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WARNING 

DANGEROUS VOLTAGES EXIST IN THIS EQUIPMENT 

Be careful when working on the + 250-volt plate 
and power supply circuits, or on the | 15-volt ac 
and de connections. 

EXTREMELY DANGEROUS VOLTAGES 
EXIST IN THE FOLLOWING UNIT: 

Oscilloscope OS-25/G — 1,800-volt circuits 

DON'T TAKE CHANCES! 



DEPARTMENT OF THE ARMY TECHNICAL MANUAL 

DEPARTMENT OF THE AIR FORCE TECHNICAL ORDER 
T 11-2141 

TO 31W1-2TCC13-1 

C2 

MULTIPLEXER SET AN/TCC-13, MULTIPLEXER GROUP AN/TCA-1, AND 
PULSE FORM RESTORER GROUP AN/TRA-10 

TM 11-2141 

Cuancess No. 2 

TM 11-2141, 14 March 1956, is changed as 

follows: 

Page 44, paragraph 40.1 (C1). In the first 
column of the chart change the nomenclature of 

the first two cables listed from ‘“CG—530E/U”’ 

to “CG—409E/U”. 

Paragraph 40.2 (C 1). 

changes to: 

b. In the first column of the chart lines 2 and 
4 change ‘“CG—530E/U” to read: CG—409E/U. 

c. In the first column of the chart lines 1 and 3 
change ‘CG 530E/U”’ to read: CG—409E/U. 

Page 77, figure 53.1 (C 1). Change “FUSES 4 
AMP” to read: FUSES 2 AMP. 

Page 161, figure 164. Make the following 
changes: 

Change the word “NOTE” to read: NOTES. 
Designate the existing note “‘1”’ and add the 

following: 

2. IN MULTIPLEXER TD-60A/TCC-13, RE- 

SISTOR R170, 10K OHMS HAS BEEN 
ADDED FROM THE + 250-VOLT SOURCE 
TO THE JUNCTION OF R61 AND THE 
CATHODE OF V10A, PIN 3. 

Make the following 

Page 162, paragraph 167. 

Note. (Added) In Multiplexer TD-60A/TCC-13, re- 

sistor R170 has been added to the circuit to increase 

the bias on the tube. The increased bias reduces the 

amplification of the negative pulses and thereby reduces 

the noise coupled to the following stage. 

Page 218, figure 224. Make the following 
changes: 

Change the value of “C4” to read “8UF” and 
the value of ““R9”’ to read “470K”. 

Delete the connection from pin 2 of V6 to the 
junction of C4 and R9. Connect the junction of 
C4 and R9 to ground. 

DEPARTMENTS OF THE ARMY AND 

THE AIR FORCE 

Wasuincton 25, D. C., 9 November 1956 

Delete Note 3 (C 1) and substitute. 

3. IN OSCILLOSCOPE OS-254/G . RESISTOR 
R17 IS 200K OHMS AND FUSES Fil AND 

F2 ARE 2 AMPS. 

Page 219, figure 227 (C1). Delete notes 2 and 
3. Correct the figure as follows: 

Change the value of “C4” to read “8UF” and 
the value of ‘““R9” to read “470K’’. 

Delete ‘TO +22V D-C RECTIFIER V6” and 
arrowhead, connect this line to ground. 
Add the following note: 

2. IN OSCILLOSCOPE OS-25A/G THE VALUE 
OF RESISTOR R17 IS 200K. 

Page 227, figure 238. 

changes: 

Change the = “NOTE” to read “NOTES”. 
Designate the existing note as “‘1’’ and add the 

following: 

2. IN OSCILLOSCOPE OS-—25A/G RESISTOR R123 

IS 470K OHMS. 

Page 248, figure 253. 
to figure 253: 

5. IN MULTIPLEXER TD-60A/TCC-13, THE 

VOLTAGE READING FOR PIN 3, V10 IS 
APPROXIMATELY 5 VOLTS. 

Page 265, par. 309. Add the following to the 

Make the following 

Add the following note 

chart. 

Fig. No. Description 

371.1 | Telephone Modem MD-179/TC, schematic 

diagram, showing waveforms. 

Figure 389. Add the following note: 

5. IN MULTIPLEXER TD-60A/TCC-13, RE- 
SISTOR R170, HAS BEEN ADDED BE- 
TWEEN E21, STATIONS AND PIN 3 STA- 
TION 11. 

[AG 413.44 (6 Nov. 56)] 
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x SYNC OUTPUT 
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D PULSE TRAIN 

SE TRAIN OUTPUT 

5US/CM 
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PART OF 
siB 

MULTIPLEXER FILTER 

NOTES; 

1,UNLESS OTHERWISE SHOWN 
RESISTORS ARE iN OHMS AND ONE HALF WATT. 
CAPACITORS ARE IN UF, 

2.SWITCH Si SHOWN IN 23-CHANNEL POSITION AND VIEWED 
FROM END OPPOSITE CONTROL KNOB. 

FUNCTION INTERCONNECTED POSITIONS 

SECTION A SECTION B 

23 CHANNELS [| [-2, 4-5, 9-10, 15-16 |] [-18, 6-7, 1O-II, 15-16 

45 CHN MASTER| 2-3, 4-5-6, 9-10, 1-18, 7-8, 11-12, 15-16 
12-13, 16-17 

45 CHN SLAVE | 3-4, 6-7, 10-12 1-3, 8-9, 12-13, 16-18 

3. V NUMBERS LOCATED BELOW WAVE SHAPES INDICATE POINTS AT 

WHICH WAVE SHAPES ARE TAKEN. FOR EXAMPLE VI3, P-§5 INDICATES 

THAT THE WAVE SHAPE WAS TAKEN AT PIN 5 OF TUBE VI3. 

MASTER 
OUTPUT 
TO RF 

——— — — -———— — — —— ----- 4 

RB! 
270 

TM2141-C2-1 
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NOTES: 

I,.UNLESS OTHERWISE SHOWN 
RESISTORS ARE IN OHMS AND ONE HALF WATT. 

CAPACITORS ARE IN UF. 

2. SWITCH S| SHOWN IN 23-CHANNEL POSITION AND VIEWED 

FROM END OPPOSITE CONTROL KNOB, 

INTERCONNECTED POSITIONS 
FUNCTION 

SECTION A SECTION B 

23 CHANNELS | I- 2, 4-5, 9-10, 15-16 | 1-18, 6-7, lO-II, 15-16 

45 CHN MASTER| 2-3, 4-5-6, 9-10, 1-18, 7-8, I-12, 15-16 
12-13, 16-17 

45CHN SLAVE | 3-4, 6-7, 10-12 1-3, 8-9, 12-13, 16-18 

3.V NUMBERS LOCATED BELOW WAVE SHAPES INDICATE POINTS AT WHICH 

WAVE SHAPES ARE TAKEN. FOR EXAMPLE V25,P-8 INDICATES THAT 

THE WAVE SHAPE WAS TAKEN AT PIN 8 OF TUBE V25. 

TBIA-12 
+75V D-C 

TRACI +75V 0-¢ 
DOV P-P v26,PI§ 

TM 2141-—C2-2 
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Figure 371.1. (Added) Telephone Modem MD-179/TC, schematic diagram with waveforms. 
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POSITION 

NOTES: 

|. UNLESS OTHERWISE SHOWN RESISTORS ARE IN 

OHMS AND ONE HALF WATT,CAPACITORS ARE 
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2.ALL SWITCHES ARE VIEWED FROM THE END 

OPPOSITE THE CONTROL KNOB. SECTIONS DESIG- 
NATED | ARE NEAREST THE KNOB END. 

3.IN OSCILLOSCOPE 0S25A/G, V25 AND V26 
ARE TUBE TYPES 6AU6WA, V6 AND V7 ARE 
5R4WGA. THE VALUE OF RESISTOR RIT IS 
200K OHMS AND THE VALUE OF RESISTOR 
RI23 IS 470K OHMS. FUSE FI AND F2 ARE 
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4.IN OSCILLOSCOPE OS-25A/G, RESISTORS R32 
AND R37 HAVE BEEN OMITTED, AND THE 
VALUE OF R36 HAS BEEN CHANGED TO 9 
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5.IN OSCILLOSCOPE OS-25A/G, A GRATICULE 
ILLUMINATING CIRCUIT HAS BEEN ADDED AS 
SHOWN BELOW. 

TERMINAL 14 

RISI 
1.5 MEG 

RI9O 
1.5MEG 

RI89 
1.5MEG 

RI87 6. V NUMBERS LOCATED BELOW WAVE SHAPES 
2.5MEG INDICATE POINTS AT WHIGH WAVE SHAPES 

ARE TAKEN. FOR EXAMPLE V29A, P-5 
INDICATES THAT THE WAVE SHAPE WAS 

ere TAKEN AT PINS OF TUBE V29A. 
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Figure 880. (Superseded) Oscilloscope, schematic diagram. 
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CHAPTER 1 

INTRODUCTION 

Section I. 

1. Scope 

a. This manual contains instructions for the 

installation, operation, maintenance, and repair 

of Multiplexer Set AN/TCC-18 (fig. 1), Multi- 

plexer Group AN/TCA-1 (fig. 2), and Pulse 

Form Restorer Group AN/TRA-10 (fig. 3). A 

list of components is given in the appendix. 

b. Multiplexer Set AN/TCC-138, Multiplexer 

Group AN/TCA-~1, and Pulse Form Restorer 

Group AN/TRA-10 are used as terminals, 

drop-and-insert terminals, and pulse form re- 

storers, respectively, in a 23- or 45-channel 

microwave radio-relay system. 

c. Forward comments on this publication 

directly to: Commanding Officer, The Signal 

Corps Publications Agency, Fort Monmouth, 

New Jersey. 

2. Forms and Records 

a. Unsatisfactory Equipment Reports. 

(1) DA Form 468, Unsatisfactory Equip- 

ment Report, will be filled out. and 

forwarded to the Office of the Chief 

Signal Officer, as prescribed in SR 

1OQL45=5: 

(2) DD Form 535, Unsatisfactory Report, 

will be filled out and forwarded to 

GENERAL 

Commanding General, Air Material 

Command, Wright-Patterson Air 

Force Base, Dayton, Ohio, as_ pre- 

scribed in SR 700-45-5 and AF TO 

00-85D-54. 

b. Damaged or Improper Shipment. DD 

Form 6, Report of Damaged or Improper Ship- 

ment will be filled out and forwarded as pre- 

scribed in SR 74—45-5 (Army) ; Navy Shipping 

Guide, Article 1850-4 (Navy); and AFR 71-4 

(Air Force). 

c. Preventive Maintenance Forms. 

(1) DA Form 11-238, (fig. 60) Operator 

First Echelon Maintenance Check List 

for Signal Corps Equipment (Radio 

Communication, Direction Finding, 

Carrier, Radar) will be prepared in 

accordance with the instructions on 

the back of the form. 

(2) DA Form 11-239, (fig. 61) Second 

and Third Echelon Maintenance Check 

List for Signal Corps Equipment 

(Radio Communication, Direction 

Finding, Carrier, Radar), will be pre- 
pared in accordance with instructions 

on the back of the form. 

Section II. DESCRIPTION AND DATA 

3. Purpose and Use | 

a. Multiplexer Set AN/TCC-13 (fig. 1). 

(1) Multiplexer Set AN/TCC-18 is used 

as a terminal in a multichannel micro- 

wave radio-relay communication net- 

work. Multiplexer Sets AN/TCC-13 

are used in pairs, one at each end of — 

the system. 

-(2) Multiplexer Set AN/TCC-13 combines 
23 independent voice-frequency (vf) 

channels into a common video signal 

for transmission over a single radio- 

1 



frequency (rf) carrier. Conversely, it 

separates an incoming common video 

signal into 23 individual vf channels. 
Thus, two Multiplexer Sets AN/TCC— 

13 (one at each terminal) provide 

two-way communications for up to 23 

telephone channels; four (two at each 

terminal) can be used for 45 simul- 

taneous telephone channels. Multi- 

as 

TEST EQUIPMENT RACK 
FOR AN/TCG-13 

SWITCH - 

BOX 

(3) 

plexer Set AN/TCC-13 can be used 

only with a manual switchboard, and 

can be operated on either a 2-wire or 

4-wire basis for each of the 23 stand- 
ard telephone channels. 
Multiplexer Set AN/TCC-13 has the 

following features: 

(a) Complete vf facilities are pro- 

vided on each of the 23 channels 

vo LTAGE 
REGULATOR 

Figure 1. Multiplexer Set AN/TCC-18, in operation. 



(6) 

(c) 

(voice, telemetering, facsimile, or 

vf telegraph). 

Order-wire operation on channel 

1 enables the operator to com- 

municate with other operators for 

testing, alignment, and mainte- 

nance. 

Very-high-frequency (vhf) re- 

mote keying facilities are pro- 
vided on channels 1 and 2. This 
extends the range of vhf mobile 

units over the full length of the 

radio-relay network of which the 

multiplexer group is a part (par. 

195b) 

Note. The remote keying facili- 

ties on each channel is provided 
only on a party-line basis. This 

party-line operation furnishes the 

audio signal on a two-wire con- 

TEST EQUIPMENT RACK 
FOR AN/TCA-I 

SWITCH 
BOX 

MULTIPLEXER RACK 
FOR AN/TCA-I 

(4) 

(d) 

(e) 

(f) 

(g) 

nection. A hybrid coil arrange- 

ment is required in the vhf 

equipment to keep the receiver 

and transmitter signals separated. 

Each channel is monitored by the 

local telephone. 

Ringing circuits on each channel 

permit the transmission of a 20- 

cycle-per-second (cps) signal to 

call the operator at the other site. 

An alarm circuit indicates failure 

of the incoming pulse train. 

Test equipment necessary for 

testing, alignment, and mainte- 

nance is provided. 

The use of the Multiplexer Set AN/ 

TCC-13 as a terminal in a microwave 

radio-relay system is shown: in figure 

4. Two terminals are shown: the east 

terminal and the west terminal. One 

VOLTAGE 
REGULATOR 

Figure 2. Multiplexer Group AN/TCA-1, in operation. 



Radio Set AN/TRC-29 is normally 

used at each terminal. 

b. Multiplexer Group AN/TCA-1 (fig. 2) 

(1) Multiplexer Group AN/TCA-1 is de- 

signed primarily for use as a drop- 

and-insert terminal at a radio-relay 

link in a multichannel microwave 

radio-relay communication network. 

It can provide eight independent vi 

communication channels at a repeater 

station. Its use is limited to a system 

EQUIPMENT RACK 

FOR AN/TRA—IO 

(2) 

using Multiplexer Sets AN/TCC-13 as 

terminals. 

Multiplexer Group AN/TCA-1 is 

also used to restore the 23- or 45- 

channel video pulse train (from the 

radio receiver) into a standard wave 

shape (before it is fed into the trans- 

mitter). The use of Multiplexer Group 

AN/TCA-1 as part of a microwave 

radio-relay communication link is 

shown in figure 5. Multiplexer Group 

Figure 3. Pulse Form Restorer Group AN/TRA-10, in operation. 



(3) 

AN/TCA-1 is usually placed between 

two Radio Sets AN/TRC-29 at a 

drop-and-insert repeater station. 

Multiplexer Group AN/TCA-1 has 

the following features: 

(a) Eight vf communication channels 

can be used for vf telemetering, 

facsimile, or vf telegraph. Each 

of the eight channels can be 

dropped for local use or passed 
on a through basis. 

All 23 or 45. receive channels are 

reshaped. 

(c) Channels 1 (the order-wire chan- 

nel) and 2 can be used for either 

private- or party-line operation ; 

channels 3 through 8 can be used 

only for private-line operation. 

Each channel can be terminated 

into a two-wire or four-wire line. 

Channels 1 and/or 2 can be used 

for order-wire operation and/or 

normal communications. Order- 

wire operation enables the opera- 

tors of the communication link to 

communicate with each other for 

maintenance, alignment, and test- 

ing. 

(e) Channels 1 and/or 2 can be used 

for remote keying between vhf 

mobile equipments to extend the 

range of the vhf units over the 

full length of the radio-relay 

communication system of which 

the multiplexer group is a part 

(par. 195b). 

Note. The remote keying facili- 

ties on each channel furnish the 

audio signal on a two-wire line 

(party-line) so that a hybrid is 

required in the vhf equipment to 

keep the receiver and transmitter 

signals separate. 

(f) Ringing circuits permit the trans- 

mission of a 20-cps signal to call 

. the operator at the other end of 

the channel. 

(g) An alarm circuit is included to 

indicate the failure of inputs, out- 

puts, and high noise levels. The 

alarm circuit also disables local 

(b) 

(d 
— 

ringing on the channels and 
thereby eliminates false ringing. 

Note. Should the equipment be- 

come disabled, the alarm circuit 

will automatically bypass the 

multiplexer group and cause no 

interruption of terminal-to-termi- 

nal traffic. If this happens, drop- 

and-insert facilities are not 

available at the drop-and-insert 

repeater. 

(h) Test equipment necessary for the 

complete alignment testing, and 

maintenance of Multiplexer 

Group AN/TCA-1 is provided. 

c. Pulse Form Restorer Group AN/TRA-10 

(1) 

(2) 

(3) 

(fig. 3) 
The primary purpose of the Pulse 

Form Restorer Group AN/TRA-10 is 

to reshape the 23- or 45-channel pulse 

train received from the radio receiver 

into a standard wave shape before it 

is fed to the transmitter at a repeater 

station in a microwave radio-relay 

system. The use of Pulse Form Re- 

storer Group AN/TRA-10 solely for | 

wave-form restoration is not neces- 

sary at every hop in the relay system. 

It is necessary to insert Pulse Form 

Restorer Group AN/TRA-10 at a 

repeater solely for restoration of the 

pulse train wave shapes every several 

hops. A secondary purpose of the 

equipment is to provide communica- 

tions at the repeater station by two 

drop-and-insert channels. 

The use of Pulse Form Restorer 

Group AN/TRA-10 as part of a com- 

munication system is illustrated in 

figure 5. Two Radio Sets AN/TRC-29 
are used: one coupled to the eastgoing, 

and one coupled to the westgoing 

sections of the Pulse Form Restorer 

Group AN/TRA-10. A repeater in 
which Pulse Form Restorer Group 

AN/TRA-10 is used is called a pulse- 

forming yepeater station. 

Pulse Form Restorer Group AN/- 

TRA-—10 has the following features : 
(a) All 28 or 45 receive channels are 

reshaped. 



(b) Each of the two drop-and-insert 

channels (channels 1 and 2) pro- 

vides complete voice-channel facil- 

ities. Each channel can be used for 

the transmission and reception of 

such signals as voice, signaling, 

telemetering, facsimile, and vf 

telegraph. 

(c) Channels 1 and/or 2 can be 

dropped for local use or passed 

on a through basis. When dropped 

for local use, they can be used 

for party-line or private-line 

operation. The local connection 

can be either two-wire or four- 

wire. 

(d) The two channels can be used for 

remote keying between very-high- 

frequency mobile equipments to 

extend the range of mobile com- 

munications over the entire 

length of the radio-relay com- 

munication system of which the 

restorer is a part. The remote 

keying facility on each channel 

is provided only on a party-line 

basis. The party-line operation 

furnishes the audio signal on a 

two-wire connection to the vht 

equipment which is operated on 

a push-to-talk basis (a(8) (ce) 

above). 

(e) Personnel at a drop-and-insert 

repeater (restorer location) can 

utilize a field telephone, such as 

Telephone EE-—8—-B, on the chan- 

nel 1 PARTY LINE binding posts 

to provide order-wire facilities in 

conjunction with the multiplexer 

sets, multiplexer groups, and 

other pulse form restorer groups. 

(f) Ringing circuits in each channel 

permit transmission of a 20-cps 

ringing signal for calling the 

operator at the other end of the 

channel. 

(g) An alarm circuit is included to 

indicate failure of inputs and out- 

puts, and to indicate high noise 
levels. The alarm circuit also dis- 

ables local ringing to eliminate 

false ringing on the channels. 

Should the equipment become dis- 
abled for any of the reasons men- 

tioned, the restorer group will be 

bypassed and cause no interrup- 

tion in terminal-to-terminal traf- 

fic. However, there will be no 

drop-and-insert facilities at the 

repeater. 

(h) An oscilloscope is provided for 

maintenance, testing, and align- 

ment. 

4. System Applications 
(fig. 4 and 5) 

a. General. The applications of Multiplexer 

Set AN/TCC-18, Multiplexer Group AN/TCA-— 

1, and Pulse Form Restorer Group AN/TRA-— 

10 are described in a through c¢ below. The 

equipments are part of a transportable multi- 

channel radio communication system. Multi- 

plexer Set AN/TCC-13 converts up to 23 

channels of audio information into a single 

pulse position modulated-time division multi- 

plexed (ppm-tdm) pulse train. The train is 

then fed to a radio-frequency link which trans- 

mits the signal to the desired terminal, often 

by a series of repeaters. At the distant terminal 

the pulse train is fed to another Multiplexer 

Set AN/TCC-13 which demultiplexes and de- 
modulates the pulse train into the original 

number of audio information channels. One or 

more channels may be dropped from the trans- 

mitted pulse train by drop-channel equipment 

at the various repeaters. 

(1) Multiplexer Set AN TCC-138. Multi- 

plexer Set AN/TCC-18, in conjunc- 

tion with two Radio Sets AN/TRC— 
29 (one used as a spare) and auxiliary 

components, comprises Radio Tele- 

phone Terminal Set AN/TRA-38. 
Each Radio Telephone Terminal Set 

AN/TRC-38 is a terminal station in a 

radio-relay system. Two Radio Tele- 

phone Terminal Sets AN/TRC-38 
(with repeater stations as required) 

comprise a_ time-division multiplex 

radio-relay system. 

(2) Pulse Form Restorer Group AN/- 

TRA-10. Pulse Form Restorer Group 

AN/TRA-10, inserted between two 

Radio Sets AN/TRC-29 at a drop- 



channel repeater station, can be used 

to extract one or both of the first 

two audio channels included in the 

time-division multiplexed (tdm) pulse 

train, and to insert locally generated 

pulses back into the pulse train. In 

this way, it is possible to provide 

branching use of two telephone chan- 

nels at the repeater station. Two 

channels are inserted or dropped from 

each of the two pulse trains, providing 

a maximum of four one-way channels, 

two for each direction of transmission. 

A two-channel, drop-and-insert re- 

peater station consisting of three 

Radio Sets AN/TRC-29 (one spare), 

one Pulse Form Restorer Group AN /- 

TRA-10 and auxiliary components 

comprises Radio Repeater Set AN/- 
TRC—40. 

(3) Multiplexer Group AN /TCA-1. Multi- 
plexer Group AN/TCA-1, inserted 

between two Radio Sets AN/TRC-29 

Radio Telephone 

Terminal 

AN/TRC-38 

38 Radio Sets 

AN/TRC-29. 

2 Radio Sets 

AN/TRC-29. 

1 Multiplexer Set 

AN/TCC-13. 

1 Tower AB-216/U. 

(4) 

Radio Repeater Radio Repeater 

SET AN/TRC-39 Set AN/TRC—40 

3 Radio Sets 

AN/TRC-29. 

at a drop-channel repeater station, 

can be used to extract the first eight 

audio channels of the tdm pulse train 

and to insert these audio channels 

back into the tdm signal. It is possible, 

therefore, to provide branching use of 

up to eight telephone channels at the 

repeater station. Eight channels are 

inserted or dropped from each of the 

two pulse trains; therefore, the multi- 

plexer group can provide 16 channels 

(eight for each direction of transmis- 

sion). An eight-channel, drop-and- 

insert repeater station consisting of 

three Radio Sets AN/TRC-29 (one 

spare) and one Multiplexer Group 

AN/TCA-1 comprises Radio Repeater 

Set AN/TRC-41. 

System equipments. The chart below 

lists the equipment and components 

used in a ppm-tdm microwave radio- 

relay system employing the equipment 

described in this manual. 

Radio Repeater 

Set AN/TRC-—41 

3 Radio Sets 

AN/TRC-29. 

1 Pulse Form Restorer} 1 Multiplexer Group 

Group AN/TRA~10. AN/TCA-1. 
2 groups of special pro- 

curement components. | 1 Tower AB-216/U 

Field Wire WD-1/TT. 

1 Tower AB-216/U. 1 Tower AB-216/U. 

2 groups of special pro-| 1 Group of special pro- 

curements components. curement components. 

Field Wire WD-1/TT. Field Wire WD-1/TT. 

1 Group of special pro- 

curement components. 

Field Wire WD-1/TT, 

b. Single Hop, Terminal to Terminal. 

(1) Figure 4 is a block diagram of a 23- 

channel ppm-tdm system using two 

Radio Telephone Terminals Sets AN/- 

TRC-88. This system provides multi- 

channel telephone trunk service 

between the two terminals. For con- 

venience the radio telephone terminal 

sets are called east terminal and west 

terminal throughout the manual. 

(2) At the west terminal, incoming vf 

telephone signals from a manual 

switchboard (which may be located 

some distance away from the multi- 

plexer set) are fed into the modulator 

and multiplexer circuits of Multi- 

plexer Set AN/TCC-138. In the modu- 

lator and multiplexer, the vf signals 

are converted into a series of ppm- 

tdm pulses. These pulses are fed to 

Radio Set AN/TRC-29 to frequency 

modulate the transmitter. The modu- 

lated microwave carrier is then fed 

through a duplexer to an antenna and 

transmitted to the east terminal. With 

the duplexer, one antenna can be used 

for both transmitter and receiver. 



(3) At the east terminal the antenna picks 

up the signal and feeds it through a 

duplexer to the radio receiver. The 

output of the receiver is a pulse train 

consisting of a series of ppm-tdm 

pulses. The pulse train is fed to the 

demultiplexer and demodulator sec- 

tion of Multiplexer Set AN/TCC-13. 

Here the channel pulses are separated 

and demodulated and the proper vf 

channels are distributed to the tele- 

phone lines and to the manual switch- 

board. Communications from west to 

east take a similar path. Duplicate 

facilities are made available to each 

station: one for east to west trattic 

and one for west to east traffic. Each 

of the incoming or outgoing vf chan- 

nels can be connected on a two-wire 

or four-wire basis. 

c. Multiple-hop Radio-relay System. A block 
diagram of a microwave radio-relay system 
utilizing Multiplexer Set AN/TCC-13, Multi- 

plexer Group AN/TCA-1, and Pulse Form 

Restorer Group AN /TRA-~10 is shown in figure 

5. Note that Multiplexer Set AN/TCC-18 is 

used only at terminal stations. At through re- 
peaters (AN/TRC-89), where no multiplexing 

or demultiplexing equipment is used, the video 

output of the radio receiver is fed directly into 

the input of the radio transmitter. To drop 

channels, to an audio basis, or to insert them 

at a repeater station (called a drop-channel 

RADIO TELEPHONE 

TERMINAL SET AN/TRC-38 

MULTIPLEXER 
SET AN/TCC-I3 

RADIO SET 
AN/TRC-29 

V-F 
INCOMING 
CHANNELS 
(UP TO 23) 

WEST TERMINAL 

repeater), Pulse Form Restorer Group AN/- 

TRA-10 or Multiplexer Group AN/TCA-1 is 

used. If the prime function of the repeater is 

to restore the video signal to the required level, 

“Pulse Form Restorer Group AN/TRA-10 is 
used. If the repeater is one in which the prime 

function is to drop branching audio channels, 

Multiplexer Group AN/TCA-1 is used. Pulse 
Form Restorer Group AN/TRA-—10 provides 

facilities for two drop-and-insert channels, and 

Multiplexer Group AN/TCA-1 provides facili- 

ties for eight drop-and-insert channels. 

Note. Use of the equipment is not limited to 

that shown in figure 5. 

5. Technical Characteristics 

The following characteristics apply to the 

Multiplexer Set AN/TCC-13, Multiplexer 

Group AN/TCA-1, and Pulse Form Restorer 

Group AN/TRA-10 unless otherwise noted. 

a. General. . 

Type of modulation ..... Pulse position. 

Type of multiplexing .... Time division. 

Number of channels .... AN/TCC-13: 23; 

AN/TCA-1: 8; 

AN/TRA-10; 2. 

b. Audio Channel. 

Input level for full modulation 

(private operation) ... 0 dbm, 2-wire; 

—4 dbm, 4-wire. 

Output level for full modulation 

(private operation) ... —3 dbm, 2-wire; 

0 dbm, 4-wire. 

Permima tions vaste «ts 600 ohms, 2-wire or 

4-wire. 

RADIO TELEPHONE 
TERMINAL SET AN/TRC-38 

DEMODULATOR 
AND 

DEMULTIPLEXER 

MODULATOR 
TRANSMITTER , AND 

MULTIPLEXER 

EAST TERMINAL 

RADIO SET 
AN/TRC-29 

MULTIPLEXER 
SET AN/TCC-13 

V-F 
. OUTGOING 
CHANNELS 
(UP TO 23) 

DUPLEXER 

V-F 
INCOMING 
CHANNELS 
(UP TO 23) 

TM2682-102 

Figure 4. Single-hop, ppm-tdm radio-relay system, block diagram. 
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AN/TRC—40 

PULSE FORM 

ADIO SET RESTORER GROUP RADIO SET 

AN/TRA-10 AN/TRC—29 

PULSE FORM 

RESTORER 
(ONE EASTGOING 
ONE WESTGOING) 

MULT 
AND 
MOD 

RECEIVER 
EST-EAST) 

TRANSMITTER 

(WEST-EAST) 

phe DUPLEXER 

DEMULT 
RECEIVER 

(EAST-WEST) 

RANSMITTER 

AST-WEST) 

CHAN! CHAN 2 

DROP AND INSERT REPEATER 

(2 CHANNELS) 

TM2141-—400 



(3) At the east terminal the antenna picks 

up the signal and feeds it through a 

duplexer to the radio receiver. The 

output of the receiver is a pulse train 

consisting of a series of ppm-tdm 

pulses. The pulse train is fed to the 

demultiplexer and demodulator sec- 

tion of Multiplexer Set AN/TCC-13. 
Here the channel pulses are separated 

and demodulated and the proper vf 

channels are distributed to the tele- 

phone lines and to the manual switch- 

board. Communications from west to 

east take a similar path. Duplicate 

facilities are made available to each 

station: one for east to west trafiic 

and one for west to east traffic. Each 

of the incoming or outgoing vf chan- 

nels can be connected on a two-wire 

or four-wire basis. 

c. Multiple-hop Radto-relay System. A block 

diagram of a microwave radio-relay system 

utilizing Multiplexer Set AN/TCC-13, Multi- 

plexer Group AN/TCA-1, and Pulse Form 

Restorer Group AN /TRA-—10 is shown in figure 
5. Note that Multiplexer Set AN/TCC-13 is 

used only at terminal stations. At through re- 
peaters (AN/TRC-39), where no multiplexing 

or demultiplexing equipment is used, the video 

output of the radio receiver is fed directly into 

the input of the radio transmitter. To drop 

channels, to an audio basis, or to insert them 

at a repeater station (called a drop-channel 

RADIO TELEPHONE 
TERMINAL SET AN/TRC-38 

MULTIPLEXER 
SET AN/TCC-I3 

RADIO SET 
AN/TRC-29 

MODULATOR 
AND TRANSMITTER 

MULTIPLEXER 

DEMODULATOR F 
AND RECEIVER 

DEMULTIPLEXER 

WEST TERMINAL 

DUPLEXER 

V-F 
INCOMING 
CHANNELS 
(UP TO 23) 

(UP TO 23) 

repeater), Pulse Form Restorer Group AN/- 

TRA-10 or Multiplexer Group AN/TCA-1 is 

used. If the prime function of the repeater is. 
to restore the video signal to the required level, 

Pulse Form Restorer Group AN/TRA-10 is 
used. If the repeater is one in which the prime 

function is to drop branching audio channels, © 
Multiplexer Group AN/TCA-1 is used. Pulse 
Form Restorer Group AN/TRA-—10 provides 

facilities for two drop-and-insert channels, and 

Multiplexer Group AN/TCA-~1 provides facili- 

ties for eight drop-and-insert channels. 

Note. Use of the equipment is not limited to 

that shown in figure 5. 

5. Technical Characteristics 

The following characteristics apply to the 

Multiplexer Set AN/TCC-18, Multiplexer 

Group AN/TCA-1, and Pulse Form Restorer 

Group AN/TRA-10 unless otherwise noted. 

a. General. 

Type of modulation ..... 

Type of multiplexing .... 

Number of channels .... 

Pulse position. 

Time division. 

AN/TCC-13: 23; 
AN/TCA-1: 8; 

AN/TRA-10; 2. 

b. Audio Channel. 

Input level for full modulation 

(private operation) ... 0 dbm, 2-wire; 

—4 dbm, 4-wire. 

Output level for full modulation 

(private operation) ... —3 dbm, 2-wire; 

0 dbm, 4-wire. 

MeRMination ste ce senies ans 600 ohms, 2-wire or 

4-wire. 

