(10) Place the oscilloscope at pin 1 of V4 and adjust the primary and secondary of T3 for maximum indication.

	(11) Place the vtvm at junction of R14 and C14 and readjust C5, T1, and T2 for maximum negative meter reading.

	(12) Place the vtvm at junction of R17 and R18 and readjust R3 for maximum negative meter reading.

	) d. Tuneup of Discriminator. Tune the discriminator as follows:

	(1) Connect equipment as described in c(1) through (5) above.




	(2) Connect the vtvm at junction of R22 and R23. Adjust the primary of T4 for maximum meter reading.




	(3) Connect the vtvm (after zeroing it) to the junction of R22 and R24. Adjust the secondary of T4 for a zero reading.




	(4) Repeat the procedures in (2) and (3) above until one adjustment does not affect the other.




	e. Adjustment of Audio Circuits. The audio circuits are adjusted as follows:

	(1) Connect equipment as described in c(1) through (5) above.




	(2) Place ORDER WIRE TEST SWITCH in the order-wire transmitter to THRU TONE position. Adjust AUDIO LEVEL THRU CHANNEL control for AUDIO meter reading of 100.




	(3) Place the vtvm at pin K of RE-PEATER INTERCONN jack and ad-










	just AUDIO LEVEL control for a meter reading of 0.776 volt rms.

	f. Other Adjustments. In addition to the adjustments described above, the order-wire receiver should be adjusted as follows:

	(1) Adjust the order-wire receiver as described in paragraph 84.




	(2) When used for diversity, adjust the unit as described in paragraph 98.








235. Radio Receiver Alinement and Adjustment

The circuits in the radio receiver that require alinement or adjustment are listed below. When extensive repair of the radio receiver has been performed, all of the adjustment and alinement procedures listed below should be checked, and adjusted or alined if necessary. However, if only a tube or other single component has been replaced, it is sufficient to adjust or aline only the circuit in which repair has been made. In each of these procedures, unless indicated to the contrary, it is assumed that power has been applied to the radio receiver as described in paragraphs 80a and 81b. Listed below are all of the radio receiver alinement and adjustment procedures in the sequence in which they should be performed when more than one circuit must be alined or adjusted.


	a. Preamplifier (V1-V6). The alinement of the preamplifier is described in paragraph 236.

	b. 120-mc If. Amplifier, Limiter, and Discriminator. The alinement of the 120-mc if. amplifier (V7-V12), limiters (V13 and V14), and discriminator (V15) is described in paragraph 237% .

	c. Crystal Multiplier (V22-V24). The crystal multiplier is tuned as described in paragraph 80b. If stage V22 has been repaired, the neutralizing coil, L44 must be adjusted as follows:

	(1) Aline the crystal multiplier to channel 14 as described in paragraph 80b.




	(2) Place the POWER switch in the OFF position.




	(3) Remove the crystal and afc chassis front cover.




	(4) Connect the vtvm to terminal 2 of the fanning strip.




	(5) Place the POWER switch in the ON position. Allow a 10-minute warmup period.







	(6) Turn the neutralizing coil, L44, fully counterclockwise.

	(7) Turn the neutralizing coil clockwise until the vtvm reading goes to zero or a minimum.

	(8) Reinsert the channel 14 crystal.

	(9) Turn the 1ST MULT GRID control counterclockwise until the vtvm reading is a minimum, and then clockwise, and watch the vtvm for peak readings. Either a single or a double peak may be observed. If a single peak is observed, proceed to the procedure (11) below. If a double peak is observed, proceed to the procedure in (10) below.

	(10) Turn the neutralizing coil, L44, clockwise in 1l-revolution increments, repeating the procedure in (9) above after each increment until only a single peak is observed.

	(11) Turn the POWER switch to the OFF position and replace the afc subchassis cover.

	(12) Remove channel 14 crystal and replace it with the assigned channel crystal.

	(13) Aline the crystal multiplier to the assigned channel.

	d. Afc If. Amplifier and Discriminator. The alinement of the afc if. amplifiers (V25-V27) and discriminators (CR4 and CR5) is described in paragraph 238.

	e. Beam Current Adjustment. The procedure for adjusting the beam current is given in paragraph 239.

	f. Local Oscillator. After trouble is corrected in the local oscillator, it should be possible to tune it to 1,698 mc and 2,523 mc at a line voltage of 115 volts in accordance with the procedure outlined in paragraph 81. After the local oscillator tuning range is checked, the oscillator should be tuned to the desired channel frequency in accordance with the procedure outlined in paragraph 838.

	g. Preselector and If. Coupling Coil. The alinement of the preselector and if. coupling coil is described in paragraph 240. This procedure also determines if the local oscillator, preamplifier, and if. amplifier are alined properly.





236. Preamplifier (V1—V6) Alinement

The preamplifier is alined in the following manner:


	a. Turn the power off and remove the bottom cover of the preamplifier.

	b. Connect a 51-ohm resistor across L4 and the jumper across L3 as shown in figure 373. Keep the lead lengths as short as possible.

	c. Replace the bottom of the preamplifier.




	d. Apply low-voltage power to the radio receiver as described in paragraph 80. Allow a 10-minute warmup period.

	e. Connect the signal generator through the isolating pad and the 3-foot cable to the frequency meter as indicated via dotted line in figure 374.

	f. Calibrate the signal generator signal frequencies from 100 to 140 mc. This calibration should be used for setting the generator frequencies for the remainder of the alinement procedure.

	g. Disconnect the frequency meter from the 3-foot cable and the preamplifier input cable from the mixer assembly. Connect the 3-foot cable to the preamplifier (fig. 374).

	h. Connect the crystal detector, vtvm, and oscilloscope to the preamplifier output as indicated in figure 374. Connect a synchronizing lead between the sweep generator and oscilloscope.

	7. Tune the signal generator to 120 me and adjust its output level so that the vtvm reads 0.5-volt de.

	j. Tune L19 for a maximum reading on the vtvm. While tuning L19, reduce the signal generator output so that the meter reading stays at 0.5 volt.

	k. Repeat the procedure in 7 above for L17.




	l. With the signal generator tuned to 110.5 mc, repeat the procedure in 7 above for L15.

	m. With the signal generator tuned to 130.5 mc, repeat the procedure in 7 above for L138.

	n. With the signal generator tuned to 120 me, repeat the procedure in 7 above for L7.

	o. Repeat the procedures in 2 through n above.

	». Disconnect the signal generator from the isolation pad and connect the sweep generator to the isolation pad.

	q. With the sweep voltage set to the zero deviation, adjust the center frequency of the sweep generator to approximately 120 mc.
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Figure 378. Modification of if. preamplifier for alinement.
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Figure 374. Test setup for if. preamplifier alinement.

[image: Figure, page 447]

A.RESPONSE FROM IST AMPLIFIER GRID TO DETECTOR
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B.RESPONSE WITH EQUIVALENT MIXER AHEAD OF PREAMPLIFIER

TM 689-447

Figure 375. if. preamplifier response waveform.


	r. Adjust the output level of the sweep generator for a 0.5-volt reading on the vtvm.

	s. Set the sweep voltage for maximum deviation. A response now should appear on the oscilloscope.

	t. Couple the signal generator output through the marker injection cable to V1 as shown in figure 374. When using the marker signal, keep level as low as possible to prevent distortion of the response.

	u. Tune L9 and L11 until a response similar to that shown in A, figure 375, is obtained. Use markers as a guide in alinement.

	v. Remove the bottom cover of the preamplifier and remove the jumper and 51-ohm resistor connected in b above. Replace the bottom cover of the preamplifier.

	w. Connect the equivalent mixer between the sweep generator and preamplifier as shown in figure 376.

	x. With the sweep voltage deviation reduced to zero, set the sweep generator output level so that the vtvm reads 0.5 volt. Then reset the sweep voltage for maximum deviation.

	y. Tune L1 and L4 until a response similar to that shown in B, figure 375, is obtained. Use markers as a guide in alinement. The 3-db, peak, and valley frequencies, as measured with the marker, should agree closely with those shown in figure 375.





237. 120-Mc If. Amplifier, Limiters, and Discriminator Alinement

The 120-mc if. amplifier (V7—-V12), limiters (V18 and V14), and discriminator (V15) are alined as described below. It is assumed in this procedure that all circuit breakers are in the OFF position initially.


	a. Preliminary If. Amplifier Alinement. The if. amplifier is alined initially as follows:

	(1) Connect the signal generator through its isolation pad to the matching pad (50-ohm side) with the 3-foot coaxial cable (fig. 377). Ground the age lead at terminal 8, TB4.




	(2) Disconnect the if. amplifier input cable from the preamplifier and connect the input cable to the matching pad (91 ohm side).




	(3) Connect the vtvm to terminal 7 of the fanning strip (1st limiter grid).




	(4) Set the signal generator output at a minimum, and apply low-voltage power to the receiver rack as described in paragraph 80a. Allow a 10-minute warmup period.




	(5) Set the signal generator frequency to 120 mc and increase the output level of the generator until a meter reading of 2.2-volts de is obtained.




