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RADIO TELETYPE TERMINAL EQUIPMENT AN/FGCl OR AN/FGC-1X l 

SECTION I 

DESCRIPTION 

1. INTRODUCTION. 

a. The Radio Teletype Terminal Equipment AN/FGC1 or AN/FGC-1X forms 

part of a radio-telegraph system, the receiving circuit being designed to 

receive signals alternately from one or two radio transmitters at moderate 

distances. The radio frequencies employed are inthe range of 2 to 26 mnega- 

cycles. A block diagram of the system is shown in figure 3. AN/FGCl equip- 

‘ment operates from 50- to 60-cycle a-c power supply and AN/FGC-1X from 25- to 

60-cycle supply. The operating and testing procedures are the same for both 

types. Any reference in this book to AN/FGGl equipment applies equally to 

AN/FGC-1X, unless it is stated that the AN/FGC-1X equipment differs. 

b. The radio transmitter sends out its normal frequency when the con- 

tacts of the telegraph-sending mechanism are closed (marking condition), and 

when the contacts are opened (spacing condition), the radio frequency is re- 

duced 850 cycles, the amplitude remaining unchanged. At the receiving end 

these signals are received in superheterodyne receivers, which invert then 

and finally convert them into frequencies in the voice range of about 2125 

and 2975 cycles for the closed and open conditions of the sending contacts, 

respectively. These voice-frequency signals are rectified in the AN/FGCl 

equipment and are passed to the receiving telegraph equipment as d-c tele- 

graph signals. 

c. Signals are sent by telegraph printer keyboard or automatically by 

transmitter-distributor at sixty words per minute. They are received by 

printer or by typing reperforator. 

d. The effect of radio fading is minimized by employing space diver- 

Sity; the receiving equipment is associated with two receiving antennas which 

are spaced several wavelengths apart, and thus the reliability of reception 

is greatly increased. 

e. The circuit is arranged so that when the same radio-frequency as- 

Signment is being used for transmitting and receiving, the receiving equip- 

ment is disabled while the transmitter isin use. When different frequencies 

are used for transmitting and receiving, however, the circuit may be con- 

nected so that these two operations can be carried on simultaneously; in this 

case, extra printer equipment will ordinarily have to be provided for sending. 

When messages are not being received, each receiver may be connected to both 

1 
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its pairs of associated antennas in parallel so that signals can be detected 

from either distant transmitter. A monitoring circuit is provided to prevent 

operation of teletypewriters by noise during this monitoring period. It is 

automatically switched out of the circuit when the distant transmitter is 

energized. 

f. For an AN/FGCl equipment, 50- to 60-cycle, 103- to 127-volt, or 207- 
to 253-volt a-c power supply is required. AN/FGC-1X equipment uses a-c power 

of 25 to 60 cycles, 103 to 127 or 207 to 253 volts. The power may be ob- 

tained from commercial sources or other equivalent available supply. To pro- 

tect the equipment from humidity, a heater is provided in each cabinet which 

is automatically connected to the power supply when the power is switched 

off from the radio-receiver and voice-frequency terminal equipment. 

ge The receiving printer equipment can be connected to the AN/FGCl bay 

by means of a metallic pair or by a single wire with ground return from the 

printer subset. The allowable length of this loop circuit varies greatly, 

depending on the type of line facility employed. Its resistance should not 

exceed 3700 ohms, as this value would result in the minimum allowable loop 

current of 10 milliamperes. In ground-return operation over a composited 

pair, the workable distance will usually be determined by crossfire to and 

from the telegraph or signal circuit on the other wire of the pair, and this 

will depend on. the type of circuit used on the other wire. Areasonable dis- 

tance would be 15 miles of cable or 100 miles of open wire. An ungrounded 

rectifier (KS-5844) must be added to an AN/FGCl bay which does not contain 

one, when a ground-return loop is used. A filter, not covered in these in- 

structions is required in addition to the usual type of composite set to 

reduce interference from the telegraph to the telephone circuit. 

h. A location free from abnormal vibration and protected from outside 

weather conditions is necessary. 

2 EQUIPMENT. 

a. A bay of AN/FGCl equipment consists of the apparatus for two chan- 

nels of a circuit mounted in a metal cabinet 7 feet high, lfoot 10-1/4 inches 

wide, and 1 foot 5 inches deep with doors at front and rear, each 1 foot 

7-5/8 inches wide. The total weight is about 425 pounds, not crated. When 

crated for shipment the weight is about 635 pounds and the over-all dimen- 

sions are 7 feet 4 inches x 2 feet 4 inches x 1 foot 9 inches,equivalent to 

29.9 cubic feet. 

b. Figures 1 and 2 show the front and rear views of the cabinet with 

the doors open. Both doors are hinged at the right as the observer faces 

the front, whereas both doors of the radio-receiver cabinet are hinged at 

the left. The individual panels on which the equipment is mounted are 19 inches 

3 
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a 

Wide. Figure 4 shows the arrangement of the equipment on the individual 

panels and the location within the cabinet. 

c. The principal component parts of the equipment mounted in the cabi- 

net are from top to botton: ; 

Spare fuses . 

One mounting plate for terminal strips 

Frequency-control panel 

Panel containing oscillator and frequency 

indicator (marked FREQUENCY INDICATOR) 

Jack strip 

Panel containing two receiving-relay cir- 

cuits (marked REC REL) 

Channel B detectors (marked DETECTOR B) 
Channel A detectors (marked DETECTOR A) 

Channel B limiter (marked CURRENT LIMITER B) 

Channel A limiter (marked CURRENT LIMITER A) 

Fuse panel 

Regulated tube rectifier 

Disc-type rectifier 

Panel containing frequency alarm bell, fuse 

alarm buzzer and miscellaneous equipment 

Outlet and heater box 

d. Unmounted items furnished with each terminal consist of the fol- 

lowing: 

Quantity Description Function 

fi Test receiver equipped with For monitoring audio sig- 

headband and cord nals 

10 165C plug (dummy plug) For opening jack contacts 

3 2-conductor cord, 2 feet long, Patching 

equipped with two twin plugs 

(241-type) } 

4 2-conductor cord, 4 feet long, Patching 

equipped with two eg-conductor 

plugs (347A) 

8° 2-conductor cord, 2 feet long, Patching 

equipped with two 2-conductor 

plugs (347A) 

2 8-conductor cord, 2 feet long, For patching to meter 

equipped with two 3-conductor 

plugs (310) 
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Quantity 

2 

16 

> 

SIGNAL CORPS 

Description 

394A vacuun tube 

6SA7 vacuum tube 

6SJ7 vacuum tube 

6V6GT vacuun tube 

69F5 vacuun tube 

6H6 vacuun tube 

S-ampere fuse (1/4-inch x 

1-1/4-inch glass tube with 
fuse enclosed) 

o0-watt, 115- or 120-volt 

nazda lamp 

O0-watt, 280- or 240-volt 

nazda lamp 

3. POWER SUPPLY. 

a. The telegraph terminals are completely a-c operated and are equipped 

with either of two types of regulated tube rectifiers to supply loop current 

and plate voltage to the tubes. The first operates from a power supply of 

or 207 to 253 volts, and the second fron 

voltage ranges. 

90 to 60 cycles, 103 to 127 volts 

a supply of 25 to 60 cycles, 

adapted for use with either of these two voltage ranges by a screwdriver 

change in the internal connections. The rectifier provides a-c filament and 

An additional rectifier (disc-type) supplies power to the 
when the latter employs ground for the return path 

of 25 to 60 cycles, with 

It is connected for 115- or 

plate voltages. 

receiving loop circuit, 

of the current. It operates from a power supply 

the same voltage ranges as the first rectifier. 

2380-volt power supply, depending on the position of a lever which is acces- 

sible through a small hinged door. The output supplies are permanently ca- 

bled to the various panels on the bay. 

b. Two convenience outlets are provided in the front of the equipment 
and two in the rear for appliances which have the same voltage rating as the 

power supply. 

with the same 

Function. 

Used in regulated tube 

pectit ier 

Used in frequency 

indicator 

Used in detector anpli- 

fier, frequency indica- 

tor, current limiter, 

and automatic frequency 

control 

Used in frequency indi- 

cator and detector 

Used in current limiter 

Used in automatic fre= 

quency control 

Used in regulated tube 

rectifier 

Heater lamp 

Heater lamp 

A bay may be 
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c. For typical power consumption conditions, a carrier-telegraph bay 

requires about 140 watts or 160 volt-amperes of a-c power. 

4, FREQUENCY CONTROL. 

Most bays of AN/FGCl equipment contain a circuit for controlling auto- 

matically the frequency of the received audio signals. Since the connection 

to the receiver bay for frequency control is high impedance, the control pair 

Should have high insulation resistance. 

5. FREQUENCY SHIFT. 

The terminal equipment is designed and these instructions have been 

written for use with a radio circuit in which there is a frequency change 

of 850 cycles, normally, between marking and spacing signals. The following 

table shows recommended values of this frequency shift for various frequency 

bands, but these recommendations are only tentative and so are subject to 

change. These instructions do not describe the circuit arrangements or the 

changes in operating procedures involved, when the frequency shift is other 

than 850 cycles. | 

Frequency Band Carrier Shift 

70 = 500 ke 170 cycles 

900 - 2000 ke 340 cycles 

above 2000 ke 850 cycles 

6. CHANGES IN EQUIPHENT. 

a. Some bays of earlier manufacture have left the factory with the 

disc-type rectifier omitted but without the necessary wiring arrangements 

to permit the use of the regulated tube rectifier for supply of loop cur- 

rent. Instructions for making these wiring changes are given in paragraph 8h, 

be. Most bays are equipped at the factory with temporary wiring in ac- 

cordance with paragraph 8h, for the regulated tube rectifier to furnish loop 

current. 

c. Twenty regulated tube rectifiers were wired according to the color 

codes which are crossed out on the wiring diagram, figure 46 (see note l15o0f 

fig. 46). The AN/FGC] bays containing them have twenty of the following 
twenty-four serial numbers: 2, 3, 4, 7, 10-13, 17, 18, 20-25, 27, 28, 31, 

33, 38, 39, 40, and 45. In all other bays, the color codes are normal, 

d. Many bays were equipped with monitoring circuits which required a 

steady closure of the control relay in the radio-receiver bay. Instructions 

are given in paragraph 8j to modify the wiring sothat they will work with only a 

nonentary closure. Bays of later manufacture, will be furnished with this wiring. 

7 
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SECTION II 

INSTALLATION AND OPERATION 

7. - GENERAL. 

a. This section applies specifically to the AN/FGC1 equipment when used 
with the AN/FRR3 Rddio Receiver. If other types of receivers are employed — 

the operating and testing procedure will be 

minals to which connections are made may be designated differently. The fol- 

which possibly may not apply to other receivers lowing table lists the items 

and explains the function of 

tions can readily be made in the instructions if designations or controls in 

each in the AN/FRR3 Receiver so that substitu- 

other receivers used are different. 

AN/FRRS3 Radio Receiver 

AUDIO OUTPUT 6002 

and GND 

AFCL and AFC2 

AN/FGC1 DISABLING 

BFO Control 

AUDIO LEVEL 

Control of Power 

Supply by Dialing 

b. It is presumed that 

operating condition and that 

ment designations written in 

the equipment. If any terms 

Description 

Audio output terminals of the receiver. In 

connecting these to the current limiters 

keep in mind that terminals 2A of the lat-- 

ter are grounded. 

Terminals to be connected for automatic 

frequency control. When AFC2 is positive 

with respect to AFC1 the receiver increases 

the audio output frequency. 

Terminals wired to the contacts of a relay. 

The closure of the relay contacts sets up 

the monitoring condition in the AN/FGCl bay. 

Manual control for adjusting the frequency 

of the intermediate frequency oscillator. 

Manual control for adjusting the level of 

the audio output. 

The receiver is equipped with a dial which 

controls the connection of power in the 

AN/FGC1 bay. Dialing 01 connects the power 
and dialing 02 disconnects it, 

the radio receiver has been installed andis in 
the power is turned off, In this section, equip- 
CAPITALS correspond to designations stamped on 
used are not clear,: refer to the glossary on 

8 

the same but controls and ter- 
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page 132. The controls and tubes have identical designations on the two 

channels. Be careful, therefore, when adjusting one channel, not to operate 

the controls associated with the other channel. 

WARNING: WHEN POWER IS TURNED ON, 250 VOLTS MAY EXIST UNDER THE 

ECTIFIER COVER. BEFORE REMOVING THE COVER, PULL OUT THE PLUG 

WHICH CONNECTS THE RECTIFIER TO THE OUTLET BOX. 110 VOLTS ALSO 

IS DANGEROUS IF GOOD CONTACT IS MADE. WHEN TOUCHING ANY BEQUIP- 

MENT WHICH HAY BE ALIVE, DO NOT TOUCH ANY OTHER METAL SIMULTA- 

NEOUSLY AND DO NOT STAND ON A DAMP FLOOR. 

8. INSTALLATION AND INITIAL PROCEDURE. 

a. Remove the AN/FGCl cabinet from its crate and, unless another loca- 

tion is specified, place it beside the radio-receiver cabinet to the right 

as you face the fronts of the two cabinets. Allow -at least a 2-1/2-foot 

clearance in front to the nearest wall or other obstruction, 2-1/2 feet at 

the back, and a 2-foot clearance around one end of the two cabinets for pas- 

sageway. A clearance of 3 to 4 feet-is desirable, both front and rear. The 

cabinet should be situated in a place reasonably free from vibration on a 

firm footing, preferably concrete. It should be fastened to the floor, uti- 

_lizing holes in the bottom corner brackets of the cabinet and lag or expansion 

screws, and it should be bolted to the receiver bay. Install copper-bonding 

braids between the two cabinets at top and bottom, scraping off the paint 

under the braids where they are bolted to the cabinets in order that there 

may be a good electrical contact. 

b. Make the following external connections to the AN/FGCl bay (refer 

to the application schematic fig. 36). External connections are brought into 

the cabinet through cable holes at the top or bottom. Any wires involved 

which pass from top to bottom inside of the cabinet should be tied to cabinet 

channel brackets. The bay terminal strip is at the topof the bay. In order 

to make the shielded pairs short from the limiters to the radio outputs on 

the adjacent bay (see paragraphs (2) and (8) below), run them through a bot- 

tom hole at the left into a facing hole in the radio-receiver bay, unless 

local conditions dictate otherwise. 

(1) Connect an 8-guage wire from waterpipe or other good ground to 

the ground punching on the cabinet upright (lower left as you face the back). 

(2) Shielded pair from terminals 1A and 2A (terminals 1 and 2of ter- 

minal strip A) of the channel A current limiter tothe A radio-receiver ter- 

minals OUTPUT 6002 and GND. Connect the shield to terminal 2A. 

(3) Shielded pair from terminals 1A and 2A of channel B_ current 
limiter to the B radio-receiver terminals OUTPUT 600° and GND. Connect the 

shield to terminal 2A. 
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(4) Pair or single wire to telegraph station for receiving loop. 

Connect bay terminal 1 to single-wire loop (ground-return, used only with 

disc-type rectifier) or to outgoing side of pair (metallic loop). Connect 

terminal 2 to return side of metallic loop. 

(5) Shielded frequency-control pair to radio-receiver cabinet, Con- 

nect terminal 5 of terminal strip B on the automatic frequency-control panel 

to terminal AFC2 of the receiver cabinet and terminal 7B of the frequency- 

control panel to terminal AFCl of the receiver cabinet. When terminal 5B is 

positive with respect to 7B, the audio frequency is too low and so must in- 

crease. Connect the shield to terminal 8B. This pair should have high in- 

sulation resistance. 

(6) Shielded pair from bay terminals 9 and 10 to receiver cabinet 

terminals AN/FGC1 DISABLING. Connect the shield to bay terminal ll. 

(7) First pull out the rectifier power plug or plugs fromthe RECTIFIER 

outlets of the outlet box and then plug the main power cord into the 4-con- 

tact receptacle provided in the receiver bay. 

c. Make sure that the voltage rating of the 50-watt heater lamps cor- 

responds to that of the power supply, 115- or 120-volt lamps for power sup- 

ply of 108-127 volts and 280- or 240-volt lamps for power supply of 207-2538 | 

volts. 

d. Disconnect the a-c power by dialing 02 in the radio-receiver bay 

and check that the heater lamps are lighted. Close the doors and leave until 

all equipment is thoroughly dry before plugging the rectifier power cords 

into RECTIFIER outlets. 

e. Remove the two pieces of flat sheet steel which close the louvers 

in each door of the cabinet and store them; also store any cable-hole cover 

plates which were removed. - Replace the louvers during any extended period 

of nonoperation, except in extremely dry, hot areas, and replace both the 

louvers and cable-hole cover plates if the cabinet is reshipped. 

f. Regulated Tube Rectifier. 

(1) Pull out the plug connecting the rectifier to one of the RECTIFIER 

outlets and remove the can cover. Check for damage in shipment. Check that 

correct fuses and tubes are in place. Note that the date of manufacture has 
been stamped on electrolytic capacitors Cl to C8 (Cl toCl0 inthe rectifier C) 
and if not, tag with the installation date. 

(2) Check that the rectifier is correct for the frequency of the 
power supply; if marked X-61680B, it operates from 50- to 60-cycles a-c power; 
if marked X-616800, it operates from power supplies in the range of 25 to 
60 cycles. 

10 
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(3) Determine whether the input alternating current is nominally 115 

(108-127) volts or 230 (207-253) volts and see that connections on the ter- 
minal strip AC are correct for that voltage. Refer to the instruction plate 

below terminal strip.AC which describes the connections for each input volt- 

age. Tighten all screws on terminal strip AC with a screwdriver whether 

connections are changed or not. 

(4) Before connecting the a-c power and with the cover off, remove 

the two tubes and turn rheostat R to maximum counterclockwise position. (To 

remove a tube, lift off the cap at the top, press down the spring clip near 

the base, and pull the tube straight up.) See that tube caps do’ not touch 

any part of the rectifier. Then plug in the rectifier power cord, and con- 

nect a-c power to the AN/FGCl equipment by dialing Ol. Press the plunger 

of switch SWl. 

WARNING: DO NOT TOUCH ANY METAL INSIDE OF THE RECTIFIER WHEN 

THIS SWITCH IS OPERATED, AS DANGEROUS VOLTAGES EXIST THERE. 

Observe the operation time of timer TD as indicated by a slight click in the 

timer, This time should be 14 to 17 seconds for 60-cycle power or 382 to 42 

seconds for 25 cycles. Release the cover switch and disconnect the rectifier 

power cord. Check that the timer releases and restores to normal in 5 sec- 

onds or less. If the timer is operating correctly, replace the tubes with 

the power still off. If the timer isnot operating correctly, refer to par- 

agraph 32a(1). Replace the caps on the tubes. Replace the cover and see 

that screws holding the cover in place are turned down tight. 

(5) Reconnect the power cord. 

g. Dise-type Rectifier (KS-5844). 

(1) Before using the rectifier, see that a fuse of proper capacity 

has been provided in the line fuse holder. Where feasible, also have a fuse 

in the spare fuse holder. 

(2) On the rectifier, set the 115V/230V toggle switchin the position 

corresponding to the voltage of the input power supply being used. For 115- 

volt a-c power supply, throw this toggle switch to the position designated 

115V. If the rectifier is to operate froma 230-volt supply, throw the switch 

to the position designated 2380V. 

(3) Check that the electrolytic capacitors are stamped with the date 

of manufacture, and if not, tag them with the installation date. 

Note: A RECTIFIER outlet should not be used for appliances as 

the relay contacts in the radio-receiver bay which energize 

this circuit would be overloaded. 

h. Wiring Changes, Disc-type Rectifier Not Used.—Some AN/FGC1 equip- 
ments were shipped without dise-type rectifiers and without the wiring changes 
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necessary when the regulated tube rectifier is used to supply loop current. 

These will be recognized from the fact that the 130V TLG REC REL fuse is not 

connected to the regulated tube rectifier. In these cases, if the AN/FGOL 

bay is to be used with a metallic (2-wire) loop, remove the rectifier cond 

from the RECTIFIER outlet and make the following wiring changes: 

(1) On the terminal strip of the REC RELAY panel, remove the straps 
between terminals 4 and ll, and between 20 and 27. Donot disturb the black 

local cable lead between 4 and 20. Strap terminals 4 and 16. 

(2) In the REG TUBE RECT, connect a lead between the + (inside) ter- 

minal of capacitor C5 and the lower post of the +130V TLG REC REL fuse; do 

not disturb the existing connections to the capacitor C5. Remove this REC 

REL fuse, connect power to the rectifier, and measure the voltage in the 

TLG V TST jack. (See par. 9a on use of meter circuit.) The voltage indi- 

cation should be 0. Replace the fuse, disconnecting the power while doing 

so or else being careful not to make personal contact with live equ ae 

Measure the voltage again. The METER should indicate 65 +2. 

i. Wiring Changes, To Connect Disc-type Rectifier.—To connect the disc- 

type rectifier to equipment which has been wired according to paragraph h 

above, make the following wiring changes: 

(1) Disconnect and remove the lead between the’ + (inside) terminal 

of the capacitor C5 in the REG TUBE RECT and the +130V TLG REC REL fuse; do 

not disturb existing connections to the capacitor C5. 

(2) Disconnect and remove the strap between terminals 4 and 16 of 
the terminal strip on the REC RELAY panel. Do not disturb the black local- 

cable lead between terminals 4 and 20. 

(3) Connect straps between terminals 4 and ll and between terminals 

20 and 27 of the REC RELAY panel. 

(4) Connect the yellow lead of the local cable to the + terminal of 

the dise-type (KS-5844) rectifier and connect the two blue leads of the local 

cable to the - terminal of the rectifier. 

(5) Follow the initial procedure of paragraph 8g for the dise-type 
rectifier, and turn the two voltage-adjusting knobs to their extreme low- 
voltage (counterclockwise) position. Remove the +130V TLG REC REL fuse, con- 
nect power to the rectifier, and measure the voltage in the TLG V TST jack. 
It should be zero. 

(6) Replace the fuse, disconnecting the power while doing so or being 
careful not to make personal contact with live equipment. Test that there 
is voltage at the TLG V TST jack. 

j. Changes, Monitoring Circuits.—The monitoring circuits in many bays 
were originally wired to operate on a steady closure of the control relay in 
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the radio-receiver bay. They should be rewired to operate on a momentary 

closure. These bays can be identified by inspecting the wiring to see if the 

changes noted below have been made, or noting if relays A, B, and OC on the 

REC RELAY panel remain operated when the control switch at the subset is 

operated from the SEND or REC positions to the MON position. If they remain 

operated, the wiring is correct. If not, correct the wiring as follows: 

(1) Remove the strap between terminals 1B and 1T of relay C. (See 

par. 29c for spring designations.) 