RADIO TELEPHONE 

TERMINAL SET AN/TRC-38 

RADIO SET 
AN/TRC-29 

MULTIPLEXER 
SET AN/TCC-I3 

DEMODULATOR 
AND 

DEMULTIPLEXER 

MODULATOR 
TRANSMITTER , AND 

foe 

EAST TERMINAL 

V-F 
. OUTGOING 
CHANNELS 
(UP TO 23) 

V-F 
INCOMING 
CHANNELS 
(UP TO 23) 

TM2682-102 

Figure 4. Single-hop, ppm-tdm radio-relay system, block diagram. 
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MODULATOR 

AND 
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(MANUAL) 
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CHANNELS DUPLEXER 

DEMODULATOR 
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WEST TERMINAL 

(23 CHANNELS) 

RADIO REPEATER SET 

AN/TRC-—41 

RADIO SET 

AN/TRC-29 
MULTIPLEXER GROUP 

AN/TCA—1 

RADIO SET 
AN/TRC-29 

PULSE FORM 

RECEIVER RESTORER 

(WEST-EAST) (ONE EASTGOING 

ONE WESTGOING) 

TRANSMITTER 

(WEST-EAST) 

DUPLEXER ie ae | DUPLEXER 

TRANSMITTER 

(EAST-WEST) 

RECEIVER 

(EAST-WEST) 

8 V—-F CHANNELS 

(TO MANUAL SWITCHBOARD) 

OROP AND INSERT REPEATER 

(8 CHANNELS) 

DUPLEXER En 

RADIO REPEATER SET 

AN/TRC—39 

RADIO SET 

AN/TRC—29 

RADIO SET 

AN/TRC—29 

RECEIVER 

(WEST-EAST) 
TRANSMITTER 
(WEST-EAST) 

DUPLEXER Ba 
TRANSMITTER 

(EAST-WEST) 
RECEIVER 

(EAST-WEST) 

THROUGH REPEATER 

RADIO TELEPHONE TERMINAL 

AN/TRC—38 

RADIO SET MULTIPLEXER SET 

AN/TRC-29 AN/TCC—I3 

DEMULTIPLEXER 

AND 

DEMODULATOR 

RECEIVER 

TELEPHONE 

SWITCHBOARD 

(MANUAL) 

23V-F 
OUPLEXER CHANNELS 

MULTIPLEXER 

AND 

MODULATOR 

TRANSMITTER 

EAST TERMINAL 

(23 CHANNELS) 

Figure 5. Multiple-hop, tdm radio-relay system, block diagram. 
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PIS M se ticle ere. sn lshae <> 20 cps. 

Modulating bandwidth... 300 cps to 3,500 cps. 

Signal-to-noise ratio 60 db minimum 

(F1A) {23 or 45 channel). 

Signal to cross-talk ratio 55 db minimum 

_ (one loop). 

DISCOLHON ARR scree cece 4 per cent maximum. 

c. Video Characteristics. 
Pulse deviation ......... +% microsecond at 100 

per cent modulation. 

Paolse ratetanener pita). tk 192 ke. 

Pulses width was sterit- cleus 2 0.6 microsecond. 

Pulse rise time ......... 0.3 microsecond. 

Impedanceins 5. 2: wifes 50 ohms. 

FATNDLIGUGCC mattis alate oss wisest: AN/TCC-13: .5 volts; 

AN/TRA-1 and 

AN/TRA-10: .22 to 

.66 volt (28 channel) ; 

.45 to .9 volt 

(45 channel). 

IB anvCwaG Cie oe) tay sea eco ewes 1 me. 

d. Party-line Operation (2-wire only, 600 

Ohms). 
Tnputllevel: |e. e.e8e yoo. 0 dbm 

Output level (terminal 

CO LETININAL Mates uicnee Sask c —3 dbm 

Output level (terminal 

TOsEEDCALCE,) Ua askele ce oo. 7 dbm 

Output level (repeater 

to repeater) .......... —10 dbm. 

e. Oscilloscope OS-25/G. 

Bangwidth acai. os ere Oa Ice 

Vertical sensitivity ...... 2.5 volts per cm max 

with 10 to 1 probe; 

.25 to .3 volts per cm 

max without probe. 

c. Packaging Data Chart. 

(1) Multiplexer Set AN/TCA-138. 

Crate No. 

(2) Multiplexer Group AN/TCA-1. 

SRIINER DASE Shares Meerebines. » -) to 5,000 microsecond 

per cm. 

Presentation .eseee c's oe Dail eres 

f. Audio Test Set TS-762/TC. 

Note. Not supplied as part of Pulse Form Re- 

storer Group AN/TRA-10. 

Test frequency ......... 1,000 eps. 

ALES talevelmeey omni ake wire ve —35 .to +10 dbm. 

Level measurements . —70 to +10 dbm. 

AUGIO*MILERE: hoc, cscr ers inn ah F1A for noise weight- 

ing; 1,000-cps rejec- 

tion for distortion. 

g. Power. 

Supply voltage ......... 115 +10% or 230 v 

+10%, 47.5 to 68 eps. 
Power consumption ..... AN/TCC-13; 1.1 kw; 

AN/TCA-1: 1.1 kw; 

AN/TRA—10: 785 W. 

6. Packaging Data 

a. Export Shipment. When packaged for 

shipment, the components of the multiplexer 

set, the multiplexer group, and the pulse form 

restorer group are placed in moisture-vapor- 

proof containers. Figures 26 and 27 are cut- 

away views of typical crates packed for export 

shipment. 

b. Crating. The equipment covered in this 

manual is never used alone, but it is always 

shipped as part of the microwave radio-relay 

system described in paragraph 4. The chart 

below describes the crates that. contain the 

equipment. 

Weight 

Multiplexer rack 

Test rack 

Voltage regulator 

Accessories case 1 

Accessories case 2 

Cable and reel 

Contents 

Multiplexer rack 

' Test rack 

Voltage regulator 

Accessories case 1 

Accessories case 2 

Cable and reel 



(3) Pulse Form Restorer Group AN/ TRA-10. 

Crate No. 

7. Common Names and Nomenclature 

A list of the nomenclature assignments for 

the components of Multiplexer Set AN/TCC— 

13, Multiplexer Group AN/TCA-1, and Pulse 

Nomenclature Common name 

Weight 
(lb) Volume 

960 Equipment rack 

290 Accessories case 1 

176 Accessories case 2 

190 Voltage regulator 

130 Cable and reel 

Form Restorer Group AN/TRA-10 are given 

below. A.common usage name is indicated after 

each component. Common names for the major 

equipment are also given. 

Nomenclature Common name 

Multipiexer Set AN/TCC-— Multiplexer set, terminal 

13 

Multiplexer Group AWN/- Multiplexer group, drop- 

TCA-1 and-insert terminal 

Pulse Form Resistor Group | Pulse form restorer 

AN/TRA-10 group, pulse form 

repeater 

| Accessories Case CY-1334/-| Accessories case 

G 
Electrical Standardized 

Components Cases 

CY-1719/G and CY- 

1280/U 

Chest CY-250 
Remote Switching Control 

C-1509/TC 

Control Monitor 

C-1151/TC 

Telephone Modem 

MD-179/TC 

Standardized components 

case, transit case, or 

equipment mounting 

rack 

Chest 

Remote keying unit 

Control monitor 

Modem 

8. Components 

a. Components Supplied. Lists of components 

supplied as. part of the Multiplexer Set AN/- 

TCC-13, Multiplexer Group AN/TCA-1, and 

Pulse Form Restorer Group AN/TRA-—10 are 

listed in Appendix I. 

NOMENCLATURE 

Electrical Standardized Components Case CY-1280/U 

Multiplexer TD-60/TCC-13 

Electrical Equipment Rack MT-1165/TCC-13 © 

Delay line 

Telephone Modem MD-179/TC 
Multiplexer Subassembly MX-1442/TC 

Remote Switching Control C-1509/TC 

Oscilloscope OS-25/G 

Audio Test Set TS-762/TC 

Control Monitor C-1151/TC 

10 

Multiplexer TD-60/TCC- 

13 
Electrical Connector 

Assembly J—-535/G 

Multiplexer Subassembly 

MxX-1442/TC 

Oscilloscope OS-25/G 
Power Supply PP-691/G 

Voltage Regulator 

CN-2386/G 
Switch Box SA-357/G 
Audio Test Set TS—762/TC 

Pulse Form Restorer 

TD-68/G 
Electrical Equipment Rack | 
MT-1165/TCC-13 

Electrical Equipment Rack 

MT-1434/TRA-10 

Electrical Equipment Rack 

MT-1433/TCA-1 

Multiplexer, common unit 

Modem test extension 

Filament supply 

Oscilloscope 

Power supply 

Voltage regulator 

Switch box 

Audio test set 

Pulse form restorer 

Multiplexer mounting 

rack or mounting rack 

Restorer mounting rack 

or mounting rack 

Drop-and-insert mounting 

rack, or mounting rack 

b. Table of Components. The table below lists 

the equipment assigned to the multiplexer set, 

multiplexer group, and pulse. form restorer 

group and indicates the quantity assigned to 

each unit. Note that some of the units are used 

in two or more of the equipments. 

AN/TCC-13 AN/TCA-1 AN/TRA-10 

iw) 

BPePNpHP RRP Re 



NOMENCLATURE _ AN/TCC-13 AN/TCA-1 

Accessories Case CY—1334/G 

Power Supply PP-691/G 

Voltage Regulator CN-236/G 
Pulse Form Restorer TD-68/G 

Electrical Equipment Rack MT-1434/TRA-10 

Electrical Connector Assembly J—535/G 

Switch Box SA-857/G 

Electrical Equipment Rack MT-1433/TCA-1 

Electrical Standardized Components Case CY-1719/G 

Cable Reel RC-405/TR with Electrical Power 

Cable Assembly CX-2440/U (150 ft 0 in.). 

AN/TRA-10 

Note. This list does not contain the cables supplied with each of the equipments. Refer to the appendix for 

a complete list of cables supplied. 

ELECTRICAL MULTIPLEXER 
STANDARDIZED “ TD-60/TCC-I5 
COMPONENTS 
CASE na 
CY-1280/u_ 

TELEPHONE 4 — i i TELEPHONE 
MODEM macinmenionainanad Et te 1 MODEM 
MD-I79/TC | > 6 5 ma me € MD-{79/TC 
(1 THRU 12) | ey © 7 (13 THRU 23) 

ELECTRICAL 
EQUIPMENT Ee om sia 
MT-1165/TCC~(3 

MULTIPLEXERS 
SUBASSEMBLY 
MX-1442/TCC-13 

TM 2141-6 

Figure 6. Multiplexer Set AN/TCC-18, multiplexer rack, front view. 
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9. Component Arrangement 

a. All the major components of Multiplexer 

Set AN/TCC-13 and Multiplexer Group AN/- 

TCA-1, except Voltage Regulator CN-—236/G 

and Switch Box SA—357/G are mounted in two 
transit cases. One transit case together with its 

components is called the multiplexer rack and 

the other is referred to as the test equipment 

rack. All the major components of Pulse Form 

Restorer Group AN/TRA-10, except the volt- 

DOUBLE 
DELAY 
LINE 

BINDING POSTS 
3 

CHANNELS 
IS THROUGH 23 

MULTIPLEXER 
SUBASSEMBLY q. 

MX-|442/TCC-13 #F 

age regulator and the switch box, are mounted 

in one transit case. 

b. Voltage Regulator CN-—236/G is housed 

in its own cabinet and is located within 15 feet 

of the multiplexer or pulse form restorer rack. 

A description of the voltage regulator is given 

in paragraph 26. Switch Box SA-357/G is 

normally stored in one of the accessories and 

spare parts cases. When in use, the switch box 

may be located up to 150 feet from the voltage 

_MULTIPLEXER 
iT cet 

Figure 7. Multiplexer Rack AN/TCC-18, multiplexer rack, rear view. 
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regulator. A description of the switch box is (a) Multiplexer TD/60-TCC_13 (par. 
given in paragraph 27. 15). 

(b) Electrical Equipment Rack MT-— 
10. Description of Mounting Racks 1165/TCC-13 (par. 12). 

a. Multiplexer Set. (c) Twenty-four Telephone Modems 
(1) Multiplexer rack. (AN/TCC-13). The MD-179/TC (par. 17). 

multiplexer rack (fig. 6, 7, and 16) (d) Multiplexer Subassembly MX-— 
consists of Electrical Standardized 1442/TC (par. 19). 
Components Case CY/1280-U (par. (e) Two Remote Switching Controls 
11) and the components listed below.. C-1509/TC (par. 20). 

4 

r 

iN 

AUDIO TEST SET 
TS-762/TC 

_CONTROL MONITOR 
, G-lSI/TC 

_AGGESSORIES CASE 
“" CY-1334/G6 

os 

POWER SUPPLY 
-PP-691/G _ 

‘TM 2141-1 

Figure 8. Test rack, front view. 
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LLOSCOPE I OSC 

AUDIO 
TEST SET 

762/7C TS- 

CONTROL MONITOR 
—~1i51/TC c 

ACCESSORIES 
CASE 

POWER SUPPLY 
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, rear view. Test rack Figure 9. 
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(f) Delay lines (par. 18). 

(2) Test rack. The test rack (fig. 8 and 

9) consists of Electrical Standardized 

Components Case CY-1280/U (par. 

11) and the components listed below. 

(a) Oscilloscope OS—25/G (par. 238). 

(b) Audio Test Set TS—762/TC (par. 

24). 
(c) Control Monitor C-1151/TC (par. 

25). 
(d) Accessories Case CY-1334/G 

(par. 21). 

(e) Power Supply PP-691/G (par. 

22)’. 

ELECTRICAL 
STANDARDIZED | 
COMPONENTS | 
CASE CY-1280/U 

WESTFACING 
TELEPHONE |} 

MODEM =~ 
MD-I79/TC 
(| THRU 8) 

ELECTRICAL - 
EQUIPMENT 

RACK 
MT-1433/TCA-1 

b. Multiplexer Group. 
(1) Multiplexer rack (AN/TCA-1). The 

multiplexer rack (fig. 10 and 11) 

consists of Electrical Standardized 

Components Case CY-—1280/U (par. 

11) and the components listed below. 

(a)-Pulse Form Restorer TD-—68/G 

(par. 16). 

(b) Electrical Equipment Rack MT- 

1433/TCA-1 (par. 13). 

(c) Sixteen Telephone Modems MD— 

179/TC* (par. 17). 

(d) Multiplexer Subassembly MX-— 

1442/TC (par. 19). 

PULSE FORM 

RESTORER TD-68/6 

| EASTFACING 
| TELEPHONE 
hams MODEM 
| MO-179/TC 
| (1 THRU 8) 

MULTIPLEXER 

SUBASSEMBLY 

MX-1442/TC 

TM SO9I- 106 

Figure 10. Multiplexer Group AN/TCA-1, multiplexer rack, front view. 
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PULSE FORM 
-RESTORER 
TD -68/G 

DELAY 
LINE 

Lae: See 

CHANNEL 2 CHANNEL | 
PARTY LINE PARTY LINE 
BINDING POSTS BINDING POSTS 

EASTFACING : | | WESTFACING 
AUDIO ii : | om AUDIO 
BINDING POSTS | BINDING POSTS 

ELECTRICAL 
EQUIPMENT 
RACK 
MT-1433/TCA-I 

CONNECTIONS 
FOR REMOTE 
KEYING . 
OPERATION 

MULTIPLEXER 
SUBASSEMBLY 
MX-1442/TC 

TM5091-107 

Figure 11. Multiplexer Group AN/TCA-1, multiplexer rack, rear view. 



ELECTRICAL 
STANDARDIZED 
COMPONENTS 
CASE CY-1719/G 

OSCILLOSCOPE . 
0S-25/6 

PULSE FORM 
RESTORER TD-68/G 

TELEPHONE 
MODEM 
-MD-179/TC 

ELECTRICAL 
EQUIPMENT 
RACK 
MT-1434/TRA-I0 

POWER SUPPLY 
PP-691/G 

TM 2682 -106 

Figure 12. Pulse Form Restorer Group AN/TRA-10, equipment rack, front view. 
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(e) Two Remote Switching Controls 

C-1509/TC (par. 20). 

(f) Delay lines (par. 18). 

(2) Test rack. The test rack used in the 

multiplexer group is identical with 

that used in the multiplexer set. Refer 

to subparagraph a(2) above. 

Pulse Form Restorer Group AN/TRA-10. 

The equipment rack (fig. 12 and 13) consists 

of Electrical Standardized Components Case 

CY-1719/G (par. 11) and the components 

listed below. 

(a) Oscilloscope OS—25/G (par. 23). 

(b) Pulse Form Restorer TD-68/G 

(par. 16). 

Figure 18. Pulse Form Restorer Group AN/TRA-10, equipment rack, rear view. 



A 
; 

’ 

(c) Four Telephone Modems MD- 
179/TC (par. 17). 

(d) Electrical Equipment Rack MT— 

1434/TRA-10 (par. 14). 

(e) Delay line (par. 18). 

(f) Two Remote Switching Controls 

C-1509/TG (par. 20). 

(g) Power Supply PP-691/G (par. 
22)% 

11. Description of Electrical Standardized 

Components Cases CY-1280/U and 
CY-1719/G | 

(fig. 14 and 15) 

a. Electrical Standardized Components Cases 

CY—1280/U and CY-1719/G each consists of 

CARRYING 
HANDLES 

_ 

Figure 14. 

an equipment mounting rack and two covers. 

The two covers are identical and interchange- 

able and can be completely removed from the 

equipment mounting rack. Three carrying 

handles and a rope hook are bolted to each side 

of the equipment mounting rack. One carrying 

handle is on top of the case. An air-escape 

valve is located on the right side of the rack. 

When the equipment is transported by air, the 

valve is opened to insure equal air pressure 

inside and outside the transit case; otherwise, 

the valve is closed. 

b. The equipment mounting rack consists of 

an outer shell, shock-mounted to a metal mount- 

ing frame with drilled and tapped mounting 

holes. The components are mounted on this 

inner frame with screws. Two metal feet are 

ROPE HOOK 

__ AIR ESCAPE 
“VALVE 

Standardized components case. 
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bolted to the bottom of ‘the outer case. These 

feet project to the front and rear to balance 

the rack when the covers are removed and the 

equipment is installed. 

12. Description of Electrical Equipment Rack 

MT-1165/TCC-13 
(fig. 6, 7, and 16) 

The multiplexer mounting rack is attached 

to Electrical Standardized Components Case 

CY-1280/U to provide mounting facilities for 

the 24 modems, audio binding posts and the 

delay line. 

a. Twenty-three operating modems and one 

spare are mounted on the front of the multi- 

plexer mounting rack, in two vertical rows of 

12 each. Each modem is secured to the multi- 

plexer mounting rack by two knurled thumb- 

screws, one on each side of the modem front 

panel. The modem slides in or out on angle 

bracket channel strips. The multiplexer mount- 

ing rack contains a mating receptacle for each 

modem.. When the modem is slid into place, the 

plug on the modem mates with the receptacle 

on the multiplexer mounting rack, connecting 

the modem to the multiplexer mounting rack. 

b. The double delay line (one section for the 

multiplexer operation and the other for demul- 

tiplexer operation) is mounted at the rear of 

the multiplexer mounting rack in a vertical 

position. At each side of the delay line (on the 

multiplexer mounting rack) are two sets of 

audio binding posts (four for each channel). 

Above each audio binding post is a surge pro- | 

tection block. 

13. Description of Electrical Equipment Rack 

MT-1433/TCA-1 
(fig. 10 and 17) 

Electrical Equipment Mounting Rack MT- 

1433/TCA-1 is attached to Electrical Stand- 

ardized Components Case CY-1280/U to pro- 

Figure 15. Standardized components case, covers removed. 
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Figure 16. 

MULTIPLEXER 
‘TD-60/TCC-13 

ELECTRICAL 
EQUIPMENT 

ws RACK 
MT-1165/TCC-13 

RECEPTACLE 
FOR 

MODEM 

{PLUG IN UNIT) 

AIR VENT 
FROM. 

BLOWER MOTOR 

MULTIPLEXER 
SUBASSEMBLY 
MX-1442/TCC-13 

TM 2141-5 

Multiplexer rack (AN/TCC-13), front view, modems removed. 
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vide mounting facilities for the 16 modems, 

delay line, and audio terminations. 

a. Sixteen modems (one for each direction, 

two for each of the eight channels) are mounted 

on the front of the mounting rack in two verti- 

cal rows of eight each. Each modem is secured 

to the mounting rack by two knurled thumb- 

screws, one on each side of the modem front 

panel. The modem slides in or out on angle- 

bracket channel strips. The mounting rack 

PULSE FORM - 
RESTORER 
‘TO-68/6 

RECEPTACLES 
FOR 

WESTFACING 
MODEMS 

MULTIPLEXER 
SUBASSEMBLY — 
MxX-1442/TC 

contains a mating receptacle for each modem 

to connect the modem to the mounting rack. 

b. The double delay line mounts to the rear 

of the mounting rack in a vertical position. All 

the eastfacing and westfacing channel audio 

binding posts (four binding posts for each 

channel) as well as the channels 1 and 2 party- 

line binding posts are located at each side of 

the delay line. Above each audio binding post 

is a surge protection block. 

Figure 17. Multiplexer rack (AN/TCA-1), front view, 16 modems removed. 
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4! 

H 

REMOTE KEYING UNIT 
FOR CHANNEL | 

Figure 18. Multiplexer subassembly, rear view, cover 

removed, showing remote keying units. 

14. Description of Electrical Equipment Rack 

' MT-1434/TRA-10 
(fig. 12 and 13) 

The restorer mounting rack, which is at- 

tached to Electrical Standardized Components 

Case CY—1719/G, provides mounting facilities 

for the four modems, delay line, filament supply, 

ringing supply, remote keying units, and audio 

terminations. 

a. Four modems (two for each direction, one 

for each channel) are mounted on the front of 

the restorer mounting rack. Each modem is 

mounted to the rack by two knurled thumb- 

screws and slides in or out on angle bracket 

channel strips. The mounting rack contains a 

mating receptacle for each modem to connect 

the modem to the restorer mounting rack. 

b. The filament supply, which consists solely 

of a filament transformer, is mounted on the 

slide drawer chassis below the four modems. 

This chassis also contains the 20-cycle ringing 

supply. 

c. The double delay line is mounted on the 

rear of the restorer mounting rack in a vertical 

position. At each side of the delay line are the 

channels 1 and 2 eastfacing and westfacing 

_ audio binding posts as well as the channels 1 

4 binding post is a surge protection block. 

and 2 party-line binding posts. Above each 

d. Two Remote Switching Controls C-1509/ 
TC are mounted on the mounting rack beneath 

the delay line. Binding post connections for 

these units are directly alongside the switching 
control on the restorer mounting rack. Refer 

to paragraph 20 for a description of the remote 

keying unit. 

e. On the bottom left rear of the restorer 

mounting rack are two TEST PAIR binding 
posts. The TEST PAIR is a pair of wires com- 

mon to each modem and permits connection of 

the test pair to any modem for test purposes. 

f. On the bottom right rear of the mounting 

rack is a receptacle for applying alternating- 

current (ac) power to the mounting rack. 

15. Description of Multiplexer 

TD-60/TCC-13 

a. The common unit, mounted at the top of 

the AN/TCC-13 multiplexer rack (fig. 6 and 

7), contains the multiplexer and demultiplexer 

circuits that are common to every channel. As 

noted on the front panel of the common unit, 

the demultiplexer section is located on the left 

side and the multiplexer section is located on 

the right side. 

b. The front panel contains test pin jacks 

and fuses for both the demultiplexer and multi- 

plexer circuits. In addition, each section has its 

own B+ and filament fuses at the bottom of 

the front panel. 

c. At the rear of the common unit are all the 

connectors used for interconnecting cables. 

Viewed from the rear of the common unit, the 

multiplexer section is on the left side and the 

demultiplexer section on the right side. The 

connectors are mounted on the rear and side 

panels of the chassis. 

16. Description of Pulse Form Restorer 

TD-68/G 

(fig. 10 and 12) 

a. Pulse Form Restorer TD-—-68/G, mounted 

in Pulse Form Restorer Group AN/TRA-10 

rack and the top of the multiplexer rack of 

Multiplexer Group AN/TCA-1, consists of two 

identical chassis (each called a video restorer, 

mounted side by side). One of these video re- 

storers is used in each direction of communica- 

tion. The pulse form restorer contains the re- 

shaping, multiplexing, and demultiplexing 
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circuits common to every channel. The east- 

going video restorer is located on the left side 

and the westgoing video restorer is located on } 

the right side. 

b. The front panel contains test pins, jacks, 

and fuses for both the eastgoing and westgoing 

video restorers. The two rear sides of the pulse 

form restorer have all the connectors for the 

interconnecting cables. Viewed from the rear 

of the common unit, the eastgoing video re- 

storer is on the right side, and the westgoing 

video restorer is on the left side. The oscillo- 

scope, receiver and transmitter connectors are 

on the right and left sides of the chassis. 

17. Description of Telephone Modem 

MD-179 /TC 

a. Telephone Modem MD-179/TC is common 

to all units; Multiplexer Set AN/TCC-13 uses 

24 modems, Multiplexer Group AN/TCA~—1 uses 

8 modems, and Pulse Form Restorer Group 

AN/TRA-10 uses 4 modems. 

b. Each modem consists of three sections: 

the modulator, demodulator, and the 20-cycle 

ringing sections. Each modem is secured to 

the mounting rack by two knurled captive 

screws and is connected through a male plug 

at the rear of the modem, to a female recep- 

tacle on the mounting rack when it is slid into 

place. Located on the front panel of each mo- 

dem are a five-position selector switch, two 

test jacks, and two recessed screw-driver-ad- 
justment potentiometers. 

18. Description of Delay Lines 

A delay line assembly is mounted vertically 

on the rear of each mounting rack (fig. 7, 11, 

and 13). There are two electrically independent 

delay line sections associated with each direc- 

tion of transmission. One is for the multiplex- 

ing section of each unit the other for the 

demultiplexing section of each unit. Four elec- 

trically independent delay line sections are 

contained in one delay line assembly. 

a. Multiplexer Set AN/TCC-13. Each delay 

line section provides 23 separate outputs; each 

output is delayed approximately 5.2 microsec- 

onds from the previous one, and established the 

time position of the 23 channel pulses. Each 

24 

of these outputs is applied to one of the 23 
modems, where it generates the channel pulses. 

Two:-connectors at the top provide appropriate 

input gate signal connections. 

b. Multiplexer Group AN/TCA-1. Each 

delay line section provides eight separate out- 

puts; each output is delayed 5.2 microseconds 

from the previous one and thereby maintains 

the time position of channels 1 through 8. These 

outputs are applied to the 16 modems. Four 

connectors at the top provide appropriate input 

gate connectors. ( . 

c. Pulse Form Restorer Group AN/TRA-10. 

Each delay line section provides two separate 

outputs; the second output is delayed 5.2 micro- 

seconds from the first one and thereby main- 

tains the time position of channels I and 2. 

These outputs are applied to the four modems 

to generate the channel pulse gates for demodu- 

lation. Four connectors at the top provide ap- 

propriate input gate connections. 

19. Description of Multiplexer Subassembly 
MX-1442/TC 

a. Multiplexer Subassembly MX-1442/TC is 

the filament supply for the multiplexer set and 

multiplexer group. It is the bottom unit in the 

multiplexer rack (fig. 6 and 10). 

b. Located on the front panel of the filament 

supply (fig. 51) are the following: filament 

fuses for the modems, B+ fuses, a fan fuse, 

a +250V ON indicator lamp, an alarm indi- 

cator lamp, an ac power on indicator lamp, an 

audible alarm disconnect push button, and two 

utility power outlets. 

c. The top rear of the filament supply con- 

3 tains binding post connections for the two re- 

mote keying units (channels 1 and 2 only). 

These are located beneath the dust cover of the 

subassembly. Refer to paragraph 20 for a 

description of these units. 

d. The bottom rear of the filament supply 

contains two convenience outlets, two connec- 

tors for applying 115-volt ac power and B+ 

power for the entire multiplexer rack, and a 

jack for connecting the audio test set to the 

TEST PAIR. The TEST PAIR is a pair of 

wires that are common to each modem and 

permit connection of the audio test set to any 

modem for testing purposes. 



20. Description of Remote Switching Con- 
trol C-1509/TC 

(fig. 18 and 18) 

Two Remote Switching Controls C-1509/TC 

are supplied with each of the equipments to 

permit remote keying operation on channel 

1 and/or 2. The remote keying unit is a plug- 

in type unit 5%, inches long by 25% 

inches wide by 317%. inches deep and is 
-mounted on the rear of the units. The remote 

keying unit operates only with the subassem- 

blies. During normal operation, the remote 

keying unit is plugged in so that the arrow 

marked NORMAL OPERATION points up- 

ward. To permit remote operation of a vhf 

radio station, the unit is pulled out, inverted, 

and replaced so that the arrow marked RE- 

MOTE KEYING OPERATION is pointing 

upward. 

Figure 19. 

21. Description of Accessories Case 

CY-1334/G 

(fig. 19) 

Accessories Case CY-—1334/G is a drawer 

compartment in the test rack. The case pro- 

vides storage space for the following miscel- 

laneous tools: 
a. One tube puller for the seven-pin minia- 

ture tubes. 

b. One tube puller for the nine-pin miniature 

tubes. . 

c. One pin straightener for the seven-pin 

miniature tubes. 

d. One pin straightener for the nine-pin 

miniature tubes. 

e. One No. 6 Allen-head (socket head), L- 

type screw wrench. 

f. One No. 8 Allen-head (socket head), L- 

type screw wrench. 

, (PIN TUBE PIN STRAIGHTENER 

y27-PIN TUBE PIN STRAIGHTENER | 

,NO.6. WRENCH 

~NO.8 WRENCH 

~7-PIN TUBE PULLER 

~9-PIN TUBE PULLER _ 

Accessories Case CY-1884/G. 
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22. Description of Power Supply PP-691/G 
(fig. 8 and 12) 

a. A Power Supply PP-691/G is mounted at 

the bottom of both the AN/TCC-13 and AN/- 
TCA-1 test rack and at the bottom of the 

AN/TRA-10 equipment rack. It is the main 
B-+- power supply for the equipments and pro- 

vides +250 volts direct current (dc) with a 

total capacity of 1.6 amperes. The power supply 

acts as the main ac power input chassis and 

contains the main and B+ circuit breakers. 

b. The following components are located on 

the power supply front panel: 

(1) A double circuit breaker for the fila- 

ment supply. 

(2) Two 5-ampere fuses. 

(3) A filament power indicator lamp. 

(4) A voltmeter for measuring the 115- 

volt ac input voltage from the voltage 

regulator. 

(5) A B-+ power indicator lamp. 

(6) A circuit breaker for the B+ supply. 

(7) Two utility power outlets. 

c. The following components are located on 

the rear of the unit: 

(1) Two utility power outlets. 

(2) An ac power input connector. 

(3) A B+ output connector. 

(4) A B+ and 115-volt ac connector. 

(5) Three 115-volt ac output connectors. 

23. Description of Oscilloscope OS-25/G 

(fig. 8 and 12) 

The oscilloscope is mounted at the top of the 

AN/TCC-13 and AN/TCA-1 test rack and 
the AN/TRA-10 equipment rack by eight cap- 

tive screws (four on each side). The unit is 

self-contained and includes its own power sup- 

ply, fan, controls, fuses, and indicator lamp. 

It also contains special timing-pip circuits and 

controls to facilitate testing and trouble shoot- 

ing the equipment, as well as performing video 

adjustments. In the upper left corner of the 

front panel is a small compartment that con- 

tains a probe and RF Cable Assembly CG— 

530A/U. The cathode-ray tube is protected by 

a green lucite screen that is calibrated in centi- 

meters along the horizontal and vertical axes. 

The rear of the oscilloscope contains jacks that 

connect the synchronizing signals to the oscil- 

loscope, and the power input connector, screw- 
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driver adjustments, test jacks for B+ voltages, 

and a fuse for the fan. 

24. Description of Audio Test Set TS-762 /TC 
(fig. 8 and 9) 

a. Audio Test Set TS—762/TC is part of the 
test rack supplied with the AN/TCC-13 and 

AN/TCA-1. The audio test set contains a 1,000- 

cycle oscillator, metering circuits, and precision 

attenuators to provide the load for an accu- 

rately calibrated test tone over any channel and 

to measure accurately the received amplitude, 

signal-to-noise ratio, and distortion on any 

channel. The audio test set also includes the 

circuits and controls necessary to calibrate ac- 

curately the instrument itself. 

b. A decibel meter, calibrated from —20 to 

+8 decibels (db), is mounted at the top center 

of the front panel. At the left of this meter is 

the precision step attenuator used for estab- 

lishing the transmission level. At the right of 

this meter is the RECEIVED DBM step atten- 

uator. 

c. On the front panel bottom row are two 
jacks used for sending out the test signal, a 

fuse, and indicator lamp, a power toggle switch, 

a potentiometer control for calibrating the 

1,000-cycle test signal, two push buttons for 

calibrating the output signal and the receiving 

amplifier, two push buttons to permit measure- 

ment of the incoming test signal (one noise 

weighted by the FIA curve and one to check 

distortion at 1,000 cps), two jacks for moni- 

toring the received signal, a potentiometer con- 

trol for calibrating the receiving amplifier, and 
two jacks for receiving the test signal. The 

rear of the unit contains connectors for the 

input and output signals and for the input 

power. 

