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(For explanation of symbols, see FM 21-6.)

c. Automatic Gain Control Circuit. (1) The automatic gain control for the amplifier tubes V1, V2, and V3, figure 16, utilizes the signal voltage developed across winding 4-3 of transformer T3 and operates to change the grid bias ~ of the tubes in proportion to the level of the incoming signal. The signal used for gain con- . trol, after being amplified by tube V2, is rectified by selenium rectifier RECT. 102 connected in a voltage doubler circuit consisting -of capacitors C113 and C114, voltage dropping re- - sistors R116, R117, R119, and R120 and a time delay network consisting of capacitors C112 and C114 and resistors R118, R115, and R123. The grid return wires of tubes V1, V2, and V3. are brought back to tapped points on the automatic .gain control voltage dividing resistors R116, R117, R119, and R120.

(2) The rectifiers are connected so that the voltages at the tapped points are negative with respect to ground for tubes Vi, V2, and V3. If the level of the incoming signal is increased, the negative control voltage becomes greater . and reduces the gain of the amplifier tubes V1, V2, and V8 in accordance with the negative bias impressed on the tube grids. This tends to maintain a constant voltage in the demodu-

[image: Figure, page 34]

Figure 15. Sending filter attenuation characteristics.
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Figure 16. Amplifier, simplified schematic diagram.

TL 52065 lator circuit over a wide range of signal levels.

(3) The purpose of the automatic gain control is to compensate for gradual variations in the signal level. The control voltage should not change appreciably when the: signal level is reduced to zero for the short period of time required to transmit a spacing signal. To accomplish this, the time constant of the circuit | which develops the control voltage is made comparatively long by using large values of resistance and capacity. It takes several seconds for the capacitors in this circuit to become fully charged after the set is first turned on and signal voltage is applied. It is necessary, therefore, on lines equipped with Telegraph Terminal TH-1/TCC-1 that tone be applied to the line continuously except during the relatively short 'intervals actually required to transmit spacing signals. The application of continuous tone to the line during the idle periods: provides a pilot signal by which the automatic gain contro! in the receiver adjusts itself in accordance with the average strength of the carrier signal. After the capacitors are charged, the contro] voltage developed across the resistors remains practically constant during. short spacing signal intervals. When a change in the average value of the signal voltage occurs over a comparatively long period of time, however, the automatic gain control volt- © age will respond accordingly.

d. Demodulator. In the demodulator cleat (fig. 18), incoming carrier signals are converted to d—c impulses for operating the polar relay REC. Relay winding 3—6 is connected in the plate circuit of the marking tube V4 and the relay operates to the mark position when current flows in the plate circuit of tube V4. Relay winding 7-2 is similarly connected in the plate circuit of tube V5 and when current flows in tube V5, the aM operates to the spacing position.



21. TELEGRAPH LOOP CIRCUITS, GENERAL.

a. The association of sending and receiving apparatus at the telegraph station with respect to the telegraph terminal is shown in figure 5. The sending and receiving apparatus may be located in the immediate vicinity of the telegraph terminal and connected thereto by short switchboard cords. This is called local operation. In many cases, however, the telegraph station may be located at a distance from the telegraph terminal and connected to the ter-

[image: Figure, page 36]

'Figure 17. Receiver selectivity characteristics.

minal by long loops. D-c signaling is used on the loops which may be constructed of open wire, field wire, or cable. In most cases, the loops are worked with a ground-return path. The transmission problem involves consideration of the loop resistance, line to earth capacitance, wet weather leakage, and interference from adjacent circuits.

b. Various types of terminal apparatus and circuits have been devised to overcome transmission difficulties over long exposed loops. Three of the systems in common use are called neutral, polar, and polarential. The particular system used at one end of the loop must correspond to the type of apparatus in use at the distant end. By turning the LOOP switch on Telegraph Terminal TH-1/TCC-1, the relays and associated terminal apparatus may be connected to provide neutral, polar, or polarential operation. The position of the LOOP switch 'also determines whether the apparatus is con nected for full- or half-duplex service. Fullduplex service provides for simultaneous send- ing and receiving at the telegraph station and requires a sending loop and a receiving loop. Half-duplex service requires only one loop and permits alternate sending or receiving at the telegraph station. The polarity of the power supply which furnishes line battery at the telegraph station can be positive or negative. The LOOP switch at the telegraph terminal should be turned to the position which corresponds to the polarity applied at the telegraph station. Figures 19 to 25 show how the loops and apparatus are connected for various positions of the LOOP switch.

ce. The relays used for sending and receiving are moistureproof polar relays. In this type of relay, the. magnetic circuit is polarized by a permanent magnet. Movement of the armature © to either the spacing or marking contact depends upon the direction of current through ~

~\ TL 52067
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Figure 18. Demodulator, simplified scheniane diagram.

_ the windings. Two 186-ohm windings are con- - nected to terminals (2-7) and terminals (3-6). Positive potential applied to the low-numbered terminal of either winding operates the armature of the relay to the marking contact. Negative potential applied to the low-numbered terminals operates the armature to the spacing contact. Arcing at the contacts of the relays is reduced by spark killers Sl and S2, each consisting of a 0.5-mf capacitor in series with a 1,600-ohm resistor, connected across each pair of contacts.

d. The source of current for operating the REC relay depends upon the position of the REC. RELAY switch which is mounted on the modem panel. When the REC. RELAY switch is in position NORMAL, the REC relay circuiit is under the control of the incoming carrier signals. With the switch in position MARK, _ the receiving relay input circuit is disconnected from the incoming line and a local signal from the oscillator is applied to the receiving circuit ' to hold the REC relay armature on the marking contact. When the REC. RELAY switch is in position SPACE, the receiving relay input circuit is disconnected from the incoming line and then short-circuited, causing the armature to rest on the spacing contact.



22. TELEGRAPH LOOP CIRCUITS, NEUTRAL OPERATION.

a. In the neutral method of signaling used in this set a marking interval is formed when the polarities of the line batteries at the two ' ends of the loop are aiding. Spacing intervals are formed when the polarities of the batteries are opposing. If the voltages applied to the loop at the telegraph terminal and telegraph station are equal and there is no leakage, the line current will vary from a maximum value during the marking interval to zero during the spacing interval. In this case the power supply voltage at the telegraph station is 115 volts and at the telegraph terminal it is 130 volts, so a small line current (about 3 milliamperes) flows during the spacing interval. The schematic circuit for a typical case of neutral operation is shown on figure 19. This circuit is worked half-duplex and the polarity of the power supply at the telegraph station is positive 115 volts. The LOOP switch at the tele graph terminal is turned to NEUTRAL TO POS. BAT-HALF DX.

b. When signals are transmitted from the telegraph terminal to the telegraph station, the keyboard contacts at the telegraph station are kept closed and positive battery is applied continuously to the loop. Incoming carrier signals actuate the armature of the RECEIVE relay. When the armature moves to the marking contact, negative battery is applied to the loop by the circuit which goes from the armature of the RECEIVE relay through inductance coil L1, SEND relay winding 6-3, resistor R21 and SEND LOOP CURRENT rheostat R33, through the EQ and LOOP patching jacks to the SL binding post. Thus, for a marking signal, the polarities of the line batteries at the two ends of the loop are series aiding. The SEND LOOP CURRENT rheostat is adjusted so that the loop current is 60 milliamperes. Inductance L' shapes the waveform of the transmitted signals so that interference to adjacent telephone circuits is reduced especially when the loop forms part of a simplex circuit. At the telegraph station, the loop current through the relay winding overcomes the tension of the armature spring and moves the armature to the marking contact. A local circuit of the teletypewriter actuates the teletypewriter magnet when the armature touches the marking contact. When the armature of the RECEIVE relay moves to the spacing contact, positive battery is applied to the loop, provided the armature of the SEND relay is touching the marking contact which will be the case as long as the keyboard contacts at the telegraph station are closed. For the spacing interval the polarities of the line batteries at-the two ends of the loop are opposing and the loop current goes nearly to zero, assuming no leakage on the loop. At the teletypewriter station, the relay armature spring moves the armature to the spacing contact, thereby breaking the local circuit to the teletypewriter magnet.

c. Outgoing signals from the telegraph terminal to the loop should not actuate the SEND relay. To prevent this, signals from the armature of the RECEIVE relay pass through SEND relay winding 2-7 and an artificial line network to ground. This network comprises resistor R25 in parallel with resistor R27 and

[image: Figure, page 39]

ate capacitor C3 in series and this combination in series with rheostat ASB and resistor R39. The impedance of the artificial line network will approximate the impedance of the loop at tele- _ graph frequencies when rheostat SEND BIAS is adjusted for the particular loop being used. _ When the incoming carrier signal is marking, negative battery is applied to SEND relay winding 6-3 in series with the loop and to ' winding 2~—7 in series with the artificial line "network. The current through winding 6-3 will be 60 milliamperes and in a direction which -. tends to move the SEND relay armature to _ marking. The current through winding 2-7 will pe 30 milliamperes, provided the resistance of _ the artificial line network equals the resistance of the loop. The direction of current through winding 2-7 is such that it tends to move the © 'armature to spacing. The SEND relay arma-. 'ture will move to the marking contact by virtue of the difference between the currents in the two windings. When the incoming carrier signal is spacing, positive battery is applied to SEND relay winding 6-3, but no appreciable current flows through this winding because an opposing polarity is applied to the distant end of the loop. Positive battery from the armature of the RECEIVE relay is applied also to winding 2~7 and the current will be 30 milliamperes in a direction which holds the SEND relay armature to marking. Thus, while signals of either polarity are being transmitted from the armature of the RECEIVE relay to the telegraph station, the SEND relay armature is held to marking provided the keyboard contacts at the telegraph station remain closed.