(2) Remove the R-G wire from terminal 2B of relay B and connect it 

to 4T (add to existing two S wires). 

(3) Connect terminal 2B of relay B to 1B of relay C. 

(4) Connect terminal 1T of relay C to the transfer contacts of the 

TST key (add to existing O-R wire). 

k, To Install an Automatic Frequency-control Panel. 
(1) Mount the panel inits place nearthetop of the bay. (See fig. 4.) 

(2) Connect the wires which leave the local cable form at this posi- 

tion to the automatic frequency-control panel according tothe wiring diagran, 

‘figure 44, 

9. LINE-UP PROCEDURE AND TESTS. 

Before starting service, make all the tests described in this paragraph 

except those stated to be for trouble location only. Refer to figure 6, for 

the position in the circuit of the various jacks mentioned. Test all tubes 

if a tube tester is available. } 

a. Use of Meter Circuit (See Fig. 5). 

(1) The meter circuit can.be used for measuring d-c currents and 

voltages, signal frequencies, and audio-frequency power level. To measure 

various direct currents in the jacks provided for that purpose, patch the 

D-C METER jack to the proper jack, according tothe following table, and turn 

the METER knob to D-C. Adjust the meter by turning the screw in the meter 

face so that the indication is 0 when there is no current in the meter. 

Current or Voltage ; Approximate Value 

to be Measured Jack for Full Scale 

Detector output or REC REL CURRENT 50 milliamperes 

REC relay 

Receiving loop — LOOP CURRENT 50 milliamperes 

Suppressor current SPR A or B CURRENT 20 milliamperes 

Plate voltage PRI WoL 200 volts 

Telegraph voltage TLG V TST 200 volts 
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Figure 5 - lieter Circuit and A-c lieter Calibration 

(2) To measure alternating voice-frequency ‘power level, patch the 

A-C METER jack to the jack which carries the level to be measured and turn 

the METER knob to A-C. The approximate dbm corresponding to various deflec- 

tions when the meter terminates a 600-ohm circuit are shownin figure 5, but 

these values will vary +2 dbm, depending on the varistor, its age and tenm- 

perature. | 

b. Use of Cords. 

(1) A cord equipped with 241A plugs is used to patch from DET OUT 

CH A (or CH B) or DET OUT CHS ‘A & B to REC REL IN CKT 1 (or CKT 2) jachemem 

from REL OUT 1 (or 2) to REC LOOP jacks; these are twin plugs, making tip 

and sleeve connections, the two sleeves being electrically connected, but 

the sleeve contacts are not used in this equipment. Always insert these 

plugs with the knurled edge to the left. 

(2) A cord equipped with 3l0-type plugs is used to patch the D-C 

METER jack to any of the jacks provided for measuring d-c voltage or current; 

these are 3-conductor plugs, making tip, ring, and sleeve connections, but 

the sleeve is not used in these applications. 

(3) For all other patches, unless otherwise specified, use cords 

equipped with 347A plugs; these are 2-conductor plugs, making tip and sleeve 

connections. Two of these may be used in place of a single cord equipped 
with 241A plugs. When the loop is single wire (ground-return) one of these 

cords may be used to patch the loop, connecting the left-hand REL OUT to the 

left-hand REC LOOP jacks. 

(4) Under no condition shall any patches be made other than those 

herein specified, as damage to equipment may result. 
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c. Operating Voltage of Regulated Tube Rectifier.—Turn the METER knob 

to D-C and patch the D-C METER jack to PLT V TST jack. Connect power to the 

AN/FGC1 bay (dial 01) and after the timer has operated, slowly turn the 

slotted shaft R of the REG TUBE RECT until the meter indicates 65, which cor- 

responds to 180 volts. If the meter continues to indicate zero, refer to 

the suggestions for clearing trouble in paragraph 27. Readjust R, 20 minutes 

after the initial adjustment. 

d. Operating Voltage of Disc-type Rectifier. 

C13) To avoid damage to the rectifying discs by a high a-c voltage, 

turn the two voltage-adjusting knobs to their extreme low-voltage positions 

(extreme counterclockwise), before power is turned on. 

(2) Plug the power cord into a RECTIFIER outlet. The rectifier should 

now operate. Patch the D-C METER jack to TLG V TST and turn the METER knob 

to D-C. Adjust the voltage-adjusting knobs to obtain a meter indication of 

eee be vr 

e. Test of Detector and Noise-suppression Circuit (See figs. 12 and1é6). 

(1) Full Output Current Test. 

(a) Turn the 1 TST kmob to TST. 

Note: This knob should be turned to TST (to disable the 

monitoring circuit) in all local tests involving the op- 

eration of the receiving relay or measurement in a REC 

REL CURRENT jack. Always have the TST knob of the aa, 

circuit which is not in use turned to TST. 

(b) Turn the ADJ M REC GAIN and ADJ S REC GAIN potentiometers in 

both channels to their extreme clockwise positions (maximum gain). 

(c) Patch detectors OUT CH A jacks to REC REL IN CKT 1 jacks. 

(d) Insert open-circuit plugs in both CURR LIM OUT jacks. 

(e) Patch NORMAL TEST LEVEL jack to M DET IN jack of channel A. 

(f) Measure the d-c current in the REC REL 1 CURRENT jack. Re- 
quirement: +50 to +80. 

Note: If this or any other requirement in this test are 

not met, it probably indicates that atube should be re- 

placed. 

(g) Patch NORMAL TEST LEVEL to S DET.IN jack of channel A and meas- 

ure the current in the REC REL 1 CURRENT jack. Requirement: -50 to -80. 

(h) Patch DETOUT CHB jacks to REC REL INCKT 1 jacks and repeat para- 

graphs (e) and (f) in channel B. Requirements: Same as in paragraphs (e) and (f). 
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(i) Remove the patch cords and measure the currents in the SPR AU 

and SPR B CURRENT jacks. Requirement: +80 to +50 each. 

(2) Test of Noise-suppression Circuits,—These circuits are on the 

detector panels. To test the operation of a noise-suppression circuit, 

steady tone is impressed on one detector of a channel, anda tone of gradually 

increasing magnitude on the other detector, simultaneously. This roughly sin- 

ulates the effect of noise or other interference in a channel. 

(a) With circuit conditions unchanged from paragraph (1), set the 

ADJ S REC GAIN potentiometer of channel A in its extreme counterclockwise 

position (minimum gain). 

(b) Patch NORMAL TEST LEVEL to M DET IN jack of channel A. 

(c) Patch LOW TEST LEVEL to the CURR LIM IN jack of channel A and 

CURR LIli OUT jack to the S DET IN jack of channel A (removing the open-cir- 

cuit plug). 

(d) Measure and record the currents in the SPR A and SPR B CURRENT 

jacks. “Requirement: +30 ,to +55 each. 

(e) Connect the D-C METER jack to SPR A CURRENT jack and slowly 

turn the ADJ S REC GAIN potentiometer of channel A clockwise until the METER 

indication has increased by 20. Leaving the potentiometer at this setting, 

measure the current in the SPR B CURRENT jack. Requirement: It shall be 

15 to 80 less than the value recorded in paragraph (d) for the SPR B CURRENT 

jack. 

(f) Repeat paragraph (e) on channel B as follows: Restore the 

open-circuit plug to the CURR LIM OUT jack of channel A. With the ADJ M REC 

GAIN potentiometer of channel B still set for maximum gain, set the ADJ S 

REC GAIN potentiometer at minimum (extreme counterclockwise). Patch NORMAL 

TEST LEVEL to the M DET IN jack of channel B. Patch LOW TEST LEVEL to GURR 

LIM IN jack of channel B andthe CURR LIM OUT jacktoS DET IN jack (removing 

the open-circuit plug). Measure and record the currents in SPR A and SPR B 

CURRENT jacks. Requirement: +30 to +55 each. 

(g) While measuring the current in the SPR B CURRENT jack, slowly 
turn the channel B ADJ S REC GAIN potentiometer until the METER indication 
has increased 20. With this gain setting, measure the current in the SPR A 
CURRENT jack. Requirement: 15 to 30 less than that recorded for the SPR A 
CURRENT jack in paragraph (f). 

(h) When locating trouble, it may be desirable to repeat the above 
tests interchanging the marking and spacing detectors, i.e. substituting M 
for S and S for M in the procedure. 

(i) Remove all open-circuit plugs and patch cords. 
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f. Adjustment of Sensitivity of Detectors. 

(1) General.—Tests with noise have indicated that the best operating 

level for the detectors is about 7 db above the level which makes the detector 

output current one-half its maximum value. The following procedure results 

in this optimum level; the pad controlled by the ADJ REC GAIN button is 9 db 

instead of 7 db because the channel filter is not in the circuit during the 

adjustment, as it will not pass the test frequency, 2550 cycles. 

(2) Procedure. 

(a) Insert open-circuit plugs into both CURR LIM OUT jacks, operate 

the 1 TST knob to TST, and in channel A patch the NORMAL TEST LEVEL jack to 

PAD IN and PAD OUT to HM DET IN. 

(b) Turn the ADJ M REC GAIN potentiometer of channel A to the max- 

imum clockwise position and measure the current in the REC REL 1 CURRENT 

jack. Requirement: +20 to +40. 

(c) Hold the ADJ REC GAIN button of channel A depressed, and turn 
ADJ If REC GAIN potentiometer counterclockwise until the meter indication of 

REC REL CURRENT is one-half the value found in paragraph (b) above. 

(d) Repeat paragraphs (a), (b), and (c) oneach of the other three 

detectors in turn. The meter indications for spacing detectors are negative. 

The detectors now have their correct operating gain. 

(e) Remove all patches and open-circuit plugs and restore the 1 TST 

knob to horizontal. 

(f) When the circuit is to be used for high-speed signals, it is 

desirable to relocate the two MVB and two SVB tubes inthe detectors so that 

the detector output current (measured as in paragraph (b) above) from an MVB 

tube is nearly the same in magnitude (though of opposite sign) as the cur- 

rent from the SVB tube in the same channel. This need not be done for 60 

words per minute, since the resulting decrease in bias would be small. 

g. Use of Detector to Measure Levels.—Normal test level, 2550 cycles 

at -6 dbm, is connected to the detector input through a pad of 9 db, thus 

making the input level -15 dbm. The detector output current is noted and 

used as a reference point for determining whether an unknown level is greater 

or less than -6 dbm when impressed through the 9-db pad. The lining-up pro- 

cedure for detectors ensures that this current will be about 12 to 20 milli- 

amperes (meter indication 25 to 40); its value changes rapidly with changes 

in input level, andthe changes are not directly proportional to changes in level. 

(1) Operate 1 TST knob to TST and patch NORMAL TEST LEVEL jack to 

PAD IN jack. 

(2) Patch PAD OUT jack to M DET IN jack of the channel under test 

(or to DET IN jack of any other detector being used). 
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(3) Patch D-C METER jack to REC REL l jack and operate the METER knob 

to D-C. 

(4) Patch DET OUT CH £ (or B) jacks of the channel under test to REC 

REL IN CKT 1 jacks (or insert open-circuit plugs in the DET OUT CH B (or A) 

jacks of the other channel). This disables the noise-suppression circuits. 

(5) Depress the ADJ REC GAIN button and note the IETER indication; 

it should be +25 to +40 (negative if a spacing detector). The meter indi- 

cation may now be used to measure the level of any tone connected to the PAD 

IN jack with the ADJ REC GAIN button depressed. If the indicationis greater 

than the above noted value, the level is higher than that from the NORMAL 

TEST LEVEL jack (about -6 dbm); if the indication is lower, the level is lower 

than this nominal -6 ibm level. Levels are not directly proportional to the 

meter indications, however. 

h. Adjustment and Testing of Current Liniter.—Test both limiters 4s 

follows: 

(1) Connect a detector for measuring levels according to paragraph 9g, 

and patch its DET IN jack to PAD OUT jack of the channel under test, removing 

any plug that may be in CURR LII! OUT jack. 

(2) Patch the NORIAL TEST LEVEL jack to CURR LIii IN jack of the lin- 

iter under test. 

(3) Hold the ADJ REC GAIN button of the channel under test depressed 

and turn the OUT potentiometer of the limiter by means of a screwdriver until 

the LIETER indication is the same as that read in paragraph 9g (5) above. Re= 

store the screwdriver to the holder provided onthe equipment bay. Cultivate 

the habit of always restoring the screwdriver to its holder. 

(4) Patch the A-C METER jack to the LIM OUT jack of the channel under 

test and operate the METER knob to A-C. 

(5) Note the meter indication and the number of dbm it corresponds 

POs hut ieure |o. 

(6) Patch the LOW TEST LEVEL jack (about -50 dbm) to the CURR LIM IN 

jack and note the meter indication, and the corresponding dbm in the table. 

It should be 0 to 2 dbm less than the value found in paragraph (5) above. 

(7) Remove all open-circuit plugs and patch cords not required for 

service. 

i. Adjustment of Audio-frequencies. 

(1) Method Using Steady Mark, AFC Provided.—This is the preferred 

method. 

(a) Patch the D-C METER jack to the FREQ IND OUT jack andturn the 

METER knob to D-C. Calibrate the frequency indicator, if it has not been 
done within one week (see par. 9j). . 
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(b) Turn the AFC knob to OFF and press the AFC DISCHG button momen- 

tarily. Wait a few seconds to allow the frequency to stabilize. 

(c) Adjust the BFO frequency of the radio receivers to make the 

frequency indication 0. This adjustment may be made with the DISCHG button 

depressed, if preferred. The calibration of the automatic frequency control 

circuit below, will compensate for any frequency drift which might occur 

when the button is released. 

(d) Patch the RAD REC OUT jack to CH FILTS IN. Measure the A-C 

output in the M CH F OUT jack. If the average meter indication exceeds +10, 

the frequency is correct. This assumes that the radio-receiver output has 

been correctly adjusted (see par. 9k). Remove the patch cords. 

(e) Calibration of the Automatic Frequency-control Circuit .—After 

adjusting the frequency with the AFC knob turned to OFF, according to para- 

graph (a) to (d) above, turn the AFC knob to ON. Set the FREQ ADJ potenti- 

oneter to make the frequency indication 0. If the DISCHG button is depressed 

monentarily to speed this adjustment, wait a few seconds for the frequency 

to stabilize after releasing the button. 

(f) When traffic starts on the circuit, note the indication of the 

frequency meter. If it is abnormally umsteady (see par. 10c), turn the AFC 

knob to OFF and adjust the BFO frequency to make it steady. If the steady 

indication exceeds +15, notify the transmitting station that the frequency 

Siitye1s too large if the indication is positive, too small if negative. Lf 

the indication is within the limits +15 to -15, repeat the frequency adjust- 

ment. The frequency control holds the marking frequency close to 2125 cycles 

and so the frequency meter will kick somewhat if the frequency shift is dif- 

ferent from 850 cycles but is within the allowable limits. The receiver 

should not be tuned to remove this normal unsteadiness. 

(2) Method Using Miscellaneous Signals, AFC Provided. 

(a) Turn the AFC knob’ to OFF, press the DISCHG button momentarily, 

and wait a few seconds for the frequency to stabilize. 

(b) Patch the D-C METER jack tothe FREQ IND OUT jack and turn the 

METER knob to D-C. 

(c) Adjust the BFO frequency of the radio receivers to make the 

frequency-indicator meter steady. If the steady indication exceeds +15, no- | 

tify the transmitting station that the frequency shift is wrong. This ad- 

justment may be made with the DISCHG button depressed, if preferred. 

(d) Turn the AFC knob to ON. 
(e) If the circuit can be interrupted, patchaRAD REC OUT jack to 

CH FILTS IN jack and listen with the 716C head receiver in'M CH F OUT and 

S CH F OUT jacks. If the marking and spacing signals have normal volume, 

the frequencies are correct. Remove the patch cords. 

19 



TM 11-356 
9 SIGNAL CORPS 

(3) Method, AFC Not Provided. 

(a) Proceed as in paragraph (1) or (2), omitting the procedures 

involving the automatic frequency control. 

(b) Adjust the frequency, finally, to make the frequency meter in- 

dication steady. If it exceeds +15, check the frequency adjustment, and if 

it is correct, notify the transnitting station that the frequency shift is 

outside the limits. 

(c) The BrO must be readjusted often enough so that the frequency 

indication does not exceed the limits +80. 

CAUTION: When changing the frequency adjustment ona work- 

ing circuit, turn the BFO control slowly and be careful 

Dot bOovurird bybOO.tar, aS.,errors would be caused in the 

received copy. 

j. Calibration of Frequency Indicator. 

(1) Turn the AFC knob (if provided) to OFF and press the DISCHG button 

momentarily. 

(2) Obtain a steady marking,signal and adjust the BFO frequency until 

the meter indicates 0. Check the correctness of the frequency by patching 

the RAD REC OUT jack to CH FILTS IN jack and measure the A-C level in If CH 

F OUT jack (should be 2 dbm less than the normal radio-receiver output, see 

par. 9k); remove the patch cords. 

(3) Hold the FREQ IND CAL button depressed and turn the ZERO ADJ po- 

tenitometer to make the meter indicate Q. 

(4) Release the button and readjust the BFO to make the meter indi- 

cate O. 

(5) Hold the FREQ IND CAL button depressed and again turn the ZERO 
ADJ potentiometer to make the meter indication 0. 

k. Adjustment of Radio-receiver Output. 

(1) Obtain a steady marking signal fron the distant transmitter. 

(2) Adjust the BFO control of the radio receiver to make the narking 
frequency 2125 cycles as indicated by a zero indication of the frequency in- 
dicator METER. 

(3) To adjust channel A, turn the METER knob to A-C and patch the 
A-C METER jack to the NORMAL TEST LEVEL jack. Note the meter indication. 

(4) Patch the A-C METER jack to RAD REC OUT jack of channel A. 

(5) Adjust the radio-receiver output by turning the AUDIO control on ~ 
the channel A radio receiver until the average meter indication is the same 
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as that noted in paragraph (3). The above procedure will result ina nominal 

Signal level at the RAD REC OUT jack of about -6dbm. This adjustment should 

be checked on several different days at the start of service in order to 

obtain an adjustment for average radio conditions. Once this average adjust- 

ment has been made, do not change it as radio conditions change from day to 

day; the limiter should compensate for these. Change it only if tests indi- 

cate that the adjustment is far from the correct value, or if the two chan- 

nels do not have the same average output. 

(6) To adjust channel B, follow the procedure in paragraph (5) above, 

substituting channel B for channel A. liake the outputs of the two receivers 

as nearly the same as is practical, in accordance with the instruction book 

for the receivers. 

(7) Remove all patch cords not required for service. 

4. Measuring Received Bias.—Reversals or repeater printer signals 

Similar to reversals are sent from the local or distant radio transmitter. 

The meter indication of receiving loop current is used as a measure of bias. 

Vi erhirnatne: ls ToT knob to foto) Patch the NORMAL “TEST ‘LEVEL jack. to 

the li DET IN jack of channel Ain order to operate the receiving relay steadily 

to its marking contact, and measure the LOOP CURRENT. The meter indication 

-should vary from 67 +8 when the resistance of the line to the printer 

equipment is negligible to 21 +l when this line has its maximum allowable 

resistance of 3700 ohms. If noise in channel B causes the receiving relay 

to operate, disconnect it by inserting open-circuit plugs in DET OUT CH B 

jacks. 

(2) Patch the NORMAL TEST LEVEL jack to the S DET IN jack of channel A 

and measure the LOOP CURRENT. It should be negative and the same numerical 

value as that measured in paragraph (1) above. Remove the patch cords and 

the open-circuit plugs. (With a ground-return loop, the marking and spacing 

loop currents will differ if there is a difference in ground potential be- 

tween the two ends of the loop.) 

(3) Local Test.—If the signals from the local transmitter can be 

received locally (only when operated simplex), send reversals from it, or if 

a source is not available, send repeated RYRY---- signals automatically (not 

by keyboard). If local signals cannot be received, have them sent from the 

distant transmitter. If both the transmitting and receiving circuits are 

unbiased, the average meter indication will be O in the case of reversals, 

and +5 per cent of the loop current measured in paragraph (1) above in the 

case of repeated RY signals. If the indication exceeds the limits +38 per 

cent for reversals or +2 to +8 per cent for RY signals (i.e., for a steady 

loop current of 58, if the meter indicationwith reversals exceeds +2 orwith 

RY signals +1 to +5), check the adjustment of the receiving relay and of the 

transnitter relay, using the portable relay test set. The measurement cannot 
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be so precise with RY signals as with reversals, because of the vibration 
of the meter needle. The observer will have to use his judgment as to what — 

is the average indication of the meter. (If the steady marking and spacing 

currents measured in paragrapls (1) and (2) differ, one-half the algebraic 

sum of the two is the meter indication for no bias and it shall be added to 

the above limits. For instance, if the two values are +60 for mark, and -66 

for space, the no-bias indication is (60-66) + 2 = -3; the limits for rever- 

sals are -5 to -l1; for RY signals -2 to +2).° 

(4) To test the second receiving relay circuit, patch DET OUT CHS A 

and B jacks to REC REL Il] CKT 2 jacks and REL OUT 2 jacks to REC LOOP jacks, 

If the loop is ground return, a single cord equipped with 347A plugs may be 

used for this latter patch, connecting the left-hand REL OUT 2 jack to the 

left-hand REC LOOP jack. 

(5) Obtain reversals or repeated automatic RY signals from the distant 

transmitter. If the average bias measurement exceeds the limits given in 

paragraph (3) above, have the adjustment of the distant transmitter relay 

checked. Remove all patch cords not required for service, and restore the 

TST knob to horizontal. 

nm. Adjustment of Alarm Sensitivity. 

(1) Turn the AIC knob (if provided) to OFF, and tune the radio re- 

ceiver to give the correct audio frequencies, according to paragraph 9i(8), 

(Method, AFC Not Provided). If the steady frequency-meter indication with 

discellaneous signals exceeds +15, have the frequency separation between 

marking and spacing signals readjusted at the transmitter to bring it within 

these limits. 

(2) Obtain a steady marking signal. 

(3) Adjust the BFO control of the radio receiver to make the fre- 

quency indication-80 (250 to 300 cycles above the correct frequency), unless 
another value is specified. When a frequency-control circuit is provided, 
nake the indication -950. 

(4) Obtain printer signals from the transmitter. 

(5) Turn potentiometer OUT counterclockwise to its mininum position 
and then turn it clockwise, slowly, until the alarm bell just rings, and 
leave it at this setting. If with automatic frequency-control the bell does 
not ring for the above -50 indication when the potentiometer is at its maxi- 
mum clockwise position, set the frequency to obtain a -80 indication, and 
check that the bell rings. Leave the potentiometer at maximun. 