25. Description of Control Monitor 

C-1151/TC 

Control Monitor C-—1151/TC (fig. 8 and 9) 

is mounted below the audio test set on the test 

rack and includes the telephone handset and 

four push-button switches. The telephone hand- 

set is stored in a small compartment at the 

lower right of the panel when it is not in use. 

A cradle is provided alongside this compart- 

ment to mount the handset when it is in con- 

stant use. A fuse for the microphone current 



supply is mounted on the front panel. At the 

rear of the unit is an input power connector, a 
signal output connector, a signal input con- 
nector, and a test pair connector. 

26. Description of Voltage Regulator 

CN-236/G 

(fig. 20) 

Voltage Regulator CN-236/G is a separately 
housed component that is located within 15 feet 
of the equipment mounting rack. It is an elec- 

Figure 20. 

tromechanically controlled voltage regulator 
that delivers a constant output independent of 
line voltage or load current. All controls, indi- 
cators, and connectors are on the front panel. 
They include two circuit breakers for 115- or 
230-volt input, a power indicator lamp, three 
fuses, two screw driver potentiometer adjust- 
ments, and three power connectors. The ac in- 
put power is provided from Switch Box SA— 
357/G; the 115-volt ac output power is fed to 
Power Supply PP-691/G. 

Voltage Regulator CN-236/G. 
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27. Description of Switch Box SA-357/G 
(fig. 21) 

The switch box is individually housed and 

connects either a 115- or 230-volt ac power 

source to the voltage regulator. On the front of 

the box are two male connectors; each of these 

can be connected to a source of power, such as 

a gasoline-driven generator or a commercial 

power source. A toggle switch between these 

connectors selects one of the two power sources 

that is used by the multiplexer set, multiplexer 

group, and pulse form restorer group. Two out- 

put connectors are on the rear of the box. At 

one end of the switch box is a terminal screw 

and wing nut ground connector that must be 

connected to a good earth ground (through a 

ground rod). The switch box should not be 

located more than 150 feet from the voltage 

regulator, 

Cua 
ete os 

-TM5091 ~ 114. 

Figure 21. Switch Box SA-357/G, front and rear views 
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28. Description of Electrical Connector 

Assembly J-535/G 
(fig. 22) 

The modem test extension is a convenient 

accessory for making electrical connections be- 

tween the plug at the rear of the modem and 

the mating plug in the mounting rack. It ap- 

plies the necessary power to the modem when 

the modem has been removed from the rack for 

servicing. 

_TMSO9I -115 

Figure 22. Electrical Connector Assembly J—535/G. 

29. Description of Chest CY-250/U 
(fig. 23) 

Chest CY-250/U is an olive-drab, wooden 
transit case used for shipping and storing the 

running spare parts, accessories, and cables of 

the equipment. It is 27 inches long, 2114, inches 

wide, and 20 inches high over-all, and has an 

adjustable-height tray. Two chests are provided 

for each equipment. Refer to the appendix for 

the contents of each case. 

30. Description of Cables 

(fig. 24 and 25) 

The power and interconnecting cables used 

with the equipment and the number supplied 

with each equipment are listed below. The de- 

scription of these cables is given in subpara- 

graphs b through m below. Refer to the tables 

in paragraphs 39 and 40 for the multiplexer 

set cable connections and paragraph 63 for the 

multiplexer group and pulse form restorer 

group cable connection. 



BOOK OF 
SCHEMATICS 

CHEST 
cY-250/u_ 

TECHNICAL 
MANUALS 

_ CONNECTOR SWITCH BOX CHEST 
ASSEMBLY SA-357/6 CY-250/U 
J-535/6 

CABLES 

RING SPAMS 
AND 

AGGESSORIES - 

SPARE LAMPS, FUSES, 
CRYSTAL, BRUSH 

Figure 23. Running spares and accessories cases 1 and 2. 

TM 2141-81 
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Cord CG—409C/U (25 ft 0 in.) 

Radio Frequency Cable Assembly 

CG-1040A/U (15 ft 3 in.) 

Radio Frequency Cable Assembly 

CG-1040A/U (25 ft 3 in.) 

Electrical Power Cable Assembly 

CX-2272/U (3 ft 5 in.) 

Electrical Power Cable Assembly 

CX-—2272/U (10 ft 4 in.) 

Electrical Power Cable Assembly 

CX-—2275/U (8 ft 4 in.) 

Electrical Power Cable Assembly 

CX-—2276/U (2 ft 0 in.) 

Electrical Power Cable Assembly 

CX-2276/U (6 ft 4 in.) 

Electrical Power Cable Assembly 

CX-2277/U (8 ft 4 in.) 

Electrical Power Cable Assembly 

CX-2440/U (15 ft 0 in.) 

Electrical Power Cable Assembly 

CX-2440/U (150 ft 0 in.) 

Electrical Power Cable Assembly 

CX-2441/U (8 ft 4 in.) 

Electrical Power Cable Assembly 

CX-2442/U (10 ft 0 in.) 

Electrical Power Cable Assembly 

CX-2682/U (3 ft 8 in.) 

Electrical Lead CX—2683/U (20 ft 0 in.) 

a. Reel RC-405/TR and Electrical Power 

Cable Assembly CX-2440/U (150 ft O i.). 

Electrical Power Cable Assembly CX—2440/U 

(150 ft 0 in.) connects the output of the switch 

box to the voltage regulator. Reel RC—405/TR 

is used to store the 150 feet of the cable assem- 

bly. The power cable assembly is a three-con- 

ductor (No. 16) cable, with a type AN 3106A-— 

32-2P conector at one end and a type AN 

3106A-32-2S conector at the other end. 

b. Cord CG-409C/U (25 ft O in.). Cord 

CG—409C/U (25 ft 0 in.) is composed of Radio 
Frequency Cable RG—58C/U with a Radio 

Frequency Plug UG-—88/U at each end. 
c. Radio Frequency Cable Assemblies CG— 

1040A/U (15 ft 3 in.) and CG-1040A/U (25 

ft 0 in.). Radio Frequency Cable Assemblies 

CG-1040A/U (15 ft 3 in.) and CG—1040A/U 

(25 ft 3 in.) are composed of Radio Frequency 

Cable RG-62A/U with a Plug UG—260/U at 

each end. 
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Cable nomenclature 

2 4 4 

d. Electrical Power Cable Assembly CX-— 

2272/U (3 ft 5 w.). Electrical Power Cable 

Assembly CX-—2272/U (8 ft 5 in.) is a two- 

conductor (No. 16) cable assembly with a type 

AN 3106B—14S-9S connector at one end and 

a type AN 3106B-14S-9P connector at the 

other end. 

e. Electrical Power Cable Assembly CX- 

2273/U (10 ft 4 m.). Electrical Power Cable 

Assembly CX—2273/U (10 ft 4 in.) is a six- 

conductor (No. 16) cable assembly with a type 

AN 3106B-—20-7P connector at one end and a 

type AN 3106B-—20-7S connector at the other 
end. 

f. Electrical Power Cable Assembly CX- 

2275/U (8 ft 4 m.). Electrical Power Cable 

Assembly CX-2275/U (8 ft 4 in.) is a three- 

conductor (No. 16) cable assembly with a type 

AN 3106B-18—5P connector at one end and a 

type AN 3106B-18-5S connector at the other 

end, 



g. Electrical Power Cable Assembly CX- 

2276/U (6 ft 4 im.) and CX-2276/U (2 ft 0 

an.). Electrical Power Cable Assemblies CX-— 

2276/U (6 ft 4 in.) and CX-2276/U (2 ft 0 in.) 
are four-conductor (No. 16) cable assemblies. 
Each has a type AN 3106B-20-4P connector at 

one end and a type AN 3106B-20-4S connector 

at the other end. 

h. Electrical Power Cable Assembly CX- 

2277/U (8 ft 4 in.). Cable Assembly CX-2277/ 

U (8 ft 4 in.) is a four-conductor (No. 12) 

cable assembly with a type AN 3106B-18-10P 

connector at one end and a type AN 3106B-18- 

10S connector at the other end. 

1. Electrical Power Cable Assembly CX- 

2440/U (15 ft 0 m.). Electrical Power Cable 

Assembly CX-2440/U (15 ft 0 in.) is a three- 
conductor (No. 6) cable assembly with a type 

AN 3106A-32-2S at one end and a type AN 

3106A-32-2P connector at the other end. 

j. Electrical Power Cable Assembly CX- 

2441/U (8 ft 5 in.). Electrical Power Cable 

Assembly CX-2441/U (8 ft 5 in.) is a three- 

conductor (No. 14) cable assembly. It has a 

Hubbell type No. 7572 connector at one end and 

CX*2440/uU 

(15 FT OIN.) 

»> CX -2442/u 
/ (iOFT OIN.) 

Figure 24. 

ee te) < > 

ifieicne,, OR” 2OB3/U 

a Hubbell type No. 7555 connector on the other 

end. 

k. Electrical Power Cable Assembly CX- 

2442/U (10 ft 0 in.). Two Electrical Power 

Cable Assemblies CX-—2442/U (10 ft 0 in.) are 

supplied to connect Switch Box SA-357/G with 

a prime and auxiliary power source. Each has 

a type AN 3106A-382-2S connector at one end 

and three terminal leads at the other end. 

l. Electrical Power Cable Assembly CX- 

2682/U (8 ft 3 wm.). Electrical Power Cable 

Assembly CX-2682/U (8 ft 3 in.) is a two- 

conductor (No. 16) cable assembly with a type 

AN 3106B-148S-7S connector at one end and a 

type AN 3106B-14S-7S connector at the other 

end. 

m. Electrical Lead CX—2683/U (20 ft 0 in.). 

Electrical Lead CX-—2683/U (20 ft 0 in.) is a 

one-conductor (No. 6) cable assembly that 

grounds Switch Box SA-357/G to Ground Rod 
MX-148/G (not supplied). One terminal lead 

(with eyelet) is connected to the terminal stud 

(and wing nut) on the GROUND side of the 

switch box and the other terminal lead connects 

to the ground rod clamp. 

REEL RC-408/TR WITH 
CABLE ASSEMBLY CxX-2440/U 

{20 FT OIN.) (150 FT) 

TMS5091 ~117 

Main power cables. 
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31. Running Spares 

Note. A spare modem and 4 spare lightning arrestors are supplied with Multiplexer Set 

AN/TCC-18. These are mounted on the multiplexer rack. 

A list of the running spares supplied with the equipment is given below. These running spares 

are stored in the chests. 

Name Type — 
AN/TCC-13 AN/TCA-1 AN/TRA-10 

1 1 Electrical contact Powerstat, S373P 

brush assembly 

1 1 Crystal rectifier IN34A 

14 5 Crystal rectifier IN388A 

2 2 7 Electron tube OA2 

1 1 1 Electron tube OA3 

1 a 1 Electron tube OB2 

i ab 1 Electron tube 2X2A 

1 1 1 Electron tube 5CP1IA 

2 2 al Electron tube ‘BRA4WGY 

5 7 6 Electron tube 6AG5 

| 9 9 Electron tube 6AG7 

2 a 2 Electron tube 6AS7G 

1 1 1 Electron tube 6AU6 

i 1 1 Electron tube 6X4 

2 2 Electron tube 12AT7 

1T 12, 9 Electron tube 12AT7TWA 

3 5 5 Electron tube 5726/6AL5W 

1 f uh Electron tube 5727/2D21W 

1 i 1 Electron tube 6005/6AQ5W 

; 6 Fuse, cartridge 15/100 amp, 250v 

6 6 Fuse, cartridge 1/10 amp, 125 v 

6 18 Fuse, cartridge 1/10 amp, 250 v 

6 6 Fuse, cartridge 3/10 amp, 125 v: 

36 Fuse, cartridge 3/10 amp, 250 v 

12 Fuse, cartridge 6/10 amp, 250 v 

6 Fuse, cartridge 1 amp, 125 v 

6 Fuse, cartridge 1.5 amp, 125 v 

380 12 Fuse, cartridge 2 amp, 125 v 

12 Fuse, cartridge 3 amp, 125 v 

12 Fuse, cartridge 3 amp, 250 v 

12 Fuse, cartridge 4 amp, 125 v 

12 Fuse, cartridge 4 amp, 250 v 

12 Fuse, cartridge 5 amp, 125 v 

12 Fuse, cartridge 5 amp, 250 v 

6 Fuse, cartridge 8 amp, 125 v 

6 Fuse, cartridge 8 amp, 250 v 

12 Fuse, cartridge 10 amp, 32 v 

8 i Glow lamps NE-51 

1 Incandescent lamps GE type 886-125 

i Thermal resistor WECo type 18D 

2 lightning arrestor 

assembly 

Note. This list is for general information only. See appropriate supply publications for information per- 

taining to allowable spare parts. 
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32. Electrical Power Requirements 

a. Multiplexer Set AN/TCC-18, Multiplexer 

Group AN/TCA-1, and Pulse Form Restorer 

Group AN/TRA-10 each require a single-phase 

ac input. This can be obtained from any source 

of power within the following limits. 

(1) 115 or 230 volts ac +10 per cent. 

(2) 47.5 to 63 cps. 

b. The multiplexer set and the multiplexer 

group consumes 1,100 watts. The restorer group 

‘consumes 785 watts. 

ee eee. 
RL AW) 

' . €G-1040A/uU 
(iSFT  31N.) 

- ex-227é/u 
Ca) 

ABET 41N) 

33. Additional Equipment Required 

No additional equipment is necessary to in- 

stall the equipment other than ordinary small 

hand tools and a vacuum-tube voltmeter 

(vtvm). Because the multiplexer set, multi- 

plexer group, and restorer group are always 

operated as part of a communication system, 

a radio set capable of being modulated over 

the required bandwidth (such as Radio Set 

AN/TRC-29) is necessary, in addition to the 

individual telephone handsets or manual tele- 

phone switchboard. 

CX-2273/0 
OFT. iN) 

oue2rt/u 

 6G-409C/U 
SFT ON) 

Figure 25. Interconnecting power and signal cables. 
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Figure 26. Large case 
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CHAPTER 2 

INSTALLATION OF MULTIPLEXER 

Section I. 

34. Siting 

a. Multiplexer Set AN/TCC-13 is never used 

alone but always as a part of a radio-relay 

system. When used as part of Radio Telephone 

Terminal Set AN/TRC-88 (fig. 5), the siting 

problems applicable to Radio Set AN/TRC-29 

are the prime transmission considerations. (Re- 

fer to the manual on Radio Set AN/TRC-29 
for siting considerations when the multiplexer 

set is used as part of Radio Telephone Terminal 

Set AN/TRC-38.) 

b. The multiplexer set may be located in any 

place that is convenient to the supplied radio 

set, the audio input lines, and the power source. 

The length of input cables is not important if 

the audio input level is adequate. 

35. Uncrating, Unpacking, and Checking 

New Equipment 

Note. For service upon receipt of used or 

reconditioned equipment, refer to paragraph 41. 

Ma 
7 _ a. General. The components of Multiplexer 

fat AN/TCC-13 may be packed for oversea 
or domestic shipment. Check the number of 

crates against the table of components (par. 8) 

to be sure that all the components have been 

received. 

% b. Step-by-step Instructions for Unpacking 

Crates 1 and 2 (Multiplexer and Test Equip- 
ment Racks) (fig. 26). 

(1) Place packing crates 1 and 2 (par. 6) 
as near the operating position as con- 

venient. 

(2) Cut and fold back the steel straps. 

(3) Remove the nails from the top and one 
end of the wooden crate with a nail 

SET AN/TCC-13 

SERVICE UPON RECEIPT OF EQUIPMENT 

puller. Remove the top and end. Pry- 

ing off the top and end may cause 

damage to the equipment. 

(4) Remove the nails from the remaining 

sides of the crate with a nail puller. 

(5) Cut the barrier and remove the cor- 

rugated cover. 

Remove the end fillers and desiccant. 

Cut each of the three strappings. 

Use the carrying handles to remove 

the cases. Because these cases weigh 

as much as 535 pounds, seven men 

may be required to remove them. 

Place the cases at the desired loca- 

tions. 

(6) 
(7) 
(8) 

(9) 

(10) Inspect the equipment for possible 

damage incurred during shipment. 

Check the contents of each packing 

case against the master packing list. 

c. Step-by-step Instructions for Unpacking 

Small Crates (fig. 27). 

(1) Place packing crates 3, 4, and 5 (par. 

6) as near the operating position as 

convenient. 

Cut and fold back the steel straps. 

Remove the nails from the top and 

one side of the crate with a nail puller. 

Remove the top and side. Prying off 

the top or side may cause damage to 

the equipment. _ 

Remove the nails from the remaining 

sides of the crate with a nail puller. 

(11) 

(2) 
(3) 

(4) 

(5) Open the outer moistureproof barrier. 

(6) Remove the outer corrugated carton. 
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WOODEN COVER 

METAL STRAPS 

DESICCANT 

CORRUGATED FILLER 

INNER CORRUGATED CARTON 

MOISTURE-VAPORPROOF BARRIER 

OUTER CORRUGATED CARTON 

MOISTURE-PROOF BARRIER 

WOODEN PACKING CASE 

Figure 27. Typical small case packaging diagram. 
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(7) Open the inner moisture-vaporproof 

barrier. 

(8) Remove the inner corrugated carton. 

(9) Remove the corrugated filler, felt 

pads, and desiccant. 

(10) Use the carrying handles to remove 

the cases from the crates. 

(11) Place the cases at the desired loca- 

tion. 
(12) Inspect the equipment for possible 

damage incurred:during shipment. 

(13) Check the contents of each packing 

case against the master packing slip. 

d. Unpacking Domestic Shipment. When 

packed for domestic shipment, the multiplexer 

set is packed exactly as for oversea shipment 

except for the lack of the outer moistureproot 

barrier liner. To unpack equipment packed for 

domestic shipment, proceed as directed in b 

and c above. 

Note. Save the original packing cases and 

containers for both oversea and domestic ship- 

ments. They can be used again when the 

equipment is repacked for storage or shipment. 

36. General Installation 

a. Except for the initial uncrating, which re- 

quires seven men to lift the transit cases from 

the packing crates, one man who is familiar 

with the installation procedures can assemble 

Multiplexer Set AN/TCC-13 in approximately 

30 minutes. An additional 30 minutes is re- 

quired to connect the 23 telephone input lines. 

In 45-channel operation, these time require- 

‘ments are doubled. 

b. The components of Multiplexer Set AN/- 

TCC-13 are packed in five crates (par..6). All 

the individual subchassis are mounted in the 

multiplexer and test equipment racks. No as- 

sembly other than connecting the cables and 

telephone lines is required. 

c. When the transit cases are opened for the 

first time, each of the subchassis should be 

inspected for proper seating of tubes, tightness 

of front panel controls, and free motion on the 

runner tracks. Loosen the captive screws of 

each subchassis with a screw driver and pull 

the subchassis forward as far as it will go. 

d. The following table lists the fuses used in 
the AN/TCC-13 and AN/TCA-~1 and indicates 
their functions. Check these fuses to be sure 

that the proper fuse is installed in the proper 

clip. i 

. Panel Values in 
Equipment 

ee bia 

10 AMP —6.3V FIL 
3/10 AMP +250V 
10 AMP —6.3V FIL 
3/10 AMP +250V 

Common unit 

(fig. 16) 

FIL LEFT SIDE 
FIL RIGHT SIDE 
B+ GROUP 1 
B+ GROUP 2 
B+ GROUP 3 
B+ GROUP 4 

FAN 

Filament supply 

(fig. 51) 

BRUSH FUSE 

CONTROL FUSE 

2, 

8 

3 

MOTOR FUSE 3 

Power supply UTILITY POWER 5 

(fig. 56) FUSES 

Audio test set FUSE 

(fig. 54) 

Oscilloscope FUSE 4 

(fig. 538 and 31) | FAN 3/10 

Caution: There is no locking mechanism to 

hold the individual modems and the audio test 

set in place; these chassis may be withdrawn 

completely from the mounting rack. The multi- 

plexer subassembly (filament supply) and the 

power supply do not slide forward. Unscrew the 

captive screws and the multiplexer subassembly 

chassis to remove the filter panel. Unscrew the 

captive screws on the power supply so that the 

panel can swing down on its hinges. 

Voltage regulator 

(fig. 57) 

37. Installation Procedures for 23-channel 

Operation 

a. Unpack the interior of the transit cases 

by removing the transit case doors and remov- 

ing the packing around the racks and subunits. 

b. Check the individual subchassis (par. 36). 

c. Conneet all the cables as indicated in 
paragraph 39. 

d. Do not connect the telephone lines to the 

binding posts at the rear of the mounting 

rack until all the adjustments are completed. 

e. Refer to figures 28 through 31 for the 

location of all receptacles, and to figure 32 for 

the 23-channel interconnection diagram. 
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COMMON UNIT. 
MULTIPLEXER 

_ RECEPTACLES 

UTILITY POWE 
"CONNECTORS 

Figure 28. Multiplexer Set AN/TCC-13, multiplexer rack, showing receptacles, rear view. 



TM2i4i-33 

Common unit multiplexer receptacles. Figure 29. 

5 

AU 

INPUT FROM RF 
RECEPTACLE 

_ [OUTPUT TO SLAVE] 
RECEPTACLE WITH 
50-OHM 

TERMINATION 

IDEMTPX SYNC OUTPUT 
RECEPTACLE 

TM 2141-34 

Figure 30. Common unit demultiplexer receptacles. 
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 DEMTPX| 
SYNC INPU 

_ CONNECTOR - 

[SIGNAL OUT] 
CONNECTOR = =S\_ 

1¥#250V TI5V AC 

(Ac POWER INPUT] 
CONNECTOR JI ~ 

UTILITY POWER] 
~~ CONNECTORS 

([115V ac OUTPUT 
CONNECTORS 

Figure $1. 
4 

Test rack, showing receptacles, rear view. 



38. Installation Procedures for 45-channel 

Operation 

a. Unpack the transit cases of two individual 
Multiplexer Sets AN/TCC-13. Unpack each 

transit case by removing the doors and remov- 

ing all packing from around the racks and 

b. Check the individual subchassis (par. 36). ° 

c. Connect all the cables as indicated in 

paragraph 40. . 

d. Do not connect the telephone lines to the 

binding posts at the rear of the mounting rack. 

e. Refer to figures 28 through 31 for the loca- 

tion of all receptacles, and to figure 33 for the 

subunits. 45-channel interconnection diagram. 

39. Cable Connections for 23-channel Operation 
(fig. 32) 

Cord or et bl bl Length 
able assembly Subchassis Connector 

CG—409C/U 

CG-—409C/U 

CG-1040A/U 

CG-1040A/U 

CX-2441/U 

CX-2441/U 

CX-2272/U 

CX-2273/U 

CX-2275/U 

CX-2276/U 

CX-2277/U 

CX-2440/U 

CX-2440/U 

CX-2442/U 

CX-2442/U 

CX-2683/U 

CX-2683/U 

8 ft, 

15 ft 

150 ft 

10 ft 

10 ft 

2 ft, & in. 

20 ft 

Common unit 

Common unit 

Common unit 

“cae unit 

Power supply 

Power supply 

Test set 

Control monitor 

Power supply 

Power supply 

Power supply 

Power supply 

Switch box 

Switch box 

Switch box 

Test set 

Switch box 

MASTER OUTPUT 
TO RF 

MASTER INPUT 
FROM RF 

MTPX SYNC 
OUTPUT 

DEMPTX SYNC 
OUTPUT 

115V AC OUTPUT 

115V AC OUTPUT 

SIGNAL IN 

TEST PAIR 

+250V OUTPUT 

+250V 115V AC 

OUTPUT 

115V AC OUTPUT 

AC POWER INPUT 

115/230 VAC 

OUTPUT 

_ 115/230 VAC 
INPUT 1 

115/230 VAC 
INPUT 2 

SIGNAL OUT 

GROUND 

Subchassis 

Suitable transmission | VIDEO FILTER 

system 

Suitable receiver 

system 

Oscilloscope 

Oscilloscope 

Audio test set 

Oscilloscope 

Control monitor 

Filament supply 

Filament supply 

Control monitor 

Filament supply 

Voltage regulator 

Voltage regulator 

Prime power source 

Auxiliary power 

source 

Control monitor 

Ground rod 

INPUT 

VIDEO OUTPUT 

MTPX SYNC 
INPUT 

DEMPTX SYNC 
OUTPUT 

115V AC INPUT 

115V AC INPUT 

SIGNAL OUT 

TEST PAIR 

+250V INPUT 

+250 115V AC 
INPUT 

115V AC INPUT 

AC POWER 
OUTPUT 

AC POWER 
INPUT 

SIGNAL IN 

Note. Attach 50-ohm terminating plugs that hang alongside the INPUT FROM SLAVE and OUTPUT TO 

SLAVE connectors, 
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40. Additional Cable Connections for 45-channel Operation 
(fig. 33) 

Note. For 45-channel operation, connect all the cables that are required for 23-channel 

operation (par. 39) and those listed below. 

' Cord or Sie 
bl bl Length 

cable assembly Unit 

CG-409C/U Master Multiplexer of 

common unit 

CG—409C/U 

common unit 

Master Multiplexer of 

common unit 

CG-1040A/U | 25 ft, 3 in. 

Connector 

common unit 

Slave demultiplexer of SLAVE INPUT 

common unit 

45 CHAN 
SYNC 

lave multiplexer of 

common unit 

Remove the 50-ohm terminating plugs before inserting the cable assembly connectors. 

41. Service upon Receipt of Used or Recon- 

ditioned Equipment 

a. Follow the instructions in paragraph 35 

for uncrating, unpacking, and checking the 

equipment. 

b. Check the used or reconditioned equip- 

ment for changes made by Modification Work 

Orders. If any changes in wiring have been 

made, note the change on the schematic and 

wiring diagrams in this manual and the book 

of schematic diagrams. 

c. Perform all installation and connection 

procedures given in paragraphs 36 through 39. 

Section Il. INSTALLATION AND ADJUSTMENT PROCEDURES, FOUR-WIRE OPERATION 

Note. Personnel performing the procedures 

described in this section should be familiar with 

the use of controls and instruments described 

in paragraphs 79 through 91. 

42. General 

a. Multiplexer Set AN/TCC-18 is factory- 

aligned. Only the oscilloscope, the audio test 

set, the initial setting of levels on the modems, 

and the pulse position alignment require ad- 

justment upon installation. 

b. This section covers the initial checks and 

adjustment procedures that must be performed 

on Multiplexer Set AN/TCC-13 after installa- 

tion and before operation. The simplest method 

of performing these checks is to operate the 

equipment on a four-wire basis, back-to-back. 

This procedure (par. 44) is only used during 

testing and alignment. In back-to-back opera- ~ 

tion, the output of the modulating and multi- 

plexing system is connected to the input of the 

demultiplexing and demodulating system. There 

is no external transmission system during back- 

to-back operation. To prepare the equipment for 

two-wire operation, check it on a four-wire 

44 

basis and then change the modem switches to 

the two-wire position. 

c. The adjustment procedure outlined in this 

section may be performed by one man (on a 

back-to-back basis). The procedure occasionally 

may require making an adjustment and then 

observing the resultant wave shape on the 

oscilloscope; it is convenient to turn the test 

equipment rack so that the oscilloscope can be 

viewed from the point where the adjustments 

are made. 

d. Failure to meet the operational require- 

ments called for in the following paragraph 

indicates trouble in the equipment. If this 

occurs, perform the complete realignment pro- 

cedures described in paragraphs 372 through 

382. 

43. Initial Checks and Adjustments 

a. Mechanical Checks. 

(1) Check all the cables for tightness of 

connections by turning the cable con- 

nector plug collars by hand. 

(2) Check all the power connections at the. 

switch box, the voltage regulator, the 



rear of the power and filament sup- 

plies, the oscilloscope, the audio test 

set, and the control monitor. 

(3) Besure that the tube shields are secure 

and that the interchassis cables and 

terminal board connections are tight. 

(4) Be sure that the MASTER-SLAVE 

switches, located on each of the com- 

mon unit subchassis, are in the MAS- 

TER positions. Unscrew the four 

panel screws that mount the common 

unit to the multiplexer and pull out 

the common unit; use the handles. 

(5) Unscrew the four screws that hold the 

filament supply filter and turn the 

blower motor (fig. 84) over by hand 

to be sure that it is free. 
Caution: Be sure that both the out- 

side and inside of the filter on the 

filament supply are clean. 

BLOWER MOTOR 

TM 2141-45 

Figure 34. Filament supply blower fan. 

(6) Disconnect all the auxiliary equip- 
ment that may be plugged into the 

utility power sockets. 

0. Electrical Power Application. Connect the 

ac input power to the equipment as follows: 

. (1) Throw the INPUT SELECTOR 

SWITCH on the switch box to either 

the 115/230 VAC INPUT 1 or 115/ 

230 VAC INPUT 2 position, depend- 

ing on the connection of the primary 

_ power source. 
(2) The voltage regulator (fig. 57) is 

normally supplied ready for use with 

(3) 

(4) 

a 115-volt ac power source. To reset 

the voltage regulator for operation on 

a 230-volt power source from opera- 

tion on a 115-volt power source (or 

vice versa), proceed as follows: 

(a) Disconnect the power cord con- 

nected to the AC POWER IN- 

PUT connector of the voltage 

regulator. 

Note. Both the power switches 

should be in the OFF positions. 

(b) Loosen the screws that hold the 

protective bar on the voltage 

regulator circuit breakers. 

(c) For 2380-volt operation, slide the 

bar to the extreme left; for 115- 

volt operation, slide the bar to 

the extreme right; tighten the 

screws that hold the protective 

bar to lock the bar in place. 

(d) Connect the power cord to the 

appropriate connector. 

(e) Place the protective cap on the 

unused receptacle. 

Caution: Always cap the un- 

used receptacle on the voltage 

regulator. 

Throw either the 230V AC INPUT 

ON or 115V AC INPUT ON power 

circuit breaker on the voltage regula- 

tor (fig. 57) to the ON position, de- 

pending on the primary power source. 

The 115 VAC OUTPUT pilot lamp, 

at the right of the circuit breakers, 

should light. 

Throw the power supply FILAMENT 

circuit breaker (fig. 56) to the ON 

position. The FILAMENT ON pilot 

lamps on the power supply and fila- 

ment supply should light. Check the 

line voltage on the LINE VOLTS 

meter. The line voltage should be 115 

volts +1 per cent. If the line voltage 

is not within these limits, adjust the 
OUTPUT VOLTAGE potentiometer 

on the voltage regulator (fig. 57) so 

that the meter indicates 115 volts. 

Throwing the filament switch to ON 

applies filament voltage to the entire 

set, except the oscilloscope and audio 

test set, 

45 



(5) 

-multiplexer 

Caution: Be sure that the blower 

fan, mounted in the bottom of the 

subassembly (filament 

supply), is operating. 

Turn the voltage regulator SENSI- 

TIVITY control (fig. 57) clockwise 

until the voltage regulator starts hunt- 

ing (gear chatter will be heard from 

the voltage regulator when the unit 

is hunting); then turn the control 

MODEM | 

MODEM 2 

MODEM 3 

MODEM4 

MODEM 5s 

MODEM6 

MODEM? 

MODEM 8 

MODEM 9 

MODEM 10 

MODEM ij 

MODEM j2 

Figure 35. Multiplexer Set AN/TCC-13, location of modems. 

(6) 

counterclockwise until the hunting 
just stops. Turn the control counter- 

clockwise another 10° to be sure it has 

stopped. 

Wait 30 seconds and throw the power 

supply +250V circuit breaker to the 

ON position. The +250 V ON pilot 

lamps on the power supply and fila- 

ment supply should light. This applies 

plate voltage to all components of the 

set except the oscilloscope and audio 

*MODEM 13 

‘MODEM 14 

MODEMI5 

sMODEMI6 

MODEMI? 

MODEM IB 

MODEM I9 

MODEM 20 

MODEM! 

MODEM 22 

‘MODEM 23 

X 

IM =214)-17 



test set. These have their own plate 

supply. 

(7) Throw the oscilloscope ON-OFF 

switch (fig. 53) and the audio test 

set. ON-OFF switch (fig. 54) to the 

ON position. The POWER ON pilot 

lamps on each unit should light. Oper- 

ating the toggle power switches on the 

oscilloscope and audio test set places 

the respective units completely in 

operation, because they have self- 

contained filament and plate supply 

sources. 

44. Connections for Back-to-back Operation 

Connect the multiplexer set for back-to-back 

operation as follows: 

a. Remove two Cords CG-409C/U (25 ft) 
from the rf transmission system and the com- 

mon unit. 

b. Connect one of the removed cable assem- 

blies between the MASTER INPUT FROM RF 

and MASTER OUTPUT TO RF connectors on 

the common unit. 

c. Connect 50-ohm terminating plugs to the 

INPUT FROM SLAVE and OUTPUT TO 

SLAVE connectors. 

d. Place the filament supply remote keying 

units in the NORMAL OPERATION position. 

e. Place all modems on a four-wire basis as 

follows: 

(1) Unscrew the two front panel screws 

that mount each modem to the mount- 

ing rack and pull forward. 

Caution: Be careful when pulling 

the unit out; there is no stop. 

(2) Pull out the 2W-4W switch (fig. 36) 

and plug it in with the 4W position 

pointing toward the arrow. 

Figure 36. Location of modem 2W-4W switch. 