	(6) Using the alinement tool, adjust L32
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	until the meter reads a maximum. While adjusting L382, reduce the generator level so that the meter reading stays at 2.2 volts.

	(7) With the signal generator tuned to 110.5 mc, repeat the procedure in (6) above for L30.

	(8) With the signal generator tuned to 130.5 mc, repeat the procedure in (6) above for L28.

	(9) With the signal generator tuned to 110.5 mc, repeat the procedure in (6) above for L26.

	(10) With the signal generator tuned to 120 mc, repeat the procedure in (6) above for L24.

	(11) With the signal generator tuned to 130.5 mc, repeat the procedure in (6) above for L22.

	bh. Preliminary Limiter Alinement. The first and second limiters are alined initially as follows:

	(1) Substitute the sweep generator for the signal generator and connect terminal 7 to oscilloscope (fig. 377) in parallel with the meter. Connect synchronizing cable between the oscilloscope and sweep generator.




	With the sweep voltage at zero, set the generator center frequency to 120 mc. (2)







	Adjust the output attenuator on the sweep generator for a 2.2-volt, de reading on the meter. (3)

	Set the sweep voltage on the generator to maximum deviation. A response now should appear on the oscilloscope. (4)

	Reduce the sweep voltage so that only top 30 percent of the response is visible on the oscilloscope as illustrated in A, figure 370.

	Adjust the center frequency of the sweep generator so that the ends of the response terminate on the same horizontal line on the oscilloscope screen (A, fig. 370). (6)

	Remove the top cover of the amplifier chassis. (7)

	Connect the oscilloscope and vtvm to test point E2, second limiter grid (fig. 377). (8)

	Tune limiter coils L384 and L835 for maximum reading on the vtvm. (9)

	(10) Adjust L835 so that peaks of the response waveform on the oscilloscope are equal.

	(11) Adjust L34 so that the ends of the re-. sponse waveform terminate on the same horizontal line of the oscilloscope (C, fig. 370).

	(12) Repeat the procedures in (10) and
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Figure 377. If. amplifier alinement test setup.


	(11) above. Because of interaction between L35 and L34, it may be necessary to repeat these procedures several times before a response like that shown in C, figure 370, is obtained.

	c. Preliminary Discriminator Alinement. The discriminator is alined initially as follows:

	(1) Substitute the signal generator for sweep generator (fig. 378).




	(2) Connect the vtvm to terminal 7 of the fanning strip, tune the signal generator to 120 mc, and set its output level for a 2.2-volt reading on the vtvm.




	(3) Connect the vtvm to terminal 6, the discriminator output, and tune L388 for maximum voltage on the vtvm.




	(4) Connect the vtvm to terminal 7 of the fanning strip, tune the signal generator to 108 mc, and set its output level for a 2.2-volt reading on the meter.




	(5) Connect the vtvm to terminal 6 of the fanning strip and tune L39 for maximum negative voltage on the meter.




	(6) Tune the generator to 141 mc and set its output level for maximum output.




	(7) Tune L40 for a maximum positive voltage on the meter.




	(8) Repeat the procedures outlined in (4) through (7) above until there is no reaction between the tuning of L39 and L40.







	(9) Zero the vtvm on its 2-volt range. Connect it to terminal 6.

	(10) Slowly tune the generator about 120 me until the vtvm reads zero.

	(11) Disconnect the signal generator from the if. amplifier input cable and connect it to the frequency meter as indicated in figure 378.

	(12) With the frequency meter, determine the exact frequency of the signal generator set in (10) above.

	(13) Calibrate the signal generator dial at frequencies of 115, 120, and 125 mc and record the dial readings. These calibration points will be used in setting the generator frequency for the remainder of the alinement.

	(14) Reconnect the signal generator to if. amplifier and set the generator to 120 mc.

	(15) Set the signal generator level for 2.2 volts at terminal 7.

	(16) If the discriminator zero frequency determined in (10) above was below 120 mc, rotate the tuning screws on L389 and L40 equal increments in a counterclockwise direction until the vtvm, connected to terminal 6, reads exactly zero. Total rotation should not be more than 114 turns, otherwise
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Figure 378. Discriminator alinement and sensitivity test setup.

the discriminator alinement should be repeated.

tuning screws on L39 and L40 equal follows: increments in a clockwise direction until the vtvm, connected to terminal

(19) Measure the negative voltage at ter- vtvm.


	125 me and output level to 2.2 volts above.

	minal 6. c(9) through (12) above.

	

	corresponding to the lower of the two ment procedure given in c above. and adjust the generator level for a 2.2-volt reading at terminal 7.



(24) Set the meter to the proper range, zero meter, and connect it to terminal

6.


	(25) Adjust L38 so that the lower discriminator voltage is equal to the higher voltage.

	(26) If necessary, repeat the procedures in (18) through (25) above until outputs from the discriminator are equal.

	d. Final Alinement of Limiters. The final alinement of the limiters is performed as

	matching pad and the vtvm and oscil- fanning strip.




	b(1) through (6) above. least 10 minutes.




	b(8) through (12) above. modulated.




	e. Final If. Amplifier Alinement. The final (6) Vary the output of the signal generalinement of the if. amplifier is performed as ator so that the vtvm reads —0.5-volt follows: de.

	






(2) Repeat the procedures in a (5) through (11) above.

(17) If discriminator frequency in (10) f. Final Discriminator Alinement. The final above was above 120 mc, rotate the discriminator alinement is performed as


	(1) Connect the signal generator to the matching pad as shown in figure 377.

	6, reads exactly zero. (2) Measure the discriminator output volt- (18) Set the signal generator frequency to ages at 115 and 125 mc by repeating 115 mc and adjust its level for 2.2 volts the procedures in c(18) through (21) at terminal 7. above, making sure to zero set the

	minal 6. (3) If voltages are unequal, repeat the (20) Set the signal generator frequency to procedures in c(23) through (26)

	at terminal 7. (4) Measure the discriminator zero fre- (21) Measure the positive voltage at ter- quency by repeating the procedures in

	(22) Compare the discriminator : voltages (5) If the discriminator zero frequency is obtained in (19) and (21) above. not within 100 ke of 120 mc, repeat (23) Set the signal generator to a frequency the preliminary discriminator aline

	values obtained in (19) and (21) above (6) Remove ground from age lead at ter minal 8, TB4.








238. Afc If. Amplifier and Discriminator Alinement

The afc if. amplifier (V25-V27) and discriminator (CR4 and CR5) are alined as follows:

a. If. Amplifier Alinement.

(1) Check the tuning of the crystal multiplier.


	(2) Turn the POWER and HV PL switches OFF and remove the cover from this subassembly. Connect the test equipment to afc subassembly as shown in figure 379.

	follows: (1) Connect the sweep generator to the (3) Connect the vtvm to terminal 5 of the

	loscope to terminal 7 as shown in figure (4) Apply low-voltage power to the re-377. ceiver as described in paragraph 80a (2) Repeat the procedures outlined in and allow the receiver to stabilize at




	(3) Repeat the procedures outlined -in (5) Set the signal generator to 36 mc, un-

	







	(1) Connect the signal generator to the (7) Adjust coil L52 for a maximum vtvm matching pad and the vtvm to terminal reading, and simultaneously vary the q. 'signal generator output so that the







	

	(8) Set the signal generator to 33 mc. low it to stabilize.

	(9) Adjust coil L54 for a maximum vtvm (6) Turn the slug in coil L57 completely reading, and simultaneously vary the counterclockwise.

	

	(11) Turn off the power and replace the +40-volt scale. cover. (9) Set the frequency meter to 34.5 mc.

	b. Discriminator Alinement.

	(1) Perform the procedures in a(1) and (2) above. frequency meter.




	(2) Place the AFC OFF-ON switch in the (11) Turn off the frequency meter. terminal 5 of the fanning strip. reading.







	maximum vtvm reading is —0.5 volt. (5) Turn on the frequency meter and al-

	




	signal generator output so that the (7) Connect a jumper between terminal 7 maximum vtvm reading is —0.5 volt. f the f i i is. (10) Repeat the procedures in (5) and (7) : at ER a Oe te (8) Connect the vtvm to terminal 6. Use above. ae

	




	




	(10) Vary the frequency of the signal generator until a beat is obtained on the




	




	OFF position and connect the vtvm to (12) Tune coil L56 for maximum vtvm
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Figure 379. Test setup for afc if. amplifier and discriminator alinement.


	(3) Apply low-voltage power to the re- (13) Tune coil L57 for a zero vtvm reading. and allow the receiver to stabilize at " jumper. least 10 minutes.