the cu d. When signals are transmitted from the telegraph station to the telegraph terminal, the armature of the RECEIVE relay at the tele- _ graph terminal remains in the marking position and negative battery is continuously applied to the loop. When the keyboard contact closes at the telegraph station during a marking interval, the current through SEND relay winding 6-3 will be 60 milliamperes and the direction will be such that it tends to move the relay.arm- » ature to marking. The 60-milliampere current _. in winding 3-6 will be opposed by a current of 30 milliamperes through winding 7-2. The _ SEND relay armature will move to the mark- ing contact by virtue of the difference between ents in the two windings. When the " 0 le keyboard contact opens during a spacing interval the loop current will be reduced to zero, assuming no leakage on the loop. The armature of the SEND relay will be moved to the spacing contact by the 30 milliampere current flowing in winding 2-7. Thus, the SEND relay at the telegraph terminal responds to signals from the telegraph station. The armature of the SEND relay is connected through a 2,800-ohm resistor to the modulator circuit. The modulator controls the oscillator output, and carrier signals are transmitted to the line. Capacitors Cé plus C7 shape the signals arriving over the loop from the telegraph station and counteract signal distortion occurring on long loops having large electrostatic capacities to ground.


	e. The receiving operator at the telegraph | station can interrupt the circuit during the reception of signals to signal the sending operator by opening the loop circuit. This is called breaking. When the loop is opened, the SEND relay armature will move to the spacing contact immediately if the RECEIVE relay armature is touching the marking contact. When the armature of the SEND relay moves to spacing, negative battery is applied to the spacing contact of the RECEIVE relay. Thus, the polarity applied to both the spacing and marking 'contacts of the RECEIVE relay is negative. Even though the sending station continues to transmit signals, negative battery only will be applied tc SEND relay winding 2-7 and the armature will remain on the spacing contact so long as the receiving operator keeps the loop open. A clean-cut break signal is thus transmitted over the carrier to the sending operator. If the receiving operator initiates a break signal when the RECEIVE relay is on the spacing contact, the break signal becomes effective upon receipt of the next succeeding marking signal.

	f. Figure 20 shows the connections for fullduplex neutral to positive battery operation. Two loops are used. Transmission from the telegraph terminal to the telegraph station over the receiving loop and transmission in the reverse direction over the sending loop is essentially the same as for the half-duplex circuit described in the above paragraphs. Figures 21 and 22 show the connections for full- and halfduplex neutral operation when the power supply at the telegraph station is negative 115 volts. |



[image: Figure, page 41]
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Figure 21 . Loop circuit, neutral half-duplex to negat negative batt Figure
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3 ral half-duplex with metallic return, sche a=, Mas < g. Figure 23 shows 'the connections to the loops when the LOOP switch is turned to NEUTRAL TO POS. BAT-HALF DX (or to NEUTRAL TO NEG. BAT-HALF DX) and a second loop wire is used instead of the ground as the return path. Line battery is supplied at the telegraph terminal.


23. TELEGRAPH LOOP CIRCUITS, POLAR OPERATION. f


	a. In the polar method of signaling used in 'this set, the marking interval is formed by applying a negative potential to the sending end of the loop and the spacing interval by applying a positive potential. Two loops are required, one for each direction of transmission. Each loop is connected permanently to ground at the receiving end. The line current varies from a maximum negative value during the marking interval to maximum positive during the spacing interval. At the receiving end, the winding of the polar receiving relay is in series with the loop, and the position of the armature is determined by the direction of current . through the windings.

	b. Figure 24 shows the association of telegraph terminal, loops, and telegraph station when the LOOP switch is turned to TWO PATH POLAR. The receiving loop current is adjusted at the telegraph terminal to approxi- 'mately 30 milliamperes by means of rheostat REC. LOOP CURRENT. The sending loop current is adjusted at the telegraph station to . approximately 30 milliamperes. If this adjustment does not fall within the range of the line rheostat, the telegraph terminal can assist by adjusting rheostat SEND LOOP CURRENT until a loop current of 30 milliamperes is obtained at the telegraph station. The current. value in the sending loop at the telegraph términal may be considerably lower than the current at the transmitting end when there is leakage on the loop.






24. TELEGRAPH LOOP CIRCUITS, POLARENTIAL — OPERATION.

a. In the polarential method of operation, the nature of the signals transmitted from the two ends of the loop is different. From the telegraph terminal to the telegraph station, polar transmission is used. From the telegraph station to the telegraph terminal, a differential current system of transmission is used. Figure 25 shows the association of telegraph terminal, _ loop, and telegraph station when the LOOP switch is turned to POLARENTIAL HALF ~~ DX. . Mite Cy


	b. While signals are being transmitted from the telegraph terminal to the telegraph station, = the armature of the sending relay at the telee = graph station rests on the marking contact, thereby grounding the loop. Incoming carrier = signals actuate the armature of the RECEIVE relay. When the armature moves to the mark- ea ing contact, negative battery is applied to the loop by the circuit which goes from the arma- "1 ture of the RECEIVE relay through induct- == ance coil Li, resistor R29, SEND relay winding 3-6, resistor R21, and SEND LOOP CURRENT, ~ rheostat R33, through the EQ and LOOP patching jacks to the SL binding post. The SEND LOOP CURRENT rheostat is adjusted for a loop current of 30 milliamperes. Loop current through the winding of the receiving polar relay at the telegraph terminal moves the armature to the marking contact. When the incoming carrier signal is spacing,' positive battery is applied to the loop provided the armature of the SEND relay is touching the marking contact, which will be the case so long as ground is applied to the loop at the telegraph station. — The armature of the receiving relay at the telegraph station moves to the spacing contact. —

	c. Outgoing signals from the telegraph ter- _ minal to the loop should not operate the SEND relay. To prevent this, positive battery is applied to SEND relay winding 2-7 in series with resistors R31, R26, and R32 to bias the relay. The current through the bias winding is — 50 milliamperes and in a direction which tends _ to hold the SEND relay to the marking contact. » When the RECEIVE relay armature is on the marking contact, the current through SEND relay winding 8-6 is 80 milliamperes ina di- = rection which tends to move the armature to spacing. The 50 milliampere current through : bias winding 2~7 tends to move the armature __ to marking. The SEND relay armature will be held to marking by virtue of the 20 milliampere difference between the currents in the —
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t, polarential, schematic d iagram. ° ° circut Figure 25. Loop two windings. When the RECEIVE relay armature is on the spacing contact, the current through SEND relay loop winding 3—6 is 30 milliamperes in a direction which tends to move the armature to marking. The armature will _ be held to the marking contact by virtue of the sum of the currents in the loop and bias wind- - ings which amounts to 80 milliamperes. Thus, while signals of either polarity are being transmitted from the RECEIVE relay contacts to the telegraph station the SEND relay armature is held to marking, provided ground is applied to the distant end of the loop.

d. While signals are being transmitted from the telegraph station to the telegraph terminal, the armature of the RECEIVE relay at the ' telegraph terminal rests on the marking contact and negative battery is applied continuously to the loop. Ground is applied to the loop at the telegraph station for a marking signal. The loop current of 30 milliamperes flows through SEND relay winding 3-6 which tends to space the relay. A 50-milliampere current through the bias winding 2-7 tends to mark the relay. The SEND relay armature will move to the marking contact by virtue of a current difference of 20 milliamperes flowing in the two windings. Positive battery is applied to the loop for a spacing signal. Fixed resistors R29 and R30 and the d-c resistance of inductance coil L1: are so chosen that a loop current of 70 milliamperes will flow in SEND relay winding 6-3 provided the SEND LOOP CURRENT rheo- 'stat has been previously adjusted for a loop current of 30 milliamperes for the marking signal.. The 70-milliampere loop current tends to space the relay. The 50-milliampere bias current tends to mark the relay. The SEND relay armature will move to the spacing contact by virtue of the current difference of 20 milliamperes.

e. Within limits, polarential transmission is not susceptible to signal bias resulting from leakage on the loop during wet weather. In the direction of polar transmission, both the marking and spacing signals are attenuated equally as the line leakage increases, so no bias results. In the direction of differential transmission, the marking loop current increases and the spacing loop current decreases by approxi-. mately equal amounts when leakage occurs, The following table shows typical loop and bias cur rents in the windings of the SEND relay for dry and wet weather:



DRY WEATHER










	Marking
	
	Spacing
	




	Loop current

Biascurrent
	30ma

50ma
	Loopcurrent

Biascurrent
	70ma

50ma



	Difference
	20 ma
	Difference
	20 ma







WET WEATHER










	Marking
	
	Spacing
	




	Loop current

Bias current
	40ma

50ma
	Loop current

Bias current
	60ma

50ma



	Difference
	10 ma
	Difference
	10 ma







25. MONITORING.

Jacks and switches are provided on the telegraph terminal for teletypewriter monitoring. These facilities permit: interception of the message passing in either direction over the _ circuit for observation on the monitor teletypewriter. When traffic is idle, the monitor keyboard can be used for sending over either loop or carrier. Figures 19 through 25 indicate the points in the circuit where the monitor. teletypewriter and keyboard are connected for the various positions of the LOOP and MON. TTY switches. Figure 19 shows the monitoring connections where the LOOP switch is turned to the NEUTRAL TO POS. BAT-HALF DX position and is typical for the other LOOP switch positions:


	a. The MON-S(BLK) jack accommodates the teletypewriter black plug and the MON-R(RED) jack accommodates the red teletypewriter plug. The MON. TTY switch controls the direction of transmission and reception. The REC. RELAY -Switch provides a local source of tone for holding the REC. relay armature to the marking contact if carrier tone is off the line at the time monitoring is required. The layout of jacks and switches is shown in figure 8.

	b When the MON: TTY Switch is turnen to SEND LOOP, the monitor keyboard jack S(BLK) is connected to the winding of the MONITOR relay. If the black plug is plugged into the jack, signals from the keyboard will actuate the armature of the MON relay. The circuit between the plate of the MARK tube



and RECEIVE relay winding 6-3 passes through MON RELAY contacts T and M. Furthermore, MON relay contact S is connected to RECEIVE relay winding terminal 2. Signals from the monitor keyboard will be repeated into the S LOOP by the RECEIVE relay provided steady carrier current is received from the line. The action of the MON relay contact T is to alternately connect one or the other of the RECEIVE relay windings to the plate of the MARK tube in accordance with signals from the keyboard. Plate current flowing in winding 3-6 marks the RECEIVE relay while this same current flowing in winding 7—2 spaces the relay. If carrier current is not being received from the line, it can be supplied locally by turning the REC. RELAY switch to MARK. The circuit for supplying local carrier current to the receiver for the purpose of causing a steady plate current to flow in the MARK tube goes from terminal' 1 of transformer T7 through resistor R11, capacitor C103 in parallel, resistor R133, and REC. RELAY switch contacts 11 and 8 to terminal 2 on transformer T3 (fig. 50). The MON relay is a neutral relay having a resistance of 2,000 ohms. The operating current is fixed: at approximately 10 milliamperes.


	ce. When the MON. TTY switch is turned to SEND CARR, the jack MON-S(BLK) is connected in series with the sending loop, making it possible for impulses from the monitoring teletypewriter to interrupt the current flowing . in SEND relay winding 6-3. This actuates the armature of the SEND relay and modulated carrier signals will be transmitted over the carrier line.

	d: When the MON. TTY switch is turned to either SEND LOOP or SEND CARR, the MON-R(RED) printer jack is connected between the armature of the RECEIVE relay and the armature of the SEND relay. When both armatures are on their respective marking contacts, current flows through the monitor teletypewriter magnet plugged into the MON-R(RED) jack. This circuit goes from positive 130 volts on the SEND relay marking contact, through the MON-R(RED) teletypewriter jack circuit to negative 130 volts on the RECEIVE relay marking contact. If the armature of either relay moves to its spacing contact, the teletypewriter magnet becomes



deenergized because it is short-circuited. Resistors R4 and R6 limit the current in the monitor teletypewriter circuit. Capacitors Cl and C2 are used in conjunction with resistor R6 and the inductance of the teletypewriter magnet as a wave-shaping network.


	e. While the home teletypewriter station is sending, the armature of the RECEIVE relay will rest on the marking. contact. Signals from the loop actuate the armature of the SEND relay, thereby interrupting the current through the monitor teletypewriter circuit, and signals from the home teletypewriter station will be recorded on the teletypewriter. While the teletypewriter station associated with the distant teletypewriter terminal is sending, the armature of the SEND relay will rest on the marking contact. Incoming signals actuate the armature of the RECEIVE relay, and signals from the far end of the carrier line will be recorded on the teletypewriter. When the LOOP switch is turned to TWO PATH POLAR, it is not possible to send over the carrier from the monitor keyboard. The method of operation must be changed to LOCAL OPERATION NEUTRAL to send from the monitor keyboard, but incoming signals from either direction can be recorded on the monitor teletypewriter in the usual manner when the circuit is being worked TWO PATH POLAR.

	f. Monitoring as ordinarily carried out on a working circuit assumes that the loops are intact and that carrier tone is on the line. To send on the loops while carrier tone is off the line, the RECEIVE relay armature can be held on the marking contact by turning the REC. RELAY switch to MARK. This applies a local tone to the receiver as explained in paragraph 19a (8). To send on the carrier when the ioops are open or in trouble, the method of operation should be changed to LOCAL OPERATION NEUTRAL as described in paragraph 26.





26. LOCAL OPERATION NEUTRAL.

a. For local operation, the loop wires are disassociated from the telegraph terminal and replaced by dummy loops in the set when the MON. TTY switch is turned to LOCAL OPER-ATION NEUTRAL and the LOOP switch to any one of the NEUTRAL methods of operation.

[image: Figure, page 50]

Figure 26. Mete Tring circ uit, schematic diagram.

b. The connections for local operation are indicated on figures 19 through 25 by dotted lines running from the SL and RL binding posts through protective resistors R87—R45 or R20-R46 to battery. The sending and receiving loop jacks are used for making connections to the teletypewriters. The monitor jacks MON-S(BLK) and MON-R(RED) can also be used at the same time if required.



27. METERING CIRCUITS.

The meter circuits for measuring various currents and voltages in the telegraph terminal are shown in figure 26. The meter is a Weston Model 301 0.5-0-0.5 milliammeter with an arbitrary 100-—0-100 scale. The METER switch connects the meter into the circuit at selected points. The proper series and shunt resistors are provided at the-seleected points for keeping the meter current within the range of the instrument. Figure 26 shows the meter connected for measuring R.L. CURRENT. The connections to the meter when the METER switch is thrown to other positions are indicated by dotted lines. When the METER switch is turned to SEND BIAS, the meter is connected to the SEND relay contacts and it indicates percentage bias in a repeated signal coming in over the sending loop.



28. TELEPHONE CHANNEL.


	a. Speech currents from the telephone set arrive at the SWBD binding posts of the tele- graph terminal and are transmitted to the line after passing through the peak limiter and band-stop filter. The usual range of frequencies from the telephone is approximately 200 to 2,700 cycles per second. The band-stop filter is tuned to remove the band of frequencies from 1,540 to 2,050 cycles per second and to pass all other frequencies to the line. The frequencyattenuation curve for the band-stop filter is shown in figure 27.

	b. The peak limiter which is provided in the telephone circuit reduces the amplitude of high peak impulses to +4 dbm so that amplifiers along the line will not overload and modulate the telegraph signals. The peak limiter will not pass 20-cycle or d-c signaling, either of which is usually used on nonrepeatered telephone' circuits. Therefore, the peak limiter must be



disconnected when the terminal is connected to circuits of this type.



29. RINGER UNIT.


	a. Theory. (1) Voice-frequency signaling systems depend for efficient operation upon their ability to transmit and receive signals within the voice range and yet prevent false operation of the ringer equipment by speech currents of the same frequency.. Since the voicefrequency ringer is bridged across the line, usually near the switchboard, it is subject to operation by frequencies of the voice which correspond to the signaling frequency. This tendency toward false ringer operation exists at both terminals, since the voice energy may be equal to or greater than the amount of energy required to operate the signaling equipment at either terminal.

	(2) To prevent such false operation, some voice-frequency signaling systems are designed to interrupt the 1,000-cycle or 500-cycle signal at approximately a 19-cycle rate. The resulting 19-cycle pulsations of 1,000-cycle energy are of a somewhat longer. duration than those caused by the voice and, coupled with a certain amount of delay in the operation of the circuit, constitute a time interval which is required to operate the signal. Since voice currents are usually in the form of pulses of short duration, false operation of the ringer from this source 7 or from the switch-hook clicks or other short line pulses is prevented.

	(3) This ringer unit uses an alternate method of preventing interference from voice currents while still incorporating the 19-cycle interruption feature. The receiving circuit of the ringer unit is arranged to pass a band of frequencies in the voice range, but can be operated only by the signaling frequencies since a sharply tuned filter and a negative grid bias on a vacuum tube. are associated with a receiving relay. Although the ringer unit will function in the same way with the same sensitivity and freedom from false operation with a continuous 1,000- or 500-cycle signal as with an interrupted 1,000 or 500-cycle signal, the 19-cycle interruption feature is retained to provide for operation on systems using the interrupted type signaling current.

	b. Application. (1) The ringer unit is a voicefrequency ringer used for signaling over lines
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Figure 27. Band-stop filter attenuation characteristics.

equipped with telephone repeaters or carrier equipment which prevent, in most cases, the satisfactory operation of low-frequency ringing equipment. The block diagram (fig. 28) shows the connections of the voice-frequency ringer unit as used with Telegraph Terminal TH-1/TCC-1.