47 



45. Checking Oscilloscope 60-cycle Voltage 

Calibrator Wave Form 

a. Set the oscilloscope controls (fig. 53) as_ 

follows: 

SYNC SELECTOR 

Position 

+INT 
COARSE 5000 

FINE 10 

INTENSITY Fully counterclockwise 

HOR POSITION 

VERT POSITION 

TIMING PIP PHASE 

CAL VOLTAGE 

VERT ATTEN 

Fully clockwise 

Middle of range 

5 

VERT GAIN Fully clockwise 

TRIGGER Fully counterclockwise 

STAB Fully counterclockwise 

ON-OFF’ switch 

PIP LOCKING 

ON 

Fully counterclockwise 

b. Wait 30 seconds, then advance the in- 

tensity control clockwise until a vertical line 

appears on the scope. 

c. Adjust the ASTIG and FOCUS controls 

until a sharply focused vertical line is seen at 

the left side of the screen. 

d. Rotate the HOR POSITION control to its 

midposition. 

e. Advance the STAB control until a sweep 

appears; then turn it in the opposite directioa 

until the sweep just disappears. 

f. Advance the TRIGGER control until a> 

stable image of a clipped sine wave appears 

(fig. 87). The pattern on the screen is the 

60-cycle clipped sine wave-voltage calibrator 

wave form that is used for direct-reading 

voltage calibration of input signals. 

g. The check in a through f above gives a 

good indication that the oscilloscope is operat- 

ing properly. 

TM 2141-280 

Figure 37. Oscilloscope voltage calibrating wave form 

(60-cycle clipped sine wave). 

48 

46. Calibrating Audio Test Set 

Calibrate the audio test set as follows: 

a. Push in the SEND-CALIBRATE push 

switch (fig. 54). The DECIBELS meter pointer 

should read at the red line. If it does not, 

slowly rotate the ADJ SEND control until the 

pointer rests on the red line. Release the SEND- 

CALIBRATE switch. 

b. Push in the REC-CALIBRATE push 
switch. The DECIBELS meter should again 
read at the red line. If it does not, slowly rotate 

the ADJ REC control until the pointer rests 

on the red line. 

Note. Always perform the SEND calibra- 

tion before the REC calibration because the 

REC reading depends on prior ADJ SEND > 
calibrations. : 

47. Alignment of Output Pulse Train 

a. Press the control monitor NORMAL push 

button switch in and turn the power supply 
FILAMENT ON power switch (fig. 56) to ON. 

b. Set +250V circuit breaker on the power 

supply to the ON position. 

c. Allow the equipment to warm up 15 min- 

utes for stable operation. 

d. While the equipment is warming up, pro- 

ceed as follows: 

(1) Check to see if the TW-4W switch 
(fig. 86) in each modem is in the 4W 

position. 

(2) Place all modem selector switches 

(fig. 50) in the OPER position. 

e. After the 15-minute warm-up, connect the 

oscilloscope test probe to the PULSE TRAIN 

OUTPUT TO RF test point on the common 

unit (fig. 62). A special cable is provided for 

this purpose in the oscilloscope probe compart- 

ment. 

f. Check the output train as follows: 

(1). Turn the oscilloscope SYNC SELEC- 

TOR switch to the MULTIPLEXER 

position. 

(2) Turn the COARSE control to the 50 — 

position, and the FINE control to ap- 4 

proximately the 5 position. 

(3) Adjust the VERT ATTEN and VERT 
GAIN controls so that the pattern is — 

two boxes high (2 centimeters (cm) ). 

The pattern now appearing on the ,! 



ae 

(4) 

scope screen should be similar to that 
shown in figure 63. 

Check to see that all the individual 

channel pulses are present. The top 

left-hand modem unit (fig. 35) gener- 
ates the pulse immediately to the right 

of the double marker pulse. This pulse 

is called the channel 1 pulse. The chan- 

nel 2 pulse is generated by the second, 

modem down from the top left and is 

the second pulse to the right of the 

double marker pulse. The remainder 

of the modems on the left side gener- 

ate pulses 3 through 12. Starting at 

the top right-hand side of the rack, 

the modems are numbered 13 through 

23. The bottom unit on the right side 

is a spare modem and is interchange- 

able with any other modem. 

g. Align the pulse train as follows: 

(1) Adjust the oscilloscope COARSE and 

-) 

FINE controls so that two successive 

markers occupy approximately nine 

boxes (9 cm) across the oscilloscope 

screen. 

Turn on the oscilloscope timing pips 

by turning the TIMING PIP PHASE 
control clockwise. If the timing pips 

are not locked, set the TIMING PIP 

PHASE control to the center of its 

range and adjust the PIP LOCKING 

(3) 

(4) 

control until the pips are locked. Ad- 

just the phase of the pips with the 

TIMING PIP PHASE control so that 

a timing pip begins to ride into the 

leading edge of the second marker 
pulse. This will show a slight ampli- 

tude increase of the second marker. 

pulse. 

Vary the PULSE POSITION control 

of the channel 1 modem until the 

leading edge of the channel 1 pulse 

rides into the timing pip immediately 

to the right of the second marker 

pulse. Adjust the PULSE POSITION | 
control so that the channel 1 pulse 

approaches the timing pip from the 

right. 
Channel 1 is aligned when its ampli- 

tude just begins to increase as the 

second marker pulse did under its 

alignment ((2) above). 

(5) Repeat the steps in (3) and (4) above 

for channels 2 through 23. 

(6) Check the complete pulse train align- 

ment as follows: 

(a) Change the TIMING PIP 

PHASE control very slightly. 

All pulses (including the second 

marker pulse) should increase 

and decrease in amplitude simul- 

taneously. If any channel pulse 

does not do this, repeat the align- 

ment procedure for this channel, 

and then check the alignment of 

the entire train again. 

(6) 

48. Checking Amplitude of Output Pulse 

Train 

Check the amplitude of the output pulse 
train as follows: 

a. Perform all the procedures described in 

paragraphs 45 and 47. 

b. Connect the 10:1 oscilloscope probe to 

the MASTER OUTPUT TO RF test jack on 

the common unit. 

c. Adjust the oscilloscope VERT ATTEN 

and VERT GAIN controls so that the output 

pulse train is two boxes high. Note the setting 

of the VERT ATTEN control. 
d. Rotate the VERT ATTEN control to the 

CAL position. This will supply the 60-cycle 

voltage calibrator wave form. 

e. Adjust the CAL VOLTAGE control until 

the voltage calibrator wave form is also two 

boxes high. Note the control setting. 

f. The amplitude of the output pulse train 

is the product of the VERT ATTEN control 

setting (c above) and the CAL VOLTAGE con- 

trol setting (e above) read directly in volts. 

Note. When using the direct cable probe, 

multiply this value by 10. 

g. The pulse train level on the oscilloscope 

Should be .5 volt from base level to peak. If 
this value is not obtained, pull out the common 

unit and adjust the OUTPUT AMPL control 

(R74) of the multiplexer section (fig. 111). 

49. Checking Modulation of Channels 

Check the modulation of the channels as 

follows: 

a. Calibrate the audio test set as described 

in paragraph 46. 

b. Depress the control monitor SEND switch, 

49 



set the test set SEND-DBM controls to the 

position, and depress the audio test set ME AS- 

URE F1A push switch. 

c. Place the channel 1 modem selector switch 

in the SR position. 

d. Turn on the oscilloscope timing markers. 

by rotating the TIMING PIP PHASE clock- 

wise from the OFF position. 

e. Set the oscilloscope COARSE control to 

the 5-microsecond position, and the FINE con- 

trol to the 1-microsecond position. 

f. Rotate the FINE control until two con- 

secutive timing pips are 10.4 boxes (10.4 cm) 

apart on the oscilloscope cathode-ray tube. The 

DELAY LINE 
CHANNEL 13 
BINDING POSTS 

DELAY LINE - 

(CHANNELS 13-23) 

DELAY LINE 
SPARE CHANNEL «J 

DING POSTS 

4 . sweep speed is now .5 microsecond per centi- 

meter. 

g. Place the oscilloscope probe in the PULSE. 

TRAIN OUTPUT jack on the common unit. 

The channel 1 pulse should move one box 

(4.5 microsecond) from leading edge to lead- 
ing edge. 

h. Return the selector switch on modem 1 

to the OPER position, and repeat the steps in 

d through f above for all other modems. 

50. Checking Modem Audio Output Level 

Check the modem audio output level as 

follows: 

COMMON UNIT 

DELAY LINE 
CHANNEL | 

BINDING POST. 

(CHANNELS 1-12) 

Figure 38. Delay line and channel binding posts. 
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a. Push the SEND switch on the control 
‘monitor panel. Place the modem 1 selector 

switch in the SR position. Apply a signal of 

—4 decibels referred to 1 milliwatt in 600 ohms 

) (dbm) to channel 1 from the audio test set. The 

signal that is received on this modem should 

be 0 dbm in amplitude. To measure this, con- 

nect a separate two-conductor cable from the 

4W REC channel 1 binding posts (fig. 38) to 

the 600-ohm RECEIVE IN pair of jacks on 
the lower right front panel of the audio test 

set. 

b. If this level is not obtained, adjust the 

OUTPUT AUDIO GAIN control on the channel 

1 modem (fig. 50) until this value is read on 

the audio test set. 

c. Return the modem selector switch to 

OPER position. 

d. Repeat the procedures described in a 

through c above for channels 2 through 23. 

Section III. 

51. Final Connections 
When all checks, adjustments, and align- 

ments (par. 45 through 50) have been com- 

pleted, remove the back-to-back operational 

connections by reversing the procedures de- 

scribed in paragraph 44. Prepare for normal 

multiplexer operation as follows: 

a. Connect the four-wire telephone lines to 

the binding posts alongside the delay line (fig. 

38). 

b. With the oscilloscope probe connected to 

the common unit PULSE TRAIN OUTPUT 

jack, have the switchboard operator at the 

other end of the telephone line talk into chan- 

nel 1 in a normal conversational tone and give 

a test count. Pulse modulation should be seen 

on the oscilloscope. 

c. Repeat the procedure in b above for chan- 

nels 2 through 23. | 

d. The multiplexer set is now ready for oper- 

ation. 

INSTALLATION AND ADJUSTMENT PROCEDURES, TWO-WIRE OPERATION 

AND REMOTE KEYING OPERATION 

52. Two-wire Operation 

Perform all the installation adjustment pro- 
cedures described in paragraphs 44 through 

651; then proceed as follows: 

a. Place the 2W-4W switch in each modem 

(fig. 36) in the 2W position. 

b. Connect the two-wire telephone lines to 

the binding posts alongside the delay line (fig. 

38). 

- ¢. The multiplexer set is now ready for use. 

53. Remote Keying Operation 

a. Perform all the installation adjustment 

procedures described in paragraphs 44 through 

51. 

b. In addition to the usual audio connections 

(either two- or four-wire operation), connect 

_ the remote vhf stations to the channel 1 and 

channel 2 remote keying binding posts, above 

the rear of the filament supply as follows: 

(1) Connect the keying-in pair (pair used 

to operate the remote vhf station) to 

the appropriate channel REMOTE 

KEYING IN binding posts (fig. 18). 

(2) Connect the keying-out pair to the 

appropriate channel (one or two) RE- 

MOTE KEYING OUT binding posts. 

c. Unscrew the four captive screws (fig. 39) 

that hold the rear panel to the filament supply 

and remove the panel by handles. 

d. Remove each of the remote keying units, 

invert, and replace them so that REMOTE 

KEYING OPERATION arrows point upward 

(fig. 18). 

e. Replace the rear panel by reversing the 

procedure described in ¢ above, 
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Section IV. INSTALLATION AND ADJUSTMENT PROCEDURES, 45-CHANNEL OPERATION. 

54. General 

Follow the procedures described in para- 

graphs 42 through 51 for each of the multi- 

plexer sets to be used for 45-channel operation. 

Designate one the master station and the other 

the slave station. 

Note. For 45-channel operation, channel 23 

of the slave station is not used. 

55. Initial Checks and Adjustments 

a. Cable Connections. Connect the cables as 

indicated in paragraphs 39 and 40. Refer to 

figure 33 for the interconnecting diagram. 

b. Master Multiplexer. Set the controls of 

the master multiplexer as indicated below. All 

controls are located on the common unit sub- 

chassis. 

(1) To gain access to the controls, loosen 

the four screws that hold the common 

unit to the multiplexer rack. Pull out 

the common unit by the handles (fig. 

40). 

(2) Set the MASTER-SLAVE switch lo- 

cated on the common unit multiplexer 

section chassis (fig. 111) to the 

MASTER position. 

(3) Set the MASTER-SLAVE switch lo- 

cated on the common unit demulti- 

plexer section chassis (fig. 112) to 

the MASTER position. 

c. Slave Multiplexer. Set the controls of the 

slave multiplexer as indicated below. All con- 

trols are located on the common unit subchassis. 

(1) To gain access to the controls, loosen 

the four screws that hold the common 

unit to the multiplexer rack. Pull out 

the common unit by the handles. 

(2) Set the MASTER-SLAVE switch lo- 

cated on the common unit multiplexer 

section chassis (fig. 111) to the 

SLAVE position. 

(3) Set the MASTER-SLAVE switch lo- 

cated on the common unit demulti- 

plexer section chassis (fig. 112) to the 

SLAVE position. 

d. Electrical Power Applications. Connect 

the ac power to the master and slave units as 

indicated in paragraph 43b. 

56. Alignment of 45-channel Output Pulse 

Train 

Note. Align the output pulse train of the 
master and slave stations as described in para- 

graph 47 before proceeding. . 

a: Connect the oscilloscope probe to the 

MASTER OUTPUT TO RF test point of the 
MASTER station. 

b. Turn on the oscilloscope timing pips. If 

the timing pips are not locked, set the TIMING 

Figure 39. 
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Filament supply, rear view, showing handles and mounting screws. 
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Multiplexer rack, common unit pulled out. Figure 40. 
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PIP PHASE control to the center of its range 

and adjust the PIP LOCKING CONTROL until 

the pips are locked. Adjust the phase of the 

pips with the TIMING PIP PHASE control so 

that the timing pip begins to ride into the 

leading edge of the second marker pulse. This 

will show a slight amplitude increase of the 

second marker pulse. 

c. Adjust the oscilloscope COARSE and 

FINE controls so that any two timing pips are 

10.4 boxes apart. 

d. Shut off the timing pips by turning the 

TIMING PIP PHASE control counterclockwise. 

e. Vary the SWEEP PHASE control until 

both positive and negative marker pulses ap- 

pear on the face of the crt screen. 

f. Vary the 45 CHAN SYNC control (R3) 

of the master station until the leading edge of 

the first negative marker pulse is exactly 5.2 

boxes to the right of the leading edge of the 

~ first positive marker pulse. 

57. Checking Amplitude of Channels ; 

Check the amplitude of the 45-channel output 

pulse train as follows: 

a. Connect the special oscilloscope probe to 

the MASTER OUTPUT TO RF test jack of 

the master multiplexer common unit. 

b. The pulse train level amplitude on the 

oscilloscope should be .5 volt from base level 

to peak, or 1 volt from peak to peak. If this 
value is not obtained, adjust the OUTPUT 

AMPL control on the multiplexer portion of 

the common unit, both master and slave units. 
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The final adjustment should be made so that the 
negative pulse train is equal in amplitude to 

the positive pulse train and equal to .5 volt 

(base to peak). 

Note. The output of the master multiplexer 

is the positive pulse train, the output of the. 

slave multiplexer is the negative pulse train. 

58. Installation Procedure, Four-wire or 

Two-wire Operation 

a. Four-wire Operation. 

(1) Connect the four-wire telephone lines © 
to the binding posts alongside the — 

delay lines of both master and slave — 

station. 

Note. Be sure that the modem 2W- 

4W switch is in the 4W position. 

(2) 
graph 51b. 

The 45-channel. multiplexer (Master 

and Slave) are now ready for opera- 

tion. 

(3) 

b. Two-wire Operation. Connections for two- 
wire operation are identical to those for 23- 

channel operation. Perform the procedures 

described in paragraph 52a through c. 

59. Installation Procedure, Remote Keying 

Operation 

The remote keying procedures for 45-channel 

operation are identical to those for 23-channel © 

operation. Perform the procedures described 

in paragraph 530. 
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Perform the test as.indicated in para- | 
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CHAPTER 3 

INSTALLATION OF MULTIPLEXER GROUP AN/TCA-1 

AND 

PULSE FORM RESTORER GROUP AN/TRA-—10 

Section I. 

60. Siting 

a. Multiplexer Group AN/TCA-~-1 or Pulse 

Form Restorer Group AN/TRA-~10 is never 
used alone, but always as a part of a micro- 

wave radio-relay system. The siting problems 

that are applicable to the associated radio sets 

are always the prime consideration when in- 

stalling the equipment. When the equipment 

is used as part of a microwave radio relay using 

the AN/TRC-29, refer to the manual covering 
the Radio Set AN/TRC-29 for siting consider- 
ation. 

b. The multiplexer or pulse form restorer 

group may be located in any place that is con- 

venient to the supplied radio sets, the audio 

input lines, and the power source. The length 

of input cable is unimportant if the level of 

the audio input is adequate. 

61. Uncrating, Unpacking, and Checking 

New Equipment 

Note. For used or reconditioned equipment, 

refer to paragraph 64. 

a. General. The components of Multiplexer 

Group AN/TCA-1 or Pulse Form Restorer 
Group AN/TRA-10 may be packed for oversea 

or domestic shipment. Check the number of 
crates against the table of components in the 

appendix to be sure that all the components 

have been received. 

b. Step-by-step Instructions for Uncrating 

Equipment Rack Crates. Refer to paragraph 
35D for step-by-step instructions for uncrating 

equipment rack crates. 

SERVICE UPON RECEIPT OF EQUIPMENT 

c. Step-by-step Instructions for Unpacking 

Small Crates. Refer to paragraph 35c for step- 

by-step instructions for unpacking small crates. 

d. Unpacking Domestic Shipment. When 

packaged for domestic shipment, the multi- 

plexer and pulse form restorer groups are 

exactly as for oversea shipment, except for the 

lack of the moistureproof barrier. To unpack 

equipment packed for domestic shipment, pro- 

ceed as directed in b and ¢ above. 

62. General Installation 

a. Other than the initial uncrating which 

requires seven men to lift the transit cases 

from the packing crates, one man who is famil- 

iar with the installation procedures can as- 

semble the multiplexer or pulse form restorer 

group in approximately 30 minutes. 

b. The components of the multiplexer group 

-are packed in six crates. The components of 

the pulse form restorer group are packed in 

five cartons. All the individual subchassis are 

mounted in the transit case and all accessories 

and cables are packed in the accessories cases. 

Other than connecting the cables and telephone 

lines, no other assembly is required. 

c. When the transit cases are opened for the 

first time, each of the components should be 

inspected for proper seating of tubes, tightness 

of front panel control, and free motion on the 

runner tracks. Loosen. the captive screws of 

each subchassis with a screw driver, and pull 

the subchassis forward as far as it will go. Un- 

screwing the captive screws on the video re- 

storer front panel permits the restorer blower 
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to be inspected. Unscrewing the captive screws | 

on the power supply permits the panel to swing 

down on its hinges. 

Caution: There is no locking mechanism to 

hold the individual modems and the audio test 

set in place; these chassis may be withdrawn 

completely from the mounting rack. The multi- 

plexer subassembly and power supply do not 

slide forward. 

d. The following table lists the fuses used in 

Multiplexer Group AN/TCA-1 and indicates 

their functions. Check these fuses to be sure 

that the proper fuse is installed in the power 

clip. 

Panel marking Equipment 

Video restorer 

(fig. 45) 

EASTGOING +250V 
FUSE 

WESTGOING +250V 
FUSE 

FAN 

Filament supply | FIL LEFT SIDE 

FIL RIGHT SIDE 

B+ GROUP 1 

B+ GROUP 2 

B+ GROUP 3 

B+ GROUP 4 

FAN 

BRUSH FUSE 
CONTROL FUSE 
MOTOR FUSE 

Voltage 

regulator 

(fig. 57) 

Audio test set 

(fig. 54) 

Oscilloscope 

(fig. 538 and 

31) 

From To 
bl Length 

e. The following table lists the fuses used in 
the AN/TRA-~10 and indicates their functions. 
Check these fuses to be sure that the proper 

fuse is installed in the proper clip. 

Value in 

amperes 
Equipment Panel marking 

Mounting rack | B+ EF MODEMS 
B+ WF MODEMS 

FILAMENTS 

20.~RINGING SUPPLY] 15/100 

Power supply UTILITY POWER 

(fig. 56) 

Oscilloscope | | FUSES 5 

(fig. 53) FAN 2 

EASTGOING +250V | 6/10 
‘FUSE 

WESTGOING +250V | 6/10 
FUSE)? 

FAN | 1/10 

Video restorer 

(fig. 45) 

63. Cable Connections | 

The following charts lists the cables supplied 

with the multiplexer and pulse form restorer 

groups and the components that the cables con- 

nect. Refer to figures 31 and 41 for location 

of all receptacles of the multiplexer group and 

to figure 43 for location of all receptacles of 

the pulse form restorer group. 

Note. Do not connect the telephone lines to 

the binding posts at the rear of the mounting 

rack until audio levels are adjusted. 

a. Multiplexer Group AN/TCA-1, Cable 

Connections. Connect the cables as listed below. 

Refer to figure 42 for the interconnecting dia- 
gram. 

Connector 

CG-—409C/U 25 ft Pulse form INPUT FROM EAST- |Eastfacing radio | VIDEO OUTPUT 

restorer FACING REC set 

CG—409C/U 25 ft Pulse form OUTPUT TO EAST- |Eastfacing radio | VIDEO FILTER 
restorer FACING XMTR set INPUT 

CG—409C/U 25 ft Pulse form INPUT FROM WEST- | Westfacing radio | VIDEO OUTPUT 
restorer FACING REC set 

CG—409C/U 25 ft Pulse form OUTPUT TO WEST- |Westfacing radio | VIDEO FILTER 

restorer FACING XMTR set INPUT 

CG-1040A/U | 15 ft, 3 in.}| Pulse form EASTGOING SCOPE | Oscilloscope MTPX SYNC 
restorer SYNC INPUT 

CG-1040A/U | 15 ft, 3 in.| Pulse form WESTGOING SCOPE | Oscilloscope DEMPTX SYNC 
restorer SYNC INPUT 

CX-2277/U 8 ft, 4 in.| Multiplexer 115V AC INPUT Power supply 115V AC OUTPUT 
subassemhly 
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Multiplexer +250V INPUT +250V OUTPUT 

. Cord or cable 

| CX-2275/U 8 ft, 4 in. Power supply 

subassembly 

CX-2273/U Multiplexer TEST PAIR Control monitor | TEST PAIR 
subassembly 

Switch box 115/230 VAC 115/230 volt ac CX-—2442/U 
: INPUT 1 primary power 

source 

115/230 volt ac CX-2442/U Switch box 115/230 VAG 
INPUT 2 auxiliary 

power source 

CX-2683/U Switch box GND CONN Ground Rod 
MX-148/G+ 

CX-2441/U Oscilloscope 115V AC INPUT Power supply 115V AC OUT 

CX-2272/U Audio test set SIGNAL IN Control monitor | SIGNAL OUT 
CX-2441/U Audio test set 115V AC INPUT Power supply 115V AC OUT 

CX-2682/U ft, Audio test set SIGNAL OUT Control monitor | SIGNAL IN 

CX-2276/U ft, Control monitor | +250V 115V AC | Power supply +250V 115V AC 
INPUT OUTPUT 

AC POWER OUTPUT 
AC POWER INPUT 

115V (230V)» 

CX-2440/U 
CX-2440/U 

15 ft, 0 in. 

150 ft, 0 in. 

AC POWER INPUT 
115/230 VAC 
OUTPUT 

Power supply 

Switch box 

Voltage regulator 

Voltage regulator 

aNot supplied with Multiplexer Group AN/TCA-1. 

>bDepending on primary power source. 

b. Pulse Form Restorer Group AN/TRA-10, Cable Connections. Make the cable connections as 

outlined below. Refer to figure 44 for the pulse form restorer group interconnecting diagram. 

To 

Connector Component Connector 

CG—409C/U Video restorer INPUT FROM EAST- | Eastfacing radio | VIDEO OUTPUT 

FACING REC set 

CG-—409C/U Video restorer OUTPUT TO EAST- | Eastfacing radio | VIDEO FILTER 

' FACING XMTR set ’ INPUT 

CG—409C/U Video restorer INPUT FROM WEST- | Westfacing radio | VIDEO OUTPUT 
FACING REC set 

CG—409C/U Video restorer OUTPUT TO WEST- | Westfacing radio | VIDEO FILTER 

, FACING XMTR set INPUT 

CG-1040A/U in. Video restorer EASTGOING SCOPE | Oscilloscope MTPX SYNC INPUT 
SYNC 

CG-1040A/U in. Video restorer WESTGOING SCOPE | Oscilloscope DEMPTX SYNC 

SYNC INPUT 

CX-2276/U i Power supply +250V 115V AC Mounting rack +250V 115V AC 
OUTPUT INPUT 

CX-2440/U : Voltage regulator | 115V or 230V AC Switch box 115/230V AC 
{ POWER INPUT=? OUTPUT 

CX-2440/U Voltage regulator | AC POWER OUTPUT | Power supply AC. POWER INPUT 

Power supply 115V AC OUTPUT Oscilloscope 115V AC INPUT 

Switch box 115/230V AC 115/230V AC 
INPUT 1 primary power 

source 
Switch box 115/230V AC 115/230 Volt ac 

INPUT 2 auxiliary 

power source 

Switch box GND CONN Ground Rod 

-  MxX-148/G» 

*Depending on input of primary power source. 

_ Not supplied as part of Pulse Form Restorer Group AN/TRA-10, 
- 

~ 
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PULSE FORM J musta, (EASTGOING 
RESTORER ‘issu guessed some a, on y 
TD-68/G “os 

WESTGOING 
OUTPUT TO 
WESTFACI T 

SCOPE SYNC: ESTFACING XMTR 

CONNECTOR 1D ee Biiee fa | = CONNECTOR 

OUTPUT TO | ee MEN ne Ps [INPUT FROM 
CRETEABING (alcRiee at | eee ae WESTFACING REC 

CONNECTOR CONNECTOR 

INPUT FROM 
EASTFACING REC 
CONNECTOR © 

AUDIO ELECTRICAL 
BINDING , EQUIPMENT RACK 
EOS MT~1433/TCA-I 

REMOTE 
KEYING : 
BINDING POSTS. || foo | / CONNECTOR 

ONNECTOR 
+250V INPUT] —s- 

styl 

MULTIPLEXER 
SUBASSEMBLY SEE. : j — 

MX~1442/TC yf CONNECTOR © 

CONNECTORS 

Figure 41. Multiplexer Group AN/TCA-1, multiplexer rack, rear view, 
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[EXTERNAL | 
| SYNC INPUT 

sack 

[DEMTPX SYNC INPUT 
oe . 

_ [MTPX SYNC INPUT 
JACK 

‘WiSv ac INPUTI- 
_ CONNECTOR 

[WESTGOING SCOPE 
SYNC 
CONNECTOR 

OUTPUT TO 
EAST FACING 
XMTR 

 GONNECTOR 
iNPUT FROM 
EASTFACING REC 
CONNECTOR © 

AUDIO BINDING 

CHANNEL 2 
REMOTE KEYING 
BINDING POSTS 

[rest pair. 

BINDING POSTS 

UTILITY POWER 

CONNECTORS — 
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EASTGOING SCOPE 
ise 
CONNECTOR JIG 

OUTPUT TO | 
WESTFACING| 
XMTR 

CONNECTOR © 

INPUT FROM 
|WESTFACING REC] 
CONNECTOR ~ 

|AUOLO BINDING 

posts 

[CHANNEL | 
REMOTE KEYING| 
BINDING POSTS — 

i5V AC INPU 

115V AC OUTPUT 
“CONNECTOR = 

esoy 
SV AC OUTPUT) 

CONNECTOR 

115V AC OUTPUT 
CONNECTOR 

C POWER INPU 
CONNECTORS 



OSCILLOSCOPE 
0S-25/G 

MTPX DEMTPX EXTERNAL HISV AC 
SYNC SYNC SYNC INPUT 
INPUT INPUT INPUT 

CG-l040A/U 
i (SFT 31N) 

C6-1040A/U EASTGOING (i5FT 31N) PULSE FORM SCOPE 
RESTORER SYNC 
TD-68/6G 

OUTPUT TO TO WESTFACING 
WESTFACING CG-409C/uU (25 FT) pn e cee 

WESTGOING XMTR 

SCOPE INPUT FROM TO WESTFACING SYNC CG-409C/U (25 FT) 
WESTFACING RADIO SET OUTPUT TO 

TEAST FACING | CG- 40S 0) Meee EASTFACING REC 
RADIO SET XMTR 

TO EASTFACING INPUT FROM 
RADIO SET CG-409C/u (25 FT) EAST FACING 

REC 

ELECTRICAL EQUIPMENT RACK 
MT-1434/TRA-IO 

OxOv 2 Oro COLOR Ovo 
4wW REC 4W TRANS 4W TRANS 4W REC 
2W LINE 2W LINE ex-2441/u 

CHAN | CHAN | (8 FT 41N.) 

OLD 1070) OLO Ono 
4W REC 4W TRANS 4W TRANS 4W REC 
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CHAN 2 CHAN 2 
+250V 11I5v ACO 

POWER SUPPLY PP-691/G aS 
2FT 

i Be 115V +250V 
AC  +250V 1I5V AC 

OUTPUT 

15V AC 
output O 

CX-2440/uU 
(15 FT) 

SWITCH BOX SA-357/G 
CX-2240/U(I50 FT) eRe tear 

115/230V AC 
OUTPUT 

ce) 

AC AC AC To 
POWER POWER POWER SWITCH BOX SA-357/G GND Py cx-2683/U ( 20FT ) === GROUND 
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15V AC 230V AC 5/230VAC  |4@SELECTOR-»2_ 115/230V AC MX-148/G 

. SWITCH 
VOLTAGE REGULATOR FRONT VIEW 

CN-236/G 

CX-2442/u CX-2442/U 
(10 FT) (10 FT) 

TO TO 
115/230 V A-C 115/230V A-C AUXILIARY 

POWER SOURCE POWER SOURCE TM 2682-206 

Figure 44. Pulse Form Restorer Group AN/TRA-10, interconnection diagram. 
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64. Service Upon Receipt of Used or Recon- 

ditioned Equipment 

a. Follow the instructions in paragraphs 61 

and 62 for uncrating, caemnueetat and checking 

the equipment. 

b. Check the used or reconditioned equipment 

Section II. 

Note. Personnel performing the procedures 

described in this section should be familiar 

with the use of controls and instruments de- 

scribed in paragraphs 79 through 91. 

65. General 

a. Multiplexer Group AN/TCA-1 and Pulse 

Form Restorer Group AN/TRA-10 are factory- 

aligned. Only the test equipment, initial setting 

of levels on the modems, and pulse alignment 

and amplitude require adjustment. 

b. This section covers the initial checks and 

adjustment procedures that must be performed 

after installation and before operation. These 

procedures are based on interconnection of the 

multiplexer group into a radio-relay. system 

such as Radio Repeater Set AN/TRC-41 and 
that a signal is being received from the east 

and west terminal. 

c. Failure to meet the operation require- 

ments called for in the following paragraphs 

indicates trouble in the equipment. If this oc- 

curs, refer to paragraphs 103 through 105 and 

129 through 136, and perform the complete 

checks as required. 

66. Initial Checks and Adjustments 

a. Mechanical Checks. 

(1) Check all the cable connections for 

tightness by turning the cable con- 

nector plug collars by hand. 
(2) Check all the power connections at 

the switch box, the voltage regulator, 

the rear of the power and filament 

supplies, the oscilloscope, the audio 

test set, and the control monitor. 

(3) Be sure that the tube shields are 

secure and that the interchassis cables 

and terminal board connections are 

tight. 
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for changes made by Modification Work Orders. 

If any changes in wiring have been made, note 

the change on the schematic and wiring dia- 

grams in this manual and the book of schematic 

diagram. 

c. Perform all installation and connection 

procedures given in paragraphs 62 and 68. 

INSTALLATION AND ADJUSTMENT PROCEDURES 

(4) Be sure that the D&I-THRU and 

PARTY LINE-PRIV (fig. 47 and 49) 

. switches are properly seated. 

(5) Unscrew the four captive screws that 

hold the video restorer fan (fig. 45), 

‘pull the fan assembly out, and turn 

the blower motor (fig. 46) over by © 

hand to be sure that it is free. 

(6) Unscrew the four screws that hold 

the filament supply filter. Remove the 

filter and turn the blower motor (fig. 

34) over by hand to be sure that it 

is free. 

Caution: Be sure that the filter on 

the filament supply is clean. Refer to 

paragraph 110a(12) for cleaning in- 

structions. 

(7) Disconnect all auxiliary equipment. 

that may have been plugged into the 

utility power sockets. 

b. Electrical Power Connections. Connect 

the ac input power to the equipment as follows: 

(1) Operate the INPUT SELECTOR 

SWITCH on the switch box (fig. 58) 

to either the INPUT 1 or INPUT 2. 
position, depending on which connec-— 

tor is connected to the primary power 

source. 