	(4) Set the signal generator to 34.5 me 239. Adjustment of Beam Current reading on the vtvm. as follows:

	

	ceiver as described in paragraph 80a (14) Turn off the power and remove the



and adjust its output for a 0.5-volt The klystron beam current should be adjusted


	a. Place the POWER switch in the OFF position.

	b. Connect the multimeter between terminal 4of TB6A and terminal 4 of TB6B so that current between these points can be measured.

	c. Connect the vtvm between terminal 4 of TB6A and ground.

	d. Place the POWER switch in the ON position.

	e. Adjust the BEAM CURRENT control for a15-ma reading on the meter. If a 15-ma reading cannot be obtained, set the BEAM CUR-RENT control fully clockwise.

	f. If a reading other than —300-volts dc is obtained on the vtvm, adjust the BEAM V ADJ control on the receiver power supply for a —8300-volt reading.

	g. Repeat the procedures in e and f above until both conditions are met. :





240. Alinement of Preselector and If. Covupling Coil

The preselector and if. coupling coil, L19, are alined as follows:


	a. Connect the test equipment to the radio receiver as shown in figure 380.

	b. With the signal generator output level at a minimum, apply power to the radio receiver. Allow a 10-minute warmup period.

	c. Set the IF. LEVEL potentiometer to its maximum clockwise position.

	d. Place the assigned channel crystal into the crystal socket and aline the crystal multiplier and local oscillator for the assigned channel. Set the preselector to the approximate setting by using the channel scale marking.

	e. Adjust the signal generator frequency to the channel carrier frequency.

	f. Set the right hand meter switch (S38) to the IF. DISCR FREQ HIGH position and the left hand meter switch to the IF. LEVEL position.




	g. Watch the right hand meter B and vary the signal generator frequency so that the meter indication goes through the zero reading; then readjust the signal generator frequency back to a zero reading. The frequency at which this zero reading is obtained is called the discriminator crossover frequency. Maintain this frequency for the remainder of the alinement.

	h. Detune the preselector primary by raising its shorting plunger. '

	i. Adjust the signal generator output for an IF. LEVEL meter reading of 60.

	7. Vary the INCR FREQ knob on the preselector for maximum IF. LEVEL meter reading. If the reading goes over 70, readjust the signal generator for a reading of 70.

	k. Lower the primary shorting plunger to its normal position and detune the preselector secondary by raising its shorting plunger.

	1. Adjust the vernier tuning screw for maximum IF. LEVEL meter reading. If the meter reading rises above 70, reduce the generator output level.

	m. Lower the secondary shorting plunger and reduce the generator output until an IF. LEVEL meter reading of 60 is obtained.

	n. With the alinement tool, adjust the preamplifier output circuit coil, L19, for maximum IF. LEVEL meter reading. The coil adjustment screw is located adjacent to the preamplifier output jack.

	o. As a check on the alinement, slowly tune the signal generator 10 mc above and below the crossover frequency. Note the IF. DISCR FREQ HIGH and IF. DISCR FREQ LOW and IF. LEVEL meter readings.

	p. Note and record the maximum IF. LEVEL meter readings and corresponding IF. DISCR FREQ HIGH and IF. DISCR FREQ LOW meter readings. The frequencies at which these maximums occur can be determined from the
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Figure 380. Test setup for preselector and if. coupling coil alinement.

IF. DISCR FREQ HIGH or IF. DISCR FREQ LOW meter reading. The sensitivity of this meter is 12 units per mc.

q. Note and record the minimum IF. LEVEL meter reading and corresponding frequency as determined from IF. DISCR FREQ HIGH or IF. DISCR FREQ LOW meter reading.

r. If receiver is alined correctly, the receiver response should have two maximums spaced at 5.5 to 6 mc on either side of the crossover frequency, with the minimum at or close to the crossover frequency. The ratio of maximum to minimum IF, LEVEL meter readings should not exceed 1.25.




Section IV. FINAL TESTING


241. General

a. This section is intended as a guide to be used in determining the quality of a repaired Radio Set AN/TRC-29. The minimum test requirements outlined in paragraphs 243 through 250 may be performed by maintenance personnel with adequate test equipment and necessary skills. Repaired equipment meeting these requirements will furnish uniformly satisfactory operation.

pie, b. When a major repair has been performed on a component, the component should be checked in accordance with the procedures outlined in this section. In the case of the radio transmitter and the radio receiver, where a relatively long period of time is required to perform all of the tests, it is possible to limit final testing to checking those performance characteristics that may have been affected by the repaired circuit. However, if time permits, all of the tests given for these components should be made,



242. Test Equipment Required for Final Testing


	a. Order-Wire Transmitter. The following test equipment is required for checking the operation of the order-wire transmitter :

	(1) Vtum. <A vtvm, such as Electronic Multimeter TS—505/U, is required to have a dc voltage range of 0 to +2 volts and 0 to +200 volts. The input impedance should be 1 megohm, or higher.




	Oscilloscope. An oscilloscope, such as Oscilloscope AN/USM-50, is required to have a frequency response to at least 6 mc and a sensitivity of at least 35 millivolts rms per inch.




	Heterodyne frequency meter. A heterodyne frequency meter, such as Fre-






quency Meter AN/URM-79, is required to measure a 6.000-mc signal.


	b. Radio Transmitter. The following test equipment is required for checking the operation of the radio transmitter:

	(1) Oscilloscope. This oscilloscope is the same as that listed in a(2) above.




	Vtum. This vtvm is the same as that listed in a(1) above. Two vtvm are required. (2)




	(3) Wattmeter. A wattmeter, such as Wattmeter ME-69/U, is required to measure up to 10 watts of power in the frequency range of 1,700 to 2,400 me.




	Multimeter. A multimeter, such as Multimeter TS-352/U, is required to measure voltage to at least —2,500 volts. (4)




	(5) Audio oscillator. An audio oscillator, such as Audio Oscillator TS-—382/U, is required to have a frequency range 10 cps to 30 ke, and an output level variable from 0 to 2.5 volts.




	Video signal generator. A video signal generator, such as Signal Generator AN/URM-25D, is required to have a frequency range from 20 kc to 6.0 mc and output voltage continuously variable from 0 to 50 millivolts. (6)




	Video signal generator. A video signal generator, such as Hewlett Packard Model 650A, may be used instead of either or both instruments listed in (5) and (6) above. (7)




	c. Power Supply PP-764/G. The following test equipment is required for checking the operation of the high-voltage power supply:

	(1) Ac vtvm. An ac vtvm, such as Voltmeter ME-30A/U, is required to measure ripple voltages from 1 millivolt to 1 volt.







	(2) Multimeter. Same as the multimeter listed in b(4) above.

	(3) Oscilloscope. Same as the oscilloscope listed in a(2) above.

	d. Order-wire Receiver. The following test equipment is required for checking and adjusting the order-wire receiver.

	(1) Vtum. This vtvm is the same as the vtvm listed in a(1) above.




	(2) Oscilloscope. This oscilloscope is the same as the oscilloscope listed in a(2) above.




	(3) Heterodyne frequency meter. This meter is the same as the heterodyne frequency meter listed in a(3) above.




	e. Radio Receiver. The following test equipment is required for checking and adjusting the radio receiver:

	(1) Multimeter. A multimeter, such as Multimeter TS-352/U, is required with a current range of at least 0 to 30 ma with a 8 percent accuracy.




	(2) Vtum. A vtvm, such as Electronic Multimeter TS—505/U, is required to measure +1,000 volts dc, with an accuracy of 4 percent.




	(3) Heterodyne frequency meter. A heterodyne frequency meter, such as Frequency Meter AN/URM-81, is required with the following characteristics: frequency range (by harmonics) of 1,835 to 2,505 mc; accuracy of 0.04 percent, and incremental accuracy of 0.001 percent.




	(4) Oscilloscope. This oscilloscope is the same as the oscilloscope listed in a(2) above.




	(5) Rf signal generator. An rf signal generator is required to provide at least a 200-millivolt output in the frequency range of 1,700 to 2,400 mc. Signal Generator AN/URM-64 can be used to cover the range of 1,700 to 2,400 me and Signal Generator AN/URM-61 can be used to cover the range of 1,820 to 2,400 me.




	(6) If. signal generator. An if. signal generator, such as Signal Generator TS-— 497A/URR, is required with at least the following characteristics: frequency range of 100 to 145 mc; frequency calibration which is accurate within







	0.5 percent; output impedance of 50 ohms; and a variable output level between 0 and 100 millivolts.

	(7) If. marker injection cable. A special marker injection cable must be made up as indicated in figure 363.

	(8) Coaxial adapters. An Adapter Connector UG-914/U and an Adapter UG-349A/U are required.

	(9) Rf isolating pad. An rf isolating pad that consists of about 16 feet of RG— 21A/U is required to provide 10-db attenuation in the range of 1,700 to 2,400 mc.

	f. Power Supply PP-690,'G. The following test equipment is required for checking the operation of the receiver power supply:

	(1) Multimeter. A multimeter, such as Multimeter TS-352/U, is required with at least the following characteristics: voltage range of 400 volts; 20,- 000 ohms per volt; and accuracy of 3 percent.




	(2) Ac vtvm. This vtvm is the same as the ac vtvm listed in c(1) above.




	(3) Oscilloscope. This oscilloscope is the same as the oscilloscope listed in a(2) above.




	g. Power Supply PP-689 G. The following test equipment is required for checking the operation of the transmitter low-voltage power supply:

	(1) Acvtvm. This vtvm is the same as the ac vtvm listed in c(1) above.