	(2) The ringer unit consists-essentially of two main elements: a sending circuit and a receiving circuit. In its application, the ringer operates to receive the low-frequency signal from the switchboard and translate it to either 1,000 or 500 cycles depending on the position of selector Switch SW-2. The ringer also operates to receive 1,000- or 500-cycle tone and retranslate it to the low-frequency signals to operate the bell or signal at the switchboard. The sending circuit includes a 20-cycle rectifier, a 20 cycle filter, a 1,000-500-cycle oscillator, and a switching relay. The receiving circuit includes a single-stage amplifier, vacuum tube detectors, a 1,000-500-cycle filter, and a 19-cycle vibrator for operating the signal at the terminal.

	(3) The ringer is equipped with an OPER-ATE-NON-OPERATE § switch which when thrown to the NON-OPERATE position, shunts the ringer and permits 20-cycle ringing or d-c signaling to be bypassed around the ringer from the switchboard if the peak limiter is disconnected. When the telegraph terminal is used on lines not equipped with telephone repeaters, carrier equipment, or any equipment requiring voice-frequency signaling, throw the OPERATE-NON-OPERATE switch to the NON-OPERATE position. Power for operating the ringer is derived from its associated ringer power supply unit which is connected to the power supply in the telegraph terminal.

	c. Sending Circuit. (1) To signal on the line, connect a 20-cycle signaling current from the switchboard, magneto, or similar source to the ringer unit terminals 11 and 12. This connects a ringing supply of 1,000/ or 500/ 19 cycles to | the line (fig. 28). To simplify the description, figure 28 shows the sending equipment only at, une terminal and the receiving equipment at the other terminal. It should be understood, however, that the ringer unit includes both the sending and receiving elements.

	(2) The 20-cycle ringing current is rectified by the bridged circuit marked RECTIFIER.



The output of the rectifier operates the SEND relay (RB-3) to disconnect the line from the switchboard, to render the receiver circuit inoperative by disconnecting the cathodes of the amplifier tube V1 and detector tube V3 from ground, to connect the oscillator to the line, and to send a tone interrupted at 19 cycles into the line. This tone may be either 1,000 or 500 cycles, depending upon the setting of the 1,000-500 switch (S2). In this description, a 1,000-cycle tone is assumed to be used.


	d. Rectifier Circuit. The rectifier circuit functions to rectify the low-frequency ringing signal from the switchboard for operating the SEND relay RB-3, thereby connecting the oscillator across the line. The rectifier circuit is shown in simplified form in figure 29. The inductance L3, together with capacitor C5, constitute a 20-cycle filter which offers a low impedance to 20-cycle signaling currents and a comparatively high impedance to frequencies in the voice range. Since the rectifier circuit is always bridged across the line, this high impedance to voice frequencies is: necessary to keep the loss to voice currents at a minimum.

	e. Oscillator Circuit. The oscillator circuit (fig. 30) consists of 1,000/500-cycle oscillator equipment connected to a 19-cycle vibrator in such a way as to interrupt the 1,000- or 500-cycle current at a 19-cycle rate. The 1,000/500-cycle oscillator equipment consists of Tube VT-198—-A (6G6-G), designated V5, and a tuned circuit using the primary winding 'of transformer T2 and sufficient capacity (C9) to tune it to 1,000 or 500 +20 cycles.

	(1) When no signal is being sent over the line, the oscillator is prevented from oscillating by a ground connection to the screen of the oscillator tube through the normally closed contact of the SEND relay RB-3. When relay RB-3 operates in response to 20-cycle ringing current from the switchboard, this ground connection is transferred from the screen of the oscillator tube to the positive side of the d-c path of rectifier 3. This completes a circuit from ground (positive end of rectifier voltage) through the coil of the 19-cycle vibrator to the negative side of the rectifier, thereby starting the vibrator. When the vibrating element makes contact to the left (fig. 30) the grid of oscillator tube V5 is connected to ground through
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Figure 28. Ringer unit, block d iagram.

[image: Figure, page 55]

Figure 29. 20-cycle rectifier, simplified schematic diagram.

[image: Figure, page 55]

Figure 30, Oscillator, simplified schematic diagram.

the 'vibrator. This causes the tube circuit to oscillate at 1,000 or 500 cycles, as determined by the setting of switch S2. When the vibrating element makes contact to the right, current flows from ground through the vibrator contact, through the winding 3-2 of transformer T4, and to the negative side of rectifier 3, generating a voltage between terminals 1 and 3 of transformer T4. This voltage impresses a larger negative bias on the grid of oscillator tube V5 and stops the circuit from oscillating during the time this contact is made. As a result, 1,000/19-cycle or 500/19-cycle power is furnished at the output winding transformer T2. The operation of the SEND relay RB-3 connects this power to the line through relay contacts U3, U4, and L8, L4, and it is sent over the line to the receiver at the distant end.

(2) The output level or signal strength of the _ ringer can be adjusted to give either zero dbm (1 milliwatt) or +6 dbm? for either the 1,000 or 500-cycle frequency setting. This is done by means of resistance pads inserted between transformer T2 and the line, and connected to switch +6 dbm zero so that the desired parallel or tandem combination of resistors may be connected to the line. The output impedance of the ringer at either the 1,000- or 500-cycle setting is approximately 600 ohms.

f. Receiving Circuit. (1) The receiving equipment of the ringer unit is bridged across each end of the 2-wire line (fig. 31). It functions to amplify the weak 1,000/19- or 500/19-cycle incoming signal, filters out extraneous line currents above and below approximately 1,000 or 500 cycles, rectifies. the signal, and operates the REC relay RA-3. Relay RA-3, in turn, makes the necessary connection to transmit 19-cycle current to signal the switchboard or telephone. The incoming 1,000/19- or 500/19-cycle current passes into the low side of input transformer T1 which has an input impedance so high | that the bridging loss to voice currents is negligible. The voltage of the signal is stepped _up by the transformer, and then amplified by _ tube V1. The two-position OPERATE-NON-OPERATE switch S1 is connected across the secondary of transformer T1, and in the NON-OPERATE position grounds the grid of tube

'V1, rendering tne receiver inoperative during tests.

(2) The output of the amplifier tube is separated into two circuits, A and B. The A circuit carries the 1,000- or 500-cycle tones through a sharply tuned: 1,000- or 500-cycle filter to _ the grid of detector tube V2, and the B circuit carries all other frequencies to the grid of detector tube V3. Because of sharp tuning, the 1,000-or 500-cycle filter is also effective in limiting any 1,000- or 500-cycle current from passing into circuit B. The 1,000- or 500-cycle filter equipment and connections are shown in the complete ringer schematic (fig. 32). Capacitor C7F and resistor R10 form a grid leak rectifier circuit for tube V2. The plates of vacuum tubes V2 and V3 are connected electrically by two fixed resistors R12 and R138, and a potentiometer P1, designated BIAS. This variable resistor Pl can be adjusted with respect to the voltage drops in the plate circuit resistors R12 and Ri3 so that, with no signal current flowing in the tube circuit, sufficient negative bias is applied to the grid of tube V4 to prevent current from flowing in the plate circuit of tube V4 and, consequently, through the winding of REC relay RA-3. When signaling currents are impressed on the grid of tube _ V2 the plate current is reduced, causing a decrease in the voltage drop across plate resistor R12. The difference of potential resulting from the difference in voltage drops across R12 and R13 causes the grid of tube V4 to become less negative. Thus, current flows in the plate circuit of tube V4 through the winding of the REC relay RA-3 and operates it. The operation of the contacts of the REC relay RA-3 in the receiving circuit connects a 19-cycle ringing supply to the switchboard or telephone, signaling the operator or attendant. It also disconnects the line from the switchboard during the ringing interval so that ringing current cannot be sent back into the line.

(3) A feedback circuit consisting of capacitor C17 and resistor R7 is connected between the plate circuit of tube V3 and the grid input of tube V2 through: the 1,000- or 500-cycle filter. The feedback circuit functions to increase the sensitivity of the ringer to signals within the signaling range and to decrease its sensitivity to signals outside the signal band, thus helping to prevent false ringing. Capacitor C4, bridged

1 Decibels above or below 1 milliwatt in 600 ohms; positive sign indicates above, negative sign below.

[image: Figure, page 57]

Figure 31. Receiver, simplified schematic diagram. 48 t, complete schemat 1c d iagram. . Figure 32. R inger unt 49 from grid to cathode of tube V4, together with resistors R14 and R15, provide the required delay in the operation of REC relay RA-3. This . delay helps to prevent false operation from ~ speech currents within the Pena range of the ringer.
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	(4) The function of path B (fig. 31) is to prevent operation of the REC relay RA-3 by frequencies other than 1,000 or 500 cycles which may be present in speech during the talking interval. The voltage of such frequencies is © rectified by tube V3 in conjunction with resistor R11 and capacitor Cll. This rectified voltage decreases the plate current of tube V3, thereby increasing the potential at the cathode of. tube V4 which in effect increases the negative bias between the grid and cathode of this tube so that no current can flow in its plate circuit to operate the REC relay RA-3. Variation of the plate current between tubes makes necessary. a different balance point for zero current in the plate circuit of tube V4. The proper balance can be effected by the BIAS potentiometer P1. When a signal.is being sent over the line, the receiver circuit is made inoperative to extraneous voltages by removal of the ground connection of the cathodes of tubes V1 and V3 through the contacts of the SEND relay RB-3, which is operated only by 20-cycle current sent out from the terminal.

	g. Power Circuit. (1) Power for operating the ringer unit is derived from an associated power unit, operated from 60-cycle a-c mains _ of 100-130 or 200-250 volts, or from a 12-volt storage battery. The power unit supplies +120 volts, with negative grounded, for the plates and screens of vacuum tubes V1, V2, and V3; +180 volts for the plate of tube V5; 110 volts alternating current between the plate and cathode of tube V4; 6.3 volts alternating current for the filaments of all tubes; 19 cycles at 70 volts alternating current for ringing. These voltages are nominal since they depend upon the voltage at the supply source.