(6) Restore the radio receivers to their correct tuning and turn the 
AFC knob to ON. The bell should stop ringing. 
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G7) Eel tie bell does not ring when the frequency is set for a -80 

indication in paragraph 9m(5), make the following slight readjustments of 

the bell in an attempt to make it ring. 

(a) Place long-nose pliers onthe armature tension spring (vertical 

spring to the left of the left-hand coil) near the bend. Turn the pliers 

slightly counterclockwise to reduce the tension of the spring against its 

stop. 

(b) Apply pressure at the end of the armature sufficient to cause 

the armature stop pin to touch the pole piece of the right-hand coil. There 

should be a very slight clearance between the clapper and the gong. To ad- 

just for the praper clearance, loosen the gong-supporting screw and reposi- 

tion the gong while tightening.the screw. If necessary, bend the clapper 

arm with the long-nose pliers. Make further slight adjustment of the arma- 

ture tension, if necessary, to make the bell ring. 

(c) If the bell still fails to ring, refer to paragraph 3lb. 

n. Test of Frequency Tolerance.—The frequency tolerance of the re- 

ceiving equipment is tested by varying the frequency of the received signals 

by means of the manual tuning adjustments in the radio receiver. This test 

-is used for trouble location only. 

(iyeelourest channel: A. patch REC REL IN/CKT: 1: jacks to DET OUT CHA 

jacks and turn the AFC knob to OFF (if provided). 

(2) Obtain printer signals from the transmitter, preferably a test 

line repeated continuously, and check the frequency (see par. 91). If the 

steady meter indication with miscellaneous Signals is greater than +15, have 

the frequency shift of the transmitter changed to meet these limits, provided 

this can be done, and record the final indication. Turnthe TST knob to TST. 

Take a record of a few lines on the printer ortyping reperforator. (If the 

printer is at a different location, this test will require co-operation fron 

the printer operator.) 

(3) Obtain a stéady mark in the radio receiver. 

(4) Calibrate the frequency meter and adjust the BFO control in the 

receiver bay to cause the meter indication to be as follows: 

If Steady Frequency Adjust BFO to Make 

Indication in Par. (2) Was: Frequency Indication 

OFT Oe +80 

t5 to +10 aes 

eLOet Orr lo +70 

(5) Record a few lines on the printer or reperforator with the BFO 

control at the setting found in paragraph (4) above. 
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(6) With a steady mark, adjust the BFO control to make the frequency 

indication the negative of the value adjusted to in paragraph (4); i.e) eae 

-75, or -70. ar : 

(7) Record a few lines with the BFO control at the setting found in 
paragraph (6). , 

(8) To test channel B, patch REC REL IN CKT 1 jacks to DET OUT CH B 
jacks and repeat the above procedure. 

(9) If considerably more errors are found in either channel when the 

frequencies are at either extreme setting than when they are properly cen- 

tered, a filter may be in trouble. Filters, however, are rarely in trouble 

and so a careful check of the tests should be made before replacing a filter. 

Interchange filters between the good and bad channel one at a time and re- 

peat the above tests: if the poorer results are obtained on the channel which 

was good in the tests of paragraphs (1) to (7) when a,filter is patched into 

that channel from the other, it is to be presumed that that filter is in 

trouble. The filters are interchanged by means of the following patches: 

From Jack of One Channel . To Jack of Other Channel 

RAD REC OUT ThE Pes fy 

CURR LIM IN INP PLET Our 

Ma OH eOUL M DET IN 

oe Oni S.ouT oe LN 

PAD OUT CH FILTS IN 

If considerably more errors are found on both channels when the frequencies 

are at their extreme settings, than when they are properly centered, suspect 

that the indication of the frequency indicator is wrong. This may be checked 

by asking the distant station to obtain a frequency check. 

(10) Retune the radio receivers, remove all patch cords not required 

for service, turn the TST knob to make the indicator horizontal, and restore 

the AFC knob to ON. 

o. Test of Frequency Control. 

(1) Obtain a steady marking signal and calibrate the automatic fre- 

quency control [see par. 9i(1)(e)]. 

(2) Turn the AFC knob to OFF, press the DISCHG button momentarily, 
and wait a few seconds. 

(3) Adjust the BFO control to make the frequency indication +100. 

(4) Turn the AFC knob to ON. The frequency indication should stabi- 
lize in a few seconds between O and +10. 

_ (5) Turn the AFC knob to OFF, and press the DISCHG button monen- 
parily. 
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(6) After a few seconds, adjust the BFO control tomake the frequency 

indication -100. 

(7) Turn the AFC knob to ON. The frequency indication should stabi- 

lize between O and -10. 

(8) Readjust the BFO control for correct audio frequencies. 

pe. Check of Normal Test Level.—If a db meter which measures levels of 

-8.5 dbm is available, it may be used to check the Normal Test Level, which 

Should be within the linits -3.5 to -8.5 dbmifmeter is600 ohms, or between 

the limits of -2.5 to +2.5 dbm if the meter is high impedance. If the Normal 

Test Level is low, check tube VA and its associated circuit elements. The 

settings of the ADJ REC GAIN potentiometers in the four detector circuits 

- offer a rough check of the correctness of the test level. Their normal po- 

Sition, when adjusted according to paragraph 9f, is about 0.4 of their total 

range clockwise from their minimum gain position, If the average setting 

of the four detectors, therefore, corresponds to this position, it may be 

assumed that the test level is correct. If the normal setting of one ADJ 

REC GAIN potentiometer exceeds 0.5 of its range from minimum, it may indicate 

that a tube has low gain. If all tubes pass their tests and the detector 

sruliiils)all test requirements, 1t will be satisfactory for service. 

lU. OPERATION. 

a. summary of Indicators for Normal. Operation. 

(1) When signals are being received, no patch cords or plugs should 

be in any jacks except: 

(a) When REC RELAY CKT 2 is used, REC REL IN CKT 2 jacks are patched 

to DETS OUT CHS “A & By and REL OUT’ 2 to REC LOOP. 

(b) The METER may be patched to any CURRENT jack andthe 716C head 

receiver to a MiON jack at any time. 

(c) The following knobs should be as indicated: 

Knob Position 

AFC (when provided) ON 

TST (working REC RELAY circuit) Horizontal 

TST (spare REC RELAY circuit) TS 

(2) If the frequency meter remains within the limits +80 and -80, 

the frequencies are within the working range. Readjust the tuning of the 

radio receivers often enough, when there is no automatic frequency-control 

circuit, so that the meter does not kick beyond these limits. 

(3) If the ALM bell rings, the receiver tuning should be readjusted. 
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(4) If, after retuning, the steady meter indication exceeds ge at 

check the tuning and, if it is correct, notify the transmitter stepson that 

the frequency separation between marking and spacing frequencies 15 Wrong. 

(5) Check the voltage of the plate supply by patching the D-C METER 

to PLT V TST jack. Measure this voltage frequently for a few days after 

service is first started and occasionally after that. if the voltageumues 

within the limits 63 to 67 (130 44 volts) as indicated by the meter, do not 

readjust. If the voltage exceeds the linits 63 to67 on the meter, readjust 

to 65. 

(6) Check the voltage of the telegraph supply when a KS-5844 recti- 

fier is provided, by patching the D-C METER to TLG V TST jack. The tndi@es 

tion should be about 65 +2. The indication varies approximately the same 

percentage from 65 as the percentage departure of the power-supply voltage 

from its normal voltage. If the meter indication exceeds 67, ture the ADJ 

VOLTS knobs to make the indication approximately 67; if it is less than 638, 

turn the knobs to make it approxinately 63. 

(7) A buzzer indicates that a fuse has blown. 

b. Listen to signals frequently with the 716C receiver at the MON jack 

in order to become faniliar with how signals sound under different radio ~ 

conditions. This knowledge will be valuable in diagnosing trouble. The 

sound will be different in the iON jack fron that in the monitoring jack of 

the radio receiver, because the INPUT FILTER precedes the MON jack in the 

circuit. 

ec. The automatic frequency control holds the marking frequency close 

to 2125 cycles. If the transmitter-frequency shift is not 850 cycles, there= 

fore, the frequency indication will be somewhat unsteady. Become familiar 

with the meter indication, when the frequency shift is known to be within 

the limits, in order to be able to judge when the limits are exceeded. To 

gain this experience, measure the frequency shift at the time the frequency 

is being adjusted. (Turn the AFC knob to OFF and adjust the BFO control to 

make the frequency indication steady for miscellaneous signals.) Restore 

the AFC knob to ON, and watch the meter indication. 

d. Summary of Procedure for Adjusting Audio Frequencies, AFC Provided 

(See Par. 9i). 

(1) Method Using Steady liark. 

(a) Turn the AFC knob to OFF. Press the DISCHG button momentarily 

and wait a few seconds. | 

(b) Adjust the BFO to make the frequency indication 0. 

(c) Patch RAD REC OUT to CH FILTS IN and measure A-C volume in M 
CH F OUT jack. Remove the patch cords. 
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(d) Turn*the AFC knob to ON and calibrate the AFC. 

| (e) Check that the indication of the frequency meter with miscel- 

laneous signals is not abnormally unsteady. 

(2) Method Using Miscellaneous Signals. 

(a) Turn AFC knob to OFF.: Press the DISCHG button momentarily and 

wait a few seconds. 

(b) Adjust the BFO to make the frequency indication steady. Limits 

+15 to -15. (DISCHG button may be held depressed if desired.) 

(c) Turn the AFC knob to ON and check that the frequency indication 
is not abnormally unsteady. 

Caren he allowable, patch RAD REC OUT to CH FILTS IN and listen with 

‘the 716C head receiver in M CH F OUT and S CH F OUT. Remove the patch cord 

and receiver. 

e. Routine Tests. 

(1) Schedule.—Make tests periodically according to the table below. 

In the column headed "Test Period", Ii and W indicate monthly and weekly, re- 

spectively. Under "Paragraph" is given the number of the paragraph in which 

the test is described. 

Test Test Period Paragraph 

Local and over-all bias test | W D4), 

Normal test level W* Ip 

Regulated tube rectifier voltage W* 10a 

Dise-type rectifier voltage W 10a 

Frequency-indicator calibration W* oa 

Automatic frequency-control calibration W* 9i(1)(e) 

Detector sensitivity W* Oe 

Radio-receiver output W ok 

Vacuun tubes M 10e(2) 

Limiter Mi* 9h 

Noise-suppression circuit hi* 9e 

Polar relays including spares M 10e( 4) 

Test of frequency control Ml Jo 

Adjustment of alarm sensitivity . M 9m 

*Perform all tests described for an item of equip- 

ment whenever a tube is changed in that iten. 

(2) Vacuum Tube Tests.—Test all vacuum tubes including spares once 

a month using Test Set I-171 (Hickok Model 560), I-56-C or the equivalent. Follow 

the instructions for testing and rejecting tubes which accompany the test set. 
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(3) Plug Gleaning.—Polish all plugs often enough to keep them bright, 

Wiping polish off carefully with clean cloth. 

(4) Polar Telegraph Relay. 

(a) Test polar relays with a portable polar relay test set (Signal 

Corps Test Set I-193-A or Western Electric Company Polar Relay Test set 

X-61809A). Insert the plug of the test set cord into the TST SET BAT jack 

in the telegraph terninal bay to provide testing power for the test set. 

Follow the instructions accompanying the test set for testing the relay and 

for readjusting it if it fails to pass the electrical test. 

(b) In the table in paragraph e(1) it is specified that all polar 
relays be tested once a month. Relays in some locations and services may | 

require testing less frequently. This can be determined from the results of 

the tests and from whatever service irregularities are attributed to the 

relays for the first 6 months of operation. Once every 6 months readjust 

each working relay regardless of whether it meets the electrical test with 

the relay test set. Following the test set Instruction Book procédures; 

back off the contact screws, file them, and then readjust the relay. 

f. Emergency Operation with One Channel.—If one channel is in trouble, 

the good channel can be used temporarily. Service will be inferior, however? 

and so 2-channel operation should be restored as soon as possible. To operate 

on one channel: 

(1) Place open-circuit plugs in CURR LIM OUT and DET OUT M and S$ 

jacks of the channel in trouble. 

(2) Adjust the AUDIO control of the receiver in the defective chan- 

nel for minimum output, to prevent interference with the operation of the 

automatic-frequency control. If this receiver must be used to locate the 

trouble, disconnect the frequency-control circuit from it by disconnecting 

the shielded pair from lug 1B or 2B of the frequency-control panel. 
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SECTION III 

FUNCTIONING OF PARTS 

ll. OVER-ALL CURRENT. 

a. Figure 6 is a schematic drawing of one terminal of the over-all cir- 

cuit. A complete circuit includes another similar terminal at a distant 

place. 

b. In the radio transnitter circuit, signals fron the telegraph-sending 

- Gircuit control the frequency of the radio signals. During marks the trans- 

nitter puts out its normal frequency as determined by the transmitter ex- 

citer. During spaces the frequency of the radio signal is reduced 850 cycles. 

Different radio frequencies are used in the band from 2.4 to 26 megacycles 

and any one transmitter may use one of several frequencies in this range, 

the particular frequency chosen depending upon the length of path, the time 

of day, and the season. 

Caerebethemrecciving stavion, radio Signals are received ins two dit- 

ferent antennas spaced several wavelengths apart. Radio waves at the fre- 

quencies used in this system are subject to fading. The signal arrives at 

either antenna over two or more changing paths of different lengths and the 

waves over these paths may neutralize or reinforce each other depending upon 

their respective phase relations. When the phase relations are such that 

they neutralize in one antenna, however, the phase relations are different 

in the other antenna spaced a few wavelengths away and so will not usually 

neutralize each other in the second antenna. Thus by using two antennas in 

a space-diversity receiving arrangement, there will usually be’a good signal 

in one or the other. 

d. Each antenna is connected to a. superheterodyne radio receiver in 

which the signals are demodulated. The marking signal becomes 2125 cycles 

at the output of the radio receiver and the spacing signal, 2975 cycles. 

These frequency values are nominal, and the receiving equipment is designed 

to tolerate a total variation of +800 cycles for the transmitted frequencies 

and the beat frequencies of the receivers combined. The two channels of the 

receiving diversity circuit are designated channel Aand channel B. The sig- 

nals in channel A pass from the radio receiver through a 7-db pad and an 

input filter to a LIMITER. The filter passes all frequencies within both 

the marking and spacing bands but excludes noise frequencies outside of 

these bands. In the limiter, the signals are amplified andthe action of the 

limiter is such that it delivers a substantially constant output for wide 
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variations of the input level. The marking and spacing frequencies are sep- 

arated at the limiter output by the Il CH FILTER and S CH FILTER and are sep- 

- arately amplified and rectified in the DETECTORS. The rectified marking 

Signal passes through the marking winding of the receiving relay, operating 

it to’ its marking contact and the rectified spacing signal passes through 

the spacing winding, operating it to its spacing contact. The circuit of 

channel B is the same as that of channel A. The rectified marking signal 

from channel B passes through the marking winding of the receiving relay, 

which is common to the two channels, in parallel with the rectified marking 

current of channel A; and likewise the rectified spacing signal of channel B 

actuates the spacing winding of the receiving relay. lLiost bays are equipped 

with an automatic frequency-control circuit, which regulates the intermediate 

beat frequency of the radio receiver to keep the marking audio frequency 

within narrow limits. 

e. Two sets of antennas may be provided to communicate with two dif- 

ferent distant points; in this case, a control circuit enables the operator 

at the telegraph station to connect the radio transmitter and receivers to 

either or both sets of these. This latter connection is used, normally, only 

to monitor circuits in which the distant transmitters are not energized. A 

monitoring circuit, in this case, keeps the teletype equipment from respond- 

ing to noise and is automatically restored to normal when a steady marking 

signal is received longer than about 1/4 second. 

f. The receiving relay sends polar d-c signals over the loop circuit 

to the printer station. 

g. A noise-suppression circuitis provided which decreases the magni- 

tude of the relay current from channel A orchannel B,if the signal-to-noise 

ratio in one is lower than in the other; it does not depress both channels 

Simultaneously. 

h. In figure 6, signal levels are indicated in dbm at various points 

in the circuit. These are the nominal levels for either a steady marking 

or spacing signal and are expressed in db below a milliwatt. Levels at the 

limiter output and beyond are constant except at the bottom of a very deep 

fade. Preceding the limiter, however, the levels fluctuate widely from about 

10 db greater than their nominal values to many db less. 

12. RADIO TRANSHITTER. 

a. The sending equipment at the printer station sends polar d-c sig- 

nals through a loop circuit to the radio-transmitter station, current being 

sent in one direction for marking signals and an equal and opposite current 

for spacing. The magnitude of these currents depends on the resistance in 

the loop, the minimum being 10 milliamperes for the maximum allowable re- 
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Figure 7 - Filter Losses 
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Sistance, 4150 ohms, and 35 milliamperes for zero loop. At the transnitter, 

one winding of a 255A relay is inserted in this loop circuit. When this 

relay is in the spacing condition, it causes the frequency of the radio sig- 

nal at the output of the radio transmitter to be reduced approximately 850 

cycles, 

13. RADIO RECEIVER. 

Each radio receiver is of the superheterodyne type, employing oscil- 

lators which are common to the two receivers. Inthe first stage, the output 

of a high-frequency oscillator modulates the incoming signal, reducing it to 

a frequency of about 465 kilocycles. This internediate frequency is again 

modulated by means of a second oscillator, which is adjusted so that beat 

‘frequencies of about 2125 and 2975 cycles result in the audio output for 

marking and spacing frequencies respectively. This second oscillator may be 

either crystal or manually controlled. In receiving terminals equipped with 

automatic-frequency control, either the automatic-frequency or crystal con- 

trol may be employed. The automatic-frequency control should usually keep 

the audio frequencies within +50 cycles of their nominal values. When this 

control is not used, the frequencies should not be allowed to depart more 

than +300 cycles from their nominal values. 

14. FILTERS 4 

a. The INPUT FILTER passes a frequency band of about 1600 to 8600 cy- 

cles. A typical loss characteristic plotted against frequency is given in 

figure 7. The pass band of this filter is made wide enough to pass both the 

marking and spacing signals when the frequencies of these signals vary over 

the range of +800 cycles. 

b. The M CH FILTER passes a band of about 1700to 2500 cycles. A typ- 

ical loss characteristic of this and of the spacing filter is shown in fig- 

ea ae 

c. The S CH FILTER passes a band of about 2600 to 3400 cycles. 

15. LIMITER. 

a. The strength of signals received over a short-wave radio circuit 

varies many db due to fading. To compensate for this, a limiter is inserted 

in the circuit, which has the property of delivering a substantially con- 

stant output for wide variations in the input level. Atypical input-output 

characteristic is given in figure 8. 

b. A front view of the current limiter panel is shown in figure 9 and 

a schematic drawing of the circuit is shown in figure 10, on the following 

page. The signals are amplified by the first tube which is designated IN. 
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IN TRANSFORMER VACUUM TUBES 

6SL/-GT = 

OOF) 
iN @ fae. % 

INPFILT - CURRLIM (23))8 
rf 

INP FILTER Said B AA ___AB AC ABOEFGE C CAPACITOR 

RESISTORS CAPACITORS RESISTORS 

Figure 9 - Current-limiter Panel, Front View 

LIM 
6SL7GT 

0.108- 
9.113 syeque 

Figure 10 - Current Limiter Circuit 

A 0.5-megohm resistor is in series with the control grid of this tube. -If 
Signals are strong enough to cause this grid to become positive, grid current 
will flow, producing a voltage drop in this resistor. Therefore, though 
this tube for ordinary signals acts solely as an amplifying tube, it has some 
limiting action for strong signals. The output of this tube is connected to 
the second tube, designated LIM, through a single-section low-pass filter 
which excludes high frequencies. A 2-megohm resistor is in series with the 
control grid of the LIM tube and it is this tube that acts as a limiter for 
weaker signals. When the grid becomes positive, the voltage drop through 
this resistor will be sufficient to limit the grid potential to a value only 
slightly positive with respect to the cathode. Thus a definite upper limit 
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RESISTORS 
M OUT TRANSFORMER | M DET VARISTOR 
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=u 
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}Ransrormens 

OUT 

Figure 11 - Detector Panel, Front View 

is imposed on the positive portion of the a-c wave. Adefinite limit is in- 

. posed on the negative portion by the cutoff of the tube characteristic. 

Therefore, the output will have a substantially constant value if the input 

exceeds -40 dbm. The third tube, designated AMP, amplifies the output fron 

the second tube. The output coil of this tube has two secondary windings, 

one of which is connected to the detector circuit and the other to the fre- 

quency indicator. A potentiometer in the first of these outputs is used to 

adjust the signal level to a value of about -6 dbn. | 

16. PAD. 

Between the limiter and the detector a 9-db pad is inserted in the cir- 

cuit by means of the ADJ REC GAIN button. This is used for adjusting the 

gain of the detector circuit and is not in the circuit during operation. 

17. DETECTOR. 

A front view of the detector panel is shown infigure ll and a schematic 

drawing of the circuit in figure 12, on the following page. This circuit 

contains two similar branches, one for marking signals and the other for 

spacing. The marking and spacing signals are separated from each other by 

the If CH and S CH FILTERS and the signal levels at the outputs of these fil- 

ters are each approximately -8 dbm. From the output of the M CH FILTER, the 

marking signals pass through an input coil which is designed to operate most 

efficiently between impedances of 600 and 25,000 ohms, as indicated in the 

figure. Following the coil is a potentiometer and amplifier tube MVA. The 
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output of this tube is rectified in a full-wave copper-oxide rectifier, most 

of the high-frequency components of the wave passing through a .025-micro- 

farad capacitor across this rectifier. The rectifier current, which has a 
wave shape similar to the envelope of the a-c wave, is impressed onthe con- 

trol grid of tube MVB in which it is amplified. The amplified envelope from 
the plate of tube MVB passes through the marking winding of receiving re- 
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Figure 14 - Receive Relay and Loop Circuit 

lay REC. Spacing signals are amplified and rectified similarly in the spacing 

detector and the rectified spacing signals pass from the plate circuit of 

tube SVB to the spacing winding of the receiving relay. With a steady nark- 

ing signal, the normal current in the marking winding of the relay is 15 

milliamperes from each channel and in the spacing winding zero milliamperes; 

with a steady spacing signal these currents are interchanged. When only one 

channel is connected to the relay, for some tests, the above currents are 

30 and zero milliamperes, respectively, since in this case the noise-sup- 

pression circuit is disconnected, as explained in paragraph 20. 