	(2) Multimeter. This multimeter is the same as the multimeter listed in b(4) above.




	(3) Oscilloscope. This oscilloscope is the same as the oscilloscope listed in a(2) above.




	h. Radio Set AN TRC-29, Overali. The following test equipment is required for the overall check and adjustment of the radio set:

	(1) Audio and video signal generators. These generators are the same as the audio and video signal generators listed in )(5) through (7) above.




	(2) Vtum. Same as vtvm listed in a(1) above. Two of these vtvms are required.




	(3) Oscilloscope. This oscilloscope is the






same as the oscilloscope listed in a(2) above.



243. Final Test of Order-Wire Transmitter

The order-wire transmitter is tested as described below.


	a. Power Supply and Oscillator. The power supply and oscillator are checked as follows:

	(1) Measure the resistance across C35 (B-- to ground). It should be greater than 100K.




	(2) Adjust the INCREASE OUTPUT control on the autotransformer for a LINE VOLTS meter reading (on the radio transmitter) as close as possible to 115 volts.




	(3) Apply low-voltage power to the transmitter rack as described in paragraph 76a. All filaments in the order-wire transmitter should light.




	(4) Place the PLATE circuit breaker in the ON position. Tube V11 should glow.




	(5) Measure the voltage across C33. It should be between —100 and —110 volts de.




	(6) Measure the voltage across C35. It should be +140 volts +5 volts.






awe


	(7) Measure the voltage across R46. It should be between 15 and 20 volts dc.

	(8) Check the oscillator frequency with Frequency Meter AN/URM-79 by placing its pickup loop near the FREQ ADJ coil. It should be 6.000 me.

	(9) Place the ORDER WIRE TEST SWITCH in AFC OFF position. Oscillator frequency should not change more than +1 ke.

	b. Carrier Output Level Check. Check the carrier output level as follows:

	(1) Disconnect the cable from the ORDER WIRE CARR OUTPUT jack. Connect a 5-foot RG-58C/U to this jack. Terminate the other end of the coaxial cable in a 500-ohm resistor. Place the oscilloscope across this resistor.




	Calibrate the level obtained on the oscilloscope. It should be greater than 250 millivolts with the ORDER WIRE CARR LEVEL control fully clockwise.




	(3) Turn the ORDER WIRE CARR LEV-EL control fully counterclockwise.







	The output should be greater than 10 millivolts.

	(4) Depress the RING button on the or- der-wire réceiver. The output should drop below 2 millivolts for a period of about 1 second (if the RING button is kept depressed) and then return to the original level, although the RING button still is depressed.





244. Final Test of Radio Transmitter

The radio transmitter is tested as described below.


	a. Electronic Voltage Regulator, Modulator, and Vtvm. Check the operation of the electronic voltage regulator, modulator, and vtvm as follows:

	(1) With the POWER switch in the OFF position, connect the multimeter between terminal 8 of TB9 and ground. Set the meter to the negative voltage scale with the voltage range in excess of —2,500 volts.




	(2) Apply the klystron voltage to the radio transmitter as described in paragraph 77.




	(3) A meter reading of —1,295 volts +10 percent should be obtained.




	(4) Turn off the power and disconnect the meter.




	(5) Apply low-voltage power to the radio transmitter as described in paragraph 76a and place the VTVM SEL SW in the GND position.




	(6) Place the PEAK VTVM meter. switch in POS PEAK position and adjust the VTVM ZERO BALANCE POS control for a zero reading on PEAK VTVM.




	(7) Place the PEAK VTVM meter switch in the NEG PEAK position and adjust the VTVM ZERO BALANCE NEG control for a zero reading on PEAK VTVM.




	(8) Turn the POWER switch OFF. Remove the protective cover on the modulator. Connect the vtvm across the modulator output, that is, between the junction of R52 and C25 and ground (fig. 367).




	(9) Connect Audio Oscillator TS-382/U through a 560-ohm resistor to the







	VIDEO INPUT receptacle at the back of the radio transmitter.

	(10) Connect another vtvm across the output terminals of the audio oscillator.

	(11) Adjust the audio oscillator frequency to 500 cps and its output level for a 1.2-volt reading on the vtvm across its terminals.

	(12) Turn the POWER switch ON. Place the MOD INPUT SEL SW in the VID position and INPUT VIDEO LEVEL control fully clockwise. The modulator output should be 44 volts rms +10 percent.

	(13) Connect a 50-ohm terminating resistor across the MON REC OUTPUT jack. Place a vtvm across this resistor. A meter reading of approximately 0.33 volt should be obtained when the transmitter is modulated 100 percent.

	(14) Adjust the signal generator level so that the modulator output voltage is 35.4 volts rms.

	(15) Place the VITVM SEL SW in the MOD OUT position. The PEAK VTVM meter reading should be exactly 50 on the black scale. Switch from the POS PEAK to the NEG PEAK or vice versa. The meter reading should not change.

	(16) Place the MOD INPUT SEL SW in the GND position. The modulator output meter reading should be less than 100 millivolts.

	b. Frequency Response of Modulator, Vtvm, and Monitor Receiver. Check the frequency response of the modulator, vtvm, and monitor receiver as follows:

	(1) Connect the audio oscillator to the VIDEO INPUT jack through a 560 ohm resistor as shown in figure 367.




	(2) Connect a vtvm across the output terminals of the audio oscillator and another one at the modulator output.




	(3) Set the audio oscillator to 500 cps and the output level for a PEAK VTVM meter reading of 50 percent with VTVM SEL SW in MON OUT position. Note the reading on the multimeter.




	(4) Keep the modulator input voltage at the reading noted in (38) above and







	vary the frequency of the signal generator as described in paragraph 233d(4) through (7). At each frequency, read, plot, and normalize the readings of the following meters:

	(a) Modulator output vtvm.

	(6) PEAK VTVM in the NEG PEAK position with VT VM SEL SW in the MOD OUT position.

	(c) PEAK VTVM in the POS PEAK position with VTVM SEL SW in the MOD OUT position.

	(d) PEAK VTVM in the NEG PEAK position with VTVM SEL SW in the MON OUT position.

	(e) PEAK VTVM in the POS PEAK position with VTVM SEL SW in the MON OUT position.

	(f) Reading obtained across MON REC OUTPUT terminating resistor.

	(5) The response curve obtained in (4) (a) above should compare with the curve given in figure 368 (115-volt line voltage).

	(6) The response curves obtained in (4) (b) through (e) above should compare with curves given in figure 381.

	(7) The response curve obtained in (4) (f) above should compare with the curve given in figure 382.

	c. Power Output Measurement. Check the power output of the transmitter as follows:

	(1) Turn the power off. Disconnect the 20-db cable from the RF OUT jack and connect Wattmeter ME-69/U to this jack. Turn the power on again.




	(2) Place MOD SEL SW in the GND position.




	(3) Make sure that the LINE VOLTS meter reading is as close as possible to 115 volts.




	(4) Make sure that the PA CATH CUR. reading on the left hand meter is 100.




	(5) Determine the power output on the ME-69/U. It should compare with the value indicated in figure 383.

	Note. The tests indicated in d and e below should be performed on units to be used as depot stock.







	d. Checking Operation at Other Line Voltages. Repeat the procedure given in a through c above for a line voltage of 103.5 and 126.5.
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Figure 381. Vtvm response curves.

e. Checking Operation at Other Frequencies. The procedure given in c above should be repeated for channels 1, 15, and 27. When changing the frequency, be sure that the proper klystron and crystal are used (pars. 33 and 399).

~ y



245. Final Test and Adjustment of Power Supply PP—764/G

The high-voltage power supply is checked a. Check the terminal board resistances to ground (fig. 307).


	b. Place the VARIABLE AUTOTRANS-FORMER switch to 0 and the PA PLATE VOLTAGE ADJUST-KLYSTRON BEAM VOLTAGE TEST ADJUST switch to the PA PLATE VOLTAGE ADJUST position.

	c. Place all circuit breakers in the power supply in the ON position, including INPUT POW-ER BREAKER circuit breakers (CB1 and and adjusted as follows: CB2) on the back of the unit. Place the POWER circuit breaker in the radio transmitter in the ON position and FIL and PLATE circuit break-
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Figure 382. Monitor receiver output frequency response.
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Figure 388. Power output versus frequency curve.

ers in the order-wire transmitter in the ON position. Allow the unit to warm up.


	d. The LINE VOLTS meter reading should be as close as possible to 115 volts.

	e. Place the INPUT POWER BREAKER circuit breakers in the OFF position and connect Multimeter TS-—852/U between terminal 18 of TB2 and ground. Use a 5,000-volt scale initially. Connect the vtvm and scope through a 4-uf, 2,000-volt capacitor in parallel with the multimeter. Place the INPUT POWER BREAKER circuit breakers in the ON position.

	f. Adjust the BEAM V ADJ control for a meter reading of —1,000 volts on the 5,000-volt scale. Turn the INPUT POWER BREAKER circuit breakers to OFF, set the meter on a




	1,000-volt scale. Turn the INPUT POWER BREAKER circuit breakers to ON. Readjust the BEAM V ADJ control for a meter reading of —1,000 volts.

	g. Note and record ripple voltage on the ac vtvm and oscilloscope. It should not exceed 25 millivolts.

	h. Vary the line voltage to 103.5 volts. The de output voltage should not drop below 995 volts and the ripple voltage should not exceed 50 millivolts.