(2) Operate the circuit breaker FOR 115V 

AC INPUT or FOR 230V AC INPUT 

on the voltage regulator (fig. 57) to 

the ON position, depending on the 

voltage of the input power source. 

The 115 VAC OUTPUT pilot lamp on 

the voltage regulator should light. If 

the voltage regulator is set for 230- 

volt operation and it is desired to 

operate at 115-volts (or vice versa) 

see (8) below. 



5 4 (3) To reset the voltage regulator’ for 
operation on a 230-volt power source 

from operation on a 115-volt power 

source (or vice versa), proceed as 

follows: 

(a) Disconect the power cord con- 

nected to the voltage regulator. 

(b) Loosen the screws that hold the 

protective bar on the voltage 

regulator switches. 
Note. Both the 230-volt and 

115-volt ac power input switches 

should be in the OFF position. 

(c) For 230-volt operation, slide the 

bar to the extreme left; for 115- 

volt operation, slide the bar to 
the extreme right. 

(d) Tighten the screws that hold the 

protective bar to lock the bar in 

place. 

(4) 

“ 

(e) Connect the power cord to the 

appropriate receptacle. 

(f) Place a protective cap on the un- 

used receptacle. 

Caution: Always cap the un- 

used receptacle on the voltage 

regulator. 

Operate the power supply FILA- 

MENT circuit breaker to the ON 

position. The FILAMENT ON indica- 

tor lamps on the power supply and 

filament supply should light, and the 

LINE VOLTS meter should indicate 

115 volts +1 per cent (1.1 volts). 

If the line voltage is not within these 

limits, adjust the OUTPUT VOLT- 

AGE potentiometer on the voltage 

regulator (fig. 57) so that the meter 

indicates 115 volts. Throwing the 

FILAMENT switch to ON applies 

Figure 45. Video restorer, front view. 
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Figure 46. 

(5) 

(6) 

PULSE 
FORM 
RESTORER 

43 CAPTIVE 
SCREWS 

BLOWER 

FAN 

_TM5091- 208° 

Video restorer blower fan. 

filament voltage to the drop-and-insert 

circuits. The test equipments have 

their own power supply. 

Caution: Be sure that all blower 

fans are operating. 

Turn the voltage regulator SENSI- 

TIVITY control (fig. 57) clockwise 
until the voltage regulator starts hunt- 

ing (gear chatter will be heard from 

the voltage regulator when the unit is 

hunting) ; then turn the control coun- 

terclockwise until the hunting just 

stops. Turn the control counterclock- 

wise another 10° to be sure it has 

stopped. 

Wait 30 seconds and operate the 

power supply +250V circuit breaker 

to the ON position. The +250V ON 

lamps on the power supply and fila- 

ment supply pilot should light. This 

applies plate voltage to the video re- 

storer and modems. Check for 4250. 

volts between terminal 1 and ground 

and between terminal 16 and ground 

on terminal TB1A of the video re- 

storer (fig. 273) with Electronic Mul- 

timeter TS-505/U. If this voltage is 
not read, refer to paragraph 123. 

Set the oscilloscope and audio test 
set ON-OFF switches (fig. 53 and 

54) to the ON positions. The POWER 

ON pilot lamps on each unit should 

(7) 

light, and the units should be in oper- 
ation. 

67. Preliminary Positioning of Switches 

The following switches must be set as indi- 

cated before proceedings: 

a. Modem 2W-4W Switch. Place all modems 

on a four-wire basis as follows: 

(1) Unscrew the two front panel captive 

‘screws that mount each modem to the 
mounting rack and pull forward; be 

careful not to pull the unit out en- 

tirely. There is no stop. 
Pull out the 2W-4W switch (fig. 36) 

and plug it in with the 4W position 

pointing toward the arrow on the 

terminal board. 
Note. If the equipment is to be 

operated on a two-wire basis perform 

all procedures for 4-wire, then place 

the 2W-4W switch in each modem in 

the 2W position. 

b. Remote Keying Units (fig. 18 and 49). 

Unscrew the two captive screws on each remote 

keying unit, invert and insert so that NORMAL 

OPERATION is at the top. 

c. PARTY LINE-PRIV (fig. 47 and 49). 
Loosen all four captive screws on each binding 

post door alongside the delay line, open the two 

doors, pull out the two PARTY LINE-PRIV 

switches (one on each side), invert and insert 

them so that PARTY LINE is at the top. 

d. D&I-THRU. Open the doors as described 

in ¢ above, pull out the D&I-THRU switches 

(two on each side), invert and insert them so 

that the D&I marking is on top. 

(2) 

68. Checking Test Equipment 

a. Oscilloscope. 

(1) Perform the procedures described in 

paragraph 45a through f to check the — 

—T 



oscilloscope voltage calibrator. If the 

oscilloscope can be calibrated as indi- 

‘cated, it is operating satisfactorily. 

(2) When using the direct cable probe, 

multiply any value obtained in para- 

graph 45f by 10. 

b. Audio Test Set. The audio test set is not 
supplied with Pulse Form Restorer Group AN/ 

TRA-10. Calibrate the audio test set as indi- 

cated in paragraph 46. 

Note. Always calibrate the audio test set be- 

fore performing the adjustment or alignment 

procedures. 

athe gie Soy) 

a 

\ 

69. Checking Wave Forms 

With the oscilloscope probe, compare wave 

forms at the pin jacks of the video restorer 

and modems against the referenced figures as 

follows: 

a. Eastgoing Video Restorer. 

(1) INPUT FROM WESTFACING REC 

Chest oy: 

(2) DEMTPX GATE (fig. 120). 

(3) BLANKING GATE (fig. 121). 

(4) MTPX GATE (fig. 122). 

(5) MODEM CHAN PULSES (fig. 123). 

PULSE —. ) 
FORM _ CHANNEL | 

“RESTORER  =——_—_|PARTY LINE- 
of vw’ \PRIV | SWITCH 

TM 5091-220 

Figure 47. Multiplexer set mounting rack, rear view, binding post doors open. 
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(6) OUTPUT TO EASTFACING XMTR 

_ 

(4) MTPX GATE (fig. 122). | 4 
(fig. 119). (5) MODEM CHAN PULSES (fig. 123). 

Note. Peak voltage depends on set- (6) OUTPUT TO WESTFACING XMTR 

ting of P.T. OUT AMPL switch. (fig. 119). 4g 

b. Westgoing Video Restorer. Note. Peak voltage depends on set- 

(1) INPUT FROM EASTFACING REC ting of P.T. OUT AMPL switch. 

(fig. 119). c. Modems. 
(2) DEMTPX GATE (fig. 120). C1) 5 PPM Gig ei). 

(8) BLANKING GATE (fig. 121). (2) PWM (fig. 104). 

WESTFACING 
CHANNEL | MODEM 

PULSE FORM 
RESTORER 

EASTFACING 
CHANNEL | MODEM 

WESTFACING 

CHANNEL 2 MODEM 
EASTFACING TRANSIT 

CHANNEL 2 MODEM CASE 
TM 2682-213 

Figure 48. Location of Pulse Form Restorer Group 

AN/TRA-10 modems. 

BINDING POST . Oel- THR (PRiv-earty LIN 
POOR . SWITCH 

BINDING POST 
DOOR 

Figure 49. Pulse form restorer mounting rack, rear view, binding post doors open. 



70. Checking Alignment of Eastgoing Out- 
put Pulse Train 

a. Throw the power supply FILAMENT | 
power switch (fig. 56) to ON. 

b. Wait 30 seconds then turn the power sup- 
ply +250V switch to ON.. 

c. Allow the equipment to warm up 15 min- 
utes for stable operation. 

d. While the equipment is warming up, pro- 
ceed as follows: 

(1) Check to see that the 2W_4W switch 
(fig. 36) in each modem is the 4W 
position. 

(2) Check to see that all modem selector 
Switches (fig. 50) are in the OPER 
position. — 

e. After the 15-minute warm up, connect the 
oscilloscope test probe to the video restorer 
OUTPUT TO EASTFACING XMTR test point 
(fig. 43) with the special cable provided for 
this purpose. The cable is located in the probe 
compartment of the oscilloscope. 

Note. The switch on the control monitor 
(supplied only with the multiplexer group) 
should be in the NORMAL position. 

f. Check the output train as follows: 
(1) Turn the oscilloscope SYNC SELEC- 

TOR switch to the MULTIPLEXER 
position. 

(2) Turn the COARSE control to the 50 
position, and the FINE control to 
approximately the 5 position. 

(3) Adjust the VERT ATTEN and VERT 
GAIN controls to obtain a pattern 
about 2 lines (2 cm) high. The pat- 
tern now appearing on the scope 
screen should be similar to that shown 
in figure 37. 

(4) At the video restorer MODEM CHAN 
PULSES test jack E3 (fig. 45) check 
to see that all the individual channel 
pulses are in the wave form. The top 
right-hand modem unit in the EAST- 
FACING column generates the pulse 
immediately to the right of the double 
marker pulse. This pulse is the new 
inserted channel 1 pulse. The channel 
2 pulse is generated by the modem be- 
low the channel 1 modem. It is the 
second pulse to the right of the double 
marker pulse. The remainder of the 

modems on the right of the multi- 
plexer group generate pulses 3 
through 8 and are located in that 
order to the right of the double marker 
pulse. 

g. Align the pulse train as follows: 
(1) 

(2) 

(3) 

(4 
~— 

(5) 

(6) 

Adjust the oscilloscope COARSE and 
FINE controls so that two successive 
markers (double pulse) occupy ap- 
proximately 9 lines (9 cm) across 
the oscilloscope screen. 
Turn on the oscilloscope timing pips 
by turning the TIMING PIP PHASE 
control clockwise. If the timing pips 
are not locked, set the TIMING PIP 
PHASE control to the center of its 
range and adjust the PIP LOCKING 
control until the pips are locked, Ad- 
just the phase of the pips with the 
TIMING PIP PHASE control so that 
a timing pip begins to ride into the 
leading edge of the second marker 
pulse. This will show a slight ampli- 
tude increase of the second marker 
pulse. 

Vary the PULSE POSITION control 
(fig. 50) of the channel 1 eastfacing 
modem until the leading edge of the 
channel 1 eastfacing pulse rides into 
the timing pip immediately to the 
right of the second marker pulse. Ad- 
just the PULSE POSITION contro! 
so that the channel 1 pulse approaches 
the timing pip from the right. 
Channel 1 is aligned when its ampli- 
tude just begins to increase as the 
second marker pulse did under its 
alignment ((2) above). 
Repeat the steps in (3) and (4) 
above for remaining channels of the 
drop-and-insert terminal. 
Check the complete pulse train align- 
ment as follows: 

(a) Change the TIMING PIP PHASE 
control very slightly. 

(b) All pulses (including the second 
marker pulse) should increase 
and decrease in amplitude simul- 
taneously. If any channel pulse 
for channels 1 through 8 does 
not act simultaneously, repeat the 
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alignment procedure for this 

channel, and then check the align- 

ment of the entire train again. 

71. Checking Alignment of Westgoing Out- 

put Pulse Train 

To check the alignment of the westgoing out- 

put pulse train, repeat the procedures described 

in paragraph 70 with the following exceptions: 

a. Connect the oscilloscope to the OUTPUT 

TO WESTFACING XMTR, with the oscillo- 

scope SYNC SELECTOR switch in the DE- 

MULTIPLEXER position. 
b. The top left-hand modem unit in the west- 

facing column. generates the pulse immediately 

to the right of the double marker (channel 1). 

The channel 2 pulse is generated by the modem 
adjacent to and below the channel 1 modem. 

The remainder of the modems on the left side 

generates pulses 3 through 8 in that order. 

Refer to figures 10 and 48 for location of 

modems. 

72. Checking Amplitude of Eastgoing Out- 

put Pulse Train 

a. Perform all the procedures described in 

paragraphs 70 and 71. 

b. Connect the oscilloscope 10:1 probe to the 

OUTPUT TO EASTFACING XMTR test jack 

on the video restorer. 

c. Adjust the VERT ATTEN and VERT 

GAIN controls so that the output pulse train 

is two boxes high on the oscilloscope screen. 

Note the setting of the VERT ATTEN control. 

d. Rotate the VERT ATTEN control to the 

CAL position. This will supply the 60-cycle 

voltage calibrator wave form. 

e. Adjust the CAL VOLTAGE control until 

the voltage calibrator wave form also is two 

boxes high. Note the control setting. 
f. The amplitude of the output pulse train is 

the product of the VERT ATTEN control set- 
ting (c above) and the CAL VOLTAGE control 

setting (e above), directing in volts. 

g. With a 23-channel input, and the video 

restorer P.T. OUT AMPL switch in LOW, the 

pulse train level on the oscilloscope should be 

.25 volt from base level to peak. If this value 
is not obtained adjust the video restorer slotted 

screw-driver SYM ADJ control until the .25- 

volt level is obtained. If an output greater than 
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.25 volt is required from the video restorer, 

throw the P.T. OUT AMPL switch to HIGH. 
An increase of 6 db and an output of .5 volt 

can be obtained. . 
h. With a 45-channel input, the output to the 

eastfacing transmitter should be adjusted with 

the SYM ADJ control so that the positive and 

negative pulse train amplitudes are equal. With — 

the P.T. OUT AMPL switch in the LOW posi- — 
tion, the level should be greater than .4 volt — 
peak to peak. With the P.T. OUT AMPL 

switch in the HIGH position, the level should 

be greater than .8 volt. 

73. Checking Amplitude of Westgoing Out- 
put Pulse Train 

Check the amplitude of the westgoing output — 

pulse train exactly as described in paragraph 

72, except that the probe of the oscilloscope © 

is connected to the video restorer OUTPUT TO 

WESTFACING XMTR test jack (fig. 45). 

74. Alignment of Video Levels 

a. General. When Radio Set AN/TRC-29 and 

Multiplexer Group AN/TCA-1 or Pulse Form — 

Restorer Group AN/TCA-1 are set up as part 

of a multihop radio-relay link, the following 

video level requirements will result in optimum — 

operation of the system. 

(1) All transmitters modulating 100 per 

cent. 

(2) The output video level of each multi- 

plexer or pulse form restorer group to 

be one-half of its input video level. 

Note. Only under conditions of ex- | 

ceedingly long lengths of cable be- 

tween equipments and under certain | 

conditions of 45-channel operation will | 

it be difficult to maintain the above | 
requirements. 

b. 23-channel Operation. 

(1) Normal operating conditions. Set the | 
video levels as follows: 4 

(a) At the repeater station, observe | 

FACING REC test jack and 
adjust the video output level con- | 
trol on the eastfacing radio 
receiver for a _baseline-to-peak | 
pulse amplitude of .5 volt. | 



(2) 

(b) At the repeater station video 
restorer, westgoing side, set P.T. 

OUT AMPL switch S2 (fig. 144) 
in the LOW position, and adjust 

SYM ADJ control (fig. 144) for 

a baseline-to-peak pulse train am- 

plitude of .25 volt at the front 

panel OUTPUT TO WESTFAC- 
ING XMTR test jack. 

(c) At the repeater station radio set, 

adjust the video input level on 

westfacing transmitter for 100 

per cent modulation. 

(d) Repeat the procedures given in 

(b) and (c) above for the other 

direction of transmission. 

Nonoptimum operating conditions. 

The nonoptimum operating conditions 

of the repeater terminal (AN/TCA-1 

or AN/TRA-10) are caused by an 
input lower than .5-volt pulse ampli- 

tude. This may be caused by exceed- 

ingly long cable lengths between the 

AN/TCA-1 or AN/TRA-10 and/or 
insufficient output from the radio re- 

ceiver. Under this condition, set the 

video level of drop-and-insert repeater 

terminal as follows: 

(a) At the repeater, observe the wave 

form at the video restorer front 

panel INPUT FROM EASTFAC- 

ING REC test jack and adjust 

the video output level control on 

the eastfacing radio receiver for 

a maximum input level. 

(b) At the repeater station video 

restorer, set the westgoing P.T. 

OUT AMPL switch S2 in the 
HIGH position. 

(c) With a field telephone, contact 

personnel at the westfacing trans- 

mitter and adjust the video re- 

storer westgoing SYM ADJ con- 

trol for as low a level as possible 

to modulate the transmitter 100 

per cent. 

(d) Repeat the instructions in (a) 

through (c) above for the other 

direction of transmission, 

c. 45-channel Operation. 

(1) 

(2) 

Normal operation conditions. Set the 

video levels as follows: 

(a) At the repeater station, observe 

_the wave form at the video re- 
storer front panel INPUT FROM 

EASTFACING REC test jack 

and adjust the video output level 

control on the eastfacing receiver 

for a peak-to-peak pulse train am- 

plitude of 1 volt. 

(b) At the drop-and-insert repeater 

station westgoing side, place the 

video restorer 23 CHAN-45 

CHAN switch in the 45 CHAN 

position, set P.T OUT AMPL 

switch S2 in the LOW position, 

and adjust the SYM ADJ control 

for a symmetrical pulse train 

(positive and negative pulse train 

of equal amplitude) at the OUT- 

PUT TO WESTFACING XMTR 

test jack. 

(c) At the repeater station radio set, 

adjust the video input level con- 

trol on the westfacing transmitter 

for 100 per cent modulation. 

(d) Repeat the procedures given in 

(a) through (c) above for the 

other direction of transmission. 

Nonoptimum conditions. The nonopti- 

mum operating conditions of the AN/ 

TCA-1 or AN/TRA-10 are those that 

cause an input lower than 1-volt peak- 

to-peak pulse amplitude. This may be 

caused by exceedingly long cable 

lengths between the repeater terminal 

and the radio set or insufficient output 

of the radio receiver. Under this con- 
dition, set the video level of the AN/ 

TCA-1 or AN/TRA-10 as follows: 

(a) At the repeater station, observe 

the wave form at the video re- 

storer front panel INPUT FROM 

EASTFACING REC test jack 

and adjust the video output level 

control on the eastfacing radio 

receiver for a maximum input 

peak-to-peak level, 
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(b) At the drop-and-insert repeater 

station westgoing side, place the 

video restorer 23 CHAN-45 

CHAN switch in the 45 CHAN 

position, the P.T. OUT AMPL 

switch in the HIGH position, and 

adjust the SYM ADJ control for 

a symmetrical pulse train at the 

front panel OUTPUT TO WEST- 

FACING XMTR test jack. 

(c) At the repeater station radio set, 

adjust the video input level con- 

trol] on the westfacing transmitter 

for 100 per cent modulation. 

(d) Repeat the procedures given in 

(a) through (c) above for the 

other direction of transmission. 

— 

75. Alignment of Audio Levels 

a. General. This system alignment procedure 

precludes a talking circuit in operation inde- 

pendent of the equipment until the channel 1 

order-wire circuit is aligned. After the order- 

wire channel is available, connect field Tele- 

phone EE-8-B to the PARTY LINE CHAN- 

NEL 1 binding posts at all repeaters and use 

the order-wire circuit as directed in paragraph 

95. 

b. Alignment of Channels 1 and 2 at Termi- 

nal and Repeater. Channels 1 and 2 of both 

Pulse Form Restorer Group AN/TRA-10 and 
Multiplexer Group AN/TCA-1 are aligned 

identically in the following manner: 

(1) At east terminal AN/TCC-138. 

(a) Press the control monitor SEND 

button. 

(b) Turn the channel 1 modem selec- 

tor switch to the SR position. 

(c) Place the remote keying unit in 

the NORMAL OPERATION posi- 

tion. 

(2) At repeater AN/TRA-10 or AN/ 

TCA-1. 

(a) Set the modem channel 1] east- 

facing and eastfacing 2W-4W 

switch in the 4W position. 

(b) Place the remote keying unit in 

the NORMAL OPERATION posi- 

tion. 
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(3) 

(4) 

(5) 

(6) 

(7 — 

(8) 

(c) Place the channel 1 PARTY > 

LINE - PRIV_ switch in the” 
PARTY LINE position. 

(d) Place the channel 1 D&I- THRU 
switch in the D&I position. 

(e) At the AN/TCA-1 only, set the 

control monitor test switch in the — 

NORMAL position. 

At east terminal AN/TCC-13. At the 
east terminal AN/TCC-13, modulate - 

channel 1 with full modulation (—4 

dbm for four-wire operation and 0 
dbm for two-wire operation). ie 

At repeater AN/TRA-10 or AN/) 
TCA-1. 

(a) Conenct the oscilloscope and di- 

rect probe to the front panel 

OUTPUT TO WESTFACING 

XMTR test jack. 

(bv) Adjust channel 1 modem OUT- 
PUT AUDIO GAIN control until 
a deviation of +.5 microsecond 

_ (usec) is obtained on the oscil | 

loscope. 

At west terminal AN/TCC-18. 7 

(a) Place the remote keying unit in 
the NORMAL OPERATION posi- 

tion. 

(b) Press the control monitor REC 
button. 

(c) Turn the channel 1 modem selec- 

tor switch to the RR position. 

At west terminal AN /TCC-18. At the 
west terminal AN/TCC-13, adjust the» 

channel 1 modem OUTPUT AUDIO- 

GAIN control until a reading of 0° 

dbm for four-wire or a reading of 

—8 dbm for two-wire is obtained on 

the audio test set. 

Channel 2 eastfacing. Repeat the pro- | 

cedures given in (1) through (6) 

above for channel 2. 

a 

Westfacing alignment. Repeat the 

procedures given in (1) through (7) 

above for the other direction of trans- 

mission. 

_ Note. The above procedures, insure 

zero through loss to prevent cumula-| 

tive gain or loss through a number 
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of repeaters. Local sending and receiv- 

ing levels are fixed and will be correct 

when the through loss adjustment has 

been made correctly. 

c. Alignment of Channels 3 Through 8 from 

Terminal to Repeater AN/TCA-1. 
(1) At east terminal AN/TCC-13. 

(a) Press the control monitor SEND 

button. 

(b) Turn the channel 3 modem selec- 

tor switch to the SR position. 
(2) At repeater AN/TCA-1. 

(a) Press the control monitor REC 

button. 
(b) Turn the eastfacing channel 3 

modem selector switch to the RR 

position. 

(c) Place the eastfacing channel 3 

D&I-THRU switch in the D&l 

position. 

(3) At east terminal AN/TCC-13. At east 

- terminal AN/TCC-138, modulate chan- 

nel 3 with full modulation (—4 dbm 

for four-wire operation or 0 dbm for 

two-wire operation). 

(4) At repeater AN/TCA-1. At repeater 

AN/TCA-1, adjust the eastfacing 

channel 3 modem OUTPUT AUDIO 

GAIN control until a reading of 0 dbm 
for four-wire operation or a reading 

of —3 dbm for two-wire operation is 

obtained on the audio test set. 

(5) Alignment, channels 4 through 8. 

Repeat the procedures given in (1) 

through (4) above for channels 4 

_ through 8. 

(6) Westfacing alignment. Repeat the 

procedures given in c(1) through (5) 

above for the other direction of trans- 

mission (west). 

d. Alignment of Channels 3 Through 8 from 

Repeater AN/TCA-1 to Terminal. 

(1) At repeater AN/TCA-1. 

(a) Press the control monitor SEND 

button. 

(b) Place the channel 3 eastfacing 

D&I-THRU switch in the D&l 

position. 

(c) Turn the eastfacing channel 3 

modem selector switch to the SR 

position, 

(2) At east: terminal AN/TCC-18. 

(a) Press the control monitor REC 

button. 

(b) Turn the channel 3 modem selec- 

tor switch to the RR position. 

(8) At repeater AN/TCA-1. At repeater 
AN/TCA-1, modulate the eastfacing 

channel 3 with full modulation (—4 

dbm for four-wire operation or 0 dbm 

for two-wire operation). 

(4) At east terminal AN/TCC-13. At east 

terminal AN/TCC-13, adjust the 

channel 3 modem OUTPUT AUDIO 

GAIN control until a reading of 0 

dbm for four-wire operation or a read- 

ing of —3 dbm for two-wire operation 

is obtained on the audio test set. 

(5) Alignment, channels 4 through 8. 

Repeat the procedures in (1) through 

(4) above for channels 4 through 8. 

(6) Westfacing alignment. Repeat the 

procedures given in (1) through (5) 

above for the other direction of trans- 

mission (west). 

Note. As a final check of circuit 

operation, talk and ring from the re- 

peater to the east and then to the west 

terminals on all channels with a Tele- 
phone EE-8—-B connected to the 2W 

LINE binding posts (alongside of de- 

lay line). 

76. Checking Modulation of Channels 3 

through 8 of Multiplexer Group 

Check the modulation of the multiplexer 

group channels as follows: 

a. Calibrate the audio test set as described 

in paragraph 46. 

b. Depress the control monitor SEND switch, 

set the audio test set SEND-DBM control to the 

0 position, and depress the audio test set 

MEASURE FIA push button. 

c. Place the selector switch on eastfacing 

modem 1 in the SR position. 

d. Turn on the oscilloscope timing markers 

by rotating the TIMING PIP PHASE clock- 

wise from the OFF position. 

e. Set the oscilloscope COARSE control to 

the 5-microsecond position and the FINE con- 

trol to the 1-microsecond position. 
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f. Rotate the FINE control until two con- 

secutive timing pips are 10.4 lines (10.4 cm) 

apart on the oscilloscope cathode-ray tube. The 

sweep speed is now .5 microsecond per centi- 

meter. 

g. Place the oscilloscope probe in the OUT- 

PUT TO EASTFACING XMTR test jack on 

the video restorer. The channel 1 pulse should 

move 1 line (-+.5 microsecond) from leading 

edge to leading edge. 

h. Return the eastfacing modem 1 selector 

switch to the OPER position, and repeat the 

procedures given in d through g above for all 

other eastfacing modems. 

1. Place the oscilloscope in the OUTPUT TO 

WESTFACING XMTR test jack and repeat the 

procedures given in a through h above for the 

westfacing channels. 

77. Installation Adjustment Procedure for 

Remote Keying Operation 

a. Perform all the installation adjustment 

procedures described in paragraphs 68 through 

76. 

b. In addition to the usual audio connections 

(modem connected in four-wire operation, ex- 

ternal audio connections in two-wire opera- 

tion), connect the remote vhf stations to the 

channe! 1 and channel 2 remote keying binding 

posts above the rear of the filament supply 

(fig. 18), as follows: 

(1) Connect the keying-in pair (pair used 

to operate the remote vhf station) to 

the appropriate channel REMOTE 

KEYING IN binding posts. 

(2) Connect the keying-out pair to the 

appropriate channel (one or two) 

REMOTE KEYING OUT binding 
posts. 

c. Unscrew the four captive screws (fig. 18) 

that hold the rear cover to the filament supply 

and remove the cover by the four handles. 

d. Remove each of the remote keying units, 

invert and replace them so that REMOTE 

KEYING OPERATION points upward. 
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e. Replace the rear cover by reversing met 

procedure described in ¢ above. 

78. Final Connections and Stopping Pro- 

cedure 

a. Final Connections. When all the checks 
and adjustments described in paragraphs 63 

through 77 have been completed, the equipment 

is ready for operation. Prepare for normal 

operation as follows: 

(1) Connect the four-wire telephone lines 

to the binding posts alongside the de- 

lay line. 

Note. If the equipment is to be 

used on a two-wire basis, be sure that 

the 2W-4W switch in each modem is 

in the 2W position and connect the 

telephone lines to the 2W LINE bind- 
ing posts. 

(2) With the oscilloscope probe connected 

to the common unit PULSE TRAI 
OUTPUT jack, have the switchboard 

operator at the other end of the tele- 

phone line talk into each channel in 

a normal conversational tone and give 
a test count. Modulation of the chan- 

nel pulses should be observed on the 

oscilloscope. 

(3) The equipment is now ready for use. 

b. Stopping. 

(1) Throw the power supply +250V cir- 
cuit breaker to the OFF position. The 

+250V ON pilot lights on the power 

supply and filament supply should go 

out. ¢ 

(2) Throw the power supply FILAMENT 
circuit breaker to the OFF position. 
The FILAMENT ON pilot lights on 

the power supply and filament supply | 
should go out. “a 

(3) Throw the voltage regulator FRO [| 

115VAC INPUT or FROM 230VAC_ 

INPUT circuit breaker to the OFF 

position, 



CHAPTER 4 

OPERATION 

Section I. 

Note. This section locates, illustrates, and 

furnishes the operator enough information per- 

taining to the various controls and instruments 

that are provided for the proper operation of 

the equipment. 

79. General 

Multiplexer Set AN/TCC-13, Multiplexer 

Group AN/TCA-1, and Pulse Form Restorer 

Group AN/TRA-10 contain certain units that 

are identical and interchangeable. Refer to 

paragraph 8b. This section lists the controls 

and instruments and their functions for the 

subunits that make up the equipments. 

80. Multiplexer TD-60/TCC-13, Controls 

(fig. 111 and 112) 

The table below lists the controls of the 

common unit. Two chassis (multiplexer section 

and demultiplexer section) make up one com- 

mon unit; therefore, the MASTER-SLAVE 

switch in each section performs similar func- 

tions and both switches must always be in the 
same position. 

Control Function 

-MASTER-SLAVE Determines whether the opera- 

switch tion of the multiplexer section 

(multiplexer is to be master or slave during 

section). 45-channel operation. 

MASTER-SLAVE | Determines whether the opera- 

switch tion of the demultiplexer sec- 

(demultiplexer tion is to be master or slave 

section). during 45-channel operation. 

45-CHAN PHASE.| Shifts the positive and negative 

pulse trains with relation to 

each other. 

Controls the output amplitude of 

the pulse train. 
OUTPUT AMPL. 

CONTROLS AND INSTRUMENTS 

81. Pulse Form Restorer TD-68/G, Controls 
(fig. 144) 

The table below lists the switches of the 

video restorer and gives their functions. The 

23 CHAN-45 CHAN switch is located at the 

top of the eastgoing video restorer chassis and, 

therefore, at the bottom of the westgoing video 

restorer chassis. The P.T. OUT AMPL switch | 
is located in the center of the video restorer 

chassis and the SYM ADJ potentiometer is 

located at the upper left-hand corner of the 

eastgoing video restorer and the lower right- 

hand corner of the westgoing video restorer. 

23 CHAN- 

45 CHAN 

switch. 

Controls filament power to nega- 

tive pulse train reshaping 

stages. Set to the 283 CHAN 

position for 23-channel opera- 

tion, and to the 45 CHAN posi- 

tion for 45-channel operation. 

P.T. OUT AMPL| Controls the output of the out- 

going pulse train. In the HIGH 

position, the output is twice 

that of the LOW position. 

With the 283 CHAN-45 CHAN 

switch in the 23 CHAN posi- 

tion, it controls the amplitude 

of the outgoing positive pulse 

train. When the 23 CHAN-45 

CHAN switch is in the 45 

CHAN position, it controls the 
amplitude of the negative and 

positive pulses. 

When lighted, indicates malfunc- 

tion of westgoing video re- 

SYM ADJ 

potentiometer. 

WESTGOING 
ALARM 
indicator. storer. 

EASTGOING When lighted, indicates malfunc- 

ALARM tion of eastgoing video re- 
indicator. storer. 
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82. Telephone Modem MD-179/TC, Controls 
(fig. 50) 

The table below lists the modem controls and 

their functions. There are 24 modems (1 spare) 

used with Multiplexer Set AN/TCC-138, 16 

modems used with Multiplexer Group AN/ 

TCA-1, and 4 modems used with Pulse Form 
Restorer Group AN/TRA-10. 

Function Control 

SELECTOR 

switch. 

Enahles any modem to be connected 

to the test pair. To maintain cor- 

rect impedance, only one modem 

should be switched to the test 

pair at a time (switched away 

from the OPER position). The 

four positions permit connection 

of the test pair to both the send 

and receive circuits of the radio 

side (SR and RR), as well as the 

send and receive circuits on the 

line side of the modem (SL and 

RL). The selector switch is ar- 

ranged so that the correct con- 

nections are made whether or not 

the circuits are in two- or four- 

wire operation. 

In the SL position, connects the 
TEST PAIR to permit sending a 

test signal to the line (for ex- 

ample, a switchboard). 

In the SR position, connects the 

TEST PAIR to permit sending a 

test signal to the radio (for ex- 

ample, Radio Set AN/TRC-29). 

In the OPER position, disconnects 

the TEST PAIR. 

In the RR position, connects the 

TEST PAIR to permit receiving 

a signal from the radio side (for 

example, Radio Set AN/TRC-29). 

In the RL position, connects the 

TEST PAIR to permit receiving a 

signal from the line (for example, 

a switchboard). 

Sets the audio output level of the 

modem. 

OUTPUT 

AUDIO 

GAIN 

control. 

PULSE 

POSITION 

control. 

2W-4W switch. 

Sets the position of the generated 

channel pulse, with respect to the 

marker. 

Selects two-or four-wire operation 

in each modem. It is mounted in- 

ternally in each modem (fig. 36). 

Note. Because the control monitor handset circuit of 

the AN/TCC-13 and AN/TCA-1 and the field telephone 

circuit of the AN/TRA-10 is on a two-wire basis, it 

can be used with the test pair only when the desired 

channel is connected for two-wire operation. To talk 
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to the radio side, the selector switch must be in the 
RR or SR position, and to talk to the line side, the — 
selector switch must be in the SL or RL position. 