18. RECEIVE RELAY CIRCUIT. 

a. A front view of the receive relay panel is shown in figure 18 and 

the relay and loop circuits are shown in the upper part of figure 14. When 

the receiving relay is operated to its marking contact by a marking signal 

from the detector circuit, it connects the negative pole of the regulated 

tube or disc-type rectifier through 124 ohms tothe loop, which leads to the 

receiving telegraph equipment; when operated to its spacing contact it con- 

nects the positive pole of this 130-volt supply through 124 ohms to the same 

loop. The loop current returns to the midpoint of a potentiometer which is 

across the same voltage either metallically or through ground. This arrange- 

ment is electrically equivalent to that shown inthe lower part of figure 14. 

The 130-volt power and 7000-ohm potentiometer produce the same loop currents 

as would two 65-volt batteries acting through 1750 ohms. It is evident that 

marking signals will cause current to flow through the receiving loop inone 

direction and that spacing signals will cause an equal current to flow in 
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Figure 15 - Monitoring Circuit 

the opposite direction. Thus the transmission to the subset will be polar, 

and practically independent of ordinary variations in rectifier voltage or 

loop current. 

b. An 88D filter REC is connected in the contact circuits to prevent 

interference inneighboring circuits, and spark-killers are provided to pro- 

tect the contacts. The marking and spacing relay currents can be measured 

by connecting a meter to the REC REL CURR jack. The current inthe receiving 

loop can be measured by connecting a meter to the CURRENT LOOP jack. Jacks 

associated with the circuit of REL 1 or REL 2 are designated 1 or 2, re- 

spectively. 

c. The marking and spacing relay windings are also connected to the plate 

circuits of the IIVB and SVB tubes of channel B. Thus if signals are being 

received over both channels, the rectified currents from each will add in 

the receiving relay windings. The noise-suppression circuit, described be- 

low, reduces the rectified current from a channel when the noise becomes 

excessive. 

d. The spare relay circuit, REL 2, may be patched in place of the reg- 

ular circuit. When plugs are inserted in the REC REL IN CKT 2 jacks, con- 

tacts transfer the 130-volt power connection from circuit 1 to cireuit 2; 

thus only one circuit is energized at a time. 

6. Monitoring Circuit. 

(1) The purpose of the monitoring circuit is to prevent the operation 
of the receiving printer equipment by noise when the radio receivers are con- 
nected to one or two radio circuits on which the distant transmitters are 
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not energized or when the receiving circuit is disabled because the local 

transmitter is sending the frequencies to which the receivers are tuned. 

When the distant transmitter sends a marking signal for more than about 1/4 

second, the monitoring circuit automatically restores the loop circuit to 

its normal receiving condition and the monitoring circuit itself is restored 

to its nonnonitoring condition. If two radio circuits have been monitored 

Simultaneously, the receivers must be disconnected fromthe idle circuit be- 

fore messages are received. To set up the monitoring condition, relay con- 

tacts are closed in the radio-receiver cabinet for at least 0.1 second. These 

relay contacts are closed for more than 0.1 second during the switching op- 

erations which change from the receiving to the sending condition or which 

connect two antennas in parallel for monitoring. They are permanently closed 

while signals are being sent in simplex operation. Note that the monitoring 

- condition cannot be set up While the distant transmitter is sending a steady 

mark. 

(2) Figure 15 shows a monitoring circuit in schematic form. When 

the relay contacts in the radio-receiver cabinet are closed, they connect 

the negative terminal of the telegraph rectifier -TB to the winding of re- 

lay A, operating it. Relay B is normally operated. The top upper contacts 

¢ (fourth and third) of relay A ground the spacing winding of the receiving 

relay through 6905 ohms, thus tending to hold it on the spacing contact. 

Noise may cause it to leave this contact momentarily but this will have no 

effect as long as it does not touch the marking contact for more than about 

1/4 second. The first and second top contacts of relay A operate relay C. 

The bottom contacts of A connect -TB through 1400 ohms to the loop, thus 

holding the loop relay in the subset steadily on its marking contact and so 

preventing the operation of the printer equipment due to noise. The opera- 

tion of the left hand contacts of relay C disconnect the winding of relay B 

from the positive terminal of the telegraph rectifier +TB, which has held it 

operated, and connect it to the armature of the REC relay. As noted above, 

this armature is held on the spacing contact which also is connected to +TB 

and so relay B, which is slow releasing, remains operated. The right-hand 

contacts of relay C connect -TB to the winding of relay A, through contacts 

of B, holding A operated. 

(3) When a distant transmitter is energized for over 1/4 second with 

the frequency which corresponds to a marking signal, the REC relay operates 

to its marking contact, causing relay B to release. The release of relay B 

releases relay A which in turn releases relay C. Relay Bthereupon operates 

again. 

(4) Connections from the telegraph rectifier to either REC relay 

circuit pass through contacts of the REC REL IN CKT 2 jacks. When no plugs 

are in these jacks, the circuit of REL 1 is energized; when plugs are in, 

circuit 2 is energized. 
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19. NOISE-SUPPRESSION CIRCUIT. 

a. If a signal in one of the channels is decreased in anplitude due to 

fading, that channel may receive considerably more noise or static energy 

than the other. The noise-suppression circuit reduces the strength of sig- 
nals into the receiving relay windings from a channel when it is noisier than 
the other and at the same time increases the strength of signal from the 

quieter channel. This circuit is mounted on the detector panel. 

b. When a steady marking signalis being received, the rectified volt- 

age on the control grid of tube MVB is about +15 or +16 volts with respect 

to ground; it will be assumed to be +16 volts for the purpose of description. 

At the same time the voltage on the control grid of tube SVB will be zero 

volts if the circuit is not noisy. When a steady spacing signal is received, 

the above voltages are interchanged. A point whichis electrically one-half 

way between these two grids, therefore, will normally be at a potential of 

+8 volts with respect to ground. Such a half-way point is the junction be- 

tween the two one-megohn resistors lE and SE, designated P in figure lé6. 

This junction point is connected to the control grids of tubes VC and VB in 

the noise-suppression circuit. Point P is not stamped on the equipment. 

ec. When a channel is noisy, some of the noise currents will be recti- 

fied in the spacing detector while marking current is being rectified in the 

marking detector and vice versa. Thus the potential at the control grids 

of the tube MVB or SVB which is not carrying signal is raised above zero and 

so P has a potential greater than +8 volts. This potential on the grids of 

tubes VC and VB causes the plate currents in these tubes to increase above 

their normal values of about 1 and 0.5 milliamperes respectively. This in- 

creased current in tube VC, flowing through the 6000-ohm resistor H, causes 

the voltage on the screen grids of tubes MVB and SVB to decrease and so the 

current from the plate of MVB or SVB into the receiving relay winding de- 

creases. 

d. The increased plate current in tube VB, flowing through the 30,000- 

ohm resistor N, causes the plate voltage todecrease. A potentiometer con- 

Sisting of resistors P and R maintains the potential on the control grid of 
tube VA at one-third of that on the plate of tube VB, and so when the plate 
voltage of VB decreases due to noise, the gridof tube VA becomes less posi- 
tive and its plate current decreases. The sumof the plate currents in tubes 
VC and VA remains practically constant at 9 milliamperes. The plate current 
of tube VA in channel A passes through the resistor H of channel B. Conse- 
quently, when its current decreases, the voltage onthe screen grids of tubes 
MVB and SVB in channel B increases and so the plate current increases. The 
relay current is thus maintained at a nearly constant value of 30 milli- 
amperes, but the portion of it contributed by the noisy channel is reduced, 
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Figure 16 - Noise-suppression Circuit 

and that contributed by the quiet channel increased. In extreme cases the 

current from the noisy channel may be as low as 5 milliamperes. 

e. When both channels are equally noisy, the potentials of point P in 

both channels A and B are raised equal amounts above 8 volts and, though the 

plate currents in VC and VA depart fron their normal values, the two chan- 

nels change symmetrically. Thus the sumof the VC plate current in one chan- 

nel plus the VA plate current in the other remains constant at 9 milliamperes 

and no voltage change will occur on the screen grids of MVB and SVB tubes in 

either channel. 

f. If the noise-suppression circuits are disabled, for instance, by 

plugging open-circuit plugs into DET OUT CH AM & S jacks, the drain through 

the 6000-ohm resistors H due to tubes VC and VAis removed and so the poten- 

tial of the screen grids of tubes MVB and SVB rises. This causes the cur- 
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Figure 18 - Frequency Control Panel, Front View 

rent from channel B through the marking or spacing winding of the REC relay 

to increase. If the CH B mark and space jacks had been opened instead, the 

current from channel A would have increased. Thus the relay current is sub- 

stantially constant at about 80 milliamperes, regardless of whether one or 

two channels are connected. 

20. FREQUENCY-CONTROL CIRCUIT. 

a. A view of the frequency-control panel is shown in figure 18 and the 

circuit in figure 17. This circuit is designed to. keep the marking audio 

frequency delivered to the AN/FGC1l equipment by the radio receivers within 

+50 cycles of 2125 cycles. If the frequency deviates from 2125 cycles, a 

d-c voltage appears in the output of this circuit which causes a compensating 

change in the frequency of the radio-receiver output. The marking frequency 

passes through the IN filter to the control grid of tube V2 which amplifies 

it and it is further amplified in tube V3. The output of V3 contains two branches, 

In one branch a portion of the output passes through a Q.l-microfarad ca- 

pacitor and a potentiometer which impresses one-half of the output voltage 

on the plates of double diode V4. The cathode of V4 is biased about +23 volts 
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by means of the 130-volt supply acting through a potentiometer. Ifthe peak 

voltage of the a-c output of tube V3 exceeds about 46 volts, therefore, pulses 

of current will pass to ground through V4, increasing the charge of the 0.1- 

microfarad capacitor. As in other similar AVC circuits, the resulting cur- 

rent through the resistor-capacitor network which is connected between the 

plates of V4 and ground impresses a negative potential on the grid of tube V2. 

This ig a variable gain tube, and so its gain is reduced. Thus tube V4 and 

its associated circuit acts asan automatic volume control and maintains the 

output of V3 substantially constant with a peak voltage somewhat greater 

than 46 volts. A negative potential is impressed on the control grid of tube 

Vl by the AVC circuit, which is twice the value impressed on V2. When V3 

has its above normal output, this potential is sufficient to disable vl. 

b. If the radio receivers are so far out of tune that the received fre- 

quency will not pass through the IN filter, i.e., if it is outside the linits 

of about 1600-2600 cycles, tube Vl will be active. This tube acts as a by- 

pass of the IN filter andthe circuit constants are such that the loss through 

this by-pass is greater than the loss in the pass band of the filter. The 

automatic-frequency control, responding to this frequency, will bring the 

received frequency within the pass band of the filter and Vl will then be 

disabled, as explained above. 

c. The second output of V3 is impressed on a high-pass and a low-pass 

filter in parallel, which act asa discriminator. These filters are adjusted 

to have the same losses at 2125 cycles by the FREQ ADJ knob. The outputs 

of the two filters are rectified in V5, which is a double diode connected 

to form two half-wave rectifiers. When the frequency is 2125 cycles, equal 

currents pass through the two diodes and so no voltage exists across the 

output terminals. If the frequency is lower than 2125 cycles, it passes 

freely through the upper filter to the upper diode whereas the lower filter 

allows little or no current in the lower diode. Thus the upper output ter- 

minal has a positive potential with respect to the lower terminal. Similarly, 

if the frequency is higher than 2125 cycles, the lower terminal is positive 

with respect to the upper. Since the latter is grounded, the upper in this 

case will be negative with respect to ground. 

d. The output delivered to the controlled oscillator is +1 volt for a 

frequency departure of about +60 cycles from 2125 cycles. This control volt- 

age acts upon the tuning of the intermediate frequency oscillator of the 

radio receivers to keep the marking frequency approximately 2125 cycles and 

it is expected that the maximum deviation from this value will be approxi- 

mately 50 cycles. If one volt in the control pair causes a change in fre- 

quency of 1000 cycles in the radio receivers, and if the uncontrolled frequency 
is 2125 + 1060 cycles the control voltage tends to increase toa value much “a 
greater than-l volt. But as it increases, the intermediate oscillator changes 
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frequency in the direction to decrease the output frequency. When the con- 

trol voltage reaches -l volt, the output frequency will have decreased 1000 

cycles, establishing equilibrium, and so the controlled frequency will re- 

main 2185 cycles (2125 cycles plus the 60 cycles necessary to make a 1000- 

-eycle correction). The circuit controls the marking frequency in the range 

2000 cycles below to several thousand cycles above 2125 cycles. The maxinun 

voltage in the control pair is about 8 volts. 

e. The automatic-frequency-control circuit will tune the receiver in 

l or 2 seconds if the transmitter is energized after being “off the air" for 

over 10 seconds. If under operating conditions, however, the frequency snould 

suddenly be changed several hundred cycles, it would take about 10 seconds 

for the receiver to be retuned, because the delay circuit associated with 

the control grid of tube Vl must discharge before this tube can become ac- 

tive. A steady spacing signal lasting about 5 seconds can be sent without 

causing the received frecauencies to depart excessively from the correct value. 

If this signal is prolonged about 10 seconds, the receiver tuning will be 

changed so that this space becomes approximately 2125 cycles. It will then 

require a steady mark of 10 seconds for the correct tuning to be re-estab- 

lished. <A steady spacing signal lasting over 5 seconds, therefore, should 

be avoided. 

ie nercircult 1s onneeted to beth Channels, A and..B at the radio: re- 

ceiver outputs. The circuit can be made inoperative by turning the AFC knob 

to OFF. The DISCHG button is provided to short-circuit the output momentarily 

when testing, in order to save the time which would otherwise be required 

for the 32-nicrofarad capacitance to be discharged. 

gl. REGULATED TUBE RECTIFIER. 

a. General. 

(1) All a-c heater current for tubes and all 130-volt d-c power, ex- 

cept that used in the circuits associated with the contacts of the receiving 

relay, are furnished by either the X-61680B or X-61680C Rectifiers. They 

are identical except as pointed out herein and will be referred to as the B 

and G rectifiers. ‘A front view of the rectifier B is shown in figure 19. 

For this application, these rectifiers will operate satisfactorily on input 

voltages of 103 to 127 or .207 to 253 volts alternating current in tempera- 

tures from -20F to +120F. The rectifier B is for 50-60 cycles and the rec- 

tifier C is for 25-60 cycles. 

(2) These rectifiers should not be used to float a storage battery 

unless means are provided externally to prevent the output current from ex- 

ceeding the rated value when the rectifier is started while battery voltage 

is low. 
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Figure 19 - Rectifier B Panel, Front View 

(3) The wiring, tubes, terminal strips, etc., are on the front of 

the rectifier panel and are protected by a cover with a cover switch to kill 

high d-c voltages when the cover is removed. 

(4) Output d-c voltage is regulated and may be adjusted with a screw- 

driver or coin applied to a slotted shaft which extends through the cover 

or can be reached through a hole in the cover. The a-c outputs of all rec- 

tifiers are unregulated. 

(5) The transformer coils are cross-connected at terminal strip AC 

for 115- or 230-volt input as per the. instruction plate located below the 

terminal strip. (The instruction plate designations are respectively 120 

and 240 volts.) 

(6) Input fuses are located on the subpanel with terminal strip AC 

and the rating of the fuses (3 amperes) is stamped on the subpanel, The 

fuses are removed by unscrewing the fuse mounting cap. Spare fuses are mounted 

in fuse holders at the top of the bay. : 

b. Rectification, 

(1) A functional diagram of the rectifier circuit is shown in fig= 
ure 20. In AN/FGCl equipment, the cutout relay, shown connected to lugs 4 

and 6, is omitted and therefore negative potential must not be connected to 
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Figure 20 - Regulated Tube Rectifier Circuit 

the output of the rectifier (or to the loop circuits of the AN/FGC1l equip- 

ment), as the electrolytic capacitors would be damaged when the rectifier 

power was shut off. 

(2) The rectifier circuit uses two gas-filled, 3-element rectifier 

tubes, one of which conducts during the positive half cycle and the other 

during the negative half cycle to give full-wave output. The filaments are 

directly heated by secondary windings 11-12 and 10-ll of transformer Tl. 

Plate voltage is supplied from secondary windings 6-7 and 7-8 for d-c output 

Cre zunto. Lo svol tes’. 

c. Regulation. 

(1) The regulator for the d-c output is composed of three parts: The 

potentiometer consisting of fixed resistors A and B, and rheostat R, the 

reference voltage circuit described in paragraph d below, and varistor H which 

furnishes line voltage compensation. 

(2) Resistors A and B, and rheostat R are connected across the d-c 

output so that the current in them is proportional to the output voltage. 
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Resistor A, the 2-3 section of rheostat R, the reference voltage across ca- 

pacitor F, and the output of varistor H are connected in series between the 

filaments and the grids of the tubes, resulting in a grid bias of about -s 

volts. 

(3) Rheostat R can be adjusted by trial so that the grid voltage is 

just enough negative to cause the tubes to fire over enough of each a-c cycle 

to maintain the desired voltage. When output voltage increases, the current 

in resistor A and rheostat R also increases tomake the grid bias more neg- 

ative, which decreases the firing time and the output voltage to bring it 

back to the regulated value. A decrease in output voltage has the opposite 

effect. 

(4) As mentioned above, the output of varistor H is in the grid-con- 

trol circuit. Its input is connected to the 15-16 secondary coil of trans-. 

former Tl so that its supply voltage varies with changes in the applied a-c 

power. Its output variation is just sufficient to change the grid bias volt- 

age as required to compensate for the change in plate voltage due to line 

voltage variations. 

(5) There is a common grid circuit for the two tubes, and resistors 

E and F isolate one grid from the other and limit the grid currents, 

(6) <A time-delay timer TD, is provided to delay firing of the tubes 

until the filaments of the tubes have heated to operating temperature. When 

power is first connected tothe rectifier, the tube plates are energized but 

the timer is closed through contact C, thereby omitting the reference volt- 

age circuit and connecting the grids through varistor H direct to rheostat R, 

to leave the grid too negative for the tube tofire. When power is connected 

to the rectifier, a snall motor in the timer starts to rotate and, after the 

delay interval, operates the timer contacts to open C and close 0. This 

switches in the reference-voltage circuit and normal operation begins, as 

evidenced by a glow from the tubes and output from the rectifier. 

d. Reference Voltage. 

(1) A reference voltage of constant value is required. In these 

rectifiers, the reference voltage is furnished by an auxiliary regulated rec- 

tifier supplied as part of the main rectifier and connected inthe grid-con- 

trol circuit so that its voltage opposes the voltage from the potentiometer 
and varistor H. The auxiliary rectifier consists of secondary 13-14 of trans- 
former Tl, varistors A and B connected as a full-wave rectifier, resistors 
Dand J in series with the varistor input and a constant voltage shunt 
(thermistor T in series with resistor C) across the d-c output of the auxil- 

| jary rectifier. 

(2) An increase in current through thermistor Tcauses a decrease in 
the voltage drop across its terminals and the same current flowing through . 
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resistor C causes an increase in the voltage drop across its terminals. A 

decrease in current would have the opposite effect. T and C have been se- 

lected so that the increase in drop across one compensates for the decrease 

across the other, and the total voltage drop across the two in series as well 

as the output voltage of the auxiliary rectifier remains practically constant. 

(3) As the current in T and C changes with line voltage variations, 

there is a corresponding change in the current through the input resistors 

D and J. The resulting voltage drops across the input resistors assist in 

compensating in the auxiliary rectifier for line voltage changes and main- 

taining a constant reference voltage. 

BAe at Lhe Ys , 

(1) Retardation coils L3 and L4 with capacitors H and Hl suppress 

radio-frequency noise generated inthe tubes. Capacitors Dl, Dé, and I, to- 

gether with the electrostatic shield in transformer Tl, keep carrier and 

radio-frequency noise originating within the rectifier from being carried 

out of the rectifier case over either the a-c or d-c leads. 

(2) The ripple in the d-c output is suppressed by a 2-stage filter. 

The first stage consists of retardation coil Lland a set of capacitors. On 

the rectifier B this set consists of six capacitors CltoC6 with a combined 

capacitance of 750 microfarads. Onsthe rectifier, Co this).set”. consists jof 

seven capacitors Cl to 07 with a combined capacitance of 1400 microfarads. 

The second stage consists of retardation coil L2 and two capacitors C’7 and 

C8 onthe rectifier B with a combined capacitance of 20U microfarads and three 

capacitors C8 to 010 on the rectifier C having a combined capacitance of 

600 microfarads. The coil L2 is omitted when only telegraphis supplied but, 

when used, it is in the ungrounded output lead. On combined plate and tele- 

graph, the telegraph output is taken off between the filter stages so that 

noise from the telegraph will not be applied to the plate output. 

(3) Capacitor B effectively by-passes the potentiometer for sudden 

changes in output voltage, thereby making the grid-control circuit more re- 

Sponsive to rapid changes in load. 

(4) Capacitors A and F with resistor G filter the ripple introduced 

by varistors A, B, and H, thus preventing it from being applied to the grids 

of the tubes. 

f. Tube Operation. 

(1) Fhe tubes are of the 3-element, gas-filled type and the point 

in the a-c cycle at which they start firing (conducting current) is con- 

trolled by the negative grid bias or difference between the voltage of the 

grid and the filament. In general, the greater the negative grid bias the 

higher the plate voltage must be before the current starts to flow, but for 
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any tube there is a critical grid negative bias beyond which the tube will 

not fire. After starting to fire, a tube continues to conduct current for 

the rest of the a-c half-cycle and the output current, and therefore the 

maintained voltage, depends on how much of each half-cycle each tube is fir- 

ing. Vl fires during one half-cycle and V2 during the other, which gives 

full-wave rectification. Changes in output voltage are reflected through 

the grid-control circuit to change the output and return the voltage to the 

regulated value. 

(2) At light loads it is not necessary for the tubes to fire every 

cycle as the electrolytic capacitors carry the load for a few cycles during 

which time the grid bias is enough to prevent firing of the tubes. When the 

output voltage decreases below the regulated value, the tubes fire again for 

a few cycles to recharge the capacitors. This type of operation is evidenced 

by a flicker in the glow within the tubes and vibration of the needle of the 

voltmeter. At extremely light loads, firing of one tube only is sufficient 

to maintain the output voltage at regulated value. Even at heavy load, and 

with the tubes loaded approximately equally, the glow from the tubes will 

not necessarily be uniform, due to variations in temperature and physical 

characteristics of the tubes. 

(3) Cathode trouble usually consists of open filament or low emis- 

Sion. With low emission the tube will glow and appear normal but still be 

unsatisfactory. Grid trouble may be high firing point or grid emission. 