	1. Vary the line voltage to 126.5 volts. The de output voltage should not exceed 1,005 volts, and the ripple voltage should not exceed 50 millivolts.

	j. Place the INPUT POWER BREAKER cir-






cuit breakers in the OFF position. Connect the multimeter vtvm and the oscilloscope to terminal 4, TB2. Place the circuit breakers in the ON position. Adjust the line voltage to 115 volts.


	k. Adjust the VARIABLE AUTOTRANS-FORMER for a reading of +800 volts on the multimeter. Note the ripple voltage. It should not exceed 10 volts.

	l. Vary the line voltage to 103.5 volts. The de output voltage should not drop below 700 volts and the ripple voltage should not exceed 12 volts.

	m. Vary the line voltage to 126.5 volts. The de voltage should not exceed 950 volts, and the ripple voltage should not exceed 12 volts.

	n. Place the INPUT POWER BREAKER circuit breakers in the OFF position. Place the multimeter, vtvm and oscilloscope between terminal 15 on TB3 and ground. Place the circuit breakers in the ON position.

	o. With the line voltage at 115 volts, the dc output voltage should be —2,350 volts +135 volts, and the ripple voltage should not exceed 0.8 volts.

	p. With the line voltage at 103.5 volts, the dc output voltage should be not less than —2,200 volts and the ripple voltage should not exceed 1 volt.

	q. With the line voltage at 126.5 volts, the dc output voltage should not exceed —2,500 volts and the ripple voltage should not exceed 1 volt.

	r. Place the VARIABLE AUTOTRANS-FORMER control to zero and the PA PLATE VOLTAGE ADJUST-KLYSTRON BEAM VOLTAGE TEST ADJUST to the KLYSTRON BEAM VOLTAGE TEST ADJUST position.

	s. With the power turned off, place the multimeter between terminal 18, TB2, and ground. Turn on the power again.

	t. Turn the VARIABLE AUTOTRANSFOR-MER control to the point marked KLYSTRON TEST. The multimeter should read about —500 volts.





246. Final Test of Order-Wire Receiver

The order-wire receiver is tested as described below.


	a. Power Supply Check. The power supply is checked as follows:

	(1) Measure the resistance between C26B







	and ground. It should be greater than 10K.

	(2) Place the FIL circuit breaker in the ON position. All filaments should go on. (It is assumed that power has been applied to the receiver, and the receiver power supply circuit breakers are on.)

	(3) Turn on the PLATE circuit breaker. Tube V13 should glow. Allow a 10 minute warmup period.

	(4) Check the voltage with the dc vtvm between pin H on the DIVERSITY IN-TERCONN jack and ground. It should be between —100 and —110 volts de. (LINE VOLTS should be as close as possible to 115 volts.)

	(5) Measure the voltage across C26B with the vtvm. It should be +140 volts +5 volts.

	(6) Measure the de voltage across R66. It should be between 9 and 11 volts.

	b. Checking Carrier and Audio Circuits. The carrier and audio circuits are checked as follows:

	(1) Disconnect all connecting cables from the back of order-wire receiver.




	(2) Connect the cable from the LOW PASS FILTER INPUT to OW CARR FILTER OUTPUT.




	(8) Connect the output of an order-wire transmitter obtained at the ORDER WIRE CARR OUTPUT receptacle to the VIDEO INPUT FROM REC jack of the order-wire receiver being tested.




	(4) Using the frequency meter, adjust the output frequency of the order-wire transmitter to exactly 6.000 mc (unmodulated).




	(5) Using an oscilloscope to measure the output level of the order-wire transmitter, vary the ORDER WIRE CARR LEVEL control for an output of 50 millivolts rms.




	(6) Place the ORDER WIRE TEST SWITCH on the order-wire transmitter to the THRU TONE position. Adjust the AUDIO LEVEL THRU CHANNEL for an AUDIO meter reading of 100.




	(7) Place the ac vtvm at pin E of RE-PEATER INTERCONN jack. A me-







	ter reading of 0.776 volt rms should be obtained (+10 percent).

	(8) Place the meter switch (M1) on the order-wire transmitter in AUDIO position. It should read between 90 and 110.

	(9) Place the ac vtvm between pin K of REPEATER INTERCONN jack and ground. A reading of 1.25 volts +0.25 volt rms should be obtained across a 330-ohm resistor.





247. Final Test of Radio Receiver

The radio receiver is tested as described below.


	a. Tuneup of Crystal Multiplier. Tune up the crystal multiplier as described in paragraph 80.

	b. Tuneup of Local Oscillator. Tune up the local oscillator as described in paragraph 83.

	c. Afe Pull-in Range. Check the pull-in range of the afc circuit as follows:

	(1) Disconnect the wavemeter rf cable at the wavemeter and connect it to the frequency meter using the cable supplied with the frequency meter and UG-914/U and UG-349A/U.




	(2) Connect the oscilloscope between the junction of R143 and R144 and ground.




	(3) Set the LINE VOLTS as close as possible to 115 volts.




	(4) Place the AFC switch in the OFF position.




	(5) Set the METER A switch to the AFC CORRECTION + position.




	(6) Readjust the local oscillator IN-CREASE FREQ knob for an exact zero reading on the meter as described in paragraph 81. Note the position of this knob.




	(7) Set the METER A switch to any position other than AFC CORRECTION +- or AFC CORRECTION —.




	(8) Set the AFC switch to the ON position.




	(9) Determine and record the local oscillator frequency as measured on the frequency meter.




	(10) Move the frequency dial on the frequency meter to monitor a frequency 2.0 mc higher than the local oscillator frequency as determined in (9) above.







	(11) Set the METER B switch to the IF. MIXER position and place the AFC switch in the OFF position.

	(12) Rotate the INCREASE FREQ knob clockwise until a buzz is heard on the frequency meter headset.

	(13) Place the AFC switch to the ON position.

	(14) Check the waveform on the oscilloscope to make sure that the circuit is not oscillating, that is, hunting.

	(15) Determine and record the local oscillator frequency. This frequency should be within 0.25 mc of the frequency recorded in (9) above.

	(16) Place the AFC switch in the OFF position.

	(17) Set the frequency dial of the frequency meter to monitor a frequency 2.0 mc lower than that noted in (9) above.

	(18) Rotate the INCREASE FREQ knob counterclockwise until a buzz is heard on the frequency meter handset.

	(19) Place the AFC switch in the ON position.

	(20) Check the waveform on the oscilloscope to make sure that the circuit is not hunting.

	(21) Determine and record the local oscillator frequency. This frequency should be within 0.25 mc of the frequency recorded in (9) above.

	(22) Repeat the procedures in (4) through (6) above.

	(23) Change the line voltage to 103.5 volts and allow the METER A reading to stabilize.

	(24) Determine and record the local oscillator frequency. This frequency should be within 3 mc of the frequency recorded in (9) above.

	(25) Place the AFC switch in the ON position.

	(26) Check the waveform on the oscilloscope to make sure that the circuit is not hunting.

	(27) Determine and record the local oscillator frequency. This frequency should be within 0.25 mc of the frequency recorded in (9) above.

	(28) Place the AFC switch in the OFF position.




	(29) Change the line voltage to 126.5 volts.

	(30) Set the METER A switch to the AFC CORRECTION-+ pesition and allow the meter reading to stabilize.

	Repeat the procedures in (24) through (27) above. (31)

	Repeat the procedures in (10) through (16) above. (32)

	Change the line voltage to 103.5 volts.

	Set METER A switch to the AFC CORRECTION— position and allow the meter reading to stabilize. (33) (34)

	Repeat the procedures in (17) through (21) above. (35)

	Tune the local oscillator as described in paragraph 83. (36)

	d. Alinement of Preselector and If. Coupling Coil. Aline the preselector and if. coupling coil as described in paragraph 240.

	e. Selectivity Check. The selectivity of the receiver is checked as follows:

	(1) Connect the test equipment to the receiver as shown in figure 384 and aline the receiver on channel 14.




	With the rf signal generator set at the crossover frequency (par. 240), adjust its output level for an IF. LEVEL me- (2) ter reading of 60. (The if. signal gen-







	erator output level should be zero.) Set the IF. LEVEL potentiometer fully clockwise.

	(3) Set the rf signal generator to the higher of the two maximum responses (IF. LEVEL meter reading) points.

	(4) Adjust the rf signal generator output for an IF. LEVEL meter reading of 70.

	(5) Raise the rf signal generator output level exactly 3 db.

	(6) Slowly retune the rf signal generator frequency away from the crossover frequency for an IF. LEVEL meter reading of 70.

	(7) Set the if. signal generator output for maximum output level. Slowly tune the if. generator (around either 112 mc or 128 mc) until a beat is observed on the oscilloscope.

	(8) Read and record the if. signal frequency. Set the if. generator output level to zero.