83. Multiplexer Subassembly MX-1 442/TC, 
Controls 

(fig. 51) 

The following table lists the controls‘of the 
Multiplexer Subassembly MX-1442/TC (fila- 

ment supply) and indicates their functions. 

Function Control 

FILAMENT ON 
indicator lamp. 

Glows red when filament voltage 

is applied to the mounting rack 

and video restorer. 
Glows red when B-+ is applied to 

the mounting rack and video 

restorer. 

Glows red when an alarm condi- 
tion exists. 

When pushed momentarily, this 

button disconnects the alarm] 

buzzer. The alarm circuit re- 
stores itself to operation auto- | 

matically when the alarm] 

condition has been corrected. 

+250V ON 

indicator lamp. 

ALARM 

indicator lamp. 

AUDIBLE 

ALARM 

DISCONNECT 

push button. 

SELECTOR 
SWITCH 

TM2141-210 

Figure 50. Telephone Modem MD-179/TC controls. 
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tS 
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Figure 51. Multiplexer Subassembly MX-1442/TC, controls. 
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Figure 52. Electrical Equipment Rack MT-1434/TRA-10, controls 

75 



84. Electrical Equipment Rack 

MT-1433/TCA-1, Controls 
(fig. 47) 

The tables below lists the switches of the 

mounting rack and gives their functions. 

PARTY Determine mode of operation 

LINE-PRIV (party line or private) for chan- 

switches. nels 1 and 2. 

In the PARTY LINE position, pro- 

vides a telephone circuit at the 

repeater. This circuit is bridged 

into the channel so that personnel 

can converse with both terminals 

and/or other repeaters. 

In the PRIV position, permits per- 

sonnel at the repeater to converse 

with a terminal or repeater in one 

direction only. 

Determine whether the channel is 

to be operated on a drop-and- 

insert basis or whether it will 

pass through the repeater. 

In the D&I position, channel oper- 

ates on a drop-and-insert basis. 

In the THRU position, channel 
passes through the _ repeater. 

Each channel pulse, however, is 

reshaped. 

D&I-THRU 

switches. 

85. Electrical Equipment Rack 

MT-1434/TRA-10, Controls 
(fig. 49, 52, and 295) 

The table below lists the controls of the 
mounting rack and the function of each control. 

ALARM indicator | Glows red when the alarm condi- 
lamp. tion exists. 

AUDIBLE When pushed momentarily, dis- 

ALARM connects the alarm bell. The 

DISCONNECT ALARM light remains lighted 

and the alarm circuit restores 

itself to operation automatic- 

ally when the alarm condition 

has been rectified. 

Varies the frequency of the 20- 

cycle multivibrator. 

Determines mode of operation 

for channels 1 and 2 (see 

PARTY LINE-PRIV switches 

(par. 84)). 
Determines whether the channel 

is to be operated:on a drop- 

and-insert basis or whether it 

will pass through the repeater 

(see D&I-THRU switches (par. 

84)). 

push switch. 

FREQ ADJUST. 

PARTY LINE- 
PRIV switches. 

D&I-THRU 

switches. 
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86. Oscilloscope OS-25/G Controls 
(fig. 53) : 

The table below lists the controls of the 

oscilloscope and gives their functions. 

ON-OFF 

switch. 

When switched to the ON position, 

ac power is applied to the oscil- 

loscope. 

Glows when ac power is applied to 

the oscilloscope. 

POWER ON 

indicator 

lamp. 

HOR | When this control is turned eclock- 
POSITION wise or counterclockwise, the 

control. image on the screen moves to the 

right or left. 

Adjusts the phase of the 8-ke syn- 

chronizing signal. 
SWEEP 

PHASE 

control. 

SYNC Permits the selection. of any one of 

SELECTOR the following synchronizing sig- 

switch. nals: 

In the DEMULTIPLEXER position 

for AN/TCC-18, synchronizes the 

oscilloscope with the incoming 

pulse train. For AN/TCA-1 and 
AN/TRA-10_ synchronizes the 

eastgoing video restorer with the 

westgoing pulse train. 

In the MULTIPLEXER position for 

AN/TCC-18, synchronizes the 

oscilloscope with the output pulse 

train. For AN/TCA-1 and AN/ 
TRA-10 synchronizes the west- 

going video restorer with the 

westgoing pulse train. 

In the +INT position, synchronizes 

on the rising edge of the signal 

into the vertical amplifier. 

In the —INT position, synchronizes 

on the trailing edge of the signal 

into the vertical amplifier. | 

In the +EXT position, synchronizes | 

on the rising edge of the signal 

into the oscilloscope EXTERNAL 

SYNC INPUT rear panel con- 
nector. 

In the —EXT position, synchronizes 

on the trailing edge of the signal 

into the EXTERNAL SYNC IN- 

.PUT rear panel connector. 

Determines the approximate time 

for a total sweep. Four steps of 

5-, 50-, 500-, and 5,000-micro- 

seconds are provided. It is used 

with the FINE control. 

Provides fine control of sweep dura- 

tion in each range of the 
COARSE switch. 

Controls the brightness of the 

image on the screen, 

COARSE 

switch. 

FINE control. 

INTENSITY 

control, 



Control Function 

FOCUS control. Controls the sharpness of the image 

on screen. 

TIMING PIP Moves the markers on the screen 

PHASE over a range of about 6 micro- 

control. seconds (6 boxes). 

CAL Used with the VERT ATTEN con- 

VOLTAGE trol, it determines the amplitude 

control. of the observed wave form. When 

‘the VERT ATTEN control is in 
the CAL position, the CAL 

VOLTAGE control setting is the 

voltage (in volts) that is applied 

to the input of the vertical am- 

plifier. Refer to paragraph 45 for 

the use of these controls in deter- 

mining the value of the calibrated 

wave form. 

VERT ATTEN Attenuates the input signals to the 

control. vertical amplifier by the ratios 

of 100:1, 10:1, 2:1, and 1:1. 

In the 100:1 position, 100 to 1 

attenuation. 

In the 10:1 position, 10 to 1 attenua- 

tion. 

In the 2:1 position, 2 to 1 attenua- 

tion. 

HOR 
POSITION 

oe SYNC 
SELECTOR 

+INT- -INT 
MULTIPLEXER: +EXT 
etary TY ~ExT INTENSITY 

COARSE 
500 5 

5000 

¢ 
SWEEP TIME 

MICROSECONDS—= 
2 

VERT ATTEN | In the 1:1 position, no attenuation. 

In the CAL position, removes the 

signal applied to the probe from 

the vertical amplifier input and 

applies the calibrating voltage to 

the vertical amplifier input. 

VERT GAIN 

control. 

Increases the vertical amplitude of 

the scope presentation over a 

range of about 8 to l. 

Locks the pips with the pulse train. PIP LOCKING 

control. 

ASTIG control. A screw-driver adjustment that 

sharpens the scope presentation 

along the horizontal and vertical 

axes. 

TRIGGER 

control. 

Determines the amplitude of the 

signal that is used to synchronize 

the sweep multivibrator. 

A voltage adjustment which selects 

either triggered or free-running 

operation of the sweep multivi- 

brator. 

When turned, it moves the image 

on the screen up or down. 

STAB control. 

VERT 

POSITION 

control. 

VERT G,) 
POSITION 

Oo 

O-« @ 

@ 

@ 
PIP 

VERT GAIN LOCKING 

VERT ATTEN 
2:1 

10:1 I: 

100:1 CAL 

@ CAL VOLTAGE 

TM2!41-204 

Figure 58. Oscilloscope OS-25/G, controls. 



87. Audio Test Set TS-762/TC, Controls 

The table below lists the controls of the audio test set and gives their functions. 

Pinto 
SEND-DBM control. Sets the sending level in steps of 1 dbm from —35 to +10 dbm. 

ON-OFF switch. When in the ON position, it applies power to the audio test set. 

POWER ON indicator lamp. | Glows when power is applied to the audio test set. 

RECEIVE-DBM control. Attenuates the signal that is applied ‘to the dbm meter. The actual received dbm 

level is the algebraic sum of the setting of this control and the dbm reading 

on the meter. 

DECIBEIS meter. Gives a fine reading of the received levels. 

ADJ SEND control. Varies the sending level for calibration. 

ADJ REC control. Varies the receiving level for calibration. 

CALIBRATE-MEASURE The four control buttons are depressed to calibrate the audio test set and to 

control buttons. ' measure the levels or distortion. For measuring, the audio test set is used in 

conjunction with the modem selector switches (par. 82). 

Position Function 

SEND ‘ Applies send section calibrating voltage to the meter. 

REC Applies receive section calibrating voltages to the 

meter. 

FIA Allows meter to measure the levels with F1A line 

weighting. 

DIST AT 1000~ Allows meter to measure the distortion with 1,000- 

cps rejection. 

SEND OUT A calibrated audio signal is available at these posts. 

RECEIVE IN Voice frequencies to be measured are applied to these binding posts. 

REC MONITOR Permits monitoring of the received signal. 

SEND-DBM RECEIVE-DBM | 
= -30 

A DECIBELS SY 

+10° 
CAL 
REC 

DIST 
AT 

1000 

SEND OUT SEND REC FIA SV REC MONITOR RECEIVE IN 

Or s) © -O000 » °OOec °OOe 2 
600 OHMS GND 600 OHMS 

| AMP ana OFF CALIBRATE MEASURE © 

a 

° 

©0090900° 

(e} 

TM 2141-211 

Figure 54. Audio Test Set TS—762/TC, controls. 
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88. Control Monitor C-1151/TC, Controls 
(fig. 55) 

The table below lists the controls of the 

control monitor test panel and gives their 
functions. 

Note. Control Monitor C-1151/TC is supplied with 
the AN/TCC-13 and AN/TCA-1. 

TEST PAIR] Control the connections of the TEST 
control PAIR control buttons between the 

buttons. modems and the audio test set. 

Position Function 

REC For receiving signals, con- 

nect the test pair leads 

that are common to all 

modems to the radio 

test set. 

For sending signals, con- 

nect the modem test pair 

to the audio test set. 

Connect the handset to 

the test pair. 

Disconnect. all _ testing 

functions from the mo- 

dems. 

Applies a ringing tone to the order- 

wire channel (channel 1) or to the 

channel to which the telephone hand- 

set is connected (V2 selector switch). 

SEND 

TEL SET 

NORMAL 

RING 

switch. 

Figure 55. 

89. Power Supply PP-691/G, Controls 
(fig. 56) 

The table below lists the controls of the 

power supply and gives their functions. 

FILAMENT 

circuit 

breakers. 

When switched to the ON position, 

filament power is applied to the 

equipment and test racks, and ac 

voltage is applied to the utility 

outlets and to the test equipment. 

+250V circuit 

breaker. 

In the ON position, it applies power 

to the B+ voltage supply circuits, 

which generate the B+ voltage for 

the equipment. 

LINE VOLTS 

meter. 

Indicates the line voltage that is ap- 

plied to the power supply from the 

voltage regulator. 

FILAMENT Indicates when filament power is 

ON applied. 

indicator 

lamp. 

+250V ON Indicates when ac voltage is applied. 

indicator 

lamp. 

TEST PAIR 

TEL 
REC SEND SET NORMAL 

ORG Ge 

TEC SET 

TM 2141-205 

Control Monitor C-1151/TC, controls. 
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FILAMENT POWER 

+250V ON 

UTILITY POWER 

edb 

T 9 

TM2141-209 

Figure 56. Power Supply PP-691/G, controls. 
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TM5091-307 

Figure 57. Voltage Regulator CN-236/G, controls. 
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90. Voltage Regulator CN-236/G, Controls 
(fig. 57) 

The table below lists the controls of the voltage regulator and gives their functions. 

Controls Function 

115 AC INPUT ON When switched to ON position, apply 115 volts to the voltage regulator from 

circuit breakers. the output of the switch box. 

230V AC INPUT ON When switched to ON position, apply 230 volts to the voltage regulator from 

circuit breakers. the output of the switch box. 

115 VAC OUTPUT ON Glows to indicate that a 115-volt ac output voltege is being supplied to the 
indicator lamp. power supply. 

OUTPUT VOLTAGE control. | Adjusts the output voltage from the voltage regulator to the power supply. 

SENSITIVITY control. Determines the output voltage at which the voltage regulator will correct the 

input voltage. 

Note. To operate at 115 volts ac, move the positioning arm to the extreme right and lock. To operate at 230 

volts ac, move the positioning arm to the extreme left and lock. 

91. Switch Box SA-357/G, Control 
(fig. 58) 

The table below lists the switch box control and gives its function. 

BNET SELECTOR SWITCH | Selects 115/230 VAC INPUT 1 or 115/230 VAC INPUT 2. Either of two primary 

power sources is available to the voltage regulator by the position of the 

switch. 

INPUT SELECTOR 
er —e2C 
| SWITCH 115/230 VAC 115/230 VAC 

CX-2442/U 
(10 FT) 

CX-2440/U 
(15 FT) 

Y CX-2442/U 1 
(10 FT) 

CX-2440/U 
p, (IS FT) A 

FRONT 

157230 vac dl 
ouput 

I 2 | | ff ] Py CX-2440/U le p> CX-2440/U 
sort) : (50 FT) ; 

REAR 
TM 2141-207 

Figure 58. Switch Box SA-357G, controls. 
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Section Il. OPERATION UNDER USUAL CONDITIONS 

92. General dures required for operation. Paragraph 95 

describes the operation of the order-wire chan- 

nel. Paragraph 96 describes the various modes 

of operation. 

This equipment is connected and adjusted 

for continuous 24-hour-a-day operation by 

installation and maintenance personnel. No 

adjustment of controls is required by operating 93. Preliminary Adjustments 

personnel. Paragraphs 93 and. 94 describe the Before power is applied to the equipment, 
preliminary adjustments and starting proce- set the following controls to the position shown: 

Power supply FILAMENT circuit breaker 

+250V circuit breaker 

Audio test set? 

Modem 

Posit-on 

Down (OFF). 

Down (OFF). 

ON-OFF switch 

SELECTOR switch 

2W-4W switch Plug in with desired 2W (two-wire) or 

4W (four-wire) mark toward arrow 

on terminal board. 

Test switch Control monitor? 

Voltage regulator 115V AC INPUT ON circuit Down to OFF. 
breaker 

230V AC INPUT ON circuit Down to OFF. 

breaker 

Switch box INPUT SELECTOR SWITCH 58 Throw to either position 1 or position 2, 

depending on the source desired. 

Multiplexer Remote keying units 18 Plug in with either NORMAL OPERA- 

subassembly,® TION or REMOVE KEYING OP- 

electrical ERATION pointing upward on either 

equipment or both units, depending on the de- 

rackbe sired mode of operation for channels 

1 and 2. 

Oscilloscope All controls except ON-OFF Set all controls as shown in paragraph 

switch 

ON-OFF switch 

Common unit¢ Set to MASTER position for 45-channel 
operation when the particular multi- 

plexer set is the master; set. to 

SLAVE position for 45-channel op- 

eration when the particular multi- 

plexer set is the slave. 

Throw to the 45 CHAN or 23 CHAN 

position. | 

Multiplexer and demultiplexer 

sections, MASTER-SLAVE 

switches 

23 CHAN-45 CHAN switch Video restorer? 

aNot part of Pulse Form Restorer Group AN/TRA-10. 

>bNot part of Multiplexer Set AN/TCC-13. 

‘Not part of Multiplexer Group AN/TCA-1. 
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94. Starting Procedure 

Note. If, during the starting procedure, an 

abnormal result is obtained, refer to the equip- 

ment performance check list (par. 117 or 132). 

a. Throw the voltage regulator 115V AC 
INPUT ON circuit breaker or the 230V AC 
INPUT ON circuit breaker (depending on the 

input voltage) to the ON position. The 115V 

AC OUTPUT indicator lamp on the voltage 

regulator should light. 

b. Place the power supply FILAMENT cir- 

cuit breaker in the ON position. The indicator 

lamps marked FILAMENT ON should light. 
The alarm will sound but can be quieted by 

pushing the AUDIBLE ALARM DISCON- 

NECT button. The blower fans should operate. 

The LINE VOLTS meter in the power supply 

should indicate approximately 115 volts. 

c. Wait 30 seconds for the filaments to 

warm up, then move the power supply +250 

circuit breaker to the ON position. The +250V 
ON indicator lamps in both the power supply 

and multiplexer subassembly should light. 

d. Turn on the audio test set (AN/TCC-13 
and AN/TCA-1 only) and oscilloscope by plac- 

ing their power ON-OFF switches in the ON 

position. The POWER ON indicator lamps in 

both units should light. 
e. The equipment is now operating. 

(1) An alarm buzzer and an ALARM in- 

dicator lamp are located on the multi- 

plexer subassembly (mounting rack 

of the AN/TRA-10). When there is 
an improper input or improper opera- 

tion of the demultiplexer section, or 

delay lines, the buzzer sounds and the 

ALARM lamp lights. Therefore, 

maintenance personnel should be in- 

formed immediately whenever the 

buzzer sounds and the lamp lights. 

(2) To disconnect the alarm buzzer, press 

| the AUDIBLE ALARM DISCON- 
NECT push button on the multiplexer 

subassembly front panel (mounting 

rack front panel of the AN/TRA-10). 
The ALARM indicator lamp will con- 

tinue to glow until the trouble has 

been corrected. 

95. Operation of Order-wire Channel 

The order-wire system provides a channel 

(channel 1) especially for communication be- 

tween the operators of the various stations, for 

instructions, testing, trouble shooting, and 

other official business. 

a. At the East or West Terminal. 

(1) Press the control monitor NORMAL 

button. This connects the telephone 

handset to channel 1 on a two-wire 

basis. 

(2) To initiate a call, press the RING 

button on the control monitor. The 

button should be pressed and released 

until the desired party line ring has 

been transmitted. The series of ring 
bursts should be transmitted several 

times until the desired party responds. 

(8) To talk, push the switch on the tele- 

phone handset and talk into the trans- 

mitting end. The handset may be used 

for talking and listening when the 

switch is depressed. If only reception 

is desired, release the switch. 

Note. If the order-wire channel 

fails, any other preselected channel 

may be used for this purpose. With 

the preselected channel set on a two- 

wire basis, turn the appropriate chan- 

nel modem selector switch to either 

SR or RR and depress the control 

monitor TEL SET button. 

b. At Drop-and-insert Repeater. 

(1) The channel 1 D&I-THRU switch 

must be in D&I; the modem 2W-4W 

switch must be in the 2W position; 

and the PARTY LINE-PRIV switch 

must be in the PARTY LINE position. 

(2) To initiate a call at an AN/TCA-1 
terminal, press the RING button on 

the control monitor. The button 

should be pressed and released until 

the desired party line ring has been 

transmitted. The series of ring bursts 

should be transmitted several times 

until the called party responds. 

(3) To initiate a call at a pulse form 

restorer group, connect a field tele- 

phone to the channel 1 PARTY LINE 

binding posts on the back of the 

equipment rack. Crank the generator 

in short bursts until the called party 

responds. 

(4) To talk, depress the switch on the tele- 

. phone handset and talk into the 
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(5) 

(6) 

(7) 

transmitting end of the handset. The 

handset may be used for both talking 

and listening when the switch is de- 

pressed. If only reception is desired, 

release the switch. 

If order-wire channel 1 fails, use 

channel 2 as the order-wire channel. 

To do this, proceed as follows at the 

repeater : 

(a) Place the control monitor switch: 

(at the multiplexer group) in the 

NORMAL position. 

(b) Place the channel 2 PARTY 

LINE-PRIV switch (fig. 47 and 

49) inthe PARTY LINE position. 

Place both the eastfacing and 

westfacing channel 2 D&I-THRU 

switches (fig. 47 and 49) in the 

D&I position. 

Place both the eastfacing and 

westfacing channel 2 2W-4W 

switches (fig. 36) in the 4W posi- 

tion. 

Connect Telephone EE-8-B to the 

channel 2 PARTY LINE binding 

posts on the back of the equip- 

ment rack. 

To ring out, crank the generator in 

field Telephone EE-8-B. This will 

apply a 20-cycle ringing voltage to 

the PARTY LINE binding posts, 
which, through a sequence of events, 

causes the channel 2 pulse in both 

directions to be blanked out. The re- 
peater channel 2 field Telephone EE-— 

8-—B rings when the incoming channel 

2 pulse is blanked out because the 20- 

cycle ringing voltage is transferred 
to the PARTY LINE channel 2 termi- 

nals. 

At the AN/TCA-1 repeater, if neither 

channel 1 nor 2 is available, use any 

of the other channels (channels 3 

through 8) for the order-wire chan- 

nel. To do this, proceed as follows at 

the repeater (depending on the direc- 

tion the operator at the repeater 

wants to talk) : 

(a) Place the control monitor switch 

(fig. 55) in the NORMAL posi- 
tion. 

(c) 

(d — 

(e) 

~ 

(b) Place the appropriate modem : 

2W-4W switch (fig. 36) in the — 
2W position. 
Place the D&I-THRU switch (fig. 

47) in the D&I position. 
(c) 

(d) 
to the 2W LINE binding posts of 

the desired channel (and also de- 

Connect field Telephone EE-8-B ~ 

-sired direction) at the rear of the 

equipment rack. 

Place the modem selector switch 

(fig. 50) in the SR or RR position. 
fe) 

(f) 
desired channel and in the direc- 

tion selected. 

96. Drop-and-insert Operation of Channels 

1 and 2 

a. General. The operation of the multiplexer 
group or pulse form restorer group is first de- 

termined by the position of the 23 CHAN-45 

It is now possible to talk on the — 

CHAN selector switch, and then by the posi- 

tions of the four pull-out reversible-type 

switches (two PARTY LINE-PRIV switches © 

and two D&I-THRU switches). 

(1) The 283 CHAN-45 CHAN selector 

switch (fig. 144) on each video re- 

storer chassis should be set to its 
correct position (for 23- or 45-chan- 

nel operation). 

The four pull-out reversible-type 

switches determine the various modes 
(2) 

of operation of the multiplexer group 

or pulse form restorer group, as 

shown in figures 47 and 49. The 

THRU-D&I and PARTY LINE-PRIV 

switches are located behind the bind- 

ing post doors (fig. 47 and 49); the 

NORMAL OPERATION - REMOTE 

KEYING OPERATION remote key- 

ing unit is located on the rear of the 

mounting rack (fig. 13 and 18); and 

the 2W-4W switch is located inside 

the modem (fig. 36). 

-b. Through Operation. With the two applic- 

able channel 1 and/or 2 D&I-THRU switches 
(two for each channel, one for each direction) 

in the THRU position (THRU on top), the 

multiplexer group or pulse form restorer group 

will simply receive, reshape, and retransmit 

the received pulse train. No drop-and-insert 

facility is available. 



c. Drop-and-insert Operation. With the ap- 

plicable channel 1 and/or 2 D&I-THRU switch 
in the D&I position, the drop-and-insert facility 

of the multiplexer or pulse form restorer is 

available, using either normal or remote key- 

ing operation. 

(1) Normal operation. With the applicable 

channel 1 and/or 2 remote keying unit 
in the NORMAL OPERATION posi- (b) 

tion, the normal drop-and-insert oper- 

ation is available to permit local access 

to the vf channels. Under this condi- 

tion,’ it is possible to operate either 

party line or private. 

(a) Party-line operation. With the 

PARTY LINE-PRIV switch in 

the PARTY LINE position and 

the modem 2W-4W switch in the 

4W position, party-line operation 

is possible. Note that although 

each modem of the given channel 

is connected for 4-wire output, 

the party-line circuit is always 

two-wire. Party-line operation 

from | oar 

ie NORMAL 
OPERATION OPERATION 

PARTY 
LINE 

NONOPERATIVE 

af 

NONOPERATIVE OPERATIVE NONOPERATIVE OPERATIVE 

provides a telephone circuit at 

the repeater station, which is 

bridged into the given channel so 

that personnel on the telephone 

circuit can communicate with 

both terminals and/or other re- 
peaters (when also connected for 

party-line operation). 

Private operation. With the 

PARTY LINE-PRIV switch in 

the PRIV position, private opera- 

tion is possible. In private opera- 

tion, a telephone circuit at a 

repeater station permits person- 

nel on the circuit to communicate 

with a terminal or repeater in one 

direction only. When operating 

under private operation (in nor- 

mal operation), it is possible to 

use the input telephone circuit on 

either a two- or four-wire basis, 

provided the modem 2W-4W 

switch is properly positioned. 

Note. Since, in private opera- 

PARTY 

OPERATIVE OPERATIVE 

TM5091-309 

Figure 59. Operational switches (channels 1 and 2), block diagram. 
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tion, the eastfacing and westfac- 

ing circuits are independent, 

separate circuits. to the east and 

west terminals are available on 

each channel simply by connect- 

ing two field telephones to the 

proper eastfacing and westfacing 

binding posts on the rear of the 

mounting rack. 

(2) Remote-keying operation. With the — 

applicable channel 1 and/or 2 remote- 

keying unit in the REMOTE KEYING 

OPERATION position, the complete 

remote-keying facility is provided. 

However, under this condition, the 

PARTY LINE-PRIV switch must be 

in the PARTY LINE position, and 

the modem 2W-4W switch must be in 

the 4W position. Audio connections 

are made to party-line terminals on 

a two-wire basis. 

97. Operation of Channels 3 through 8 

(Multiplexer Group AN/TCA-1) 

Since there are no remote-keying switches 

or PARTY LINE-PRIV switches for channels 

3 through 8, operation on these channels can 

only be on either a THRU or D&I (PRIV) 

basis (channels 3 through 8 are automatically 

wired for private operation). Operation of 

these channels for either THRU or D&l (pri- 

vate) is exactly as described in paragraph 966 

and ¢. 

98. Stopping Procedure 

Note. Do not shut down the equipment with- 

out permission. 

a. Normal Shut-down Procedure. 

(1) Before shutting down the equipment, 

SECTION Ii. 

99. General 

The operation of the equipments may be diffi- 

cult in regions where extreme cold, heat, hu- 

midity, moisture, and similar conditions prevail. 

While every precaution is taken in the equip- 

ment design to maintain its technical char- 

acteristics over a wide temperature and 

humidity range, adverse conditions may cause 

86 

notify the telephone contro! operator 

and the operators at the other stations 

that the equipment is being shut down. 

Use the order-wire channel for com- 

munication. 

(2) Turn the oscilloscope INTENSITY 

control to the extreme counterclock- 

wise position. 

(3) Set the oscilloscope and audio test set 

power switches to the OFF position. 

(4) Set the 250V circuit breaker on the 

power supply to the OFF position. 

(5) Set the FILAMENT circuit breaker 
on the power supply to the OFF posi- 

tion. 

(6) Place the voltage regulator 115V AC 
INPUT ON circuit breaker or 230V 

AC INPUT ON 

(whichever is in use) 

position. 

(7) Remove any auxiliary equipment 

plugs from the utility outlets. 

b. Emergency Shutdown Procedure. To shut 

down the equipment in an emergency, throw 

the power supply FILAMENT circuit breaker 

to OFF. Remove any auxiliary equipment plugs 

from the utility outlets. 

c. Bypassing Effects on System Operation. 

Since the alarm circuit contains a bypassing 

feature and is of the normally energized type, 

both video restorers will be bypassed and sys- — 

tem operation will be maintained. If a shut- 

down of several hours or days is contemplated, 

the multiplexer group or pulse form restorer 

group should be bypassed manually by connect- 

ing the eastfacing radio-frequency receiver — 

directly to the westfacing transmitter, etc, to 

provide a pure repeater arrangement. 

in the OFF 

OPERATION UNDER UNUSUAL CONDITIONS 

equipment failure unless additional precautions 

are taken. Paragraphs 100 through 102 outline 

procedures that minimize the effects of these 

unusual climatic conditions. 

100. Operation in Arctic Climates 

Subzero temperatures and climatic conditions 

associated with cold weather affect the efficient — 

<n has 

circuit breaker — 



operation of the equipment. Instructions and 
precautions for operations under such adverse 

conditions follow: 

a. Handle the equipment carefully. 

bd. Keep the equipment warm and dry. If the 

set is not in a heated inclosure, partially cover 

it during operation with the transit case covers. 

c. Heavy coatings of frost will gather on the 

mouthpiece of the telephone handset in extreme 

cold weather when the telephone is used out- 

doors or in a cold room. Frost from the breath 

will form in the small holes of the cap and ef- 

fect the output of the telephone. Plastic covers 

have been designed to protect some types of 

telephones; use them if available. 

d. If water or moisture gets into the tele- 

phone receiver, it may freeze and impede the 

action of the diaphragm. If this happens, un- 

screw the bakelite cap and remove the ice and 

moisture. 

e. In cold weather, the values of the filter 

capacitors in the power supply may drop and 

the output voltage may drop. If this condition 

occurs, change the taps on power transformer 

T1 in the power supply from tap 5 to tap 6, 

and from tap 4 to tap 3. This will raise the 
output voltage to compensate for the drop 

caused by cold weather. 

101. Operation in Tropical Climates 

When operated in tropical climates, the 

equipment may be installed in tents or huts. In 

swampy areas, it is subjected to acute moisture 

conditions. Ventilation is usually very poor, 

and the high relative humidity causes moisture 

to condense on the equipment whenever its 

temperature becomes lower than the surround- 

ing air. When this happens dry the equipment 

thoroughly. Make frequent preventive mainten- 

ance checks (par. 110). 

102. Operation in Desert Climates 

a. The main problem that arises with equip- 

ment operation in desert areas is the large 

amount of sand, dust, or dirt that enters the 

blower motors and filter. Check and clean the 

air filter frequently. The ideal preventive pre- 

caution is to house the equipment in a dust- 

proof shelter. The next best precaution is to 

make the building in which the equipment is 

located as dustproof as possible with available 

materials. 

b. Never tie power cords, signal cords, or 

other wiring connection to either the inside or | 
the outside of tents. Desert areas are subject 

to sudden wind squalls, which may jerk the 

connections loose or break the lines. 

c. Try to keep the equipment as free from 

dust as possible. Make frequent prevtive main- 

tenance checks (par. 110). 
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CHAPTER 5 

ORGANIZATIONAL MAINTENANCE 

Note. In this manual, organizational maintenance consists of 1st and 2nd echelon maintenance. 

Section I. 

103. General 

The tools, materials, or tool equipment kits 

that are furnished with the equipment are 

described in paragraph 105. Additional tools 

and test equipment are supplied with the radio 

set with which the equipment is used. 

104. Tools, Materials, and Test Equipment 

Required 

The following tool, materials, and test equip- 

ment are not furnished as part of the equip- 

ment. They are required for organizational 

maintenance. 

a. Tool. 

Tool Equipment TE-113 

b. Materials. 

Cheesecloth, bleached, lint-free’ 

Orange stick 

Sandpaner, flint 7:000' 

Cleaning Compound (Federal stock No. 

6G 236.6) 

1Part of Tool Equipment TE-1138. 

TOOLS AND EQUIPMENT 

c. Test Equipment 

Test equipment Technical 

e manual 

Electron Tube Test Set TV—7/U 11-5083 
11-5511 

11-5527 
Electronic Multimeter TS—505/U 
Multimeter TS-—352/U 

105. Special Tools Supplied 

Special tools supplied with Multiplexer Set 

AN/TCC-13 and Multiplexer Group AN/TCA-— 

1 are located in Accessories Case CY-1334/G. 
(fig. 19). To gain access to the tools, loosen the 

two thumbscrews and pull out the drawer. Spe- 

cial tools supplied with Pulse Form Restorer 

Group AN/TRA-10 are stored in accessories 
and spare parts casel. 

a. Tube Pin Straighteners. Two tube pin 

straighteners are supplied with the equipment. 

One is used with 7-pin miniature tubes and the 

other is used with 9-pin miniature tubes. 

b. Tube Pullers. Two tube pullers are sup- 

plied with the equipment, one for extracting 

the 7-pin miniature tubes and the other for 

extracting the 9-pin miniature tubes. 

c. Wrenches. A No. 6 and No. 8 Allen wrench 

are supplied for use with the equipment. 



Section Il. 

106. Definition of Preventive Maintenance 

Preventive maintenance is work performed 

on equipment (usually when the equipment is 

not in use) to keep it in good working order 

30 that breakdowns and needless interruptions 

in service will be kept to a minimum. Preven- 

‘ive maintenance differs from trouble shooting 

and repair since its object is to prevent certain 

‘roubles from occurring. 

107. General Preventive Maintenance Tech- 

niques oy 

Note. The techniques described apply to all 

units of the multiplexer set, multiplexer group, 

and pulse form restorer group. 

a. Use 7£000 sandpaper to remove corrosion. 

b. Use a clean, dry, lint-free cloth or a dry 

orush for cleaning. If necessary, moisten the 

sloth or brush with Cleaning Compound; then 

wipe the parts dry with the cloth. Use Cleaning 

Compound on all parts, including electrical 

contacts. 

Caution: Prolonged breathing of Cleaning 

Compound fumes is dangerous. Be sure ade- 

juate ventilation is provided. Cleaning Com- 

pound is flammable; do not use it near a flame. 