High firing point is the condition where too high plate voltage is necessary 

to fire the tube. While this can be compensated to some extent by changes 

in the setting of rheostat R, the tube is inclined to be unstable at light 

loads and high line voltages. It should be replaced if causing erratic oper- 

ation. Grid emission sometimes occurs due to cathode material which has been 

carried over to the grid. The effect of this is negligible until thempem. 

perature of the tube becomes high enough to cause this active material on 

the grid to give off electrons which causes thé ‘grid to lose control, re-= 

sulting in high output voltage. This effect disappears as the tube cools so 

that satisfactory operation may be possible at light loads when it is not 

possible at full load. 

gs Auxiliary Filament Supply. 

(1) Alternating current is also Supplied, as follows, to heat fila- 
ments and heaters of tubes in the associated equipment: 

Tl Secondary Terminals “on 

Coil 8-point Strip Volts *Anperes 

20-17 PAE aaa LOR a 
19-17 4&6 6.6 10 
18-17 > & 16 6.4 10 

*Note that full ampere rating can be taken from only one a-c output at a time. 

50 



, TM 11-356 
RADIO TELETYPE TERMINAL EQUIPMENT AN/FGCl or AN/FGC-1X 21-22 

h. Cover Switch. 

(1) When the rectifier cover is removed, a cover switch SWl opens 

one side of the line to protect operating personnel from the relatively high 

plate voltages within the rectifier. The cover switch does not remove power- 

supply voltage from the 2-point input terminal strip A and if the a-c line 

lead connected toterninal 10 of this terminal strip is ungrounded, the fuses, 

terminal strip AC, transformer Tl primary terminals, and a-c wiring to timer 

TD will be alive even when the cover switch is operated. To avoid shocks 

and also destructive short circuits, disconnect the a-c supply before work- 

ing on the rectifier unless a live circuit is necessary, as when taking point- 

to-point voltages. 

Cl 
CAPA a CITORS 

L FILTER REACTOR T TRANSFORMER 

Al-A4 

R 3 RESISTOR 

COVER OVER 
un sae U5/230V AC. 
side scene SWITCH 

PRS USAR ANE EE: ee 

INPUT AND OUTPUT 
TERMINAL PANEL Co 

Figure 21 - Disc-type Rectifier Panel, Front View, Cover Removed 

ge50 DISC-TYPE RECTIFIER. 

a. The KS-5844 Power Unit which supplies 130-volt d-c power to the con- 

tacts of the receiving relay and to the receiving loop, is a full-wave, se- 

lenium-dise rectifier for changing nominal 115- or 230-volt, 25-60-cycle, a-c 

supply into 130+8 volt direct current, with maximum output 0.24 ampere. 

Figure 21 shows a front view of the disc-type rectifier panel. 
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Figure 22 - Disc-type Rectifier Circuit 
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b. <A Simplified schematic circuit is shown in figure 22. A single- 

pole, double-throw lever, accessible through a small hinged door at the con- 

trol panel, permits the rectifier to be operated from either a 1l5- ora 

230-volt a-c power supply. The rectified output voltage can be adjusted 

manually by turning the two knobs designated ADJ VOLTS located on the con- 

trol panel, one controlling coarse and the other fine voltage adjustments 

by means of taps in the secondary winding of transformer T. 

ec. The line-supply fuse, mounted on the control panel, can be readily 

replaced by removal of the cap over the fuse holder. A spare fuse is located 

in a holder adjacent to the working fuse. 

ad. The rectifier is provided with a 24-inch 2-conductor, a-c input cord, 

equipped witha polarized cap. A 4-point terminal plate for the above input 

leads and for the two d-c output leads is accessible at the front and left 

side of the rectifier when the cover is removed. 

e. The selenium varistor Al-A4, having four stacks wired as a bridge, 

acts as a full-wave rectifier. Its output is filtered by a retardation 

coil L and two electrolytic capacitors Cland C2. Resistor R38, bridged across 

the output terminals, serves as an artificial load for the rectifier to re- 

duce the light-load voltage. 

23. RECEIVING RELAY. 

a. The receiving relay, shown in figure 23, is polar-type, i.e., it oper- 

ates to one contact for one polarity of current through a winding and to the 

other contact for current in the other direction. The windings surround a 

permalloy armature, to one endof which contacts are fastened. The armature 

projects between two pole pieces, one of which is made a north pole, and the 

other a south pole by means of a permanent magnet. A rough explanation of 

the operation of the relay is as follows: Current through a winding in one 

direction magnetizes the armature, causing the end which passes between the 

pole pieces to become a north pole and the other end a south. The north pole 

is attracted toward the south pole piece. Current inthe opposite direction 

magnetizes the armature in the opposite direction, causing it to be attracted 

toward the north pole piece. In the telegraph terminal, marking current 

flows through one winding to cause the relay to operate to the marking 

contact, whereas spacing current flows through an equal and opposite wind- 

ing to operate the relay to its spacing contact. 

b. If the permanent magnet is removed fromthe relay and replaced, its 

magnetic,strength is weakened. Though the relay can usually be given an 

operating adjustment after that, the gaps between the armature and pole pieces 

will have to be made considerably smaller and more trouble will be experi- 

enced from magnetic particles inthe gaps. Therefore do not remove the mag- 
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Figure 24 - Frequency-indicator Panel, Front View 

CURR FREQ 
LIMA i IND IN 

.0445MF OSMEGY 

20000? i 

tee OUT ALM 
6000: a 

: ; Bi 

NORMAL 500” 

FREQ ed | 
OUT 

Figure 25 - Frequency-indicator Circuit 

net unless necessary. Also do not place any magnetic metal across the magnet, 
as it may permanently alter its magnetization; this caution applies only to 
the magnet proper, not to other parts of the Magnetic circuit. 

¢. The contact screws are set sufficiently close together, relative 
to the pole pieces, so that the armature does not normally strike the latter. 
A flexible spring structure of the armature contacts tends to prevent chat- 
tering when it strikes the contact screws. There are two windings, each 
having 3200 turns and a resistance of approximately 135 ohms. An insulated 
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shell or cover clamps over the base to protect the operating parts of the 

relay. Its use is essential to prevent magnetic dust and other particles 

from upsetting the relay adjustment. 

d. The pole-piece screws project to either side of the armature through 

iron brackets and their distance from the armature is adjustable. A brass 

knob assembly (the brass may be replaced by some other material in later 

models) fits over these pole-piece screws and exerts a longitudinal tension 

on them which may be regulated in amount by turning the knurled heads. The 

clamping device consists of a spring dise with a conical rim which rests 

against a conical seat inthe bracket. Its deformation ensures enough fric- 

tion with the pole-piece screw so that the latter will retain whatever ad- 

justment is made inturning it by means of a no. 340 tool. It further serves 

to keep the pole-piece screw inaxial adjustment at all times. Use the fin- 

gers only in tightening the brass knob. If tightened with a tool, the seat 

may be damaged. If this seat should become damaged, as indicated by the 

failure of the relay tohold its adjustment, and noreplacement part is avail- 

able, thereafter tighten the knob firmly with pliers. Relay operation will 

be satisfactory but readjustment somewhat more difficult. The contact screws 

are also adjusted by means of the 340 tool. 

24. FREQUENCY-INDICATOR CIRCUIT. 

a. <A front view of the frequency-indicator panelis shown in figure 24, 

and a schematic drawing infigure 25. Inthis circuit, the marking and spacing 

carrier frequencies from an output branch of the limiter in channel A are 

modulated by a frequency of 2550 cycles. These are normally 2125 and 2975 

cycles, respectively, and the difference product, normally 425 cycles, is 

separated from other products by a filter and passed through an inductance, 

the voltage drop across which is proportional to the frequency. This volt- 

age is amplified and rectified, resulting in a direct current which is pro- 

portional to the frequency, andthe indication of a d-c meter in the path of 

this current is a measure of the frequency. If the marking and spacing fre- 

quencies are normal, the center-zero meter will indicate zero. If they are 

symmetrically located about 2550 cycles and donot differ by 850 cycles, the 

meter deflection will be steady but will be negative (to the left of zero) 

if the frequency separation is less than 850 cycles, positive if greater. 

If the frequencies are not symmetrically located, the meter indications will 

be unsteady. The radio receiver is tunedto make the meter indication steady; 

if it then indicates more than +15, the transmitter station should be noti- 

fied that the frequency separation is wrong. The frequencies of channel B 

can be measured by patching its CURR LIM B jack to the FREQ IND IN jack, 

but this is not necessary, since the oscillators are common to the two re- 

ceivers and ensure that the audio frequencies will be identical. 
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b. Oscillator.—Referring to figure 25, the cathode of tube VA is con- 

nected to terminal 2 of the winding of an autotransformer OSC, and the full 

winding 1-3 is connected from the grid of the tube to ground. An alternating 

voltage existing in the cathode circuit, therefore, will cause an emf be- 

tween terminals 1 and 3 of the transformer. Since this is impressed upon 

the control grid of the tube, this circuit forms an oscillator. The fre- 

quency is adjusted to be 2550 cycles at the factory by a capacitance of ap- 

proximately 0.15 microfarad connected to the coil terminals. 

c. Modulator.—The marking and spacing currents of about 2125 and 2975 

cycles respectively pass from the CURR LIM A jack through a filter which 

attenuates frequencies above about 4000 cycles and a ZERO ADJ potentiometer 

to grid 8 of the tube VA. The modulation resulting from the interaction of 

these frequencies with the 2500-cycle oscillator frequency produces in the 

output: 

2050-2125 = 425 cycles 

2975-2500 = 425 cycles 

A filter consisting of two coils with associated capacitors passes any fre- 

quency below about 1000 cycles and attenuates higher frequencies. 

d. Discriminator.—From the output of the filter mentioned above, the 

425-cycle current is connected to coil D through 30,000 ohms. The 80,000- 

ohm impedance is large compared to that of the 3.1 henrys in coil D and so 

the current will be substantially independent of frequency. Coil D acts as 

a discriminator, since the voltage drop across it will be directly propor- 

tional to the frequency; this proportionality is made more -constant by a 

small bridged capacitance. It will be recalled that the output of the limiter 

is constant except during deep fades and is independent of frequency; the 

output of the oscillator too is substantially constant; andso the resulting 

modulation product will be substantially constant in amplitude. Therefore, 

the voltage drop across the discriminator is directly proportional to fre- 

quency and may be used to measure it. This voltage is applied to the con- 

trol grid of tube VB. 

e. Calibration.—When the CAL button is depressed, the gridof tube VB 

is connected toa potentiometer which is in parallel with the discriminator; 

the voltage then does not vary with frequency. This potentiometer is ad- 

justed at the factory so that the voltage applied to the grid is the same 

as that across the discriminator coil for 425 cycles, andso causes the fre- 

quency indicator meter to indicate zero. The process of calibration, then, 

consists in depressing the CAL button and adjusting the ZERO ADJ potentiometer 

until the meter indicates zero. 

f. Meter Circuit.—The 425-cycle current in the output of amplifier 

tube VB is rectified in a half-wave copper-oxide rectifier and the resulting 
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d-c voltage anplified by tube VC. The plate circuit forms one armofa Wheat- 

stone bridge, the other arms consisting of resistances of 40,000, 200, and 

200 ohms respectively, and the meter is connected across one diagonal. In 

the calibration process, the circuit has been adjusted to balance this bridge 

at 425 cycles; if the frequency is lower, the bridge will be unbalanced and 
the meter indication will be negative (to the left); for higher frequencies 

it will be positive. The deflections will be nearly proportional to the de- 

parture from 425 cycles and will be full scale for a departure of about 300 

cycles, The frequency-indicator meter is sometimes located in the bay with 

the radio receivers to aid in tuning then. Frequencies may be measured at 

the telegraph bay by patching the D-C METER jack to FREQ IND OUT and turning 

the METER knob to D-C. 

g. Alarm Circuit.—The cathode of tube VC is connected to the control 

grid of tube VD through a one-microfarad capacitor. ‘So long asthe voltages 

from the discriminator due to marking and spacing signals are alike, they 

do not affect tube VD. When they differ, an impulse will pass through the 

capacitor to the control grid of VD at each transition between mark and space. 

Tube VD amplifies these impulses and they cause the ALM bell to sound if the 

frequency difference exceeds the allowable limit. The output potentiometer 

OUT can be adjusted so that the bell will respond at any desired departure . 

from the correct frequency. 

h. Fuse Panel.—Figure 26 shows a front view of.the fuse panel. 

1. Outlet and Heater Box.—Figure 27 shows a front view of this box and 

figure 28 a rear view. 
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SECTION IV 

MAINTENANCE 

£0. GENERAL. 

| Service failures will be kept to a minimum by careful handling of the 

equipment during installation and operation and by exercising care in making 

field repairs and adjustments on the apparatus. Do not disturb the wiring 

any more than is' necessary in testing or inspecting for troubles and, if a 

soldering iron is used, take care to prevent dropping splashes of solder on 

apparatus parts or wiring terminals. Keep the parts as free from dirt as 

possible by keeping the can covers on apparatus except when it is necessary 

to remove them for maintenance purposes. Also, do not keep open the doors 

of the cabinet unnecessarily. 

26. TROUBLE ANALYSIS. 

a. When trouble develops, and from a preliminary analysis of the con- 

dition, it appears that a particular iten of equipment may be at fault, make 

the tests in paragraph 9 for that item in an attempt to find the cause of 

trouble. 

b. In determining what iten of equipment is at fault, it will be helpful 

to keep in mind the symmetry of this telegraph system. It contains two -re- 

ceiving channels which have identical electric circuits. Furthermore, each 

of these channels has marking and spacing branches which are similar ex- 

cept that they pass different frequencies. A convenient method for deter- 

Mining what item of equipment is causing the trouble is to "frog" the two 

channels at the various jacks, in turn, where this is practicable. For ex- 

ample, if there is reason to suspect that the trouble isin a detector, patch 

it into the good channel and patch the detector from the latter into the bad 

channel. If the trouble changes to the other channel, it is an indication 

that the suspected detector is in trouble. 

c. A suggested procedure in locating trouble follows. It need not be 

adhered to rigidly if experience or some clue as tothe location of the trou- 

ble suggests a short cut. Before following this procedure, test the receiv- 

ing relay or replace it by a spare, and make any simple tests which the nature 

of the trouble suggests. 

(1) If practicable, obtain printer signals or reversals, depending 

on the nature of the trouble, from the local transmitter and observe them in 

a printer, typing reperforator, or on the meter which measures loop current, 
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respectively. If the trouble is not present, it was probably at the trans- 

nitting end or due to unusual radio conditions. There is a possibility how- 

ever, that it is in the radio receivers, since they will usually be receiving 

local signals at a much higher level than signals from the distant trans- 

mitter. 

(2) Patch DET OUT CH A jacks to REC REL IN CKT 1 jacks and repeat 
the tests. Repeat with DET OUT CH B jacks patched to REC REL IN CKT 1 jacks. 

This will determine whether the trouble is in channel A or B. If the trouble 

has disappeared, it is probably inthe noise-suppression circuits or the wir- 

ing associated with these jacks. These patches disable the noise-suppression 

circuits. If the trouble is in both channels, it is presumably in the re- 

ceiving relay circuit, the loop, or the substation equipment. To see if it 

is in the receiving relay circuit, patch in the no. 2 circuit by patching 

DET OUT CH A to REC REL IN CKT 2 and REL OUT 2 to REC LOOP jacks. Resor 

the results of tests. 

(3) Frog the circuit by patching from PAD OUT of CHANNEL A to CH 

FILTS IN of channel B and PAD OUT of channel B to CH FILTS IN of channel A. 

Repeat the tests in paragraph (2) and record the results. If the trouble is 

in the same channel as it was before, it is behind the frogging point; if 

the trouble has changed channels, it is ahead of the frogging point. Remove | 

all patches. 

(4) If the results obtained in paragraph (3) indicate that the trou- 

ble is ahead or behind the frogging point, frog at other points inturn which 

precede or follow, respectively, the PAD OUT jacks in the circuit, and re= 

peat the tests in paragraph (2) recording the results, until the trouble is 

located. The patches required to frog at various jacks are given in the 

table below. Keep in mind that if the trouble changes from one channel to 

the other when the channels are frogged, as compared with the channelin which 

the trouble was located in paragraph (2), the trouble is ahead of the frog- 

ging point. 

Patch Fron Jacks To Jacks 

Frogging Point Channels A & B Channels B& A 

Liniter input INP FILT OUT CURR LIM IN 

Liniter output CURR LIM OUT PAD IN 

Receiver output RAD REC OUT INPSF IE ae 

Marking filter output M CH F OUT Mi DET IN 

Spacing filter output S CH F OUT S DET IN 

(5) When the trouble has been located in an item of equipment, make 
a check test by patching that item into the good channel and replacing it by 
the corresponding item from the good channel, if jacks are available. For 
instance, if the trouble located in a limiter, interchange the two limiters 
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by frogging at both input and output of the limiters according to the table 

in paragraph (4). If the trouble has now changed channels, it is in the 

equipment patched. 

27. TROUBLE LOCATION. 

a. When it has been determined that there is trouble in a particular 

item of equipment, either by the nature of the trouble indication or by the 

procedures in paragraph 26, the next step is to determine the actual cause 

of the troubte such as a defective tube, wiring trouble, etc. To do this, 

make check tests, such as measuring the voltage from each vacuum tube ter- 

minal to ground or as specified otherwise, according to the table in para- 

graph 34. Test the vacuum tubes. Inspect the wiring and make continuity 

tests with an ohmmeter. 

b. A Western Electric Co. KS-8295 volt-ohmmeter orits equivalent, for 

voltage and resistance measurements, will probably be sufficient for most 

trouble location tests. This volt-ohmmeter may be used for measuring either 

a-c or d-c voltages or resistances and for checking capacitors for short 

circuits or grounds any other available volt-ohmmeter having aninternal re- 

Sistance of at least 1000-ohms per volt may be used. 

CAUTION: Do not use a buzzer or other insensitive device for con- 

tinuity tests as it may harm a coil. Safe direct current through 

any coil winding is the amount passed by 6 volts in series with 

1000 ohms, connected tothe winding. Do not’ send direct current 

through the 716C Receiver. 

To check the loss ina pad, measure each component resistance and compare 

with values in the list of parts. 

e. If a cathode-ray oscilloscope is available, it will be a useful 

testing tool for locating trouble. When similar items of equipment are avail- 

able, for instance, those of channels A and B, the indications on the oscil- 

loscope screen when connection is made to various parts of the good and 

defective equipment, in turn, and they are energized by steady signals or re- 

versals, will usually show whether an item of equipment is in trouble. 

d. Trouble in Power-supply Units. 

CAUTION: To avoid shocks and also destructive short circuits, 

disconnect the rectifier cords from the RECTIFIER outlets before 

working on the rectifiers, unless a live circuit is necessary, 

as when making point-to-point voltage measurements. 

(1) Tables in paragraph 83 give a list of indications of trouble in 

the power-supply units and the possible cause and remedy. When a-c supply 

to the rectifier is available but there isno d-c output, the fuses and tubes 
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are the first items to check. If the line fuse in the disc-type rectifier 

(KS-5844) is blown, attempt to find the cause of the failure before insert- 

ing a new fuse. If the input supply is 230 volts, see whether the toggle 

switch is in the right position. If the trouble is not found by inspecting 

the items given in the trouble location and remedy tables, check the point- 

to-point voltages in accordance with paragraph 38a or b. 

(2) When trouble is present and its cause has not been located by ~ 

other checks, it may be desirable to make circuit continuity checks and check 

the resistance of the transformer, resistors, and retardation coils. D-e 

resistance values and insome cases tolerances are giveninthe list of parts 

(see par. 35). Tubes should be removed and a-c power disconnected before 

making resistance measurements. In some cases where parallel paths are pres- 

ent, it may be necessary to disconnect a lead before making resistance meas- 

urements. 

e. Wiring Diagrams.—In locating trouble it may be necessary to refer 

to the wiring diagrams. In these diagrams (see List of Jllustrations for 

fig. numbers) each piece of apparatus has the same designation as that stamped 

on the equipment, and the wiring terminals on each piece of apparatus are 

shown in their proper relative locationas viewed fromthewiring side. Some 

wiring diagrams employ the "airline" system of showing connections. With 

this system, each piece of apparatus is arbitrarily numbered and lines, called 

feed lines, representing the individual wires are carried a short distance 

and terminated at a common or base line running at right angles to the feed 

lines. These feed lines are marked with the color of the wire and have a 

number near the base line which is the same as’ the number of the piece of 

apparatus to which the other endof the wire connects. If two figure numbers 

appear on a feed line, it means that there are two wires one from each of 

the indicated figures. If the number "2" precedes the color code, both wires 

are of the sane color. It is not necessary to trace a connection through 

the common or base line and no provision is made for doing so. By observing 

the color and identification number, it is possible to move directly to the 

other end of the wire. Inaddition to obvious color abbreviations, the fol- 

lowing are used: BL for blue, BK for black, G for green, and S for slate or gray. 

28. FUSE ALARMS. 

When a fuse on the fuse-alarm panel blows, the buzzer sounds. The blown 

fuse is indicated by its glass bead being out of line with the beads of the 

other fuses. When the fuse is removed, the buzzer stops. In replacing a 

fuse, make sure that it is put in place right side up, otherwise the buzzer 
will not sound when the fuse blows. The color of the glass bead indicates 
the current rating of the fuse. This rating is also stamped on one terminal. 
The fuses in the rectifiers are not of the alarm type and the buzzer will 
not sound when one of these fuses blows. 
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Figure 29 - U~ and Y-type Relays 

Zoe RELAYOVA,) B, CAND .C* 

a. General. 

(1) -These relays are in the receive relay circuit, figure 33. Re- 

lays A and © are U-type and relay B is a Y-type. U- and Y-type relays are 

of the same general type and the sane class of mechanical requirements and 

methods of adjustment apply to both. Figure 29 shows typical relays of this 

type. ; 

(2)- For field maintenance, no tests or inspection of these relays is 

recommended and the procedures and requirements covered in this paragraph 

need be used only if a relay fails to function properly in the circuit. 

(3) Relay maintenance involves cleaning of the relay parts and con- 

tacts, adjustment to meet mechanical requirements, and the further refinement 

of some of the adjustments if necessary to neet the electrical requirements. 