	(2) When the a-c mains are used and connected to the power unit terminals corresponding to the local line voltage available, power is connected to the primary of the power transformer through power switch S3. (in position' A.C.). This voltage is transformed by the power transformer T3 and is connected to the ringer






unit terminals either directly, for those parts of the circuit requiring alternating current or through rectifiers and filters for the required d-c supply to the ringer.

(3) When a 12-volt storage battery is used at the power source 'and the battery is connected to terminals —12 V and +12 V on the power . 'unit, power is supplied through the BAT. —OFF-A.C. switch S83 (in position BAT.) and _a 100-cycle vibrator. The vibrator interrupts the 12-volt supply through a primary winding of power transformer. T3,. generating an a-c. - voltage which is stepped up by the transformer to give the required voltage for the operation of the ringer.



30. FILTER F-2/G6.


	a. Filter F-2/GG is used at intermediate points in the line and serves to terminate the telephone channel. It consists of two band-stop and one band-pass filter units. The band-stop filter units effectively block the carrier telegraph frequency band and permit free passage of the remaining voice frequencies. The bandpass filter passes the telegraph frequency band and blocks all other frequencies in the voice range. Two peak limiters control the voltage of the telephone currents. Four sets of protector blocks provide protection for the filter against excessive line voltages. For filter connections, see figure 33.

	b. Filter F-2/GG is used when termination ~ ' of a:'telephone channel is required at an intermediate station on a circuit equipped with Telegraph Terminal TH-1/TCC-1; figure 5 shows the association of lines, terminal sets, and intermediate filters. Carrier telegraph signals of 1,680 and 1,860 cycles are bypassed around the _ telephone drops at the intermediate station by the band-pass section of the filter. Frequencies outside the 1,680- to 1,860-cycle band are attenuated. Intermediate telephone sets are connected to their respective lines through bandstop sections of the filter. These filter sections suppress any 1,680- and 1,860-cycle frequency components which may be present in the speech currents. This prevents interference to the carrier telegraph by the telephones. The band-stop filter also prevents noticeable crosstalk between the east and west telephone sets at the intermediate station.
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SECTION IV MAINTENANCE

NOTE: Failure or unsatisfactory performance of equipment will be reported on W.D., A.G.O. Form No. 468. If this form is not available, see TM 38-250. Be:



31. LUBRICATION.

None required.



32. SERVICING.


	a. General. Be careful in handling the equipment during installation and operation to reduce the possibility of service failures. When replacing or adjusting apparatus on any of the units, do not disturb the wiring more than necessary. In soldering, be careful that no splashes of solder drop on apparatus parts or wiring terminals. Keep all parts, especially contact springs of relays and switches, free from dirt and grease. The relays should not require readjustment normally, and no attempt at readjustments should be made unless trouble is definitely traced to them.

	b. Inspection. (1) Before placing the telegraph terminal in service, and at regular intervals thereafter, inspect the equipment to insure proper working of parts.

	(2) Check to see that all vacuum tubes are firmly seated in their sockets.

	(3) Test vacuum tubes at least once a month | and replace when necessary. Use Weston Model 685 tube checker or equivalent. When inserting tubes into their sockets, be sure that the key on the base of the tube is aligned with a keyway of the tube socket.

	(4) Replace transformers, capacitors, resistors, and switches only as necessary.

	(5) To locate trouble in any of the units, swing the front or back equipment assembly out of the outer,case as required. This operation is performed by raising the two handles which extend downward from the top of the unit to a horizontal position and then pulling the two handles toward the center of the case and slowly lowering the framework unit which is hinged at the bottom. Catches are provided on the two sides of the framework which engage the large holes in the angle framework inside the case. These catches hold the unit assembly at an angle for



inspection purposes. Disengaging the catches permits the units to be lowered to a horizontal cy position. By releasing the slotted guide pins from their grooves, the entire front or rear assembly can be lifted from the case. When the front or rear assembly is restored to its normal vertical position in the case, push the two handles away from the center and then pull them down to a vertical position. This insures that the panel assemblies are securely locked.

(6) A trouble location and remedy chart is supplied in paragraph 41. Wiring diagrams and interior views of the various units to aid in trouble location are shown in figures 36 through 53.



33. POLAR RELAY INSPECTION AND CLEANING.

To inspect and clean the polar relays, follow this procedure:

a. Remove the cover from the relay by turning the cover to the left and pulling it forward. To clean the relay cover, invert it and tap on it to loosen the dirt. Then wipe the cover with a clean, dry, lintless cloth.

NOTE: Do not disturb the setting of the relay contacts or pole pieces unless it is possible to keep the relay out of service for readjustment as outlined in paragraph 34.

b. Inspect the contacts. If they are pitted or built up, recondition them by filing. To do this, back up the contact screw on the side where pitting or build-up is present to permit the file (such as Signal Corps Stock No. 6Q37104) to enter easily between the contact and the armature. Insert a tapered stick between the contact springs to prevent damage to them, taking care not to insert the stick far eas enough to separate the contact springs. Insert Pa the file far enough into the axis of the arma- me ture. File the contacts one at a time; be careful to move the file in and out far enough into ~ the axis of the armature. Since the contacts of the armature are made of moderately soft alloy. —

[image: Figure, page 62]

Figure 34. Method of burnishing polar relay contacts.
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Figure 35. Method of using 340 tool on polar relay.

care should be taken not to remove too much material.


	e. After filing, burnish the contacts. The blade of the burnisher (such as Signal Corps Stock No, 6R41065C) should not be handled by the fingers and should be cleaned before using with a clean lintless cloth moistened with carbon tetrachloride if available. Move the blade of the burnisher in and out far enough into the surface of the armature (fig. 34).

	d. To clean the pole-piece surfaces, loosen the knurled tension nuts on the pole-piece screw as far as they will go with the No. 340 tool (fig. 85). Remove any foreign materials on the pole pieces with a thin piece of metal covered with friction tape by pressing it against the pole piece. Use the tape only once and do neh rub the pole piece with it.





"34, POLAR RELAY TEST AND ADJUSTMENT.

When a,relay has been completely reconditioned, or when the relay cannot be made to


	'meet electrical requirements after the inspecrelay test. circuit of Telegraph Terminal CFtion and cleaning operations have been made, it is necessary to make readjustments. The polar relays in the telegraph terminal may be adjusted in relay Test Set I-193-A, or in the 2-( ). Complete test. and adjustment instruections are furnished with these equipments. — When no relay test set is available, the aud i ing the flay seconde to the procedure given in subparagraphs b through d Vasgsbe ;

	



dent by the: ation' of the springs. Tarn in snc ca contact screw until it just touches the armature contact. Remove the 0.005-inch blade and replace it in the 74D thickness gauge. See that the clearance between each contact' screw and the armature is approximately the same. Armature travel limits may be checked by using the 0.003-inch and the 0.005-inch blades of the 74D gauge. Before using, clean the blades with a elean lintless cloth moistened with clean carbon tetrachloride. Hold the armature lightly _ against one contact and check the contact gap. The 0.008-inch blade of the 74D gauge should _ pass easily between the armature and the contact and the 90.005-inch blade should pass through with pressure. Repeat with the other contact.

(2) Advance the right-hand pole-piece screw with the 340 tool until the pole piece is near the armature. With the fingers tighten the knurled tension nut on the outside end of the pole-piece screw only until a noticeable increase in force on:the 340 tool is required to turn the pole-piece screw. Continue to advance the righthand pole-piece screw with the 340 tool until the armature just touches the left-hand contact screw. Then back off the pole-piece screw more than one-quarter and less than one-half turn. Advance the left-hand pole-piece screw until the pole piece is near the armature, then tighten the tension nut on the left-hand polepiece screw. Then advance or retract the lefthand pole-piece screw until the armature sticks _ to,each contact when moved there by hand. If this adjustment cannot be obtained, advance the right-hand pole-piece screw one-eighth turn and then advance or retract the left-hand polepiece screw and attempt to meet the adjustment requirement.