108. Use of First Echelon Preventive Main- 

tenance Forms 

(fig. 60) 

a. DA Form 11-238 is the preventive main- 

enance check list to be used by the operator. 

b. Items not applicable to Multiplexer Set 
AN/2CC-13, Multiplexer Group AN/TCA-1, 

and Pulse Form Restorer Group AN/TRA-10 

are lined out in figure 60. References in the 

[TEM block in the figure are to paragraphs in 

his manual which contain additional informa- 

ion pertinent to the particular item. 

109. Use of Second Echelon Preventive 

Maintenance Forms 

(fig. 61) 

a. DA Form 11-239 is a preventive mainte- 

nance check list to be used by second echelon 

repairman. 

b. Items not applicable to Multiplexer Set 
AN/TCC-13, Multiplexer Group AN/TCA-1, 

PREVENTIVE MAINTENANCE SERVICES 

or Pulse Form Restorer Group AN/TRA-10 

are lined out in figure 61. Reference in the 

ITEM block in this figure are to paragraphs in 

this manual which contain additional informa- 

tion pertinent to the particular item. 

c. Items No. 19, 21, 22, 24, 25, 26, 27 and 

31 on the check list require that power be re- 

moved. Before removing power, obtain permis- 

sion. The equipment is designed for continuous 

operation and removal of power will cause the 

interruption of telephone traffic. 

110. Performing Preventive Maintenance 

Caution: Tighten screws, bolts, and nuts 

carefully. Fittings tightened beyond the pres- 

sure for which they are designed will be dam- 

aged or broken. 

a. Exterior Items. 

(1) Check for completeness and general 

condition of the equipment. The com- 

ponents supplied with each equipment 

are listed in the appendix. 

(2) Check suitability of location and in- 

stallation for normal operation (par. 

34 and 60). Be sure that the air 

intake openings are free from ob- 

structions, thus permitting free cir- 

culation of air. 

(3) Remove dirt and moisture from the 
multiplexer subassembly filter, hand- 

set, jacks, plugs, and panels of the 

component parts. 
Inspect all plugs and connectors. In- 

spect the seating of fuses, switches, 

and circuit breakers. Inspect the cap- 

tive screws of individual units for 

- tightness. 
(5) Inspect the dials and controls of the 

audio test set and oscilloscope for 

binding, scraping, and excessive loose- 

ness. 

(6) Check for normal operation of the 

oscilloscope and audio test set. 

Note. The equipment racks are de- 

signed for continuous operation. If 

the alarm buzzer does not sound or the 

ALARM light does not light, no oper- 

ational checks are necessary. If the 

buzzer sounds and the ALARM light 

(4 — 
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(7) 

(8 — 

(9) 

(10) 

(11) 

(12) 

glows, press the AUDIBLE ALARM 

DISCONNECT button. If the situa- 
tion that caused the alarm to sound 

does not remedy itself the ALARM 

light will continue to glow. Inform 

maintenance personnel immediately. 

Clean and tighten the exterior panel 

mounting screws of all components 

and cases, the equipment rack shock 

mounts, and cable connections. 

Inspect the transit cases, mounting 

racks, voltage regulator cases, switch 

box, and other exposed metal surfaces 

for rust, corrosion, and moisture. 

Inspect all cords, cables, wires, and 

shock mounts for cuts, breaks, fray- 

ing, deterioration, kinks, and strain. 

Under no condition are the cables to 

be removed without first informing 

maintenance personnel or the com- 

munication chief. 

Inspect all canvas items in the acces- 

sories and spare parts cases, for mil- 

dew, tears, and fraying. 

Inspect for looseness of accessible 

items: switches, knobs, jacks, con- 

nectors, voltage regulator, relays, 

blower motors, capacitors, 20-cycle 

generator, and pilot light assemblies. 

Do not loosen, shake, or pull out any 

items when checking; this may inter- 

rupt traffic. 

Clean the name plates, meter win- 

dows, jewel assemblies, common unit, 

video restorer, and filament supply air 

filters. Clean the filament supply air 

filter of the AN/TCC-13 and AN/ 
TCA-1 as follows: 

(a) Remove the filament supply cover 

by unscrewing the four filament 

panel mounting screws, mounting 

it to the electrical equipment rack 

(fig. 6 and 10). 

(b) Remove the filter from its mount- 
ing cover and clean with Cleaning 

Compound. 

(c) Replace the air filter in its mount- 

ing cover with the arrow next to 

the words AIR FLOW pointing 

toward the rack. 

(d) Remount the air filter mounting 

(13) 

(14) 

b. Interior Items. 

Caution: Disconnect all power before per- 

forming the following operations. Upon com- 

pletion, reconnect power and check for satis- 

factory operation of the equipment. Be sure 

to obtain permission before removing power. 

Telephone traffic being handled by the equip- 

ment will be interrupted. 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) Clean and tighten connections and 

(8) 

(9) 

(10) 

cover to the rack with the four 

filament panel mounting screws. 

Note. This air filter must be 
cleaned every week. Failure to 

do this will result in improper 

operation of the multiplexer set 
and multiplexer group. 

Inspect the meter of the power supply 

and audio test set for damaged glass 

and cases. 

Check the switch box and voltage 

regulator for cracks, leaks, dirt, and 

grease. 

Inspect’ fixed capacitors for leaks, 

bulges, and discoloration. 

Inspect relays and circuit breakers 

for loose mountings; burned, pitted, 

and corroded contacts; misalignment 

of contacts, insufficient spring tension 

and binding of hinge parts. 

Inspect resistors, bushings, and insu- 

lators for cracks, chipping, blistering, 

discoloration, and moisture. 

Inspect terminals of large fixed ca- 

pacitors and resistors for corrosion, 

dirt, and loose contacts. 

Clean and tighten switches, terminal 

blocks, blowers, relay cases, and in- 

teriors of chassis and cabinets not 

readily accessible. Clean, inspect for 

corrosion, and tighten rack slides. 

Inspect terminal blocks for loose con- 

nections, cracks, and breaks. 

mountings for transformers, chokes, 

and potentiometers. 

Inspect transformers, chokes, and po- 

tentiometers for overheating and oil 

leakage. . 

Inspect the oscilloscope cathode-ray 

tube (crt) for burned screen spots. 

Inspect all components for adequacy 

of moistureproofing and fungiproofing. 



OPERATOR FIRST ECHELON MAINTENANCE CHECK LIST FOR SIGNAL CORPS EQUIPMENT 
RADIO COMMUNICATION, DIRECTION FINDING, CARRIER, RADAR 

INSTRUCTIONS: See other side 

PETS anche av/reaid 
LEGEND FOR MARKING CONDITIONS: ¥ Satisfactory; X Adjustment, repair or replacement required; 63) Defect corrected. 

NOTE: Strike out items not. applicable. 

COMPLETENESS AND GENERAL CONDITION OF EQUIPMENT Crecetver,—teanemitier, carrying cases, wire and cabie, 
—nierephones; tubes, spare parts, technical manuals and accessories). PAR.110 a 

LOCATION AND INSTALLATION SUITABLE FOR NORMAL OPERATION. 

PAR. 110 a (2) 

CLEAN DIRT AND MOISTURE FROM ANTENNA, MICROPHONE, HEADSETS, CHESTSETS,- KEYS, JACKS, PLUGS, TELEPHONES, 

CARRYING BAGS, COMPONENT PANELS. 
PAR.110.0(3) 

INSPECT SEATING OF READILY ACCESSIBLE "PLUCK-OUT" ITEMS: TUBES, LAMPS, CRYSTALS, FUSES, CONNECTORS, 
VIBRATORS, PLUG-IN COILS AND RESISTORS. PAR. 110 (4) 

INSPECT CONTROLS FOR BINDING, SCRAPING, EXCESSIVE LOOSENESS, WORN OR CHIPPED GEARS, MISALIGNMENT, POSITIVE 
ACTION. 

PAR.II0 a(5) 

CHECK FOR NORMAL OPERATION. 
PAR.110 a(6) 

CLEAN AND TIGHTEN EXTERIOR OF COMPONENTS AND CASES, RACK 
MOUNTS, SHOCK MOUNTS, 

CHESS AEH BES; «AND CABLE CONNECTIONS. 

PAR.IIO a(7) 

INSPECT CASES, MOUNT INGS ,~ANFENNAS>—FOWERS; AND EXPOSED CLEAN AIR FILTERS, -BRASSNAME-PLAFES; DIAL AND METER 
METAL SURFACES, FOR RUST, CORROSION, AND MOISTURE. WINDOWS, JEWEL ASSEMBLIES. 

PAR. 110 a (8) PAR.110.a (12) 

INSPECT CORD, CABLE, WIRE, AND SHOCK MOUNTS FOR CUTS, 
BREAKS, FRAYING, DETERIORATION, KINKS, AND STRAINY INSPECT METERS FOR DAMAGED GLASS AND CASES. 

PAR.110 a (9) 

=) oa 

11 

INSPECT CANVAS ITEMS, -tEAFHER, AND CABLING FOR MILOEW, 

TEARS, AND FRAYING. 
PAR.II1O a(10) 

np INSPECT FOR LOOSENESS OF A@CESSIBLE ITEMS: SWITCHES, 
KNOBS, JACKS, CONNECTORS, ELECTRICAL TRANSFORMERS, POWER- CHECK TER : MINAL BOX COVERS FOR CRACKS, LEAKS, DAMAGED 
STATS, RELAYS, -SEES¥NS; MOTORS, BLOWERS, CAPACITORS, -GEH= GASKETS, DIRT AND GREASE i 

AND PILOT LIGHT ASSEMBLIES. Y . —ERATORS; OT LIGHT ul PAR,II0 a(it) PAR,.HO 0 (14) 

19 IF DEFICIENCIES NOTED ARE NOT CORRECTED DURING INSPECTION, INDICATE ACTION TAKEN FOR CORRECTION. 

DA 1 eee 11-238 REPLACES DA AGO FORM 419, 1 DEC 50, WHICH IS OBSOLETE. 

TMSO91- 402 

Figure 60. DA Form 11-238. 
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SECOND AND THIRD ECHELON MAINTENANCE CHECK LIST FOR SIGNAL CORPS EQUIPMENT 
RADIO COMMUNICATION, DIRECTION FINDING, CARRIER, RADAR 

INSTRUCTIONS: See other side 

LESTE an 1A L08 AVIRA, 10 
LEGEND FOR MARKING CONDITIONS: Y Satisfactory; X Adjustment, repair or replacement required; ® Defect corrected. 

NOTE: Strike out items not applicable. 

COMPLETENESS AND GENERAL CONDITION OF EQUIPMENT Caocedver, 
—teansmitter, carrying cases, wire and cable, -micsophenss, 
tubes, spare parts, technical manuals and accesscries), 

RO ali) 

LOCATION AND INSTALLATION SUITABLE FOR NORMAL OPERATION. 

PAR.I10G (2) 

a 
CLEAN DIRT AND MOISTURE FROM ANFENNAS—-M+ERGPHENES HEADSETS; 

JACKS, PLUGS, TELEPHONES, CARRYING BAGS, 

PAR.UOO 

INSPECT FIXED CAPACITORS FOR LEAKS, BULGES, AND DISCOLORA- 
TION. 

PAR.110_b (L 

INSPECT RELAY AND CIRCUIT BREAKER ASSEMBLIES FOR LOOSE 
MOUNTINGS; BURNED, PITTED, CORRODED CONTACTS; MISALIGNMENT 
OF CONTACTS AND SPRINGS; INSUFFICIENT SPRING TENSION; BIND- 
ING OF PLUNGERS AND HINGE PARTS. PAR.I10 b(2) 

SHEET ERTS HEHE 
COMPONENT PANELS. 

Nn 
INSPECT SEATING OF READILY ACCESSIBLE "PLUCK-OUT" ITEMS: 
TUBES, LAMPS, -GR¥SFALE, FUSES, CONNECTORS, ¥4BRAFORS> 

—PHUG—-HE-EG+ES AND RESISTORS. 
PAR, | 000 (4) 

<) wm 

INSPECT CONTROLS FOR BINDING, SCRAPING, EXCESSIVE LOOSENESS, 
WORN-OR-GIHTPPEB-GEARS, MISALIGNMENT, POSITIVE ACTION. 

PAR.ILO a (5) 

iy + 

w w w w w w w w oa a eS es 8 Oe a ae 

INSPECT RESISTORS, BUSHINGS, AND INSULATORS, FOR CRACKS, 
CHIPPING, BLISTERING, DISCOLORATION AND MOISTURE. 

PAR.110 b(3) 

CHECK FOR NORMAL OPERATION. 

PAR.INO a(6) 

CLEAN AND TIGHTEN EXTERIOR OF COMPONENTS AND CASES, RACK 

MOUNTS, SHOCK MOUNTS, 
EHIES 7 -HAHE—-GHHDES;. AND CABLE CONNECTIONS. 

INSPECT TERMINALS OF LARGE FIXED CAPACITORS AND RESISTORS 
FOR CORROSION, DIRT AND LOOSE CONTACTS. 

PARAIOQ(7) PAR.IIO b(4) 

CLEAN AND TIGHTEN SWITCHES, TERMINAL BLOCKS, BLOWERS, 
RELAY CASES, AND INTERIORS OF CHASSIS AND CABINETS NOT 
READILY ACCESSIBLE. 

PAR. 110 b (5) 

INSPECT CASES, MOUNT INGS, ~ANTFENNAS;—FOWERS, AND EXPOSED 

METAL SURFACES, FOR RUST, CORROSION, AND MOISTURE. 

PAR.ITO a (8) 

INSPECT TERMINAL BLOCKS FOR LOOSE CONNECTIONS, CRACKS 
AND BREAKS. 

INSPECT CORD, CABLE, WIRE, AND SHOCK MOUNTS FOR CUTS, 
BREAKS, FRAYING, DETERIORATION, KINKS, AND STRAIN. 

PAR.IIO a (9) PAR.110 b(6) 

INSPECT CANVAS ITEMS,—tEAFHER, AND CABLING FOR MILDEW, 
TEARS, AND FRAYING. 

PAR,II0 a (lO 

INSPECT FOR LOOSENESS OF ACCESSIBLE ITEMS: SWITCHES, KNOBS, 
JACKS, CONNECTORS, ELECTRICAL TRANSFORMERS, POWERSTATS, 
RELAYS, -GELG#NS; MOTORS, BLOWERS, CAPACITORS, -GENERATORG 
AND PILOT LIGHT ASSEMBLIES. PARIIO a(il) 

° 

rary 

CLEAN AND TIGHTEN CONNECTIONS AND MOUNTINGS FOR TRANSFORMERS 
CHOKES, POTENTIOMETERS, AND RHEOSTATS. 

PAR.110 b (7) 

N 

INSPECT TRANSFORMERS, CHOKES3—POFENFTOMETERS> AND 
RHEOSTATS FOR OVERHEATING AND 01L-LEAKAGE. 

PAR.IIO b(8) 

CLEAN AIR FILTERS, -BRASS-HAME—-PEAFES, DIAL AND METER 
WINDOWS, JEWEL ASSEMBLIES. 

PAR.110 a(1 2) 

w 

INSPECT METERS FOR DAMAGED GLASS AND CASES. 

PAR.NO a(t3) 

+ 

INSPECT CATHODE RAY TUBES FOR BURNT SCREEN SPOTS. 

PAR.110 b(®) | CHECK TERMINAL BOX -GO¥ERS- FOR CRACKS, LEAKS, DAMAGED 
GASKETS, DIRT AND GREASE. 

PAR.ItOG (14) MOISTURE AND FUNGI PROOF. PAR.IIO bUIO) 

IF DEFICIENCIES .NOTED ARE NOT CORRECTED DURING INSPECTION, INDICATE ACTION TAKEN FOR CORRECTION. 

DA, wyst 11-239 REPLACES DA AGO FORM 419, 1 DEC 50, WHICH IS OBSOLETE. 

TMSO9I- 403 

Figure 61. DA Form 11-239. 



Section Ill. 

111. Lubrication 

Multiplexer Set AN/TCC-13, Multiplexer 

Group AN/TCA-1, and Pulse Form Restorer 

Group AN/TRA-10 require no lubrication. 

112. Weatherproofing Procedures and Pre- 

cautions . 

Signal Corps equipment, when operated 

under severe climatic conditions such as prevail 

in tropical, arctic, and desert regions, requires 

special treatment and maintenance. Fungus 

growth, insects, dust, corrosion, salt spray, 

excessive moisture, and extreme temperatures 

are harmful to most materials. 

a. Tropical Maintenance. A special moisture- 

proofing and fungiproofing treatment has been 

devised which, if properly applied, provides a 

reasonable degree of protection. This treatment 

LUBRICATION AND WEATHERPROOFING 

is explained in TB SIG 138, Moistureproofing 

and Fungiproofing Signal Corps Equipment, 

and TB SIG 72, Tropical Maintenance of 

Ground Signal Equipment. Use this treatment 

only when parts are replaced or repaired. 

b. Arctic Maintenance. Special precautions 

necessary to prevent poor performance or total 

operational failure of equipment in extremely 

low temperatures are explained in TB SIG 66, 

Winter Maintenance of Signal Corps Equip- 

ment, and TB SIG 219, Operation of Signal 

Equipment at Low Temperatures. 

c. Desert, Maintenance. Special precautions 

necessary to prevent equipment failure in areas 

subject to extremly high temperatures, low 

humidity, and excessive sand and dust are ex- 

plained in TB SIG 75, Desert Maintenance of 

Ground Signal Equipment. 

Section IV. TROUBLE SHOOTING MULTIPLEXER SET AN/TCC-13 AT 

ORGANIZATIONAL MAINTENANCE LEVEL 

113. General 

a. Trouble shooting by the radio relay opera- 

tor is limited to the localizing of defective parts 

that are readily replaceable at an organizational 

level (tubes, fuses, cables, etc), or to the sec- 

tionalizing of defective units that must be re- 

placed as a unit (common unit, modems, power 

supplies, voltage regulator, etc). The proce- 

_ dures outlined are designed to determine first 

the defective unit and then the nature of the 

fault within the unit. 

b. The techniques that are utilized for or- 

ganizational trouble shooting include visual 

inspection, operational tests, tube tests, and 

simple continuity checks. The material is pre- 

sented in the order which the repairman would 

normally employ in servicing a defective set. 

When the procedures indicated are not sufficient 

to determine the source of trouble, trouble 

shooting by a field radio or carrier repairman, 

as appropriate, is required. 

‘ec. If trouble is encountered in the oscillo- 

scope or audio test set, it is not necessary to 

trouble shoot the multiplexer racks. Refer to 

paragraph 124 for oscilloscope organizational 

maintenance and to paragraph 125 and 126 for 

audio test set organizational maintenance. 

114. Sectionalization of Trouble to Multi- 

plexer Terminal 

a. The first step in system trouble shooting 

is to localize the fault to the multiplexer set 

rather than to some other part of the radio- 

relay system in which it is operating. This can 

be done by inspecting the input and output 

wave shapes. Set up the oscilloscope as de- 

scribed in paragraph 45, and insert the oscillo- 

scope probe into the common unit MASTER 

OUTPUT TO RF test point and then to the 

MASTER INPUT FROM RF test point (fig. 

62). Both wave forms should be similar to 

that shown in figure 63. 

b. The absence of one of these signals indi- 

cates that either the equipment or the system 

is faulty. If the wave form at the MASTER 

INPUT FROM RF is not shown, the system is 

at fault. If the wave form at the MASTER 

INPUT FROM RF test point is correct and 

the wave form at MASTER OUTPUT TO RF 
is not, the fault lies in the multiplexer set. In 
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that case, proceed as indicated in paragraphs 

115 through 123. 

115. Visual Inspection 

a. When failure is encountered and the cause 

is not immediately apparent, check the items 

listed in b below before starting a systematic 

operational check of the equipment. Do not, 

however, disassemble the set for a complete in- 

spection without some knowledge of the opera- 

tional symptoms. If possible, obtain informa- 

tion from the operator of the equipment regard- 

ing performance at the time trouble occurred. 

b. Complete failure of the multiplexer set 

often may be caused by one or more of the 

following faults: 

(1) Improperly connected power cables. 

(2) Worn, broken, loose, or disconnected 

cords or plugs. 

(3) Blown fuses. 

(4) Broken or defective tubes. 

116. Trouble Shooting by Using Equipment 

Performance Check List 

a. Purpose and Use. The equipment perform- 

ance check list is the beginning of a systematic 

COMMON UNIT 
DEMULTIPLEXER 
TEST POINTS 

MASTER INPUT] _ ( 
FROM RF | 

% 

PULSE TRAIN 
INPUT 

AIN 
MODEM PULSE 

TR 

DEMTPX GATE| ot 

Figure 62. Common unit test points. 
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trouble-shooting technique designed to isolate 

trouble with a minimum of waste effort. Oper- 

ate the equipment. as dirécted in the check list, — 

check for the normal indications listed, and, 

if an abnormal indication is obtained, follow 

the corrective measure outlined in the last 

column of the check list. 

b. Corrective Measures. In a few cases, the 
nature of the abnormal indication permits im-_ 
mediate localization of trouble to a particular 

part, so that the corrective measure indicates — 

the specific part to be checked, repaired, or 

replaced. In most cases, however, the abnormal 

indication provides only for sectionalization of 

the trouble to a particular unit or group of 

parts. In these latter cases, the corrective meas- 

ures call for the performance of additional 

testing procedures to localize the trouble. When — 

the procedure referred to is beyond the scope 

of the radio relay operator, reference is made 

to specific paragraphs in this manual and 

trouble shooting by a field radio or carrier 
equipment repairman, as appropriate, is re- 

quired. 

c. Checking Wave Forms. 2 

(1) Checking wave forms is the best 

_ MULTIPLEXER 
TEST POINTS 

[PULSE TRAIN] — 
| oureur | 4 

MIXED PULSE] 
| TRAIN | 

MODEM CHAN] 
“PULSES ? * 

[mTPx GATE] 

‘[8 xc osc] 

TM 2141-2 

es: a 



method for locating troubles. By the 
use of the oscilloscope supplied, wave 

forms at various points in the equip- 
ment may be obtained. Faults can be 

localized rapidly by comparing the 

observed wave form with the actual 

reference wave form shown in the 

trouble-shooting sections. 

(2) The various controls in the equipment 

may not be in the same positions as 

they were when the reference wave 

forms were taken. Note the conditions 

specified for the reference wave 

forms. Wave form figure references 

indicate sweep speed and voltage am- 

plitude at specified points. Sweep time 

is controlled by the COARSE and 

FINE controls. The voltage amplitude 

should be checked against the internal 

oscilloscope calibration voltage. These 

controls and the amplitude calibration 

procedure are described in paragraph 

45. 

(3) The same number of cycles should be 

displayed. 

(4) The vertical or horizontal amplitudes 

of the reference and test patterns may 

not be proportional. This will produce 

apparent differences between the 

shapes of the two wave forms when 

there is no real difference. 

(5) Whether or not the wave form is re- 

. garded as abnormal will depend on the 

symptom accompanying the _ fault 

which is being traced. The error will 

be considered significant if the fault 

can be caused by a minor difference 

in wave form at the point under test. 

Otherwise, time should not be spent 

in hunting the cause of relatively 

minor differences between the shapes 

of the reference wave forms and the 

test wave forms. 

_d. Comparison of Wave Forms. If there is 

no fault in the circuit or the equipment, an 

actual wave form taken at a point in the 

equipment should closely resemble the refer- 

ence wave form. Differences in shape, however, 

may occur for the following reasons: 

(1) The test leads to the oscilloscope may 

not be placed as they were when the 

reference wave forms were taken. 

(2) An abnormal wave form indicates a 

fault between the last point where 

the wave form is normal and the first 

point where it is observed to be ab- 

normal. For example, if a. wave 

form is observed to be normal 

at the grid of a stage and ab- 

normal at the plate of the stage, the 
trouble lies in that stage. When the 
wave form of a circuit is found to be 

abnormal, replace the tube before 

making any further tests. If replacing 

the tube does not correct the wave 

form, place the original tube back in 

the socket. When a component does 

not give the expected wave form, the 

fault is not necessarily in the com- 

ponent. The abnormal wave form may 

be caused by the absence of a proper 

signal from another component. The 

point to start signal tracing a com- 

ponent is at the input receptable. 

Note. Wave forms should not vary 

more than 20 per cent in width and : 

amplitude from the referenced figures. 

e. Test Points. When operating the multi- 

plexer set, wave forms at the front panel test 

points may be observed on the oscilloscope; 

they should not vary more than 20 per cent 

in width and amplitude from the figures re- 

ferred to in the Normal indication column of the 

check list. If all the wave forms are present and 

correct, no further multiplexer section investi- 

_ gation is necessary. 

f. Stage-by-stage Wave Forms. If the wave 

forms mentioned in e above are not correct, 

check the stage-by-stage wave forms as indi- 

cated in the Corrective measure column of the 

check list. These checks should be made in the 

order given. An absent or distorted wave form 

- at any check indicates that the stage between 

the last normal indication and the absent or 

distorted indication is at fault. When such a 

stage is located, change the tube of that stage. 

If a tube change does not correct the situation, 

refer to the chapter on field maintenance. If a 

modem is defective, replace it with the spare 

modem. 
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1US/CM 

5 US/CM 

ESD ae cues 
UUVIUNAUOI UTA TAAL A 
UOUIOVASU I TARTS SUT H 
[EADS ae 

25 US/CM 

7V P-P MAX 

TM2i41-215 

Figure 63. Common unit input and output wave form. 

1OUS/CM 

25 US/CM 

125 US/CM 

SO V P-P TM 2141-217 

Figure 65. Wave form at multiplexer 45 CHAN 

SYNC test point. 

100 

15 US/CM 

55 US/CM 

155 US/CM 

48 V P-P 
TM 2141- 216 

Figure 64. Wave form at multiplexer 8KC 

OSC test point. 

| US/CM 

5 US/CM 

25 US/CM 

110 V P-P 
TM 2141-216 

Figure 66. Wave form at multiplexer MTPX GATE 

OUTPUT test point. - Ba 



| US/CM 

Tivcil. Waseda Are) Beene 
UVUUGUR Waal 
Cine ok. 50s 

25 US/CM 

TM 2141-219 

Figure 67. Wave form at multiplexer MODEM 

CHAN PULSES test point. 

| US/CM 

|| | | | 5S US/CM SoS 

A MAMPI 
"NTT mM, °° °°" 

2 VP-P MAX 
TM 2141-221 

Figure 69. Wave form at multiplexer PULSE TRAIN 

OUTPUT test point. 

1uS/CM 

5 US/CM 

_25 US/CM 

32V BASELINE-PEAK-MARKER 

24 V BASELINE-PEAK- CHANNEL PULSES 

6V OVERSHOOT 

TM2141-220 

Figure 68. Wave form at MIXED PULSE TRAIN 

test point. 

10 US/CM 

25 US/CM 

Lear nee 
slolatelalsiolalalalsigeyy 
NV VV VW VY VV YY 
CRT Gaae coaace 

5OV P-P 

Figure 70. 

TM2l4i-222 

Wave form at pin 8 (plate) of V1 

(multiplexer ). 
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25 US/CM 

125 US/CM 

55V P-P 
TM2141-223 

Figure 71. Wave form at pin 5 (plate) of V2 

(multiplexer). 

|US/CM 

5 US/CM 

25 US/CM 

140VP-P 
TM 2141-225 

Figure 78. Wave form at pin 6 (plate) of V4B 

(multiplexer). 

benefit ac 

25 uS/CM 

125 US/CM 

S2ViP-P 
TM2141-224 

Figure 72. Wave form at pin 5 (plate) of V3 

(multiplexer). 

1US/CM 

5 US/CM 

25 US/CM 

8.2V P-P 
TM 2141-226 

Figure 74. Wave form at pin 2 (plate) of V5A 

(multiplexer). 

1 US/CM 

25 US/CM 

TM 2141-227 

Figure 75. Wave form at pin 7 (plate) of V5B and 

pin 5 (cathode) of V6 (multiplexer). 
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|US/CM 

5 US/CM 

25 US/CM 

90V P-P 
TM 2141-229 

Figure 76. Wave form at pin 1 (plate) of V7A 

(multiplexer). 

|US/CM 

5 US/CM 

25 US/CM 

Hii PsP 
TM 2141-231 

Figure 78. Wave form at pin 6 (plate) of V8A 
(multiplexer). 

1US/CM 

5 US/CM 

25 US/CM 

12V POSITIVE PEAK 
ISV IST NEGATIVE PEAK 

1!V 2D NEGATIVE PEAK 

TM 2141-230 

Figure 77. Wave form at pin 6 (plate) of V7B 

(multiplexer). 

1US/CM 

Pim i OR taycm 
OUT TLCBL CPL PULL ML Cee TCC 
Abidasnsdim es M@adiseesaioeeis rrr i) yr 

12V BASELINE—PEAK, MARKER 
9V BASELINE—PEAK, CHANNEL PULSES 
4V NEGATIVE OVERSHOOT 

TM 2141-232 

Figure 79, Wave form at pin 1 (plate) of V8B 

(multiplexer). 
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1 US/CM 

Cee SO ee ee osusvom 
HAHUALOG  ae 

10 TO 38 V P-P 

TM 2141-233 

Figure 80. Wave form at pin 1 (plate) of V9A 
(multiplexer). 

1US/CM 

5US/CM 

25US/CM 

40V BASELINE-NEGATIVE PEAKS 
30-35V BASELINE-POSITIVE PEAKS 

: TM 2i41-235 

Figure 82. Wave form at pin 1 (plate) of V10A 
(multiplexer). 
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1US/CM 

Rs ate ae 
Fa ER A, eee 
Rad ad Meee Wat ad Nd Nad ad a 
Rae en Bless 

Figure 81. 

us 
CUOMO CCC OO GT Oe Co 

PRPFOWUYVUNT IVY) VIVIVEVOLOMBEVUNIVUNIND WeUvOreneeyyy 

Figure 83. 

BEE ee 
+ YIWMU NUE AUG IAPR AAA 
MUTA LALLA, JL La 25US/CM 

20 V P-P 

TM2141-234 

Wave form at pin 6 (plate) of V9B 

(multiplexer). 

1 US/CM 

5 US/CM 

25 US/CM 

12V BASELINE-PEAK, MARKER ; 
9V BASELINE —-PEAK, CHANNEL PULSES 
4V NEGATIVE OVERSHOOT 

TM 2141-236 

Wave form at pin 6 (plate) of V10B | 

(multiplexer). q 



1 US/CM 1us/cM 

ae Ts fener et 

| Hil 25 uS/CM UTA — 25 US/CM 

115VP-P MARKER 14V BASELINE —PEAK 

70V P-P CHANNEL PULSES TM 2141-238 
TM 2141-323 

Figure 84. Wave form at pin 5 (plate) of V11 Figure 85. Wave form at pin 8 (plate) of V12 

(multiplexer). (multiplexer). 

Bark BS aE Seca Ly ee 
Loring Se sree hc 

TO OM SUS ee 
U7 EsKae Bae 
Sane | — i acadaeaeseenenad 

eet tt asus cm 
ered) CR weed OOo 

I8V BASELINE— PEAK 

L4V MAX P-P TM2141-239 £-SV MAX. OVERSHOOT Wiur rysiat—241 

Figure 86. Wave form at pin 5 (cathode) of V13 Figure 87. Wave form at modem PPM test point. 

(multiplexer). 
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| US/CM 

5 US/CM 

25 US/CM 

TM 2141-388 

Figure 88. Wave form at pin 1 (plate) of V1A 

(modem). 

SY Ces EE a 

5 US/CM ~ 

25 US/CM 

ISV BASELINE- PEAK 

2.5V MAX. OVERSHOOT 

TM2141-384 

Figure 90. Wave form at pin 1 (plate) of V2 

(modem). 
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5 US/CM 

25 US/CM 

TM 2141-243 

Figure 89. Wave form at pin 6 (plate) of VIB 

(modem). 

1US/CM 

Balla ee eh a ie il 5 US/CM 

Cth ay 
eg te Meat 

GORE ea 
TTT 25 usvom 
WANK A VANE ET HO 

-22V P-P MIN. 

TM2141-245 

Figure 91. Wave form at demultiplexer PULSE 

TRAIN INPUT test point. - 



1US/CM 

5US/CM 

25US/CM MMU roo 
UOT TU te 

TM2141-246 

Figure 92. Wave form at demultiplexer MODEM 

PULSE TRAIN test point, and pins 2 and 5 of 

V21. 

|US/CM 

5 US/CM 

WT os usvom 
MOUNGUUGVOUUOUGNONS SURNOUNGDUUAANUUUNIL 
Rae ae 

6V P-P 
TM2141-248 

Figure 94. Wave form at pin 8 (plate) of V15 

(demultiplexer). 

1 uS/CM 

5 US/CM 

25 US/CM 

130 V P-P 

TM 2141-247 

Figure 93. Wave form at pin 8 (plate) of V25 and 

demultiplexer DEMTPX GATE test point. | 

1 US/CM 

5 US/CM 

TTT 2s usvom 
in 
PT AN aE 

TM2141-311 

Figure 95. Wave form at pin 5 (plate) of V16 

(demultiplexer). 
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1 US/CM 

5 US/CM 

25 US/CM 

BV P-P 
TM 2141-250 

Figure 96. Wave form at pin 7 (plate) of V17 

(demultiplexer). 

| US/CM 

5 US/CM 

IITOMeHATTUTTTTTTNATTAT FTMTTTATTTAAT TTT 
‘i 25 US/CM 

AMUUTTOTUUTUUTMUVVUUAUCUEpUQUCVULUL AVOUT TET 

47V P-P 
18V NEGATIVE MIN TM 2141-252 

Figure 98. Wave form at pin 5 (plate) of V19 

(demultiplexer). 
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1 US/CM 

TAA A y 
| A! Rhee 

th mt 7 i HN 2s uszom eVTUUNAOUANOUUORGUE: SONUGUNDDONE UDGANHNG UHHH 

I4v P-P 
T™ 2141-251 

Figure 97. Wave form at pin 5 (plate) of V18 

(demultiplexer). 