The electrical requirements are shown on the circuit requirement table in 

figure 34. An explanation of the information shown on the circuit require- 

nent table is covered in paragraph b on the following page. In most cases, 

the electrical and mechanical requirements are specified under two headings, 

test and readjust. If a relay meets its test requirements, itis satisfactory 

for service. If, however, on investigation it is found that certain of the 

test requirements which may affect the performance of the relay inthe circuit 
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are not met, then the relay should be readjusted to meet the readjust re- 

quirements. The readjust requirements are more severe than the test re- 

quirements. 

b. Explanation of Circuit Requirement Table.—Figure 30 illustrates the 

headings of the circuit requirement table and explains the meaning of the 

usual entries in each column. The winding and spring numbers which appear 

in the "circuit preparation" columns in figure 34 correspond to the numbering 

of the terminals shown on the circuit and wiring drawings and an explanation: 

of this numbering is described in paragraph c below. 

ce. Winding and Spring Designations of U- and Y-type Relays (See Fig. 31) 

| (1) The contact springs and winding terminals are numbered consecu- 

tively from right to left facing the terminal side of the relay. The spring 

assembly of the top and bottom sides of the relays are each numbered in this 

Sequence. On the schematic and wiring drawings, the top and bottom relay 

spring pileups are shown inthis relative position with respect to the relay 

Winding. The relay winding terminals 

on the drawings are followed by the let- 

ter T or B to indicate whether these qe 
4 

terminals are aligned with the top or 3 2 

bottom spring terminal pileups. a 

6B 
d. Cleaning Relays and Contacts. 
MC Re ita anc ke a ak a Wee lv 

(1) It is essential that relay 

parts and contacts be kept clean, since 

goiture of the circuit is ofven traced Figure 31 - Winding and Spring 

to particles of dirt or lint between Terminal Arrangement as Viewed 

the contacts orto dirty parts. Covers From the Rear (Terminal Side), 

are provided to reduce as far as pos- U- and Y-type Relays 

Sible the entry and accumulation of for- 

eign materials to the working parts of 

relays. lois ssimportant  'that@relay 

covers be kept inplace except when necessary to remove them for maintenance 

purposes. When covers are replaced on relays they should be replaced right 

side up, as determined by the designations on the covers, in order to avoid 

depositing dirt and lint from the bottom of the cover on the relay contacts 

and parts. When relays are cleaned, the inside of the cover should be wiped 

clean, using a lint-free cloth. 

(2) If there is evidence that a relay contact is not properly closed, 

this condition may be checked by bridging a test receiver (such as the 67B 

test set) across the springs of the contact through which current should be 

flowing. Absence of clicks or fluttering in the test receiver is evidence 

of a satisfactory contact. If the contact is unsatisfactory and on inspec- 
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Ft RELAY fo 8 RELAY) BF? y7——— RELAY C —— 

TOP BOTTOM TOP BOTTOM TOP and BOTTOM 

1/234 123 , f 23%. 

fh 7c Aoi wi fit 
J Spoolhead 
s 3-9 iJ Springs 

38H ‘apie ~3BR | 

Tension, Grams 

Spring Tension Requirements Test Readjust 

All springs shall be tensioned toward the armature. 

Apply the gauge sothat its tip engages both prongs 

of forked springs. On solid springs apply the tip 

of the gauge just in front of contact. Use the 70J 

gauge. 

Tension of springs marked ARM OPR is measured with 

the armature in the operated position; tension of 

all other springs is measured with the armature in 

the nonoperated position. 

The minimum armature back tension measured as the : 

armature leaves its back-stop. 18 Pa 

The springs designated A have no definite tension 

requirement, other than that the combined pressures 

of the top and bottom A springs which produce pres- 

ure against the armature (together with the D 

spring of relay A) shall be sufficient to meet the 

armature back tension requirement above. 

Minimum tension of D springs measured as the spring 

leaves the stud. 8) 6 

Minimum tension of B springs measured as the contacts 

break. 18 20 

Minimum tension of C springs measured as the spring 

tang leaves the spoolhead. 20 30 

Minimum tension of E springs measured as the contacts 

break. 28 30 

Figure 32 - Spring Arrangements and Spring Tension Requirements 
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tion it is found to be in mechanical adjustment, it should be burnished in 

accordance with paragraphs (3) and (4) below. 

(3) Contact Burnishing.—When necessary to clean the contacts, bur- 

nish them using a clean no. 266 blade of the no. 265C contact burnisher. It 

is very important to keep clean the blades of the contact burnishers and any 

thickness gauges which are used on the contacts. These should be wiped off 

with a clean dry cloth before being placed against each contact and fre- 

quently wiped with a clean cloth dampened with carbon tetrachloride. 

(4) In burnishing normally-open contacts, place the blade of the 

burnisher between the contacts, and operate the relay nlanually giving a 

slight pressure against the blade of the burnisher, at the same time moving 

the blade back and forth. The desired result is usually obtained by rubbing 

the burnisher between the contacts two or three times. In the case of nor- 

nally-closed contacts, the tension of the springs themselves will usually 

furnish sufficient pressure against the burnisher. On springs having heavy 

tension, lift one of the springs away to insert the burnisher. 

e. Mechanical Requirenent. 

(1) Tools and gauges referred to in the requirements for U- and Y-type 

relays in this paragraph are tabulated below. All codes are Western Elec- 

tric Co. codes unless otherwise specified. 

Tools Description 

ATAA 3/16" x 1/4" hexagonal closed- 
end off-set wrench 

OOQ5A Spring adjuster for thin 

(,.018") springs 

OO7A Spring adjuster for springs 

(two required) other than .013" 

265C Contact burnisher [see para- 
graph 29a(3)| 

Gauges 

70J 0-150 gram gauge 

131A Thickness gauge nest (consists 

of a nest of 182-type gauges) 

Test Sets 

D-162269 Test Set (Signal Corps Current flow test set for testing 

Test Set I-181) or 85D Test Set and adjusting relays. 

(2) The spring arrangements and spring tension requirements are shown 

in figure 32. 
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(3) Armature Travel.—To adjust the armature travel, insert the proper 

132-type gauge between the armature and core with the long axis of the gauge 

parallel to the axis of the core. Turn the adjusting nut with the 474A wrench 

until friction is felt against the gauge. 

(4) Stud Gaps.—Stud gaps labeled T shall be a mininun of .006 inch. 

Stud gaps labeled S shall be a slight clearance when the armature is in the 
electrically-operated position [see par. 29f(5)] . 

(5) Contact Separation.—The minimum separation between each pair of 

contacts normally open or between each pair of contacts that are opened when 

the relay is electrically operated shall be .005 inch, except for the con- 

tact labeled U (see fig. 32) which shall be minimum .010 inch. 

(6) Contact Lake.—All normally-open contacts shall make when the 
relay armature is electrically operated against a gauge of .008-inceh thick- 

ness (132A gauge) placed between the armature and the core. All nornally- 

closed contacts shall close before the relay armature has completed its 

bacxward travel toward the adjusting nut. 

f£. Adjustment of Springs. 

(1) Use the 505A spring adjuster for thin springs andthe 507A spring 

adjuster for the thick springs. 

(2) To adjust the position of springs to meet the contact separation, 

Stud gap, and contact make requirements, adjust the spring tang resting 

against the spoolhead. To do this, hold the spring with one 50%A spring 

adjuster placed above the spring tang and adjust the tang to the right or 

left as required with another 507A adjuster. 

(3) Spring Tension. 

(a) Spring tensions are specifiedin figure 32 on a mininum basis. 

They have, however, in the case of moving springs (springs which do not rest 

against the spoolhead) a direct bearing on the electrical performance of the 

relay and if they are greatly in excess of the specified mininum, the relay 

may fail to meet its electrical requirements, in which case the tension will 

have to be reduced. In readjusting, it is desirable to have as much tension 

in the moving springs as is consistent with meeting the other requirements. 

Attempt to distribute the tension of the moving springs proportionately be- 

tween the top and bottom spring conbinations. 

(b) If a spring is excessively bowed or bent or if there is not a 

noticeable clearance between springs, straighten the spring before adjusting 
to meet the spring tension requirement. To straighten a spring, span it 
with the slotted end of the proper spring adjuster just back of the bow or 
bend and while exerting pressure to the right or left, as required, draw the 
Spring adjuster forward the length of the bow. Repeat this operation as 
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required until the spring is approximately straight. Take care when making 

this adjustment to avoid tilting the spring. 

(c) To adjust a spring for tension, span it with the slotted end 

of the proper spring adjuster just back of the stud and slide the adjuster 

to the base of the spring. Adjust the spring by applying at the handle end 

of the tool, slight sidewise pressure to the right or left as required, thus 

tending to bend the spring at its base. Exercise care not to disturb adja- 

cent springs and avoid twisting the spring. 

(d) If the desired tension cannot be obtained by adjusting as out- 
lined in paragraph (c) above, without bowing the spring too much, apply the 

proper spring adjuster to the spring just back of the stud and slide it back 

to the base of the spring. Then, draw the adjuster forward the length of 

the spring, meanwhile applying pressure as required so that the spring is 

formed into a slight gradual bow with its concave surface facing the arma- 

ture. Then move the adjuster to the base of the spring and adjust as covered 

in paragraph (c). The magnitude of the bow to be formed in the spring nust 

be learned by experience and should be such that whenthe final tension ad- 

justment is made at the base the spring will be approximately straight. 

(4) Adjustment For Pressure of Armature Against Adjusting Nut.—If 

the armature is not held against the adjusting nut with the pressure speci- 

fied in figure 32, increase the tension of the D and A springs which are 

tensioned against the armature as outlined in paragraph (3)(c) above. In 

making this adjustment, increase the tensionof the spring farthest from the 

armature first and if the desired pressure cannot be obtained by adjusting 

this spring alone, adjust the other springs which hold the armature against 

the adjusting nut as required. Itis not necessary to distribute the tension 

of all A and D springs in any particular combination equally. However, take 

care in making the adjustment that the combined pressure of the A and D 

springs of the top combination is approximately equal to that of the bottom 

combination. To check this, block the armature unoperated and place the tip 

of the 70J gauge against the spring nearest the armature. Read the tension 

when a clearance is noticeable between the stud and the armature. 

(5) Buffer Springs.—The buffer springs labeled X on relay B per- 

form no useful function for this application. The spring tang of each of 

these springs should be so adjusted that there isa slight clearance between 

the stud and the spring when the relay armature is electrically operated. 

g. Electrical Requirements.—When a relay has been adjusted mechani- 

cally, it should be checked with a current flow test set to make sure that 

it meets the electrical requirements. To do this, connect a current flow 

test set as indicated in the circuit requirement table and apply the current 

flow values. If the relay fails to meet the electrical check, adjust as 

69 



TM 11-856 

29-31 SIGNAL CORPS 

follows: To meet the operate requirement, decrease the tension of moving 

springs toward the minimum. If the requirement cannot be met in this manner, 

increase the stud gaps. To meet the release requirement, increase the ten- 

sion of the moving springs. In all cases, however, keep the tensions within 

the requirements specified in figure 32. 

30. RELAYS T AND P. 

a. These relays are in the alarm circuit which is shown on the appli- 

cation schematic, figure 36. They are R-type relays of the same code and 

have a single make contact on the top and bottom. They should require little 

maintenance and need not be tested or readjusted unless trouble is suspected. 

If it becomes necessary to clean the contacts, follow the procedures out- 

lined in paragraph 29d. 

b. The following are the requirements to be usedif it is necessary to 

adjust these relays. 

(1) The armature travel is shown on the circuit requirement table. 

To adjust the armature travel, insert the67A gauge between the armature and 

core and turn the adjusting nut with the 474A wrench until the gauge fits 

snugly. | 
(2) Adjust the tension of the top and bottom springs resting against 

the armature stud with a 507A spring adjuster so that the pressure of the 

armature against the adjusting stud is about 10 grams. 

(3) The separation between the contacts when the armature is in the 

normal (unoperated) position should be a minimum of .005 inch. 

(4) The contact follow (the further movement of the springs after 

the ¢ontacts have closed) should be about .004 inch. 

(5) Adjust the tension of the springs resting against the spoolhead 

with a 507A spring adjuster so that the tension measured with a 50J gauge 

is not less than 20 grams just as the spring tang leaves the spoolhead. 

(6) Check that the relay meets the electrical requirements, using a 

current flow test set. 

3l.: RECEIVE RELAY. 

a. Polar Receive Relay (255A Relay) and Bell ALM.—The necessary in- 
formation for adjusting this relay is given in the instruction book accon- 
panying the polar relay test set referred toin paragraph 10¢(3). The stmene 
required are included in the test set. 

b. Requirenents and Adjusting Procedures for Bell ALM. 

(1) The following procedures assume that the bell is in the position 
it normally occupies on the panel, that is, gong to the right and clapper 
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uppermost and that the cover has been removed. If the bell is removed from 

the panel for convenience in adjusting, spring tensions in paragraphs (5) 

and (6) below shall be measured with the bell in its normal position. 

(2) Tighten the flathead screws inthe terminal strip and temporarily 

renove the terminal connection screw D. 

(8) Examine the armature assembly for looseness of rivets which hold 

the armature spring to the armature proper. If these appear to be loose, 

renove the armature and tighten these rivets so that the springs are firmly 

held to the armature. The armature contact spring should be approximately 

parallel to the surface of the armature. ; 

(4) Replace the armature if it has been removed. With two roundhead 

armature mounting screws loosened, and with a .005-inch thickness gauge be- 

tween the armature and the left pole face, hold the armature fully operated 

by applying pressure to the armature on a line midway between the two pole 

faces and tighten the armature mounting screws. Replace terminal screw D. 

(5) Adjust the armature tension spring with long-nose pliers until 

the pressure at the end of the spring is 150 +25 grams. 

(6) Adjust the tension of the spring which holds the armature in 

place by means of the long-nose pliers applied at the bend of the spring, so 

that the armature is tensioned away from the coils with a pressure of 20 to 

00 grams measured at a point opposite the center of the right pole face. 

(7) Adjust the armature back stop bracket (opposite right pole face) 

until there is a .010-inch (+.001 inch) clearance between the armature stop 

pin and the right pole face with no current flowing in the coils. 

(8) Adjust the position of the gong and bend the armature extension 

if necessary, until the following requirement is met: With the armature 

fully operated and the gong screw tightened, the clapper should just clear 

the gong at a point about 1/16 inch from the open side of the gong. 

(9) Repeat the test in paragraph 9m and make slight adjustment of the 

gong poSition and armature spring tension to obtain the most satisfactory 

sound of the bell. 

32. POWER RECTIFIERS. 

a. Regulated Tube Rectifier. 

(1) Timer.—The reset timer in the X-61680B rectifier is arranged 

for adjustment of the time of operation but this adjustment should not be 

changed. The timer requires no lubrication or contact maintenance. It 

should be replaced if its switch does not operate in normal operation time 

‘see par. 8e(4). after connecting the power and restore within 5 seconds after 

power is disconnected. Release time is 0.2 to 0.5 second. Operation and 
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release are indicated by a slight click in the contact box. Restore time 

is the time required for the rotating dise to return to normal after power 

is disconnected. The amount of travel of the spring arm after operation of 

the switch, and measured at the end of the switch box, should be approxi- 

nately 1/8 inch. This travel controls the release time and permits instan- 

taneous operation of the rectifier after power failures of suchshort duration 

that filaments have not cooled. It need not be checked if the rectifier 

seens to be operating satisfactorily. Travel can be adjusted by loosening 

the lock nut on the stop screw on the spring arm and turning the screw, as 

required. The above also applies to the reset timers used on X-616800 rec- 

tifiers except that neither the operation time nor the travel of the spring 

arm after operation of the switch are adjustable. 

(2) Varistor Replacement.—Failure of a varistor may be caused by 

high voltage or a prolonged overload. Replace if the voltage readings are 

less than 8 volts for varistor H, less than 42 volts for varistors A and B, 

or less than 4.5 volts for varistor C used in rectifiers C. 

(3) Thermistor and Associated Resistor.—When thermistor T or re- 

sistor C is replaced, select the C resistor tap that agrees with the resist- 

ance value stamped on the thermistor being used. 

b. Dise-type Rectifier (KS-5844). 

(1) When the rectifier is connected to either a 115- or 230-volt a-c 

input power supply and there is no d-c output as indicated by the equipment 

neter, check for a blown line fuse. Should the fuse be blown, ascertain the 

cause of its failure before inserting a new one. If the input power supply 

is 280 volts, check the position. of the toggle lever. If fuse and lever are 

satisfactory, check point-to-point voltage readings given in paragraph 33 

to locate part of circuit not functioning. Check circuit continuity to lo- 

cate a defective piece of equipment for replacement. 

(2) When making a continuity test, disconnect the input power from 

the rectifier, and where parallel paths are present inthe rectifier circuit 

it may be necessary to disconnect one of the leads. 

(3) Replacement of Varistor.—Failure of the varistor may be caused 
by a high input voltage or by a prolonged overload on the rectifier. The 

varistor should be replaced when the d-c output voltage approaches the low 

voltage limit with the two adjusting switches turned to the. extreme right 
or high-voltage position. 

c. llectrolytic Capacitors.—Replace electrolytic capacitors in the 
power-supply units with new ones about 3-1/2 years after the date onthe ca- 
pacitor. If the rectifiers are not in use, operate them temporarily for 
1/2 hour every 18 months to restore the film on the electrolytic capacitor 
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plates. These capacitors are marked Cl ito C8, Cl to Cl0, and Cl and C2, 

respectively, in rectifiers X-61680B, X-61680C, and KS-5844. Connect spare 

electrolytic capacitors to the positive 130-volt supply for 1/2 hour every 

18 months. To do this, disconnect the power from the AN/FGCl equipment (dial 

02 and check that the heater lamps light); connect the + terminal of the ca- 

pacitor to the output of the regulated tube rectifier (not the KS-5844) 

through one of the 35R or 85S fuses. or 74E heat coils, and a mounting lug 

(negative terminal) to ground; connect power to the bay (dial 01) and leave 

for 1/2 hour; then disconnect the power again andwait a few seconds for the 

capacitor to discharge before removing the connections to the capacitor. 
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SECTION V 

SUPPLEMENTARY DATA 

33. POWER-SUPPLY UNITS. 

a. Regulated Tube Rectifiers (X-61680B and K-61680C). 

(1) Trouble Location and Remedy.—If any of the following troubles 

are indicated itis suggested that the possible causes be checked in the order 

listed below: If trouble isnot found, check point-to-point voltages. (See 

paragraph (2) on the following page.) 

Trouble Possible Cause 

No output voltage A-c supply may be interrupted (no power supply 

or fuse blown). 

Cover switch open, possibly because can cover 

screws are not tight. 

Grid cap of tube open. 

Failure of a main filter capacitor Cl to 08 or 

Cl to C10 by shorting. 

Failure of tube, possibly filament lighted but 

no emission from tube. Replace tube. 

Relay, if any, in telegraph leg not operated. 

Timer TD not operated. 

Low output voltage A-c supply voltage may be low. 

Load current may be too high. [See par. 21a(1)| : 

Low emission intube though still lighted. Re- 

place. 

Regulating circuit may be in trouble. Try to 

raise and lower voltage with rheostat R. 

Low reference voltage. | See par. 2ldand 32a(2)| é 

High output voltage A-c supply voltage high. 

Grid emission. | See par. gif (anle Rheostat R 
has no control. 

Regulating circuit may be in trouble. Try to 

change voltage by moving rheostat R. 
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Trouble Possible Cause 

Erratic output Tube has high firing point, [see par. 21£(3) | or 
voltage there is other trouble in tube. Replace. 

Trouble in reference voltage circuit. 

Loose connections, probably at one of the ca- 

pacitors. 

(2) Point-to-point Voltage Table. 

(a) These typical point-to-point voltages are based on the use of 

a Weston 772 analyzer which has 20,000 ohms pervolt. If the high-resistance 
instrument is not available, a 1000-ohns per volt instrument may be substi- 

tuted, using the largest scale that gives a good reading. They are also based 

on an a-c input voltage of ll5-volts, 60-cycles, a 130-volt d-c load from 

output terminals 1 and 3 of 0.3 ampere and ana-c output at zero. Such volt- 

ages vary not only with input voltage and load but also with different ap- 

paratus such as tubes, varistors, capacitors, etc. Low resistance in the 

analyzer due to use of wrong scale or wrong instrument affects some readings 

materially. 

(b) The cover switch SWl must be held closed while the voltages 

are being checked.’ A convenient way to do this is to make up locally a 1-5/8- 

inch C clip from light metal and insulate it with friction tape. The clip 

should be slipped over the end of the operated plunger and the rear of the 

switch box. Be sure to remove this C clip before replacing the cover and 

putting the rectifier back into service. 

WARNING: DO NOT TOUCH LIVE TERMINALS WITH THE HANDS AS 

HIGH VOLTAGES ARE PRESENT. DO NOT ALLOW A TEST PICK TO 

TOUCH TWO METAL PARTS AT THE SAME TIME OR DESTRUCTIVE 

AND DANGEROUS SHORT CIRCUITS MAY OCCUR. 

(c) A-ce voltages. 

Use Typical 

Connect A-c Terminals of Analyzer A-c 

Reading Analyzer to Terminal Scale Volts 

Rectifier input. l and 3 on AC terminal Bo EES 

strip 

Varistor A&B e of varistor A and 2 of 200 o4 

input varistor B 

Varistor H input 15 and 16 transformer Tl 50 Lo 

A-c output 6 and 5 of &point termi- 10 6.4 

nal strip 2 and? of tube 
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Use Typical 

Connect A-c Terminals of Analyzer A-c 

Reading Analyzer to Terminal Seale Volts | 

Filament 2eand 7 0ot sbiubeeVl or Ve 10 2.4 

Varistor C input 12 and 20 on transformer 50 10 

(rectifier C only) Tl 

(d) D-e Voltages. 

Use Typical 

+ of Analyzer - of analyzer Analyzer Dee 

Reading to Terminal to Terminal Scale Volts 

Grid bias + of capacitor C3 Rear terminal of 20 2-4 

capacitor A 

Reference Rear terminal of Front terminalof 50 42-50 

voltage capacitor F capacitor F 

Resistor A + of capacitor C3 3,of rheostat R 50 31 

Yaristor H out- O of timer TD Rear terminal of 10) Lies 

put capacitor A 

Resistor G O of timer TD Rear terminal of 10 1.4 

capacitor F 

Retardation l of retardation 2 of retardation 10 3.8 

fo Bo ite Conte) COl wid 

Varistor C out- 3 of varistor © l of varistor ¢ 10 aes 

put (recti- 

fier C only) 

b. Disc-type Rectifier (KS-5844), 

(1) Trouble Location Chart.—Should any of the following troubles 
develop, it is suggested that the possible causes be checked in the order 
listed. If trouble is not found, check point-to-point voltages. 
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Trouble Possible Cause 

No d-c output voltage Blown line fuse. 

Failure of power supply. 

Open in line cord orin rectifier wiring. 

115/230V AC switch or one of the volt- 

age adjusting switches may not be making 

contact. 

Shorted electrolytic capacitor Cl or C2. 

Opened winding in transformer Torin re- 

tardation coil L. 

Low d-c output voltage Low a-c line voltage. 

115/230V AC switch may be on 280-volt po- 
Sition when inputis ll5-volts alternat- 

ing current. 

Rectifier discs may. be aging. 

High d-c output voltage High a-c line voltage. 

115/280V AC switch may be on 115-volt po- 

Sition when input is 2380-volts alternat- 

ing current. 