	(9) Tune the rf signal generator past the crossover frequency to a frequency that provides an IF. LEVEL meter reading of 70.

	(10) Set the if. generator for maximum out-
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Figure 384. selectivity. Test setup for checking receiver put and slowly tune the if. generator until a beat is observed on the oscilloscope.


	(11) Note and record the if. generator frequency. Set the if. generator level to zero.

	(12) The 3-db bandwidth is equal to the difference between frequencies recorded in (8) and (11) above.

	(13) Tune the rf generator to the crossover frequency and adjust its output level for an IF. LEVEL meter reading of 60.

	(14) Read and record the rf generator attenuator setting.

	(15) Set the if. generator output at a maximum, and tune the if. generator until a beat is observed on. the oscilloscope.

	(16) Read and record the if. generator frequency. This is the if. crossover frequency.

	(17) Set the if. generator exactly 2 mc above the crossover frequency.

	(18) Slowly tune the rf generator lower in frequency until a beat is observed on the oscilloscope.

	(19) Set the if. generator output level to zero and adjust the rf signal generator for an IF. LEVEL meter reading of 60.

	(20) Record the rf generator attenuator reading and corresponding frequency.

	(21) Repeat the procedures in (18) through (20) above with the if. signal generator tuned 4, 6, 10, 14, and 16 mc above the crossover frequency.

	(22) Repeat the procedures in (18), (15), and (16) above.

	(23) Set the if. generator to 2 mc below crossover frequency, and repeat the procedures in (18) through (20) above, but tune the rf generator higher in frequency.

	(24) Repeat the procedure in (23) above with the if. generator successively tuned to 4, 6, 10, 14, and 16 mc below crossover frequency.

	(25) Plot the relative attenuator settingdifference between the settings obtained in (20) through (24) above and the setting obtained in (14) above versus frequency. The selectivity re-



sults should be in agreement with the typical selectivity curve shown in figure 385.


	follows: f. Deviation Sensitivity Output Measurement. The deviation sensitivity is measured as

	(1) For this test, a radio transmitter known to be operating properly is used to provide the required signal to the radio receiver. The procedure for connecting the transmitter to receiver is described in (2) through (6) below.




	(2) Connect the radio set for normal station operation as described in paragraphs 53 through 63.




	(3) Connect the RF TEST OUTPUT (-65 to -71 DB) on the back of the radio transmitter through a 20-db cable also mounted on the back of the radio transmitter to the ANT. terminal on the back of the radio receiver. Dis-






[image: Figure, page 463]

Figure 385. Receiver selectivity curve.


	connect the receiver input cable from the duplexer and connect it to the RF REC IN terminal.

	(4) Disconnect the cable connected to the VIDEO OUTPUT receptacle on the order-wire receiver. Connect the vtvm across 50-ohm resistor placed between the VIDEO OUTPUT receptacle and ground.

	(5) Connect the Audio Oscillator TS-— 382/U output through a 560-ohm resistor to the VIDEO INPUT jack of the radio transmitter (fig. 386).

	(6) Set the controls in the radio set to the following positions:

	(a ) PLATE (order-wire transmitter) in the OFF position.




	(b ) MODINPUT SEL SW (radio transmitter) in the VID position.




	(c ) VIDEO LEVEL (radio transmitter ) in the fully clockwise position.




	(d) VTVM SEL SW (radio transmit ter) in the MON OUT position.




	(e ) BUZZER CONTROL (order-wire receiver) in the MONITOR position.




	(7) Turn on the radio set.



mes


	(8) Set the audio oscillator frequency to 10 ke and adjust the output level for a peak VTVM reading of 100 percent.

	(9) Set the VIDEO LEVEL potentiometer in the radio receiver to its maximum clockwise position.

	(10) A reading between 0.56 and 0.64 volt rms should be obtained on the vtvm connected across the VIDEO OUT-PUT.

	(11) Rotate the VIDEO LEVEL potentiometer in the radio receiver until an: rms video output level of 0.4 volt is obtained.

	g. Signal-to-Noise Measurements. ceiver signal-to-noise ratio follows: The reis measured as

	(1) Connect the equipment and adjust the VIDEO LEVEL potentiometer for a 0.4-volt output as described in f above.




	(2) Connect the input terminals of an oscilloscope across the VIDEO OUTPUT terminating resistor and mark the amplitude of the waveform on the face of the cathode-ray tube (A, fig. 388).
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Figure 386. ratio measurements. Test setup for deviation and signal-to-norse


	Note the setting of the vertical gain controls.

	(3) Without disturbing the setting of the oscilloscope vertical gain controls, connect an rf signal generator to the receiver as shown in figure 387.

	(4) The signal-to-noise ratio of the receiver is determined as follows: vary the vertical gain of the oscilloscope by a small amount (that is, 10 to 1 or 100 +o 1) for a setting that increases the main level (B, fig. 388) of the noise to the point where it becomes comparable with amplitude marks as indicated in (2) above.. Now it should be possible to determine signal-to-noise ratio on the oscilloscope screen. By multiplying this ratio by the increased vertical gain setting, the receiver signal-to-noise ratio can be determined.

	(5) With the signal generator off, note the noise level reading on the oscilloscope. This voltage should be between 200 and 400 millivolts.

	(6) Turn on the signal generator and set its frequency to the crossover frequency (par. 240). Set its output level to the point where the noise level no longer decreases with increasing the carrier level.

	(7) Record both the signal generatar output level and signal-to-noise ratio obtained as indicated in (6) above and explained in (4) above.

	Lower the signal generator output 6 db from its previous setting.

	Read and record both the signal gen-




	erator level and signal-to-noise ratio.

	(10) Repeat the procedures in (8) and (9) above until the IF. LEVEL meter reading decreases to 50.

	(11) Convert the signal-to-noise ratio as determined on the oscilloscope into db. Add 12 db to this number when noise as viewed on the oscilloscope screen is primarily random (white) noise. When the noise as seen on the oscilloscope is primarily hum, the correction factor is not necessary.

	(12) Divide each signal generator output level recorded by 3.18 to convert to the receiver input level.

	(13) Plot results (with the 12-db correction factor) on graph paper as illustrated in figure 389. The results should be in close agreement with the typical signal-to-noise ratio curve given in figure 389. The 12-db correction factor is necessary to compensate for the reduced energy content present in random noise. Since a wide-band ac vtvm responds to the energy content of the signal, this correction factor is not necessary if such a wide-band meter is used to measure the noise level.

	(14) If a wide-band ac vtvm, such as the voltmeter ME-30/U, having an essentially flat frequency response to at least 6 me and capable of reading levels as low as 1 millivolt, is available, then the signal-to-noise ratio may be measured directly and the plotted results should be in close agreement with the curve given in figure 389.
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Figure 387. measurements. Test setup for signal-to-noise
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A. CALIBRATION OF OSCILLOSCOPE
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B. ADJUSTMENT OF NOISE LEVEL

x ail

TM 689-490

Figure 388. Signal-to-noise measurement on oscilloscope.


248. Final Test and Adjustment of Power Supply PP—690/G

The receiver power supply is checked and adjusted as follows:


	a. Check the terminal board resistances to ground (fig. 339).

	b. Place all receiver circuit breakers in ON position as well as the INPUT POWER BREAKER switches on the back of the highvoltage power supply. Allow a 10-minute warmup period. Disconnect cable between the if. preamplifier and the if. amplifier.

	c. Adjust the line voltage for a LINE VOLTS reading as close as possible to 115 volts.

	eS d. With the multimeter, check the voltage between terminal 2 of TB3 and ground. If it is not +250 volts de, adjust the +250V ADJ control for a 250-volt reading.

	e. With the multimeter, check voltage be-







	tween terminal 3 of TB3 and ground. If it is not +150 volts de, adjust +150V ADJ control for a 150-volt reading.

	f. Connect the ac vtvm and oscilloscope to terminal 2 of TB3 and ground and measure the ripple voltage. The ripple voltage should not exceed 10 millivolts.

	g. Vary the line voltage to 103.5 volts. The de output voltage should not exceed +250.5 volts and the ripple voltage should not exceed 10 millivolts.

	h. Vary the line voltage to 126.5 volts. The de output voltage should not go below 249.2 volts and the ripple voltage should not exceed 10 millivolts.

	i. Vary the line voltage to 115 volts. Connect the multimeter, ac vtvm, and oscilloscope between terminal 3 of TB3 and ground. The ripple voltage should not exceed 1 millivolt.

	j. Vary the line voltage to 103.5 volts. The de output voltage should not exceed 150.25 volts and the ripple voltage should not exceed 1 millivolt.

	k. Vary the line voltage to 126.5 volts. The de output voltage should not go below 149.75 volts and the ripple voltage should not exceed 1 millivolt.

	l. Vary the line voltage to 115 volts and connect the multimeter, vtvm and oscilloscope between terminal 4, TB3, and ground. The de output voltage should be --42 volts +5 volts. The ripple voltage should not exceed 1 millivolt.

	m. Vary the line voltage to 103.5 volts. The de output voltage should not increase more than 0.5 volt above the value measured as indicated in 1 above, and the ripple voltage should not exceed 1 millivolt.