4. Armature Alignment. (1) Back off the polepiece screws as far as they will go. Back off both contact screws several turns with the No. 840 tool. Remove the armature by loosening _ the screws in the supporting bracket in 'the armature heel piece. Remove the armature through the winding and spool slot. See that the armature is straight, and that the rivets holding the armature contact springs to the -youy of the armature are tight. See that there are no irregular projections from the portion of the armature surfaces held by the clamping piece. See that the flexible springs are flat and — in contact for at least 25 percent of their width. If these requirements are not met, the armature should be replaced with a new one. Insert the. new armature and tighten the screws, being sure that the requirements in cuppa Re Eran b and c below are met.


	(2) Back off the contact screws seceea turns with the No. 340 tool and check that the armature is held approximately equidistant from the contact screw supporting brackets. See that the armature is centered properly in the spool slot. If the armature is not in the center between the contact supporting brackets, loosen the screws holding the armature heel piece and realign to meet the above requirement. Tighten the screws. If the armature is not centered horizontally in the spool slot, loosen the screws that hold the front and rear spoolheads to the frame of the relay and move the coil to the right or left as required. Tighten the screws. If the armature is not centered vertically in the spool slot, slightly loosen the screws holding the armature to its heel piece and move the armature up or down to bring the stationary screw contacts and the armature contacts in proper alignment. Tighten the screws.

	¢. Contact Alignment. The right and left serew screw contacts should be entirely within the area of the larger (armature) contact. If this requirement is not met, loosen the screws holding the armature to its heel piece and move the armature up or down or to the front or rear to line up with the contacts and still center the armature in the slot. Tighten the screws. If it is impossible to align the contacts in this manner, or if the contact screws are not in line, loosen the screws holding the contact screw bracket to the base of the relay. Then move the bracket until the contacts line up properly. In making these adjustments, it is desirable to set the contact screw brackets so that the contact serews strike the contact on the armature as near to the center as possible. Retighten all the screws.

	d. Pole Piece Alignment. Right- and left-hand pole-piece screws should be in line and at right angles to the armature. Check with the pole- piece screws advanced near the armature. If they are not in line, loosen the screws on top and bottom. Hold the pole-piece screw support



and move by hand. until this requirement is mét. Tighten the screws. If the contact screws do not seem to hold adjustment, remove the screws' from the bracket and force the split ends of the bracket closer with pliers.



35. MONITORING RELAY ADJUSTMENTS.

For proper operation, the relay should be adjusted to the following mechanical specifications: ;


	a. The armature gap in the deenergized position should be adjusted: to 0.024 +0.001 inch. To make this adjustment,. remove the relay cover. Adjust the left-hand contact screw with a hexagonal wrench or, if none is available, with a screwdriver. —

	b. The contact gap in the deenergized position should be adjusted to 0.003 +0.0005 inch. To make this adjustment, turn the right-hand contact screw.

	'¢. The normal contact pressure should be adjusted to 25 +1 gram. To make this adjustment, turn the spring located on the bracket extending over the armature. The pressure is measured by a tension gauge No. 70H (Signal Corps Stock No. 6R40870H) or equivalent.

	d. After these adjustments have been made and checked, replace the relay cover.



CAUTION: The relay is a delicate instrument. It must be handled very - carefully. Avoid touching the spring contact and the armature with the ' fingers. Moisture and dirt at the relay contacts and on the springs will prevent satisfactory operation. No attempt at readjustment of the relay should be made unless trouble is definitely traced to it. 2)



36. RINGER RELAY ADJUSTMENTS.

. In case it becomes necessary to adjust either of the ringer relays, proceeds as follows:


	a. Adjust the air gap between the armature and pole faces to 0.022 +0.008 inch with the relay in the released position.

	b. Adjust the air gap between contacts to a minimum of 0.008 inch.

	c. Check to see that the contacts close before






ihe: Seater SR the core, that as the relay releases, the normal k contacts close before the armature reach . backstop.

d. Adjust the contact pressure to a minimu: of 20 grams.



37. WIRING DIAGRAMS.


	side. Each piece of apparatus has the same a. Most wiring diagrams in this Byes Fi are of the airline type. They show in a semi-pictorial' manner the actual physical arrangement ac of the equipment as viewed from the wiring Q marking as that stamped on the equipment, and ~ the wiring terminals on each piece of apparatus are shown in their proper relative location as . viewed from the wiring side. In addition, each piece of apparatus is assigned an arbitrary identification number. Feed lines, representing —— the individual wires between terminals of:the __ apparatus, are carried a short distance from the terminals and are terminated in a baseline which runs at right angles to the feed lines. — These feed lines are marked with the color Se : the wire and have a number near the baseline which is the same as the identification number of the piece of apparatus to which the other — aa end of the wire is connected. It is not necessary ~ to trace a connection through the baseline; yee noting the color and identification number of the feed line it is possible to move directly to _ the other end. of the wire. When a wire is vas shielded, color coding is impossible, and in this ¥ ease, each shielded wire is assigned an identification number. By using this number instead of the color code as is the case with other wires, " it is possible to trace the wire as explained ' below.

	b. To become more familiar with the airline system, refer to the wiring diagram of the modem unhit (fig. 52). To trace the wire from terminal 4 of Tl to pin 5 of V1, first locate Ti been assigned to the transformer. The feed line between terminal 4 and the baseline is designated 33 BL. This is a blue wire terminating in a piece of apparatus designated 33. Next find the apparatus numbered 33. A feed line designated BL 25 extends from the base line to pin 5 of the tube socket. This means that the blue wire from 25 is i connected to Bin 5 of the socket.






_ Remember that it is not necessary to tracethe connection through the baseline; move directly from one piece of apparatus to the other according to the identification numbers on the feed lines, :

c. In general, wire colors shown on the wiring diagram are followed; occasionally other colors are substituted. For instance, solid colors such as green or blue may be replaced by cor- ~ responding colors with white tracers such as green-white and blue-white respectively.



38. MOISTUREPROOFING AND FUNGIPROOFING.


	a. Problems Encountered. The operation of Signal Corps equipment in tropical areas where temperature and relative humidity are extremely high requires special attention. The following items represent problems which may be encountered in operation:

	(1) Resistors, capacitors, coils, chokes, transformer windings, etc., fail.




	(2) Electrolytic action takes place in resistors, coils, chokes, transformer windings, etc., causing eventual break-down.




	(3) Hook-up wire and cable insulation break down. Fungus growth accelerates deterioration.




	(4) Moisture forms electrical leakage paths on terminal boards and insulating strips, causing flash-overs and crosstalk.




	(5). Moisture provides leakage paths between battery terminals.




	-b. Treatment. A moistureproofing and fungiproofing treatment has been devised which, if properly applied, provides a reasonable degree of protection against fungus growth, insects, corrosion, salt spray, and moisture. The treatment involves the use of a moisture- and fungi- - resistant varnish applied with a spray gun or. brush. Refer to TB SIG 13, Moistureproofing and Fungiproofing Signal Corps Equipment, for a detailed description of the varnish-spray method of moistureproofing and fungiproofing.



CAUTION: Varnish. spray may have toxic effects if inhaled. To avoid in- _haling spray, use respirator if available; otherwise, fasten cheesecloth or other cloth material over nose and ~. mouth. . .


39. STEP-BY-STEP INSTRUCTIONS FOR TREATING TELEGRAPH TERMINAL TH-1/TCC-1.

a. Preparation. Make all repairs and adjustments necessary for proper operation of the equipment.



b. Disassembly.


	(1) Open the front and rear covers of the carrying case.

	(2) Remove the two polar relays from the monitoring panel. (These relays are not to be treated. Treatment will impair operation.)

	(3) Tilt the monitoring and modem rack assembly out and secure it in the open position. Raise the levers and slide them in towards the center of the rack about 1 inch. This action releases the top of the rack. Tilt the rack out and down. Bracket arms, located at the rear of the rack sides and attached to the retaining pins, provide a means for securing the rack assembly in the open position. Hook these arms into the circular cut-outs in the sides of the _ Main supporting framework.

	(4) Remove the small plug-in relay (MON) from the rear of the monitoring panel. (This relay is to be treated.)




	(5) Remove the six vacuum tubes from the rear of the modem panel.




	(6) Take off the tube compartment covers of the ringer and power supply panels.




	(7) Remove the five vacuum tubes and the two vibrators from the ringer panel. (The vibrators are to be treated.)




	(8) Remove the six vacuum tubes and the vibrator from the power supply panel. (The vibrator is to be treated.)




	(9) Remove the spare parts compartment (not to be treated).




	(10) Release the ringer panel from its mounting. Allow it to drop two holes in the rack, and refasten it in this position temporarily. DO NOT DISCONNECT.




	(11) Operate the rack release mechanism above the ringer panel, tilt the rack assembly out, and secure it in the open position.




	(12) Remove the rear covers from the ringer and power supply panel.




	(18) Clean all dirt, dust, rust, fungus, oil, grease, etc., from the equipment to be processed.







	eH ' of the ringer panel: '¢. Masking. (1) Mask these items ¢ on the front e (a) The LINE and SWED binding i

	(four in all).




	(b) The 'screwdriver adjustment of 'ike BIAS potentiometer.

	(c) The BAT. and A.C. fuseholder caps.




	(d) Both switch toggles. |







	(e) The two adjusting screws of the vibrator clamp.