Resistor R may be opened. (High voltage 

will appear at light or no load only.) 

Erratic d-c output voltage Loose connection in rectifier wiring. 

Excessive noise on d-c | Electrolytic capacitor Cl or C2 may be 

output too old. ‘(See par. S2c,) . 

(2) Point-to-point Voltages. 

(a) These voltage measurements vary not only with input voltage 

and load but also with different specimens of apparatus such as transformers, 

varistors, capacitors, etc. 

(b) All measurements are withthe rectifier operating at 1380-volts, 

0.24-ampere, d-c output from a 115-volt a-c input. 

(c) To make measurements, remove the grilled cover secured at the 

front of the rectifier frame by two screws. 

WARNING: DO NOT TOUCH LIVE TERMINALS WITH THE HANDS AS 

HIGH VOLTAGES ARE PRESENT. DO NOT ALLOW A TEST PICK TO 

TOUCH TWO METAL PARTS AT THE SAME TIME OR DESTRUCTIVE 

AND DANGEROUS SHORT CIRCUITS MAY OCCUR. 
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A-c Voltages Connect Typical 
lieasured Voltmeter A-c Volts 

Input voltage to Across primary winding of 115 

transformer T transformer T 

Input voltage to Across a-c input terminals 170 

varistor of varistor 

Varistor output + and - terminals of var- 133 

istor 

Rectifier output + and - output terminals 130 

Voltage drop across Negative voltmeter lead to 3 

retardation coil L - terminal on varistor, 

positive voltmeter lead to 

- rectifier output terminal 

34. VACUUL] TUBE SOCKET VOLTAGES. 

a. General. 

(1) The voltages in the table in paragraph b below, are based on the 

use of a Western Electric Co. KS-8295 volt-ohmneter (resistance, 1000 ohms 

per volt). Due to allowable tolerances in the electrical constants of the 

apparatus, reasonable deviations from the values shown in the table may be 

expected. 

(2) When making some of the measurements, the initial indication on 

the meter will be higher than the steady state. In such cases, wait for a 

steady indication. 

b. Preparation for Test.—Adjust the rectifier voltage to 1380 volts. 

Make all measurements with no input signal. 

c. Voltage Measurements. 

Measure 

Voltage Between Use Voltmeter Approximate 

Measured Tube Terninals Scale Voltage 

Current Limiter (See Fig. 42) 

Heater IN 2-7 0-15 a-c 6.3 

Plate IN 8-Grd 0-150 d-ec an 
Sereen IN 6-Grd 0-150 d-c 23 
Cathode IN o-Grd 0-15 d-c Lew 

Heater LIM 7-8 0-15 a-c 6.3 
Plate LIM 2-Grd 0-150 d-c 50 
Cathode LIM 3-Grd 0-15 d-c 16 
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Voltage 

Lleasured 

RADIO TELETYPE TERMINAL EQUIPMENT AN/FGCl or AN/FGC-1X 

Tube 

Current Limiter (Cont'd.) 

Heater 

Plate 

Cathode 

AXP 

AMP 

AMP 

Detector (See Fig. 48) 

Heater 

. Plate 

Sereen 

Cathode 

Heater 

Plate 

Screen 

Cathode 

Heater 

Plate 

Sereen 

Grid 

Cathode 

Heater 

Plate 

Sereen 

Cathode 

Heater 

Plate 

sereen 

Cathode 

MVA or 

MVA or 

MVA or 

MIVA or 

LIVB or 

MVB or 

MiVB or 

MVB or 

VA 

VA 

VA 

VA 

VA 

VB 

VB 

VB 

VB 

VC 

VC 

VC 

vc 

SVA 

SVA 

SVA 

SVA 

SVB 

SVB 

SVB 

SVB 

Measure 

Between 

Terminals 

2-7 

8-Grd 

5-Grd 

2-7 

8-Grd 

6-Grd 

o-Grd 

2-7 

3-Grd 

4-Grd 

8-Grd 

2-7 

8-Grda 

6-Grd 

4-Grd 

5-Grd 

2-7 

8-Grd 

6-Grd 

o-Grd 

2-7 

8-Grd 

6-Grd 

o-Grd 

Frequency Indicator (See Fig. 45) 

Heater 

Plate 

Sereen 

Grid 

Cathode 

Heater 

Plate 

VA 

VA 

VA 

VA 

VA 

VB 

VB 

2-7 

3-Grda 

4-Grd 

o-Grd 

6-Grd 

2-7 

8-Grd 

{iS 

Use Voltmeter 

Seale 

O-15 a-e 

0-150 d-c 

0-15 d-c 

0-15 a-e 

0-150 d-e 
0-150 
0-15 

a 

d 

O-15 a-e 

0-150 d-c 

O-150 d-e 

O-15 d-c 

Q-15 a-c 

QO-150 d-c 

0-150 d-c 

0-380 d- 

0-150 d 

0-15 a 

Q-150 d 

0-150 d- 

0-150 d 

QO-l5 a 

0-150 d-c 

O-150 d-c 

0-150 d-c 

O-15 a-c 

0-150 d-c 

0-150 d-c 

0-30 d-ec 

O-15 d-c 

O-15 a-c 

0-150 d-c 

TM 11-356 
34 
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34 SIGNAL CORPS 

Measure of 

Voltage Between Use Voltmeter Approximate 

_liessured = Tube’ «| ‘Terminalsy _. Scale.» 103 

Frequency Indicator (Cont'd.) 

Sereen VB 6-Grd 0-150 d-c a 6 

Cathode VB 5-Grd 0-15 d-c bers 

Heater vce 2-7 O-15 a-c 6.2 

Plate VC 8-Grd 0-150 d-c 130 

Sereen VC 6-Grd O-150 d-c 130 

Cathode VC 5-Grd G-15 d-c One : 

Suppressor VC 3-Grd 0-150 d-c 130 

Heater VD 2-7 0-15 a-c Geass 

Plate VD 3-Grd 0-150 d-c Lay 

Sereen VD 4-Grd 0-150 d-c 130 

Cathode VD 8-Grd 0-15 d-ce 60 

Automatic Frequency Control (See Fig. 49) 

Heater V1 | 2-7 O-15 a-c Bo 

Plate V1 8-Grd 0-150 d-c 94 

Sereen Vl 6-Grd O-150 d-c 18 

Heater V2 2-7 O-15 a-c 566 

Plate V2 8-Grd 0-300 d-c 24 

Sereen Wire 6-Grd 0-300 d-c 20 

Heater V3 2-7 O-15 a-c 06 

Plate V3 8-Grd 0-150 d-c 122 

Screen V3 6-Grd 0-150 d-c 130 

Cathode V3 5-Grd 0-15 d-e 3.6 

Heater V4 2-7 0-15 a-c 3.6 

Cathode V4 8-Grd 0-150 d-c 22 

Heater Ce any cs 2-7 0-15 a-c ee 5 
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385. TABULAR LIST. OF REPLACEABLE PARTS. 

a. General. 

(1) The table in paragraph 35¢c lists the replaceable parts for the 

Radio Teletype Terminal Equipment in nine groups according to the major com- 

ponents as follows: 

bie. Corps Stock No. 

. Automatic Frequency Control Unit 4TW61789-F1 

Frequency Indicator Panel 4TW61789-Bl 

Receive Relay Panel ATW61789-E1 

Detector Panel ATW61789-D1 

Current Limiter Panel ATW61789-Cl 

Rectifier Fanels X-616808B 3H4956-10 
X-61680C 3H4956-11 

Dise-type Rectifier, 1380 Volts 3H4956-24 

' Cabinet Equipment ~ 

Spare Fuse Panel ~ 

Terminal Strips . - 

Jack Strip - 

Fuse Panel - 

Alarn and liiscellaneous - 

Utility Outlet and Heater Panel - 

liiscellaneous - 

Maintenance Tools and liaterials ~ 

(2) The reference designations shown inthe first column of the List 

of Replaceable Parts (par. 35c) correspond to the designations shown in the 

schematic circuits. These designations are also stamped on the equipment 

or on the mounting adjacent thereto. 

(8) The explanation of the symbecls shownin the manufacturer's column 

(par. 35¢c) are explained in full together with the manufacturers! address 

in paragraph 35b, List of Manufacturers. 

b. List of Manufacturers. 

Abbreviation 
in Par, 35¢ | Name Address 

Alden . Alden Products Co. Brockton, Mass. 

Appleton Appleton Electric Co, Chicago, Ill. 

Buss Bussman lianufacturing Co. ob. Lous, Mo. 

C-H Cutler-Hammer Inc. iiillwaukee, Wisc. 

Cinch Cinch Lianufacturing Corp. Chicago, ral, 

US papa 38 Devoe and Raynolds Co., Inc. Hew. Moric uhh. 
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35 

Abbreviation 

Mer al. oC. 

-356 

Eby 

G-E 

HB & 

Hubbell 

IRC 

Jones — 

K-K 

Kennedy 

Littel 

lial 

Micro 

Ohnite 

Pwr kq 

RCA 

Sinplex 

Wen Wie Ore 

YB &l. 

SIGNAL CORPS 

Name 

Gets. UDy s,s) LUC s 

General Electric Co. 

Arrow-Hart & Hageman Elec. Co. 

Harvey Hubbell, Inc. 

International Resistance Co. 

fie JONES CO. 

Kurz-Kasch, Inc. 

Kennedy lifg. Co. 

Littelfuse, Inc. 

Pete t WaMLOTY Neon UO, LOC. 

llicro Switch Corp. 

Ohmite lanufacturing Co. 

Power lquipment Co. 

R.C.A. Hanufacturing Co. 

Simplex Wire and Cable Co. 

Yestern klectric Co. 

Westinghouse Electric & 

Moe. GO. 

82 

Address 

Philadelphia, Pa. 

Schenectady, N. Y. 

Hartford, Conn. 

Bridgeport, Conn, 

Philadelphia, Pa, 

Ghicago,) fig 

Dayton, Ohio 

Van Wert, Ohio 

Chicago, ILI. 

Indianapolis, Ind. 

New York, N. Y. 

Chicago, Ill. 

Detroit, hiich. 

Harrison, N. ws 

Boston, hiass. 

New York, tiga 

East Pittsburgh, Pa. 
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35 

in Ohms and Capacitors in ad. RMA Standard Color Code for Resistors 

llicrofarads. +Fouh 

A - Color for lst significant figure. 

B - Color for 2nd significant figure. 

C - Color for number of ciphers or 

multiplier. 

D - Gold or silver indicates tolerance, 

when applied. 

COLOR SIGNIFICANT FIGURE 

Black ¢) 

Brown i 

Red os 

Orange 3 

Yellow 4 
Green 4) 

Blue 6 

Violet 7 

Gray Mapa 

White 9 

Gold +5% tolerance 

Silver +10% tolerance 

No Color +20% tolerance 

EXAMPLES 

43,000 ohms Yellow (4) Orange (3) 
3000 ohms Orange (3) Black (0) 

3.3 ohms Orange (3) Orange (3) 

131 

MULTIPLYING VALUE 

1 
10 

100 
1000 

10,000° 
100,000 

1,000,000 
10,000,000 

100,000,000 ° 
1,000,000,000 

yal 
0.01 

Orange (X1000) 
Red (X100) 
Goldy -f0er) 



Nice SIGNAL CORPS: 

GLOSSARY OF TERIS 

(Explanation of terms as used in this Book.) 

Bias - If the average mark is lengthened by the circuit, the circuit is said 

to have marking bias; if shortened, spacing bias. When referring to 

tubes, "bias" usually designates a grid or cathode potential. 

Battery - This term is sometimes used loosely to designate any source of di- 

rect current, particularly, in this book, a rectifier source. 

Channel - In this book, "channel" designates the communication path or equip- 

ment in the receiving circuit from a radio receiving antenna to the re- 

ceiving relay. With space diversity, the relay is common to two channels. 

Detector - A device for changing a-c signals to d-c signals. 

Db - Abbreviation for decibels: Two amounts of power differ by N decibels 

according to the relation N = 10 logjg P,/Po. The number of decibels 

may be obtained from current ratios if the currents are measured in equal 

inpedances as follows: WN = 20 logjg I,/Ip- 

Dbm - Abbreviation for "db above or below one milliwatt"; positive sign in- 

dicates above, negative sign below. 

Frog - A term derived from railroad designation of a track crossing. "To 

frog" two circuits means to transpose them so that each follows the path 

which the other followed previously. 

Loop - A d-c extension line between a telegraph terminal and the printer and 

associated equipment. 

Mark - A telegraph signaling interval during which current flows through the 

printer magnet. During this time, the circuit is said to be marking. 

The interval during which no current flows through the printer magnet 

is called a space. 

Polar operation - Marking signals are formed by current pulses of one po- 

larity and spacing signals by current pulses of equal magnitude but of 

opposite polarity. 

Rectifier - A device for changing alternating current to direct current. In 

this book, it refers principally to the arrangements provided on the 

telegraph terminal bays for changing 50- to 60-cycles or 25- to 60-cycle 

a-c power to 130-volts d-c power; in the figures, the regular convention 

for a battery is used to indicate the rectifier. 

Reversals - Repeated marks and spaces all of equal length. 

Space - See Mark. 

Space diversity - Refers to radio reception in which two or more receivers 
are connected each to a separate antenna and the outputs are combined. 
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RADIO TELETYPE TERMINAL EQUIPMENT AN/FGCl or AN/FGC-1X TM 11-356 

Station --A printer and its associated equipment. 

Telegraph terminal - This term usually designates one bay of AN/FGCl equip- 

ment. 

Thermistor - A resistor whose resistance varies largely with temperature. 

Varistor - A copper-oxide rectifier. 
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TO RADIO RECEIVER 
------ SS er 

vw 

_ 1A D-I61700LE 6 4I0A l 
] 

B 
| D-161699KC INPUT p 

670 ILTER 
: | D-164049 

| 

4 sa 

MON | 

CIRCUIT NOTES: 
lOl. 

102. 

ALL LEADS SHALL BE "DI" UNLESS OTHERWISE 
SPECIFIED. 

ALL KS-8058 AND KS-8059 RESISTANCES 
SHALL BE I.R.C. RESISTANCES OR APPROVED 
EQUIVALENT. 

410A 

Ss 
KS-8058C 
3000% 

A ERIE _CERAMICON A F N330 MISO +5 
a 404B,3000MME 200 RET COIL 404A,6000MM.F PER KS-8951 oe D 

INPUT_TRANS OR ence aed a ‘OR 190 M. ME. OUT TRANS 
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CIRCUIT NOTES: 

101. 
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MANUFACTURING NOTES: 

1. WIRES NOT OTHERWISE SPECIFIED SHALL BE 22Am 

2."C"WIRING IN SEPARATE CABLE FORM SEWED TO 
OUTS|DE OF REGULAR CABLE FORM FOR ELECTRICAL 
REASONS. 

3. "P" DENOTES PAIR. 

4. "DI"WIRING SHALL BE BK, 22AM WIRE RUN 
DIRECTLY FROM TERMINAL TO TERMINAL IN THE 
SHORTEST POSSIBLE MANNER AND INDEPENDENT 
OF ALL OTHER LEADS, . 

5."J" TOP OR LEFT END OF KEY LOOKING AT 
TERMINAL SIDE. 

G. ON THIS DRAWING THE SMALL DESIGNATION 
NUMBER AT THE BEGINNING OF EACH FEED LINE 
(ADJACENT TO THE COMMON OR "AIR" LINE) 
CORRESPONDS TO THE LARGE DESIGNATION 
NUMBER OF THE PIECE OF APPARATUS TO WHICH 
THE 7EED LINE RUNS. FOR EXAMPLE, THE FEED 
LINE NUMBERED 30 STARTING AT APPARATUS 
NUMBERED 13, CONNECTS TO THE APPARATUS 
NUMBERED 30, AT WHICH POINT THIS FEED 
LINE 1S NUMBERED 13. THE COLORING SERVES 
AS FURTHER IDENTIFICATION. 

Figure 41 - Receive Relay, Wiring Diagram 

142 



“5%” MRT RS 
tit) Male aad 



13 
9, 22 

= Al 
fo) 20 

A Eaieeno Maca Te eg 

D3 

“ (MON f 
: eRe 3) y BIR 

|| 

ram: 

Fale a Fabra f 

2) O e d 
P 

\ =) 6a 3 
D-166220 TS. 

‘ 4 AY i 
t) ) O i 24 kl 

Zr. 2 3 36 R 22AM 

O WNP FILT . 0 | : i 1 ( ne (RAD REC OUT =p 33 : 

4 : i CURR LiM | (ve FicT in) | 8 Y 
hi 

a aon ie eee 
A 

D-/6/70JLE 20AM 
RES, 

ie 9,18 

x= 
A a D-166Z20T.5. 

fon) 

7) AY A wv 5 

ye) 

1, WIRES NOT @CTHERWISE SPECIFIED SHALL BE “O/" 

2 “DI WIRING SHALL BE BK.22AM WIRE UNLESS OTHERWISE 
SPECIFIED, RUN DIRECTLY? FROM TERM. TO TERM. JN THE 
SHORTEST POSS/BLE MANNER AND /NOEPENDENT 
OF ALL OTHER LEADS, 

3.°03" WIRING RUN LOOSE AND DRESSED BACK AGAINST 
An eae hd UNIT IN THE HOST CONVEN/ENT 

, "KI" TOP TERMINAL ON TERMINAL STRIP, 4 

5 "PT" LEADS FURNISHED AS PART OF APPARATUS, AT LEAST 4" SLACK SHALL BE LEFT IN EACH "PT” LEAD. 
6, "P" DENOTES PAIR, 
z . ALL STRAPS SHALL BE BK 224M WIRE EXCEPT 

WHERE BARE STRAPS ARE PERMISS/BLE. 

8.ON THIS DRAWING THE SMALL DESIGNATION NUMBER AT 
THE BEGINNING OF EACH FEED LINE CADJACENT TO 
THE COMMON OR"“AIR LINE") CORRESPONDS To THE 
LARGE DESIGNATION NUMBER OF THE PIECE OF 
APPARATUS TO WHICH THE FEED LINE RUNS, 
FOR EXAMPLE, THE FEED LINE NUMBERED 36 
STARTING AT APPARATUS NUMBERED 24 CONNECTS 
TO THE APPARATUS NUMBERED 36 , AT WHICH 
FOINT THIS FEED LINE 15 NUMBERED 24. 
THE COLORING SERVES AS FURTHER IDENTIFICATION 

D-164049 FILTER MAY BE USED UNTIL D-/65626 
FILTER BECOMES AVAILABLE. 

9 

Fig. 42 
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WIRES NOT OTHERWISE SPECIFIED SHALL BE “O/" 

“DI WIRING SHALL BE BK.22AM WIRE UNLESS OTHERWISE 
SPECIFIED, RUN DIRECTLY 4 FROM TERM. TO TERM. JIN THE 
SHORTEST POSS/BLE MANNER AND /NOEPENDENT 
OF ALL OTHER LEADS, 

“O3" WIRING RUN LOOSE AND DRESSED BACK AGAINST 
Or ee UNIT IN THE HOST CONVEN/ENT 

NNER. 

"KI"' TOP TERMINAL ON TERMINAL STRIP. 

“PT” LEADS FURNISHED _AS PART OF APPARATUS. AT 
LEAST Y4° SLACK SHALL BE LEFT IN EACH PT’ LEAD. 
“P- DENOTES PAIR. 

. ALL STRAPS SHALL BE BK 22¢M WIRE EXCEPT 
WHERE BARE STRAPS ARE PERMISS/BLE. 

ON THIS DRAWING THE SMALL DESIGNATION NUMBER AT 
THE BEGINNING OF EACH FEED LINE CAOJACENT TO 
THE COMMON OR“AIR LINE") CORRESPONDS To THE 
LARGE DESIGNATION NUMBER OF THE PIECE OF 
APPARATUS TO WHICH THE FEED LINE RUNS, 
FOR EXAMPLE, THE FEED LINE NUMBERED 36 
STARTING AT APPARATUS NUMBERED 24 CONNECTS 
TO THE APPARATUS NUMBEREO 36 , AT WHICH 
FOINT THIS FEED LINE 15 NUMBERED 24. 
THE COLORING SERVES AS FURTHER IDENTIFICATION 

9. 0-164049 FILTER MAY BE USED UNTIL D-/65626 

Figure 42 - Current Limiter, Wiring Diagram 
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WIRES NOT OTHERWISE SPECIFIEO SHALL BE OI 

. "DI" WIRING SHALL BE BK 22AM WIRE UNLESS 
OTHERWISE SPECIFIED, RUN DIRECTLY FROM TERM, 
TO TERM. IN THE SHORTEST POSSIBLE MANNER 
AND INDEPENDENT OF ALL OTHER LEADS, 

_"P" DENOTES PAIR. 

4."PT” DENOTES LEAOS FURNISHEO AS PART OF 
APPARATUS, AT LEAST " SLAC HALL BE 
LEFT IN EACH "PT" En bt * ns é 

5, "KI" DENOTES TOP OR LEFT TERMINAL ON STRIP, 

» U"TOP OR LEFT END OF KEY LOOKING AT TERM. SIDE, 

. "03" WIRING SHALL BE 20AM UNLESS OTHERWISE 
SPECIFIED, AND GREEN UNLESS OTHERWISE SPECIFIED 
AND RUN LOOSE AND DRESSED BACK AGAINST THE MTG. 
UNIT IN THE MOST CONVENIENT MANNER. 
(= ==Z=ZD DENOTES SHIELD. 

9,ALL_ STRAPS SHALL BE BK 22AM WI RE 
EXCEPT WHERE BARE STRAPS ARE PERMISSIBLE 

- ON THIS DRAWING THE SMALL DESIGNATION NUMBER 
AT THE BEGINNING OF EACH FEED LINE CADJACENT TO 
THE COMMON OR “AIR™ LINE) CORRESPONDS TO THE 
LARGE DESIGNATION NUMBER OF THE PIECE OF 
APPARATUS TO WHICH THE FEED LINE RUNS. 
FOR EXAMPLE, THE FEED LINE NUMBERED 15 
STARTING AT APPARATUS NUMBERED |, CONNECTS TO 
THE APPARATUS NUMBERED I5, AT WHICH POINT THIS 
FEED LINE IS NUMBERED 1}. THE COLORING SERVES 
AS FURTHUR JDENTIFICATION,. 

. D-\64050 & D-16405!] FILTERS MAY BE USED 
UNTIL D-\65627 & D-1b5628 FILTERS RESP. ARE 
AVAILABLE. 

: Sry aT GROUND TRACER UNDER AND PART OF 

"UO" DENOTES 22P SHIELDED WIRE. 