	n. Vary the line voltage to 126. 5 volts. The de output voltage should not drop more than 0.5 volt below the value measured as indicated in l above and, the ripple voltage should not exceed 1 millivolt.

	o. Vary the line voltage to 115 volts. Connect the multimeter, vtvm, and oscilloscope between terminal 5 of TB3 and ground. If de output voltage is not —300 volts, refer to the procedure given in paragraph 239. The ripple voltage should not exceed 150 millivolts. ;

	p. Vary the line voltage to 103.5 volts. The de output voltage should not go below 270 volts, and the ripple voltage should not exceed 150 millivolts.
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Figure 889. Receiver signal-to-noise ratio curve.


	q. Vary the line voltage to 126.5 volts. The de output voltage should not exceed 330 volts, and the ripple voltage should not exceed 150 millivolts.

	r. Vary the line voltage to 115 volts. Connect the multimeter, vtvm, and oscilloscope between terminal 6 and ground. The dc output voltages should be —475 volts +8 volts. The ripple voltage should not exceed 150 millivolts.

	s. Vary the line voltage to 103.5 volts. The de output voltage should not change more than 35 volts from the value noted in r above. The ripple should not exceed 150 millivolts.

	t. Vary the line voltage to 126.5 volts. The dc output voltage should not change more than 35 volts from the value noted in r above. The ripple voltage should not exceed 150 millivolts.

	u. Vary the line voltage to 115 volts. Connect the multimeter, vtvm, and oscilloscope between terminal 7, TB3, and ground. The dc output voltage should be —625 volts +10 volts. The ripple voltage should not exceed 150 millivolts.

	v. Vary the line voltage to 103.5 volts. The







	de output voltage should not change more than 35 volts from the value noted in u above. The ripple voltage should not exceed 150 millivolts.

	w. Vary the line voltage to 126.5 volts. The de output voltage should not change more than 35 volts from the value noted in u above. The ripple voltage should not exceed 150 millivolts.

	x. Reconnect the if. amplifier cable.








249. Final Test and Adjustment of Power Supply PP—689/G

The transmitter low-voltage supply is checked and adjusted as follows:


	a. Place all transmitter circuit breakers in the ON position except the PA PLATE and KLYSTRON HV circuit breakers. Allow a 10 minute warmup period.

	b. Adjust the line voltage for a LINE VOLTS reading as close as possible to 115 volts.

	c. With the multimeter, check the voltage between terminal D of jack J1 and ground. If it is not +300 volts, adjust the +300V ADJ control for a 300-volt reading.



d. Connect the ac vtvm and oscilloscope between terminal D, jack J1, and ground. The ripple voltage should not exceed 10 millivolts.

e. Vary the line voltage to 103.5 volts. The de output voltage should not go below 295 volts, and the ripple voltage should not exceed 10 millivolts.


	f. Vary the line voltage to 126.5 volts. The de output voltage should not exceed 305 volts, and the ripple voltage should not exceed 10 millivolts.

	g. Vary the line voltage to 115 volts. Connect the multimeter, vtvm, and oscilloscope between terminal C, jack J1, and ground. If the de output voltage is not +250 volts, adjust the +250V ADJ control for a 250-volt reading. Ripple voltage should not exceed 13 millivolts.

	h. Vary the line voltage to 103.5 volts. The de output voltage should not go below 245 volts, and the ripple voltage should not exceed 13 millivolts.

	1. Vary the line voltage to 126.5 volts. The de output voltage should not exceed 255 volts, and the ripple voltage should not exceed 13 millivolts.

	j. Vary the line voltage to 115 volts. Connect the multimeter, vtvm, and oscilloscope between terminal B, jack J1, and ground. Adjust the +150V ADJ control for a 150-volt reading. The ripple voltage should not exceed 12 millivolts.

	k. Vary the line voltage to 103.5 volts. The de output voltage should not go below 147 volts, and the ripple voltage should not exceed 12 millivolts.

	l. Vary the line voltage to 126.5 volts. The de output voltage should not exceed 153 volts, and the ripple voltage should not exceed 12 illivolts.

	m. Vary the line voltage to 115 volts. Connect the multimeter, vtvm, and oscilloscope between terminal F, jack J1, and ground. The de output voltage should be +42 volts +5 volts. The ripple voltage should not exceed 12 millivolts.

	n. Vary the line voltage to 103.5 volts. The de output voltage should not change more than 3 volts from the value noted in m above. The ripple voltage should not exceed 12 millivolts.

	o. Vary the line voltage to 126.5 volts. The dc output voltage should not change more than




	3 volts from the value noted in m above. The ripple voltage should not exceed 12 millivolts.

	p. Vary the line voltage to 115 volts. Connect the multimeter, vtvm, and oscilloscope between terminal A, jack J1, and ground. The dc output voltage should be —150 volts +5 volts, and the ripple voltage should not exceed 90 millivolts.

	q. Vary the line voltage to 103.5 volts. The de output voltage should not change, and the ripple voltage should not exceed 90 millivolts.

	r. Vary the line voltage to 126.5 volts. The de output voltage should not change, and the ripple voltage should not exceed 90 millivolts.





250. Final Test and Adjustment of Radio Set AN/TRC—29

Some of the final tests and adjustments of the components in Radio Set AN/TRC-29 must be made on an overall equipment basis. In addition, the equipment must be tuned and adjusted to operate in the radio relay system. The tests and adjustments required are described below.


	a. Transmitter Level Check. To check the transmitter level, proceed as follows:

	(1) Connect the radio set for normal station operation as described in paragraphs 53 through 64.

	(2) Connect RF TEST OUTPUT (—65 to —71 DB) jack at the back of the radio transmitter, through 20-db cable mounted on the rear cover of the radio transmitter, to the ANT. terminal on the back of the radio receiver. Disconnect the receiver input cable from the duplexer and connect it to the RF REC INPUT terminal.




	(3) Disconnect the cable connected to the VIDEO OUTPUT receptacle on the order-wire receiver. Connect the ac vtvm across 50-ohm resistor placed between the VIDEO OUTPUT receptacle and ground.




	(4) Connect Audio Oscillator TS—382/U output through a 560-ohm resistor to the VIDEO IN jack of the radio transmitter (fig. 386). Connect the vtvm across VIDEO IN terminal.




	(5) Set the controls in the radio set to the following positions:

	(a) PLATE (order-wire transmitter) in the OFF position.










	(b) MODINPUT SELSW (radio transmitter) in the VID position.

	(c) INPUT VIDEO LEVEL (radio transmitter) in the fully clockwise position.

	(d) VTVM SEL SW (radio transmitter) in the MON OUT position.

	(e) BUZZER CONTROL (order-wire receiver) in MONITOR position.

	(6) Set the signal generator frequency to 10 ke and adjust its output level for a 0.5-volt reading on the vtvm connected across the VIDEO OUTPUT jack.

	(7) The video input signal level, as read on the vtvm, should be 158 millivolts or less.

	(8) The PEAK VTVM meter reading on the radio transmitter should be about 125 percent (modulation).

	b. Radio Set Frequency Response. The frequency response of the radio set is measured as follows:

	(1) Connect the test equipment to the radio set as described in a above.




	(2) Set the Signal Generator TS-382/U to 10 ke and adjust its output level for







	a 30 percent reading on the PEAK VTVM meter.

	(3) Note the input level reading on the vtvm.

	(4) Maintain the signal input level at the value noted in (3) above, and vary the input frequency from 30 cps to 5.0 mc, noting the VIDEO OUTPUT voltage for each frequency, in the following small steps: 30 cps, 100 cps, 1,000 eps, 10 ke, 1.0 mc, 2.0 me, 3.0 mc, 4.0 me, and 5.0 mc.



Note. Use RF Signal Generator AN/ URM-25D for frequencies above 20 ke as described in paragraph 233d(5). When available, a signal generator, such as the Hewlett-Packard 650A or military equivalent should be used for covering the entire frequency range.


	(5) The output voltage should be constant, within 3 db, for all readings noted in (4) above.

	c. Operational Test and Adjustment. The radio set now should be tuned and adjusted for operation in the radio relay system as described in paragraphs 65 through 72 and paragraphs 85 through 101.








CHAPTER 8 — SHIPMENT AND LIMITED STORAGE AND DEMOLITION TO PREVENT ENEMY USE


Section |. SHIPMENT AND LIMITED STORAGE


251. Disassembly

The following instructions are recommended as a guide for preparing the radio set for transportation and storage.


	a. Make sure all power switches are in the off position.

	b. Disconnect all interconnecting power and signal cables, and store them in Chest CY-250/U. Cord CG—409C/U (2 ft 6 in.) is left in place in the transmitter rack and Cord CG-— 409C/U (1 ft 7 in.) is left in place in the receiver rack.

	c. Wind up the 150-foot length of Electrical Power Cable Assembly CX-—2440/U on Reel RC— 405/TR.

	d. Remove the transmitter klystron, transmitter and receiver crystals, and duplexer by reversing the instructions in paragraph 51. Store them in the boxes in which they were shipped.

	e. Replace the dummy klystron in the transmitter as instructed in paragraph 1338.

	f. Fasten the front and rear covers of the transmitter and receiver racks.

	g. Remove Antenna AS-—554/TRC-29 from Tower AB-216/U as follows:

	(1) Remove Radio Frequency Transmission Line Assembly CG-1013/U by reversing the instructions given in paragraph 50. Pack the cable in shipping cases.