	({) The two Patches for the tube compartment cover.




	(2) Mask or cover these items on the top of the ringer subpanel:




	(a) Mask the tops of the vibrator sbeliets and the bearing surfaces of the vibrator clamp- . Ing plates.

	(b) Mask the toggle of the S4.switch located behind the two relays.




	(ec) Mask the slotted shaft and the egnuee bushing of the S2° selector switch located behind the V4 and V5 vacuum tube sockets.




	(d) Mask the top of each vacuum tube socket (five in all).




	(e) With the exception of the soldering lugs, cover the RA-3 and RB-3 relays completely.







	| (8) Mask. or cover these items on the bottom of the ringer subpanel:




	(a) Mask the locating pin opening in the bottom of each vacuum tube socket.

	(6) Cover the S2 selector switch completely.







	(c) Cover the bottoms of the vibrator sockets completely.




	(4) Mask or cover these items on the front of the power supply panel:




	(a) Cover the whole face of the front panel - below the vacuum tube compartment.




	(6). Mask the two catches for the vacuum tube compartment cover.




	(5) Mask these items on the rear of the pone supply panel:




	(a) The tops of the vibrator and vacuum tube sockets (seven in all).




	(6b) The locating pin opening in the bottom of each vacuum tube socket.




	(ce) The bottom of the vibrator socket.




	(da) The catches for oe rear dust Coren ¢ |







	'toring panel from its mounting (do not disc swatches of the rir hess and mibdenn Pp cut the tie cords of the interpanel cable nect), Without placing undue aie ony from the modem panel just far enough to | rOvide room for covering the three se act switches at the bottom rear of the monitor rear of the modem panel. After Hee have b covered, remount the monitoring panel complete the masking.as set forth in the fot ing paragraphs: :

	(7) Cover the face of the. front of the moni ing panel completely.

	(8) Mask or cover these items in the re ar Of the monitoring panel: — Bsn

	(a) Mask each of the three notational 8.




	for the small plug-in type relay. (b) Mask the vacuum tube socket provider

	(c) Cover the small jack mounted near. meter. i

	_ ing lugs and insulating spacers are exposed. (d@) Cover the seven double sahil moun ntelh in a group at one end of the panel, so that thei spring contacts are protected and their sol

	(9) Cover the face of the front of the m ye panel completely. 'i




	~~ (10) Mask tees items in the rear ve t modem panel: '

	(a) The re of the vacuum tube souuen an




	. of the potentiometer mounted at the lower le (b) The slotted shaft and mounting buat rear of the unit.

	_d. Drying. Dry the cf hee and the moved MON. relay for 414 to 5% hour at 185° F. Do not paeced pepe ;




	Lacquer, Fungus-resistant, Spec, No. 71-2 (Stock No. 6G1005.3) or equal, as follows:






CAUTION: Do not use varnish con-_ taining mercury on te equipment. ;


	

	




	. —@) 'Brush all wires and solder connections ore which were protected by the masking.

	Pils (4) Inspect all wiring, small parts, and terminal strips for coverage. Brush any doubtful ie ye point.

	~. (B) Brush the Gubilatiie collar at the base of each front panel binding post.




	(6). Remove the cover of the MON. relay and - brush'as much of the relay as possible without bs impairing its operation. Do not brush plug or . spring contacts.

	: (7 ) Brush the bases of the removed vibrators. ° Do not brush the base pins.







	: (8). Bpush the following items on the ringer 'panel:

	{a) The tubular electrolytic a necibor C6 "located next to the S2 selector switch. Pay particular sks to the sealing of the positive end.




	(6). The siriaces of the RA-8 and RB-3 _velays as completely as possible without impairing, their operation. When brushing the spring contact spacers, be very careful not to allow the varnish to enter into. the aalare hinges.




	. (9) Seal these portions of the meter on the ; monitoring panel with a full brush:

	(a) The joint between the back Bate and the meter shell.




	(b) The heads of the back plate . nels hng | _ screws.




	(c) The edge of the meter glass and the zero-set adjustment.




	| (10). Brush the insulating spacers of the email' . jack near the meter on the monitoring panel. Do not allow the varnish 2 run onto the spring contacts.




	(11) Pay particular atiention to the coverage of the gray shielded wires on the modem panel. — Brush these if necessary.














f. Reassembly.

n qd) Retie the interpanel cable to the side of the Nepe 'modem panel and proceed to reassemble the equipment by reversing the sequence given in i ryeragee) ¢ a ote


	(2) Subject the equipment to its routine test. Make all necessary repairs and adjustments _and rebrush any portion of the protective varnish coat which may have been disturbed.

	g. Marking. Mark "MFP" and date of treatment. ae .



Example: MFP—2 Jan 44.




40. STEP-BY-STEP INSTRUCTIONS FOR TREATING FILTER F-2/GG.


	a. Preparation. Make all repairs and adjustments necessary for proper operation of the 'equipment.

	b. Disassembly.




	(1) Remove the filter from its carrying case.




	(2) Remove the protector caps (four in all).




	(3) Clean all dirt, dust, rust, fungus, oil, © grease, etc., from the equipment to be processed.

	c. Masking. Mask or cover the following items:

	(1) Cover the face of -:the front panel.

	(2) Mask the terminal strip, leaving the wired side open. |

	d. Drying. Dry the filter for 2 to 3 hours at 160° F. Do not exceed 160° F.

	e. Varnish Application.






CAUTION: Do not use varnish containing mercury on this equipment.


	(1) Apply three spray coats of Lacquer, Fungus-resistant, Spec No. 71-2202 (Stock No. 6G1005.3) or equal, to all wires and connections.

	(2) Remove all masking, and-brush the insulating collars of the binding posts on the front panel.

	(8) Brush the bases of the protectors on the front panel.

	(4) Brush the edges of the jerniina strip.

	f. Reassembly. Reassemble the equipment and test its operation.

	g. Marking. Mark "MFP" and the date of treatment.



Example: MFP—2 Jan 44.
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	d. RINGER.
	a
	
	LL
	
	



	
	
	To
	Part
	Control and position
	Ohms rasistance




	
	
	Ground.

Do.
	_ Chassis.

Do.
	RB/3 released (no current).

Do.
	324,600

1,470,000



	
	
	Do.
	Do:
	S1A in OPERATE position.
	4,300

-



	
	
	Do.
	Do.
	S1A in NON-OPERATE

position.
	0



	
	
	Do.
	Do.
	RB/3 released (no current).
	3,000



	
	
	Do.
	Do.
	Do.
	370,000



	
	
	Do.

Do.
	Do.

Do.
	Do.
	594,600

2,000,000



	
	
	Do.
	Do.
	
	0



	
	
	Do.
	Do.
	P1 set all in.
	371,000



	
	
	Do.
	Do.
	PI set all out.

RB/3 released (no current).
	321,000

594,600



	
	
	Do.
	Do.
	
	



	
	
	Do.

Do.
	Do.

Do.
	RB/3 released (no current).
	1,000,000 0



	
	
	
	
	RB/3 released, P1 all out.
	835,500



	
	
	Ground.
	Chassis.
	RB/3 released; P1 all in.
	885,500



	
	
	4

Ground.
	V-4

Chassis.
	RB/3

released.
	0

1,870,000



	
	
	Do.
	Do.
	RB/3 released; P1 all out.
	831,000



	
	
	Do.
	Do.
	RB/3 released; P1 all in.
	881,000



	
	
	Do.
	Do.
	RB/3 released; S2 in 1,000 position.
	273,000



	
	V-5
	Do.
	Do.
	RB/3 released; S2 in 500 position.

RB/3 released.
	275,000

510,000



	
	V-5

V-5
	Do.

Terminal 10.
	Do.

Ringer unit.
	Power supply disconnected.
	20,000



	
	V-5
	Ground.
	Chassis.
	Power supply connected.
	22,700



	Pw OPO WOHrw00 who

coc

OO
	V-5
	Do.
	Do.
	
	0



	Terminal 1.
	Ringer unit.
	Terminal 2.
	Ringer unit.

'
	RB/3 released (no current).
	270,000



	
	vV-2

V-2
	
	V-3

vV-3
	P1 all out.

P1 all in.
	151,000

201,000



	
	vV-2
	
	V-3
	
	540,000



	
	Ringer unit.
	
	Chassis.
	P1 all in.
	881,000



	
	
	
	T-2
	
	1,200,000



	
	V-1

T-2
	
	S4
	S4 switch on +0 dbm.
	480



	
	T-2
	
	$4
	S4 switch on 6 dbm.
	245



	
	Power supply.
	
	Power supply.
	
	20



	
	Do.
	
	Power supply.
	83 in a-c position.
	0.5.



	
	Do.
	Ground.
	Do.

Chassis.
	83 in BAT. position.
	2.5

505



	—_
	Do.

Do.
	Do.
	Do.
	
	200



	
	Do.
	10
	Do.
	
	40



	
	
	
	Power supply.
	83 in a-c position.
	48



	
	
	
	
	
	52



	
	
	
	
	S3 in BAT. position.
	







43. POINT-TO-POINT VOLTAGE CHART.

(Measured with 110 volts, a-c across MAINS terminals and all units connected)

a. Power Supply.


b. Medem Unit.