Fig. 48 
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i |. WIRES NOT OTHERWISE SPECIFIED SHALL BE OI 
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KI OTHERWISE SPECIFIED, RUN DIRECTLY FROM TERM, 
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"P" DENOTES PAIR. 
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UNIT IN THE MOST CONVENIENT MANNER. 
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1, WIRES NOT OTHERWISE SPECIFIED SHALL BE DI, 

2."DI" WIRING SHALL BE BK 22AM WIRE RUN 
O/JRECTLY FROM TERMINAL TO TERMINAL IN THE 
SHORTEST POSSIBLE MANNER, 

3, "D3" WIRING NOT TO BE SEWEO IN CABLE FORMS 
BUT RUN LOOSE AND DRESSED BACK AGAINST 
se MOUNTING: PLATE IN THE MOST CONVENIENT 

4,"PT” DENOTES LEADS FURNISHEO AS PART _ OF 
APPARATUS. AT LEAST Ya" SLACK SHALL BE LEFT IN 
ALL "PT" LEADS EXCEPT ITEMS IS 219. 

5, 'U" TOP OR LEFT S/DE OF KEY LOOKING AT 
TERMINAL SIDE, 

6,ALL_ STRAPS SHALL BE BK 22AM WIRE EXCEPT 
WHERE BARE STRAPS ARE PERMISSIBLE. 

7,'"BI EOGE OF RESISTANCE MOUNTING NEAREST 
PANEL, 

8."P" DENOTES FAIR, 
9. THE OSCILLATOR SHALL BE EQUIPPED WITH THE MINIMLi 

NUMBER OF CONDENSERS REQUIRED TO TUNE T0 25504 
THE APPROX. TUNING CAPACITY JS 0.15 MF. 

10 ON TH/S DRAWING THE SMALL DESIECNATION 
NUMBER AT THE BEGINNING OF EACH FEED LINE 
(ADJACENT TO THE COMMON OR "AIR" LINE) CORRESPONDS 
JO THE LARGE DESIGNATION NUMBER OF THE PIECE 
OF APPARATUS TO WHICH THE FEED LINE RUNS. FOR 
EXAMPLE, THE FEED LUNE NUMBERED "SOA" STARTING 
AT APPARATUS NUMBERED "9", CONNECTS TO THE 
APPARATUS NUMBERED "50", AT WHICH POINT THIS FEED 
LINE IS NUMBERED "QA" THE COLORING SERVES AS 
FURTHER, )DENTIFICATION. 

Il, RESISTANCES (8) To (F) SHALL BE STRAPPEP AS 
REQUREe TO PROVIDE THE CORRECT CALIBRATION 

Fig. 45 
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(C4) 20,000 MMF, 
4028, COR D COND. 

C3) 20,000 MMF, 

B,COR D COND, 

C2) 20,000 MMF 
ey COR D COND. 

Ci) 20,000 MMF, 
4028,C OR D COND, 
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3! Ages 
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|__ p- 4306 46 
RES. MTG. ASSEM. 

4,"PT” DENOTES 

Wo 

10 

! = 

, WIRES NOT OTHERWISE SPECIFIED SHALL BE DiI, 

= "DI" WIRING SHALL BE BK 22AM WIRE RUN 
OIRECTLY FROM TERMINAL TO TERMINAL IN THE 
SHORTEST POSSIBLE MANNER. 

"D3" WIRING NOT TO BE SEWED IN CABLE FORMS 
BUT RUN LOOSE AND DRESSED BACK AGAINST 
by Betrata ial! bin PLATE IN THE MOST CONVENIENT 

LEADS FURNISHED AS PART_OF 
APPARATUS. AL LEAST Ya" SLACK SHALL BE LEFT IN 
ALL "PT" LEADS XCEPT ITEMS IS 219. 

‘I TOP OR LEFT S/DE OF KEY LOOKING AT 
TERMINAL SIDE, 

-ALL_ STRAPS SHALL BE BK 22AM WIRE EXCEPT 
WHERE BARE STRAPS ARE PERMISSIBLE 

. "BI EDGE OF RESISTANCE MOUNTING NEAREST 
PANEL. 

-"P" DENOTES FAIR, 
- THE OSCILLATOR SHALL BE EQUIPPED WITH THE MINIMUr 
NUMBER OF CONDENSERS REQUIRED 70 TUNE 70 25504 
THE APPROX. TUNING CAPACITY JS 0.15 MF. 

ON THIS DRAWING THE SMALL DESIGNATION 
NUMBER AT THE BEGINNING OF EACH FEED LINE 
(AOJACENT TO THE COMMON OR “AIR” LINE) CORRESPONDS 
TO THE LARGE DESIGNATION NUMBER OF THE PIECE 
OF APPARATUS TO WHICH THE FEED LINE RUNS. FOR 
EXAMPLE THE FEED UNE NUMBERED “50A" STARTING 
AT APPARATUS NUMBERED "9", CONNECTS TO THE 
APPARATUS NUMBERED "50" AT WHICH POINT THIS FEED 
LINE JS NUMBERED “9A" THE COLORING SERVES AS 
FURTHER )DENTIFICATION. 

. RESISTANCES (8) To (F) SHALL BE STRAPPED AS 
REQUIRED 70 
LEVEL. 

ROVIDE THE CORRECT CALIBRATION 

Fig. 45 
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SEE NOTES 
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a) 
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16 

aie 4 ieee \! ae 
ip ks kx osu ee 
ner Ri 

ait bo eee 
x ol " (J OR K) Bis OF COND. _ 

JeAS AT 

ia ate ! 2) 
w-y w-Y 

55 

« 
r) ‘ 
2! 
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o 
a 
K 

2w-BR 53,4) 

RES. PROVIDED 
AS FOLLOWS 

TOP SUB PANE 

ALDEN CO 
QIHL OR 
9) SL TUBE 
cap 

\ 
a aa BOTTOM SUB ls eae aera SS 

17,81 2W-BL 

OT OTHERWISE SPECIFIED SHALL BE 
DED COAS, 

IRING SHALL BE STRANDED !6AS UNLESS 
ISE SPECIFIED AND SHALL BE KEPT SEPARATE 
L OTHER LEADS. 

RING SHALL BE W STRANDED 2OAS 
LESS OTHERWISE SPECIFIED, NOT INCLUDED 
LOCAL CABLE BUT RUN DIRECTLY FROM 
NAL TO TERMINAL IN THE SHORTEST 
ILE MANNER AND INDEPENDENT GF ALL 
LEADS. 

ERMINAL NEAREST PANEL: 

DGE OF RESISTANCE MOUNTING NEAREST 

MINAL ONCC) RES. SHALL BE SELECTED BY 
OP TO GIVE A TOTAL NOMINAL RESISTANCE 
TO THE RESISTANCE STAMPED ON THE 
STOR, 

PING SHALL BE MADE WITH W -8« STRANDED 
(RE EXCEPT WHERE BARE STRAPS ARE 

SIBLE. 

AD SHALL BE RUN DIRECT WITH ONLY 
IENT SLACK TO PERMIT REMOVAL OF TUBE 
OM TUBE. PROVIDE 2" OF NO.6 IRV-O-LITE 
PLASTIC TUBING OVER TERM. OF RET. COIL AND 
ING PARTLY ON LEAD. 

OTES LEADS FURNISHED AS PART OF APPARATUS 

T TERMINAL ON TERMINAL STRIP. 

ING ON THIS DRAWING TC BE CONNECTED BY 
P EXCEPT "AT" LEADS WHICH SHALL NOT BE 
TED TO GROUND UNTIL AFTER THE SHOP TEST. 

S SHALL BE FURNISHED WITH |RY-O-LITE CAT. 
LACK XT6-30 WIRE SLEEVING AS REQUIRED. 

RMINAL AT END OF EXTRACTOR FUSE POST. 

op © DENOTES LIVE LEADS AT APPARATUS 
BE \NSULATED IF NOT CBNNECTED. 

S SHDWN CROSSED OUT AT APPARATUS 
AND 6D AND IN NOTE 7 WERE VSED ON 
20 VNITS. 

Fig. 46 
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(rD) 14 
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D-144220 TS 

P-172193 
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55 
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41,55 ~ 
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BUSSMANN KM FUSE 
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3AG3 FUSE 
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Figure 46 - Rectifier X-61680B, Wiring Diagram 

1. WIRES NOT OTHERWISE SPECIFIED SHALL BE 
STRANDED COAS, 

2. "C4" WIRING SHALL BE STRANDED IGAS UNLESS 
OTHERWISE SPECIFIED AND SHALL BE KEPT SEPARATE 
FROM ALL OTHER LEADS. 

3. “DI" WIRING SHALL BE W STRANDED 2OAS 
WIRE UNLESS OTHERWISE SPECIFIED, NOT INCLUDED 
INTHE LOCAL CABLE BUT RUN DIRECTLY FROM 
TERMINAL TO TERMINAL IN THE SHORTEST 
POSSIBLE MANNER AND INDEPENDENT GF ALL 
OTHER LEADS. 

4. “B2" TERMINAL NEAREST PANEL. 

“Bll EDGE OF RESISTANCE MOUNTING NEAREST 
PANEL, 

G A TERMINAL ON(C) RES. SHALL BE SELECTED BY 
THE SHOP TO GIVE A TOTAL NOMINAL RESISTANCE 
EQUAL TO THE RESISTANCE STAMPED ON THE 
THERMISTOR, 

7. STRAPPING SHALL BE MADE WITH W -BK STRANDED 
20AS WIRE EXCEPT WHERE BARE STRAPS ARE 
PERMISSIBLE 

8. THIS LEAD SHALL BE RUN DIRECT WITH ONLY 
SUFFICIENT SLACK TO PERMIT REMOVAL OF TUBE 
CAP FROM TUBE. PROVIDE 2" OF NO.6 |RV-O-LITE 
XTE-130 PLASTIC TUBING OVER TERM. OF RET, COIL AND 
EXTENDING PARTLY ON LEAD. 

g, "PT" DENOTES LEADS FURNISHED AS PART OF APPARATUS 

10. "KI" LEFT TERMINAL ON TERMINAL STRIP. 

Il, ALL WIRING ON THIS DRAWING TC BE CONNECTED BY 
THE SHOP EXCEPT "AT" LEADS WHICH SHALL NOT BE 
CONNECTED TO GROUND UNTIL AFTER THE SHOP TEST, 

12, “S"LEADS SHALL BE FURNISHED WITH |RY-O-LITE CAT. 
NO. 20 BLACK XT6-30 WIRE SLEEVING AS REQUIRED 

13. "B32" TERMINAL AT END OF EXTRACTOR FUSE POST. 

\4. FOR SHop © DENOTES LIVE LEADS AT APPARATUS 
53S TO BE \MSULATED \F NOT CBNNECTED. 

1S. COLORS SHDWN CROSSED BUT AT APPARATUS 
20,59 AND 65 AND IN NOTE 7 WERE USED ON 
FIRST 20 VNITS. 

Fig. 46 
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BOTTOM: SUB PANE bp OP SUB PANE a 

KI 

& 

MAIN. PANEL —— aA 

e) Oo | 

D-/630/6 

(2) 

RES. 

Pr 

D/ SEE NOTE 10 

2 y 
(4) 

D-16230F 
RET. COIL 
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Jor Kk 

He --Gore) 
N doe 
[ CF 

| | © 

elo 
\ 4 

oy) Es 

98 
! 
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D ioe 

oR) 
0-168. 
VARIS OR, 

a 

1. WIRES NOT OTHERWISE SPECIFIED SHALL BE 
ZOAS STRANDED. 

2°"C4" WIRING SHALL BE /6AS STRANDED UNLESS 
OTHERWISE SPECIF/ED AWD SHALL BE KEPT 
SEPARATE FROM ALL OTHER LEADS. 

3 "DI" WIRING SHALL BE WHITE 20A5 STRANDED LHRE 
UNLESS OFHERWISE SPECIF/ED, RUN DIRECTLY 
FROM TERNWINAL TO TERMINAL iM THE SHORTEST 
POSSIBLE MANNER AND INDEPENDENT OF ALL 
OTHER LEADS. 

4 BI EDGE OF RES. MTG NEAREST PANEL. 

5. "82" TERMINAL NEAREST PANEL. 

6. “B3" TERMINAL AT END OF FUSE EXTRACTOR POST 

7. “84° ENB OF PANEL NERREST MTG. SERS. 

8. A TERMINAL ON (€) RES, SWALL GE SELECTED 
BY THE SHOP TO GIVE A TOTAL NOMINAL RES. 
EQUAL TO THE RES, STAMPED OV JHERM/STOR. 

9. STRAPPING SHALL BE MADE WITH W 20A5 
SOLID WIFE, 

10 THIS LEAD SHALL BE RUN DIRECTLY WITH ONLY 
SUFF/CIENT SLACK TO PERMIT REMOVAL OF TUBE 
GAP FRONT TUZE + PROVIDE 2° OF NOG IRV-O-LITE 
XTE-I30 PLASTIO Boe a pee TERM. OF RET.CoIL 
AND EXTENDING PARTLY ON LEAD. ' 

W. "PT" DENOTES LEADS FURNISHED WITH APPARATVS. 

J2, ALL WIRING ON THIS DRAW/NG TO BE 
CONNECTEP BY THE SHOP EXCEPE "AT" LEADS 
WHICH SHOULD NOT BE CONNECTED 70 GROUND 
UNTIL AFTER THE SHOP TEST. 

13, "S" LEADS SHALL BE FURNISHED WITH /RY-0-LITE- 
CAT. M2. 20 BK XTE-30 W/RE SLEEVING AS 
REQUIRED. 

14. "KI" LEFT TERMINAL OW TERMINAL STR/P 

15, “€5" DENOTES SEPARATE CABLE FOR CUTOFF 
RELAY PROVIDED WITH LIST 7. “C5” CABLE 
SHALL BE SECURED TO D-C CABLE, 

16. DES/GNAT/IONS IN EZ ARE FOR WIRING INFOR- 
MATION ONLY AND SHALL NOT BE STAMPED. o 

Fig. 47 
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MAIN PANEL 

LILO EO ——$—$—$—— JOP SUB PANEL FF 

1, WIRES MOT OTHERWISE SPECIFIED Sy, 
2OAS STRANDED, Dae eee . 

2.°C4" WIRING SHALL BE /6AS STRANDED UNLESS OTHERWISE SPECIFIED AWD SHALL BE KEPT 
; z x a 

: 3-— 97 — 
& & 

aI 

4 8 ie 
2 162305 

© D-/420036 p 
RET. COU. BLANK 
o/ 20 TERM. 

K > AT Y) 
SEE NOTE 12 

SEPARATE FROM ALL OTHER LEADS. 

£\27 ~~ yt Wie) 28 
BLANK c I 

3 "DI" WIRING SHALL BE WHITE 2OAS STRANDED bHRE 
UMLESS CRWISE SPECIFIED, RUN BRE CTEY 
FROM TERMINAL TO TERMINAL iW THE SHORTEST 
POSSIBLE MANNER AND IWOEPENDENT OF ALL 

| 7ERM. | 

cake le ae 
BLANK 
TERM, 

OTWER LEADS. 

eae {} 

BLAWK TERM. Le ( 
x} 

se a3 
JIA 24 

10,20 PT 

WSK 30 2 420A 
SEE MOTE 10 

4.8) ELGE OF RES. MTE WEAREST PANEL, 

ain! TS S82" TERMINAL NEAREST PANEL. 

6. “B3" TERMINAL AT END OF FUSE EXTRACTOR POST 

9 ‘84° END CF PANEL NEAREST MTG. SCRS. 

8. A TERMINAL OW (C) RES. SHALL BE SELECTED 
BY THE SHOP TO GIVE A TOTAL WEMINAL RES. 
2QUAL TO TNE RES. STAMPED ON THERM/STOR. 

9. STRAPPING SHALL BE MADE WITH WW Z0AS 
SOLID WIRE, 

10 THIS LEAD SHALL dey Te BB WITH ONLY 
SUFFICIENT HACK TO PERPIF REMOVAL OF TUBE 
CAP FRONT TU SE . PROVIDE 2°OF NO 6 IRV-O-LITE 

Ye 
a#) 

D-162I0F 
RET. COIL 

/ (42), 
D-e2824 
RET. COWL 

(dD) 

D-/630/6 
RES. 

o © P-/72193 XTE-IZOPiaSTi_ TUBING OVER TERM. OF RET.COoIL () TP ON MTG. 
AND EXTENDING PARTLY ON LEAD. > 

b-162002 S10 OF Cove. 
WW. "PT" DENOTES LEADS FURNISHED WITH APPARATUS. COND, 
/2. ALLE WIRING ON THIS DRAWING TO BE 

COWNECTED BY THE SHOP EXCEPE “AT” LEADS 
WHICH SHOULD NOT BE CONNECTED 70 GROUND 

UNTIL ALJER THE SWOP TEST. 

12 "S$" LEADS SHALL BE FURNISHED WITH IRVO-LITE 
CAT, W2. 20 BK XTE-30 WIRE SLEEVING AS 
PEQUIRED 

14. “KI” LEFT TERMINAL OW TERMINAL STRIP 
() 

P-162860 
cone. 

©) 
D-16/556 

cond. (5. CS" DENOTES SEPARATE CABLE FOR CUTOFF 
RELAY PROVIDED WITH LIST 7. "CS" CABLE 
SHALL BE SECURED TO Dec Cagle 

1b DESIGNATIONS IN EF ARE FOR WIRING INfoR- 
MATION ONLY AND SMALL Wer Be Stanaeed “3 W-8K-BR. 
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Fig? 42 
Figure 47 - Rectifier X-61680C, Wiring Diagram a Page 148 
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Figure 48 - Disc-type Rectifier KS-5844, Schematic 
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|. WIRES NOT OTHERWISE SPECIFIED SHALL BE 
BLACK 22AM..AND SHALL BE DI WIRING. 

2. "DI" WIRING SHALL BE RUN DIRECTLY FROM 
TERMINAL TO TERMINAL IN THE SHORTEST 
POSSIBLE MANNER AND INDEPENDENT OF ALL 
OTHER LEADS. 

_"p" DENOTES PAIR. 

4 4 "D3" WIRING SHALL BE 20AM RUN LOOSE AND 
29. DRESSED BACK AGAINST THE MOUNTING 
rah UNIT IN THE MOST CONVENIENT MANNER. 

(8) 5, "U" TOP OR LEFT SIDE OF KEY LOOKING AT 
b 2314 0 TERMINAL SIDE. 

6. "BI" EDGE OF RESISTANCE MOUNTING NEAREST 
PANEL. 

w 

7. "PT" DENOTES LEADS FURNISHED AS PART OF 
APPARATUS . 

8. ON THIS DRAWING THE SMALL DESIGNATION 
NUMBER AT THE BEGINNING OF EACH FEED LINE 
(ADJACENT TO THE COMMON OR "AIR" LINE) 
CORRESPONDS TO THE LARGE DESIGNATION 
NUMBER OF THE PIECE OF APPARATUS TO WHICH 
THE FEED LINE RUNS. FOR EXAMPLE, THE FEED 
LINE NUMBERED 7 STARTING AT APPARATUS 
NUMBERED 10, CONNECTS TOTHE APPARATUS 
NUMBERED 7, AT WHICH POINT THIS FEED 
LINE 15 NUMBERED 10. 

33 (Ad 9. “KV DENOTES TOP oR LEFT TERMINAL ON 
KI STR\P. 

Y-G 

Y-G Oo ON OS OU OF OW ON 2— | 

LAM 

i oP [| Rare 
D-166130 41,33 
RET. COoIL@ 

BIA 

1 {| 

i } 
| 

PT 

25A 4A 526 
@ 
mi) 
¢ 





4 x] 6 | 
c 

S 

PT 

4 Pt 

| 3 ae iS 
5 AA) 47,001 

) (K) ‘a ae RE 229 COND| 234C COND. 5 
9 i r 

i 

PT 
| 17,24 a 

=; | 
Tv va) 

T).18 MEG. 
oo eee See O58-C}-40 

"RES. 

oN (P)ITOOMMFL Yo 
401C COND. 

(M700 MMF 8 
POF 401¢ cond. 19 289, 

us i 
AE) 22000 4 

se ot Ce sess B Leet RES. 

™. 
“™ MOUNTED OW 

10 

(v3) 
65J7 VT. 

CINCH 9829 
V.T.S. 

(H) 10,000“ 
a2 KS-8058-C 

ES. 

i = 
| 

2Y  628|8 

OPPOSITE SIDE 
(v2) 

GHOVT 6SJ7 vV.T. 
CINCH 9829 CINCH 9829 

N;T..S; VTS 
P-2633977 RES. WT6. 

AC) 12,000) 
27 -—_—_—_-——— ola BBLS | 

“RES. | 

P-2635497 RES, Mc. 

\e,37A 

37 

(c) oy 
3 3 30 

D-166130 D-1@6003 D-166003 
RET. CoIL® RET. COIL 21 RET.COIL 2° 

1 I 

(6500 MMF 
402C COND. 

PT 

% 5 

(FREQ, ROD) 

KS- 8680 
POT. 229C COND 

vi 
2 s BS ve v.T. 

yey! 2629 
Pit 

41 

Figure 49 - Automatic Frequency Control, Wiring Diagram 
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- WIRES NOT OTHERWISE SPECIFIED SHALL BE 
BLACK 22AM>: AND SHALL BE Di! WIRING. 

"DI" WIRING SHALL BE RUN DIRECTLY FROM 
TERMINAL TO TERMINAL IN THE SHORTEST 
POSSIBLE MANNER AND INDEPENDENT OF ALL 
OTHER LEADS. 

"P" DENOTES PAIR. 

"D3" WIRING SHALL BE 20AM RUN LOOSE AND 
DRESSED BACK AGAINST THE MOUNTING 
UNIT INTHE MOST CONVENIENT MANNER. 

"J" TOP OR LEFT SIDE OF KEY LOOKING AT 
TERMINAL SIDE. 

“BI EDGE OF RESISTANCE MOUNTING NEAREST 
PANEL. 

"PT" DENOTES LEADS FURNISHED AS PART OF 
APPARATUS. 

ON THIS DRAWING THE SMALL DESIGNATION 
NUMBER AT THE BEGINNING OF EACH FEED LINE 
(ADJACENT TO THE COMMON OR “AIR* LINE) 
CORRESPONDS TO THE LARGE DESIGNATION 
NUMBER OF THE PIECE OF APPARATUS TO WHICH 
THE FEED LINE RUNS. FOR EXAMPLE, THE FEED 
LINE NUMBERED 7 Peder phe AT_APPARATUS 
NUMBERED 10, CONNECTS TO THE APPARATUS 
NUMBERED 7. AT WHICH POINT THIS FEED 
LINE 1S NUMBERED IO. 

“KI DENOTES TOP oR LEFT TERMINAL ON 
sTR\P. 

fig. 49 
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