	(2) Remove the pipe stay bars and lower them to the ground. Use the swivel clamps to secure the rope.




	(3) Tilt the dish downward and remove the feed-horn assembly. Use a tag line when lowering the feed horn.







	(4) Tilt the dish upward and lock.

	(5) Attach the hoist line to the lifting shackle and two tag lines to the left and right tilt bearing casting.

	(6) Take up the slack in the hoist rope and loosen the A-frame post clamps, the bottom one first.

	(7) Lower the antenna assembly to the ground (fig. 390).

	(8) Place the antenna assembly face down and disassemble it by reversing the instructions given in paragraph 49.

	(9) Lower A-frame using tag lines.

	(10) Pack all antenna parts in their proper places as shown in the parts packing lists on each chest. Figure 15 shows the antenna packed in the shipping cases.

	h. Disassemble Tower AB-216/U by following the procedures given in TM 11-5073.

	1. Pack all parts of the tower in shipping cases.





252. Repacking for Shipment or Limited Storage


	a. The exact procedure in repacking for shipment or limited storage depends on the material available and the conditions under which the equipment is to be shipped or stored. Refer to paragraph 47, and reverse the instructions given in this paragraph.

	b. Whenever practicable, place a dehydrating agent, such as silica gel inside the crates. Protect the cases with a waterproof paper barrier. Seal the seams of the paper barrier with waterproof sealing compound or tape. Pack the pro-
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Figure 390. Disassembly of antenna.

tected cases in a padded wooden crate; provide at least 3 inches of excelsior padding or some similar material between the paper barrier and the packing crate.




Section Il. DEMOLITION OF MATERIEL TO PREVENT ENEMY USE


253. General

Use any or all the methods outlined in paragraph 254 to prevent the enemy from using or salvaging this equipment. This will be accomplished only upon order of the commander.



254. Methods of Destruction

Completely destroy the equipment as follows: a. Smash. Smash the crystals, tubes, coils, switches, capacitors, transformers, and handsets; use sledges, axes, handaxes, pickaxes, hammers, crowbars, or heavy tools.

b. Cut. Cut cords, cables, and wiring; use axes, handaxes, or machetes.

c. Burn. Burn cords, cables, wiring, resistors, capacitors, coils, and technical manuals; use gasoline, kerosene, oil, flamethrowers, or incendiary grenades.

[image: Figure, page 472]

Figure 393. Surface-wave transmission line, schematic diagram.


	d. Bend. Bend panels, cabinets, chassis, antenna and tower structures.

	e. Explode. If explosives are necessary, use grenades, or TNT.

	f. Dispose. Bury or scatter the destroyed parts in slit trenches, fox holes, or other holes, or throw them into streams.

	Figure 391. Order-wire receiver, radio receiver, and receiver power supply, intercomponent cabling diagram. (Contained in separate envelope)

	Figure 392. Radio Receiver R-418/G, overall schematic diagram. (Contained in separate envelope)

	Figure 394. Radio Receiver R-418/G, afc, schematic diagram. (Contained in separate envelope)

	Radio Receiver R-418/G, preamplifier, schematic diagram. (Contained in separate envelope) Figure 395.

	Radio Receiver R-418/G, if., schematic diagram. (Contained in separate envelope) Figure 896.
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	Figure 399. Order-Wire Receiver R-543/TRC-29, overall schematic diagram. (Contained in separate envelope)

	Figure 400. Power Supply PP-690/G, overall schematic diagram. (Contained in separate envelope)




	Figure 401. Radio Transmitter T-303/G, interunit cabling diagram. (Contained in separate envelope)

	Figure 402. Radio Transmitter T-303/G, overall schematic diagram. (Contained in separate envelope)

	Figure 408. Radio Transmitter T-308/G, modulator, schematic diagram. (Contained in separate envelope)

	Figure 405. Radio Transmitter T-3038/G, if. schematic diagram. (Contained in separate envelope)

	Figure 406. Radio Transmitter T-303/G, chopper, schematic diagram. (Contained in separate envelope)




	Figure 407. Radio Transmitter T-308/G, vtvm, schematic diagram. (Contained in separate envelope)




	Figure 408. Radio Transmitter T-303/G, meter panel, schematic diagram. (Contained in separate envelope)

	Figure 410. Order-Wire Transmitter T-889/TRC-29, overall schematic diagram. (Contained in separate envelope) ~*

	Figure 411. Power Supply PP-764/G, overall schematic diagram. (Contained in separate envelope)






Power Supply PP-689/G, overall schematic diagram. Figure 412.

(Contained in separate envelope)


	Radio Receiver R-418/G, overall wiring diagram. (Contained in separate envelope) Figure 418.

	Radio Receiver R-418/G, afc, wiring diagram. (Contained in separate envelope) Figure 414.




	Radio Receiver R-418/G, preamplifier, wiring diagram. (Contained in separate envelope) Figure 415.

	Radio Receiver R-418/G, if., overall wiring diagram. (Contained in separate envelope) Figure 416.

	Radio Receiver R-418/G, video amplifier. wiring diagram. (Contained in separate envelope) Figure 417.

	Order-Wire Receiver R-543/TRC-29, overall wiring diagram. (Contained in separate envelope) Figure 419.




	Power Supply PP-690/G, overall wiring diagram. (Contained in separate envelope) Figure 420.

	Radio Transmitter T-303/G, overall wiring diagram. (Contained in separate envelope) Figure 421.







	Figure 423. Radio Transmitter T-303/G, modulator, wiring diagram. (Contained in separate envelope)

	Radio Transmitter T-803/G, if., wiring diagram. (Contained in separate envelope) Figure 425.

	Radio Transmitter T-308/G, chopper, wiring diagram. (Contained in separate envelope) Figure 426.




	Radio Transmitter T-303/G, vtvm, wiring diagram. (Contained in separate envelope) Figure 427.

	Radio Transmitter T-303/G, meter panel, wiring diagram. (Contained in separate envelope) Figure 428.

	Order-Wire Transmitter T-889/TRC-29, overall wiring diagram. (Contained in separate envelope) Figure 480.

	Power Supply PP-764/G, overall wiring diagram (Contained in separate envelope) Figure 4381.

	Power Supply PP-689/G, overall wiring diagram. (Contained in separate envelope) Figure 482.
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Figure 398. Radio Receiver R-418/G, afe and age de amplifier, schematic diagram.
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Figure 404. Radio Transmitter T-303/G, crystal multiplier, schematic diagram.
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Figure 409. Radio Transmitter T-803/G, electronic voltage regulator, schematic diagram.
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Figure 422. Radio Transmitter T-303/G, video filter wiring diagram.
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Figure 429. Radio Transmitter T-303/G, electronic voltage regulator, wiring diagram.
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Figure 433. Handset-Signaling Unit H-102/TRC-29, overall wiring diagram.




RESISTOR COLOR CODE MARKING (MIL-STD RESISTORS)



AXIAL-LEAD RESISTORS (INSULATED)
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RADIAL-LEAD RESISTORS (UNINSULATED)
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RESISTOR COLOR CODE

* FOR WIRE-WOUND-TYPE RESISTORS, BAND A SHALL BE DOUBLE-WIDTH. WHEN BODY COLOR !S THE SAME AS THE DOT (OR BAND) OR END COLOR, THE COLORS ARE DIFFERENTIATED SY SHADE, GLOSS, OR OTHER MEANS.



EXAMPLES (BAND MARKING): EXAMPLES (BODY MARKING):

BLACK BAND C; NO BAND D, OR BAND; BODY COLOR ON TOLERANCE END.

10 OHMS +20 PERCENT: BROWN SAND A, BLACK BAND B, 10 OHMS £20 PERCENT: BROWN BODY, BLACK END; BLACK DOT

4.7 OHMS +5 PERCENT: YELLOW BAND A, PURPLE BAND 8; 3,000 OHMS IO PERCENT: ORANGE BODY, BLACK END; RED OOT GOLD BAND C; GOLD BAND DO. OR BAND, SILVER END. STD-RI

Figure 434. Mil-STD resistor color code.



CAPACITOR COLOR CODE MARKING (MIL-STD CAPACITORS)
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CAPACITOR COLOR CODE

| LETTERS ARE IN TYPE DESIGNATIONS GIVEN IN MIL-C SPECIFICATIONS. : 2. IN PERCENT, EXCEPT IN UUF FOR-CC-TYPE CAPACITORS OF 10 UUF OR LESS. $TD-C)

3. INTENOED FOR USE IN CIRCUITS NOT REQUIRING COMPENSATION.
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d. Desert Maintenance. Special precautions
necessary to prevent equipment failure in areas

LUBRICATION
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