Norte: 1. Energy fed into line = +3 dbm.

2. Receive level switch on low.












	From

terminal
	Pert
	To

terminal
	Part
	Centre! end position
	Volts




	1
	Power supply.
	2
	Power supply.
	
	80 D-C



	3
	Do.
	4
	Do.
	
	110 A-C



	5
	Do.
	6
	Do.
	
	6.3 A-C



	vf
	Do.
	8
	Do.
	'

:
	70 A-C



	9
	Do.
	10
	Do.
	No ground on terminal No. 9.
	15.1 A-C



	9
	Do.
	10
	Do.
	Terminal No. 9 grounded.
	13.1 A-C



	2
	V-!
	Tie
	V-1
	Switch S3 in a-c position.
	6.3 A-C



	2
	V-1
	Ground.
	Chassis.
	Relay RB/3 not operated.
	108 D-C



	4
	V-1
	Do.
	Do.
	Do.
	36 D-C



	5
	V-1
	Do.
	Do.
	Switch S1 in OPERATE position.
	0 D-C



	5
	V-1
	Do.
	Do.
	Switch S1 in NON-OPERATE position.
	0 D-C



	
	Across resistor RA, |
	
	
	
	5.90 D-C



	3
	V-1
	5
	T-2
	
	82



	4
	V-1
	5
	T-2
	
	146



	3
	V-2
	Ground.
	Chassis.
	
	25



	4
	V-2
	Do.
	Do.
	
	19.5



	5
	V-2
	Do.
	Do.
	
	-0.1



	8
	V-2
	Do.
	Do.
	
	0



	3
	V-2
	3
	vV-3
	Bias control P1 all in.
	102



	3
	V-2
	3
	V-3
	Bias control P1 all out.
	105



	3
	V-2
	3
	V-3
	Bias control correctly adjusted.
	112



	4
	V-2
	4
	V-3
	
	14.5



	
	V-3
	12°
	1,000/500 cycle filter
	
	140



	3
	V-2
	5
	V-4
	
	30



	3
	V-3
	Ground.
	
	RB/3 in receiving position (not operated).
	



	3
	vV-3
	8
	Chassis.

vV-4
	
	142

88



	4
	V-3
	Ground.
	Chassis.
	
	33



	8
	V-3
	Do.
	Do.
	RB/3 in receiving position (not operated).
	0



	5
	V-3
	Do.
	Do.
	'
	—0.56



	3
	vV-4
	Ground.
	Chassis.
	RB/32 in receiving position (not operated).
	111



	3
	v4
	8 -
	v4
	
	110



	5
	V-4
	Ground.
	Chassis.
	RB/2 in receiving position (not operated).
	1.5



	3
	V-4
	ay.
	' Ringer T. B.
	No signal being received.
	0



	3
	V-5
	Ground.
	Chassis,
	S2B in 1,000 cycle position.
	199



	3
	V-5
	Do.
	Do.
	S2B in 500 cycle position.
	199



	4
	V-5
	Do.
	Do.
	RB/32 in receiving position (not operated).
	0



	4
	V-5
	Do.
	Do.
	RB/3 in sending position (operated).
	11.5



	5
	V-5
	Do.
	Do.
	RB/3 in receiving position (not*operated).
	1



	5
	V-5
	Do.
	Do.
	RB/3 in sending position (operated).
	26



	8
	V-5
	Do.
	Do.
	
	0







44. VACUUM TUBE CHARACTERISTICS. Characteristics

a. Vacuum Tube 6G6-G (VT-198—-A) is a Heater voltage (ac or dc) 6.3 Vv power, amplifier pentode of the heater-cathode Heater current 0.15 amp type: housed in a glass bulb. Its small-shell, 7- Grid to plate capacitance 0.50 mmf pin base fits the standard octal socket. It may be Input capacitance 5.5 mmf used as an amplifier, detector, or oscillator. Output capacitance 7.0 mmf



(1) Maximum operating conditions as an amplifier:




	
	;
	As triode



	Characteristic
	As.pentode
	(screen tied to plate)



	Plate voltage
	300 max v
	180 max v



	Screen voltage
	250 max v
	



	Plate dissipation
	'2.75 max w
	2.5 max w



	Screen dissipation
	0.75 max w
	








(2) Typical operation and characteristics as class A amplifier:









	Characteristic
	As Pentode
	As Triode




	2185 Vv

Plate voltage
	180 v
	180.v



	Screen voltage

1385 v
	180 v
	



	—6Vv

Grid voltage
	—Iv
	—12v



	Peak a-f grid voltage
	6Vv

9Vv
	12 v



	Amplification factor
	
	9.5Vv



	11.5 ma

Plate current (no signal)
	15 ma
	11 ma



	2ma

Screen current (no signal)
	2.5 ma
	



	Plate resistance
	0.170 megohms

0.175 megohms
	4,750 ohms



	Transconductance

2,100 »mhos
	2,300 »zmhos
	2,000 »mhos



	12,000 ohms

Load resistance
	10,000 ohms
	12,000 ohms



	Total harmonic distortion

7.5%
	10%
	5%



	Max signal power output

0.6 w
	liw
	0.25 w





b. Tube 0C3/VR-105 (VT-200) is a gasfilled voltage regulator having a glow-discharge type cathode. It is housed in a glass envelope. The base is of the small-shell, octal, 6-pin phenolic type.

(1) Operating conditions:

Starting supply voltage 127 (min) d-c v Operating voltage 105 (approx) d-cv 5 (min) d-c ma 10 (max) d-c ma Operating current (2) Socket connections (bottom view) (fig. 36).

Note: Pins 3 and 7 are tied internally by the jumper. With suitable socket connections, the jumper acts as a switch to open power supply circuit when the voltage regulator tube is removed from socket.

ce. Tube 2050 is a gas tetrode of the hot cathode type designed for grid controlled rectifier service. The base is of the small-shell type. It has eight pins and fits into a standard octal socket (fig. 36Y.



(1) Characteristics:

Heater voltage (ac or dc) 6.3 Vv Heater current 0.6 amp Grid to anode capacitance . 0.2 mmf

Heating time 10 seconds (min)

Note: The heater voltage should be applied at least 10 seconds before current is drawn.

*(2) Typical operation as a grid controlled rectifier:

Peak forward anode voltage 650 max v Peak inverse anode voltage 1,300 max v

Shield grid (grid No. 2) voltage Ov Peak anode current 500 max ma Average anode current (over 30 seconds max) 140 max ma Tube voltage drop 8 ma Grid resistor 0.01 megohm (min)

10 megohm (max)

Note: The grid resistor must be placed directly at the socket terminal to make the grid to anode capacitance as small as possible. Connect pins 4 and & together at the socket.

(3) For socket connections (bottom view) see figure 36.




45. VACUUM TUBE SOCKET CONNECTIONS.

The vacuum tube socket connections for the tubes used in Telegraph Terminal TH-1/TCC-1 are shown in figure 36. —
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Figure 36. Vacuum tube socket wiring diagram.
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47. CAPACITOR COLOR CODE.

[image: Figure, page 87]








	ONE ROW DOTS
	




	
	INDICATES FIRST SIGNIFICANT FIGURE

OF

VALUE IN MICROMICROFARADS

CAPACITANCE



	
	SECOND

FIGURE

INDICATES

SIGNIFICANT



	
	SIGNIFICANT FIGURE

INDICATES

THIRD



	
	INDICATES

MULTIPLIER



	USUAL TOLERANCE

+20%
	INDICATES TOLERANCE IN PER CENT OF THE

NOMINAL CAPACITANCE VALUE. IF NO COLOR

APPEARS TOLERANCE IS 20%



	RATED VOLTAGE

USUALLY 500 VOLTS
	THE RATED VOLTAGE

INDICATES
















	COLOR

BLACK
	SIGNIFICANT

re)
	FIGURE
	MULTIPLIER

\
	TOLERANCE

PER CENT

(IF GIVEN )
	belie iy

4




	BROWN
	i
	
	10
	1
	100



	RED
	2
	
	100
	2
	200



	ORANGE
	3
	
	1000
	3
	300



	YELLOW
	4
	
	10,000
	4
	400



	GREEN
	5
	
	100,000
	5.
	500



	BLUE
	6
	
	1,000,000
	6
	600



	VIOLET
	7
	
	10,000,000
	7
	TOO



	GRAY
	8
	
	100,000,000
	8
	800



	WHITE
	g
	
	|,000,000,000
	8
	900



	GOLD
	
	
	0.1
	5
	1,000



	SILVER
	
	
	0.01
	10
	2,000



	NO COLOR
	
	
	
	20
	500
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Figure 37. Power supply, rear view, location of parts.
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Figure 38. Power supply, bottom view, location of parts.
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Figure 40. Monitoring unit, rear view, location of parts.
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Figure 41. Monitoring unit, bottom view, location of parts.
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Figure 42. Ringer unit, location of parts.
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Figure 43. Ringer power supply, location of parts.
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Figure 46. Ringer power supply, wiring diagram.
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Figure 46. Ringer power supply, wiring diagram.
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Figure 48. Power supply, schematic diagram.
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