1US/CM 

SUS/CM 

TM2141-253 

Figure 99. Wave form at pin 8 (plate) of V20 

(demultiplexer). 

— 



1US/CM 

ae ae | 

WdMad Vd Wad laf Lcd nl aa ha 
he eS ee 

5US/CM 

-25US/CM 

21V P-P MARKER 
IV P-P CHANNEL PULSES 

TM 214)-314 

Figure 100. Wave form at pin 8 (plate) of V22 

(demultiplexer). 

| US/CM 

5 us/cM 

78 V PEAK-RISE 
100 V PEAK- DECAY 

TM 2141-256 

Figure 102. Wave form at pin 5 (plate) of V24 

(demultiplexer). 

| US/CM 

5 us/cM 

25 US/CM 

30 V P-P 

TM 2141-255 

Figure 101. Wave form at pin 5 (plate) of V23 

(demultiplexer). 

10US/CM 

25us/cM 

125US/CM 

\0O0V P-—P 

TM2141-257 

Figure 103. Wave form at pin 1 (plate) of V26 
and V27A (demultiplexer). 
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1US/CM ~ 

5 US/CM | 

25 US/CM © 

I3V BASELINE~POS. PLATEAU 

6V BASELINE- NEG. PEAK 

I3V BASELINE-POS. PLATEAU. ~ 
7.5V BASELINE-NEG. PEAK 

A. wiTHouT MODULATION B. wiTH MODULATION 
TM 2141-259 

Figure 104. Wave form at modem PWM test point. 

25 US/CM 25 US/CM 

28v P-P | 
ne TM 2141-260 TM2I4I-261 

Figure 105. Wave form at pin 1 (plate) of V3A Figure 106. Wave form at pin 1 (plate) of ViA 

(modem). (modem). 
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O DBM OUTPUT: 4WIRE 
16 Vv P-P 

TM 2141-262 
Wave form at pin 6 (plate) of V4B 

(modem). 
Figure 107. 

118. Control Monitor Checks 

Note. The following tests can be performed 

only when the equipment is connected into a 

system or when two multiplexers are connected 

back to back. 

a. Switching Functions. Check the switching 

functions as follows: 
(1) Turn on the audio test set and set 

the SEND-DBM control for a —4-dbm 

output for four-wire, or at a —3-dbm 

output for two-wire connection. 

Press the SEND button on the control 

monitor. 

(3) Turn the channel 1 modem switch to 

the SR position, channel 1 should be 

modulated +-.5 microsecond. Check 

this with the oscilloscope (par. 49). 

(4) Place the modem selector switch in 

the SL position. The channel pulse 

should not be modulated and a level of 

—4 dbm should be present on the REC 

line terminals (when terminated in 

600 ohms). 

(5) Perform the procedure described in 

(8) and (4) above for the remaining 

modems. 

(6) Press the REC button on the control 

monitor. 

(7) Have the other terminal modulate 

each channel one at a time. Turn the 

modem switch of each respective chan- 

nel in the terminal being tested to the 

RR position, and adjust the OUTPUT 

AUDIO GAIN control on the modem 

until the audio test set indicated 0- 

dbm output for four-wire operation, 

or —3 dbm for two-wire operation. 

(8) Connect a level of —4 dbm on the 
line to each 4W SEND terminal, with 

the modem switch in the RL position. 

The audio test set should indicate —4 

dbm and the channel pulse should not 

be modulated. 

(2 — 

b. Telephone Circuit. 

(1) Depress the control monitor NOR- 

MAL button at the east and west 

terminals. 

(2) Place channel 1 of both terminals in 

two-wire operation. 

(3) Press the RING switch on the con- 

trol monitor panel of the east termi- 

nal. The RING bell and the bell at 

the west terminal should ring. 

(4) Press the RING switch on the control 
monitor panel of the west terminal. 

The RING bell and the bell at the east 
terminal should ring. 

(5) It should be possible to talk between 

the two handsets over channel 1. 

(6) At both terminals, press the TEL 

SET control monitor panel switch. 

(7) At both terminals, place channel 2 in 

two-wire operation. It should be pos- 

sible to talk between the handsets over 

channel 2 by placing channel 2 of each 

unit in either the RR or SR position. 

(8) At both terminals, return channels 1 

and 2 to four-wire operation and de- 

press the NORMAL button on the 

control monitor. 

119. Ringing Circuit Checks 

Check each circuit for ringing as follows: 

a. Connect Telephone EE-8-B to the 4W 

REC terminal of the local terminal under test. 

Have the operator at the distant terminal con- 

nect a field telephone to the 4W SEND termi- 

nals. 

b. Have the terminal operator at the distant 

terminal crank the field telephone connected to 

the 4W SEND terminals. 

c. The field telephone connected to the 4W 
REC terminals at the local terminal should 

ring. 

d. Alternately, the switchboards at the two 

terminals should ring each other, on each chan-- 

nel in turn. 

120. Remote Keying Circuit Tests 

a. Normal Operation. The tests described in 

paragraphs 118 and 119 are a good indication 

of the satisfactory operation of the remote 

keying units in NORMAL OPERATION. If 

channels 1 and 2 have passed the tests, the 
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remote keying units should be working properly 

in the NORMAL OPERATION position. 

b. Remote Keying Operation. 

(1) Have the operator at the distant ter- 

minal place the two remote keying 

units in the REMOTE KEYING OP- 

ERATION position. 

(2) Place the two remote keying units at 

the local terminal in the REMOTE 

KEYING OPERATION position. 

(3) Channels 1 and 2 should be blanked 

out at both units. There should be an 

open circuit between E11 and E12 

(remote keying unit out) and also 

between El and E2 (remote keying 

unit out) of the multiplexer sub- 

assembly. Use Multimeter TS-352/U, 
check continuity to be sure that this 

open exists. 

(4) Place a short circuit across E13 and 

E14 (remote keying unit in) of the 

terminal being tested. This should put 

channel 1 pulse back into the pulse 

train of the terminal being tested. 

Place Multimeter TS-352/U across 
terminals E11 and E12 of the local 

terminals. The meter should indicate 

an open circuit. 

(5) Place a short circuit across E3 and 

E4 (remote keying unit in) of the 
terminal being tested. This should put 

channel 2 back into the pulse train. 

There should still be an open circuit 

across E1 and E2. 

(6) Have the operator at the distant ter- 

minal put a short circuit across E3 

and E4. Place Multimeter TS-3852/U 
across El and E2 on the terminal 

being tested. The multimeter should 

indicate continuity. 

Note. If the conditions described 

above do not exist, trouble shooting 

at a field maintenance level is neces- 

sary (par. 324, 326, or 332). 

121. Signal-to-noise and Cross-talk Meas- 
urements 

Note. It is assumed that the demodulator 

gain controls have all been set for 0-dbm out- 

put with —4-dbm modulated input on a four- 

112 

wire connection. Be sure that none of the far 
terminals are being modulated. 

a. Signal-to-noise. The signal-to-noise ratio 
should be checked as follows: 

(1) Depress the REC button on the con-— 
trol monitor. ‘ 

(2) Turn each modem switch to the RR 
position, one at a time, and read the 

meter on the audio test, set. This is a 

noise reading that should be not 
greater than —55 dbm over a nor- 

mally operating single hop rf system. 

b. Cross-talk Measurements. The following © 

cross-talk measurements should be made: all 

forward adjacent channels (for example, 1 

into 2, 2 into 3, etc), channel 1 into all other 

channels, and channel 23 into all other channels. 

The cross-talk measurements are as follows: 

(1) At the distant terminal, set the audio 

test set for —4-dbm output; place the 
control monitor panel switch in the 

SEND position and the modem switch 
of the channel to be modulated in the 

SR position. 

(2) On the terminal being tested, place 

the control monitor switch in the REC 

position and the modem switch of the 
channel on which cross talk is to be | 

measured in the RR position. The 

cross-talk reading on the audio test 

set meter should be not greater than | 

—50 dbm. 

(3) After all the cross-talk readings have 

been taken, reverse the steps given in 

a and b above with respect to the 

terminals (for example, modulate the 

channels of the terminal to be tested 
and read the cross talk on the far 

terminals). 

122. Operational Checks, 45-channel 

The tests and procedures described in para-' 

graphs 114 through 121 also apply to multi-) 

plexer sets being used for 45-channel opera- 

tion. When a multiplexer is being used for 45-, 

channel operation, complete the test of the unit) 

by the tests outlined below. 

a. Connect the two terminals for 45-channel) 

operation (par. 38) with the test terminal in 

master operation, 



b. Place the oscilloscope probe jin the 

MASTER OUTPUT TO RF test point of the 

fest terminal. 

c. The wave form on the oscilloscope should 
oe a 45-channel pulse train as shown in figure 
108. 

d. Place the oscilloscope probe in the PULSE 

TRAIN OUTPUT test point of the common 

unit being tested. 

e. The wave form displayed on the oscillo- 
scope should be a positive pulse train as shown 

in figure 109. 

f. Reconnect the two terminals with the ter- 

minal to be tested in master operation. 

g. Check to see that there is a 45-channel 

pulse train wave form of the common unit 
MASTER OUTPUT TO RF test point of the 

terminal being tested similar to that shown in 
figure 108. 

h. Vary the 45 CHANNEL PHASE CON- 

TROL, R3, to be sure that the negative and 

positive pulse trains can be shifted with rela- 

tion to each other. 

123. Power Supplies 

a. B+ Power Supply, Power Supply PP- 

691/G. There are no tubes in the power supply. 

If the input voltage is normal, lack of output 

voltage indicates a need for servicing. Servicing 
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WITH DIRECT SCOPE CABLE TM 214359 

Wave form ot MASTER OUTPUT TO Figure 108. 

RF test points. 

of this unit should be done by field maintenance 

personnel only (par. 340 through 344). 

Caution: The failure of selenium rectifiers in 

Power Supply PP-691/G can result in libera- 

tion of poisonous fumes and deposits of poison- 

ous selenium compounds. If a rectifier arcs 

over, the odor is strong. Provide adequate ven- 

tilation immediately. 

b. Filament Supply, Multiplexer Subas- 

sembly MX-1442/TC. There are no tubes in the 

filament supply. Servicing instructions are de- 

scribed in paragraphs 334 through 339. 

c. Voltage Regulator CN-236/G. If the input 

voltage is normal, lack of output voltage or 

fluctuation of the output voltage indicates a 

need for servicing. Adjust the SENSITIVITY 

control as indicated in paragraph 43b. If the 

voltage still fluctuates, check tubes V1 and V2. 

If the trouble cannot be corrected, refer to 

paragraphs 390 through 395. 

124. Oscilloscope OS-25/G, Performance 
Check List 

Note. Oscilloscope trouble is completely inde- 

pendent of the remainder of the equipment and 

usually cannot effect the operation of the rest 

of the equipment. 

Voltage test points +450V and +225V (fig. 

110) at the rear of the chassis should be 

| US/GM 

5 US/CM 

f 25 US/CM 

1V NEG 
-35V POS TM2141-360 

Figure 109. Wave form at PULSE TRAIN OUTPUT 
test point 45-channel operation, slave terminal. 
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checked with a vtvm. Use Electronic Multi- 

meter TS—505/U or equivalent. If these voltages 
are not correct, vary +225V ADJ control R27 

and +450V ADJ control R16 at the rear of the 

oscilloscope chassis. If the voltages are present 

and correct, trouble shooting by use of the 

equipment performance check list is indicated. 

Note. The controls should turn smoothly, and the image on the screen should move slowly without jumping. 

If the corrective measures indicated in the 

_ equinoment performanee check list do not yield 

results, refer to paragraph 127c(5) and if 
replacing tubes as indicated from the symptoms 

do not yield results, trouble shooting at a field 
maintenance level (par. 351 through 356) is 
required. 3 

Item Wem or control Action, condition, 

No. or position 

ON-OFF switch. OFF. ee 

Pp 2 | COARSE. 5000. 

R 3 | FINE. 10. 

E 4 | INTENSITY. Clockwise. 

P. 5 | HOR POSITION. Middle of range. 
A 6 | VERT POSITION. Middle of range. 
" 7 | TIMING PIP PHASE. | OFF. 

T 8 | CAL VOLTAGE. 5. 

O 9 | VERT ATTEN. CAL. 

R 10 | VERT GAIN. Clockwise. 

Yo} 11 | TRIGGER. Counterclockwise. 
12 | STAB. Counterclockwise. 

13 | ON-OFF switch. Set to ON. POWER on indicator | Check input power] 

lamp glows, blower source, indicator lamp,| _ 

operates. and blower. Check] 

fuses. Check Vl 

through V7. 

STAB control. Turn control Sweep appears. Refer to paragraph 

clockwise 127c (A). 

Turn control Sweep disappears. Refer to paragraph 

counterclockwise. 127c (4). 

TRIGGER control. Turn control Stable image of a clip- | Refer to paragraph 

O clockwise. ped sine wave appears 127e (4). 

_ (figs? 37). 

E HOR POSITION. Very control. Position of presentation | Refer to paragraph 

R on screen moves to 127c (4). 

A left or right. 

r VERT POSITION. Very control. Position of presentation | Refer to paragraph 

I on screen moves up or 12% (4)2 

O down. 

N INTENSITY. Turn control Image is blanked out. Refer to paragraph 

counterclockwise. 127c (4). 

INTENSITY. Turn control Image appears and Refer to paragraph 

clockwise. brightness increases. 127c (4). 

FOCUS, ASTIG, and Vary controls until Sharply focused trace. Check V1, V2, and 

INTENSITY. a sharply focused probe. 

trace is obtained. ; 

VERT GAIN. Turn control Vertical size of image Check V12 through V15,} . 

clockwise. . increases. and V2 (par. 127c(4)) 

VERT GAIN. Turn control Vertical size of image |Check VERT GAIN | 

counterclockwise. decreases. control. 

S) 23 |ON-OFF switch. Set to OFF. POWER ON indicator [Check switch. 

5 light goes off, motor 
P stops. : 
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Figure 110. 

125. Audio Test Set TS-762/TC, Trouble- 
Shooting Procedure 

a. Audio Test Set TS-762/TC is completely 
independent of the remainder of the multi- 

plexer set or multiplexer group and usually 

cannot effect the operation of the rest of the 

set. 

b. Failure of the power system will be ap- 

parent if the POWER ON indicator lamp does 
not light. This is usually caused by a blown 

fuse. No harm is done if the fuse is replaced 

and the power switch turned on again. How- 

ever, if the fuse blows again, the trouble can 

be serious and the fuse should not again be 

Oscilloscope test point. 

replaced without first localizing and correcting 

the trouble. The information given in the Ac- 

tion, condition, or position column consists of 

calibrating the audio test set and the informa- 

tion given in the Normal indication column in- 

cludes the indications of a calibrated audio test 

set. If it is impossible to calibrate the audio 

test set or erroneous indications are given, fol-. 

low the corrective measures recommended in 

the Corrective measure column. If the set is 

completely inoperative or if the recommended 

corrective measures do not yield results, trouble 

shooting by an experienced repairman is neces- 

sary. 

126. Audio Test Set TS-762/TC, Performance Check List 

Item or control 

ON-OFF switch. 

Action, condition, 

or position 

Set to ON position. 

Normal indication Corrective measure 

Check fuse F1 

(par. 125b). 

POWER ON indicator 

lamp glows. 

Send-calibrate circuit. 

Receive-calibrate 

circuit. 

Meter circuit. 
ZOx grP AHH O lya>Hm 

Adjust as indicated 

in paragraph 46. 

Adjust as indicated 

in paragraph 46. 

Items 1 and 2 above. 

Check lamp I 1, tubes 

V1 through V4, and 

rectifier V8. Replace 

if defective. 

Check tubes V6 and V7. 

See note below. 

Check tube V5. 

As indicated in 

paragraph 46. 

As indicated in 

paragraph 46. 

Meter indications. 

ON-OFF switch. Set to OFF position. POWER ON indicator Check switch S2. 

lamp is extinguished. 

Note. If the incoming tone can be measured, but the receive-calibrate circuit cannot be adjusted, repeat the 

procedure given in item 2 of the check list. If the trouble cannot be corrected, refer to paragraphs 362 through 366. 
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127. Tube Trouble-shcoting Data 

a. Tube Checking. Tube failures are respons- 

ible for a large percentage of the faults that 

occur in the equipment. There are, however, 

too many tubes in this set for a trouble shooter 

to attempt to find a fault by indiscriminate tube 

changing. Do not resort to tube changing until 

the fault has been traced to a particular stage. 

When placing a new tube in a circuit, note 

the position of all controls before making any 

changes. If turning the controls with the new 

tube in the circuit does not correct the abnormal 

condition, return the controls to their original 

positions and put the old tube back in the 

circuit, unless a tube test shows that the 

original tube was bad. Do not change the tubes 

indiscriminately because the spare box will 

become full of tubes, the exact age and condi- 

tion of which will be uncertain. 

c. Tube Trouble-shooting Charts. 

(1) Multiplexer TD-60/TCC-18 (fig. 111). 

b. Use of Tube Tester. Electron Tube Test q 

Set TV-7/U is used fo check for shorted ele- — 

ments, emission, and mutual conductance of — 

receiving type tubes. The tube tester will not 

test the performance of high-voltage tubes or 

rectifiers or some special tubes. Tube testers: 

are useful, however, for checking receiving 

tubes. Results obtained. from a tube tester are 

not always conclusive, because the conditions 

are not the same as those under which the 

tube operates in this set. Therefore, the final 

test of a tube must be its replacement with a 

tube which is known to be good. It is quicker 

and more reliable to replace a suspected tube 

with a good one than to check it with the tube 

tester. TM 11-5083 contains operating and 

-maintenance instructions for Electron Tube 

Test Set TV-7/U. 

Symptoms 

Multiplexer 

No pulse train. 

oscilloscope present. 

Marker missing, otherwise normal. 

ates correctly. 

Abnormally high pulse train output. 

No 8-ke oscillator wave form. 

No pulse train, but synchronizing voltage to 

All channel pulses missing, marker present. 

In master unit, when in 45-channel operation, 

slave fails although master operates correctly. 

In slave unit, slave fails although master oper- 

V2 through V5 and V11 through V13. 

Vill through V13. 

V7, V8. 

V9, V10. 

Marker gate abnormally high and unlimited. V14. 

V1 in master. 

V3 through V6 and V11 through V13. 

V14. 

V2. 

Correct wave form at 8-kce test point, but no 

wave form at MTPX GATE test point. 

V3 through V6. 

Demultiplexer 

Wave form present at MODEMS PULSE TRAIN 

test point, but no wave form at DEMTPX 

GATE test point. 

V22 through V25. 

No modem pulse train. V15 through V21. 

V26, V27. 

V28, V29. 

Operation normal, but alarm rings. 

Cannot ring. 
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(2) Telephone Modem MD-179/TC (fig. 113). 

Symptoms Tubes 

Cannot modulate a channel. 

Low modulation sensitivity. 

No channel pulse. 

Improper channel pulse. 

Cannot receive audio over a channel although 

oscilloscope shows modulated pulse present. 

Insufficient audio gain. 

Cannot signal. 

Continuous signaling. 

Improper pwm wave form. 

Excessive distortion in individual channel. 

V1 in that channel. 

CRI, CR2, V1. 

Wi V2. 

V1, V3, CR3. 

v3, V4. 

V4. 

V3, V5. 

V3, V5. 

V3, CR4, CR5. 

CR1, CR2, V1, V4. 

Voltage Regulator CN-236/G (fig. 114) 

Lack of regulation; motor does not operate in 

both directions. 

Sereen blank when horizontal control is turned 

fully clockwise. 

Vertical deflection, but no horizontal deflection. 

Horizontal deflection, but no vertical deflection. 

Cannot focus display. 

Cannot position horizontally. 

Cannot position vertically. 

Cannot stop (synchronize) display. 

Cannot phase display with sweep-phase control 

despite normal synchronizing voltage input 

from multiplexer. 

No timing pip markers. 

Incorrect spacing. between markers. 

Extreme vertical distortion or clipping. 

Oscilloscope repeatedly blows fuse F1. 

Timing pips distorted. 

No blanking of retrace. 

Weak or dim pattern. 

No 1,000-cycle output. 

Meter M1 does not operate on receive. 

Set completely inoperative. 

V32 (crt). 

V15 through V27, 10 neon coupling 

tubes, and V1 and V2. . 

V12 through V15, V2 and probe. 

V1, V2, and probe. 

V1 through V11, V25, V26, 10 neons. 

V6 through V19. 

V16 through V19. 

V16 through V19. 

V28 through V31. 

V28 through V81. 

V12 through V15. 

V1 through V7. 

V30, V31. 

V19. 

V1, V2; V32. 

V1 through V4. 

V6 and V7. 

v8. 
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128. Tube Replacement 

The following table identifies all the tubes 

used throughout the multiplexer set by com- 

ponent, reference symbol, tube type, and func- 

tion. When changing:tubes, change them one 
at a time. If tube substitution does not correct 

the trouble, reinsert the original tube in the 
original socket. Be sure that the correct tube is 

placed in its proper socket (fig. 111 through 

118). 

a. Multiplexer TD-60/TCC-13. 

Tube 
syrabol Tube type 

6AG7 
6AG5 
6AG5 
12ATTWA 

5726/6AL5W 

6AG7 
12ATTWA 

12ZATTWA 

12ATTWA 

12ATTWA 

6AG5 
6AG7 
6AG7 
OB2 
6AG7 
6AG5 
6AL5W 

6AG5 
6AG5 
6AG7 
6AS7 

6AG7 
6AG5 
6AG5 

6AG7 
12ATTWA 
12ZATTWA 

OA3 
OA3 

Sync output. 

8-ke oscillator. 

8-ke amplifier. 

Shaper and sync output. 

Diode clipper 

Power amplifier, 

Duotriode shapers. 

Marker generator and ampli- 

fier. 

Modem pulse amplifier. 

Modem pulse amplifier. 

Mixed train shaper. 

Mixed train power amplifier. 

Pulse train output. 

Voltage regulator. 

Video amplifier. 

Video amplifier. 

Detector clipper. 

Pulse splicer amplifier. 

Video shaper. 

Pulse amplifier. 

Power amplifier. 

Marker separator. 

Marker selector. 

Gate shaper. 

Gate amplifier. 

Alarm. 

8-ke amplifier and alarm con- 

trol. 

Voltage regulator. 

Voltage regulator. 

b. Telephone Modem MD-179/TC. 

Vil 
V2 
V3 

V4 
V5 
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Tube , 

12ATTWA 
12ATTWA 
12ATTWA 

12AT7TWA 
12ZATTWA 

Audio amplifier and ppm mod. 

Clipper shaper and mixer. 

Gate generator and pwm con- 

verter. 

Clipper and audio output. 

De amplifier and ringing relay 

control. 

c. Voltage Regulator a hd 

Tube 

Vil 5727/2D21W 

V2 5727/2D21W 

d. Oscilloscope OS-25/ G. 

Tube Function 

2X2A 

Motor drive. 

Motor drive. | 

+1,800-volt rectifier. 

a 2X2A —1,500-volt rectifier. 

V3 6X4W +450-volt rectifier. 

V4 6005/6AQ5W| +450-volt series regulator. 

V5 6AG5 +450-volt regulating ampli-| 
fier. 

V6 5RAWGY +225-volt rectifier. 

V7 5R4WGY +225-volt rectifier. 

V8 6X4W —140-volt rectifier. 

v9 6AS7G +225-volt series regulator. | 

V10 | 6AG5 +225-volt regulating ampli- 
fier. | 

V11l | OA2 —140-volt regulator. 

V12 | 6AG7 Vertical input amplifier. 

V13 | 6AG7 Cathode follower. 

V14 | 6AG7 Push-pull vertical output. 

V15 | 6AG7 Push-pull vertical output. | 

vVié | 12ATTWA 8-ke and phase shift amplifier. 
V17 | 6AG7 Phase splitter syne amplifier.| 

V18 | 6AG7 Syne amplifier. 

V19 | 5726/6AL5W | Trigger coupler and blanking} 

restorer. 

V20 | 6AG7 Multivibrator. 

V21 | 6AG7 Multivibrator. . 

V22 | GAG7 Sawtooth sweep generator. 

V23 | 6005/6AQ5W | Sweep control. aj 

v24 | 5726/6AL5W | Horizontal output and de : 
restorer. | 

v25 | 6AU6 Push-pull horizontal output. | 
V26 | 6AU6 Push-pull horizontal output. | 

V27 | 12ZATTWA Crt blanking and unblanking| 
buffer amplifier. | 

V28 | 12AT7TWA Timing pip phase amplifier. | 

V29 | 5726/6AL5W | Discriminator. 

V30 | 12ZAT7TWA Reactance modulator and 
192-ke oscillator. 2 

V31 | 12ATTWA 192-ke amplifier and differ- 4 

entiating shaper. | 

V32 | 5CP1WA Crt. 

e. Audio Test Set TS-762/TC.  - f 

Oscillator. 

Amplifier. 

Phase inverter. 

Push-pull amplifier. 

Limiter. 

Amplifier. 

Amplifier. 

Rectifier. 

Voltage regulator. 
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Section V. TROUBLE SHOOTING MULTIPLEXER GROUP AN/TCA- 1 AND PULSE FORM q 
~ RESTORER GROUP AN/TRA-10 AT ORGANIZATIONAL MAINTENANCE LEVEL 

129. General 

a. Trouble shooting the multiplexer group 

and pulse form restorer group at an organiza- 

tional level is limited in scope by the tools, 

test equipment, and replaceable parts issued. 

Accordingly, trouble shooting is based on the 

performance of the equipment, visual inspec- 

tion, and the use of the senses in determining 

such troubles as burned-out tubes, broken leads, 

and interpretation of the wave forms at the 

various test points. The majority of trouble 

can be found by comparison of wave forms 

(par. 116c and d) in conjunction with the 

oscilloscope probe. 

b. Multiplexer Group AN/TCA-1 and Pulse 

Form Restorer Group AN/TRA-10 are func- 

tionally identical, therefore, the trouble-shoot- 

ing techniques and repair procedures are the 

same. Many components of the multiplexer and 

pulse form restorer are identical with those 

(>) PUSH- PULL PHASE AMPL 
AMPL INVERTER 6AG5 
l2AT7 1\2ATT 

a 

supplied with Multiplexer Group AN/TCC-13. 

Refer to the table below when trouble is en- 

countered in the test equipment, power supply, 

filament supply, voltage regulator, or modems. 

Component 

124, 127c, 128d \ 

125, 126, 127c, 128e 

123a 

123) 

123¢ 

127c, 1286 

Oscilloscope OS—25/G 
Audio: Test Set TS—762/TC 

Power Supply PP-691/G 

Filament supply 

Voltage regulator 

Modem tube trouble- 

shooting data. 

130. Sectionalization of Trouble to a Drop- 
and-insert Repeater Terminal 

a. The first step in servicing the multiplexer 

or pulse form restorer group is to localize the 

fault to the restorer group rather than to some 

other part of the radio-relay system in which 

it may be operating. This can be done by in- 

(vs) Lita 12AT7 

(7) aun \2aT7 

(vs) AMPL 12AT7 

TM 2141-268 

Figure 118. Audio test set, tube location diagram. 
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specting the input and output wave shapes. 

Refer to paragraph 116d and e for instructions 

on checking and comparing wave forms. 
Note. The unit has two identical parts, one 

eastgoing and one westgoing; therefore, all 

procedures hereafter will refer to eastgoing, 
with the understanding that such procedures 

should also be applied to the westgoing section 

in the same way. 
b. When the buzzer sounds and the ALARM 

lamp lights, follow the procedure described be- 

low to determine whether the drop-and-insert 

terminal or some other link in the system is at 
fault. . 

(1) Set up the oscilloscope as described 

in paragraph 45. 

(2) Insert the oscilloscope probe into the 

video restorer OUTPUT TO EAST- 

FACING XMTR test point (or OUT- 

PUT TO WESTFACING XMTR test 
point). When the system is operating 

normally, a wave form similar to that 

shown in figure 119 should be dis- 

played on the crt screen. The absence 

of this signal indicates that either the 
equipment or the system is faulty. 

1US/CM 

5US/CM 

25 US/CM 

5VP-P 
TM 5091-404 

Figure 119. Wave form at INPUT FROM EAST- 

FACING REC and OUTPUT TO WESTFACING 

XMTR test points. 

(3) If the output is not correct or pre- 

sent, check the waye form at the 

INPUT FROM EASTFACING REC 

test point. If this wave form is the 

same as that described in (2) above, 

the trouble is in some other unit in 

the system. If the input and output 

wave shapes are the same and the 

ALARM lamp is on or if the input 

is correct and the output is not, the 

fault probably lies in the drop-and- 

insert equipment. In that case, pro- 

ceed as outlined in paragraphs 131 

through 137. Whenever possible, per- 

form all the indicated checks in the 

order given. 

131. Service Sectionalization of Trouble to 

a Component 

When servicing the equipment, the first pro- 

cedure is to localize the difficulty to a compon- 

ent. The difficulty may be in the video restorer, 

mounting rack, power supply, test equipment, 

or voltage regulator. 
Note. For convenience, all wave shapes are 

shown for a 23-channel pulse train, unless 

otherwise noted. 
a. Video Restorer. The video restorer may 

be separated functionally into two sections. 

The first section is the series section; that is, 

that part through which the signal progresses. 

In general, this consists of the reshaping cir- 

cuit (V1 through V5, V6 through V9, and V10) 

and the blanking and insert circuit. (V11 
through V13). The second section is the bridged 

section, which consists of a marker-separator 

gate-shaping circuit and an alarm circuit. 

Failure of either of these sections (series or 

bridged) will be immediately apparent because 

the alarm will operate. Failure of each of these 

sections will be considered separately. 

(1) Series or reshaping section. Failure 

of the series section will be apparent 

since the signal will bypass the cir- 

cuits. In normal operation, P.T. OUT 

AMPL switch S2 is in the LOW posi- 

tion and the output puse train ampli- 

tude is set to one-half of the input 

pulse train amplitude observed at the 

INPUT FROM EASTFACING (or 

WESTFACING) REC test jack (J2). 

In the event of a failure, the ampli- 

725. 



2 US/CM 

1US/CM 

5 US/CM 

5 US/CM 

25 US/CM 
25 US/CM 

y 

30-55V P-P 
140VP-P 1OV P-P PULSES 

TM 5091-406 : TM 5091-407 

Figure 120. Wave form at DEMTPX GATE Figure 121. Wave form at BLANKING GATE 

test point. test point (channels 1 and 2 in D and I). 

1US/CM : 

1 US/CM 

meee ad 

i 

q 
25 US/CM 

25US/CM } 

102V P-P MIN ‘ 

pears MAX T™ 5091-408 ; 
TM 5091-409 

Figure 122. Wave form at MTPX Gate 

' 
ra . = e J 

: _ Figure 123. Wave form at MODEM CHAN PULSES 
test point. 

. 
4 

test point. 
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(2) 

(3) 

tude of the output pulse train. ob- 

served at the OUTPUT to EAST- 

FACING (or WESTFACING) XMTR 

test jack (J4) should not change. 

When P.T. OUT AMPL switch: S82 is 

in the LOW position, a 12-db pad 

attenuates the signal and the output 

amplitude is set to be one-half the 

input video level when P.T. OUT 
AMPL switch-S2 is in the HIGH posi- 
tion, a 6-db pad attenuates the out- 

put pulse train instead of the 12-db 

pad). When the video restorer is in 

the alarmed condition, a 6-db pad 

also attenuates the bypassed input 

signal and, consequently, in the event 

of failure, the amplitude of the out- 

put pulse train should not change. 

Note. Tubes V1 through V5 are in- 

operative with 23 CHAN-45 CHAN 

switch S1 in the 23-CHAN position. 

Bridged circuit. If the alarm sounds 

and the fault is not in the series cir- 

cuit, it must be in the bridged circuit. 

Always observe the waveforms above 

before proceeding. In addition to the 

alarm sounding, it may become impos- 

sible to drop and insert signals. If 

the trouble appears to be in the 

bridged circuits, observe the follow- 

ing wave forms. 

(a) DEMTPX GATE E5 (fig. 120). 

(b) BLANKING GATE E4 (fig. 

$21); 

(c) MTPX GATE E6 (fig. 122). 

(d) MODEM CHAN PULSES E83 

(fig. 123). 

Stage-by-stage wave forms. If all the 

wave forms mentioned in (2) above 

are present and correct, no further in- 

spection is necessary. If not, check 

the stage wave forms of the appro- 

' priate. section as listed in the follow- 

ing chart. Refer to figure 144 for tube 

locations. Check tubes V6 to V13 for 

trouble in the series section, and tubes 

V19 to V27 for trouble in the shunt 

section (refer to paragraph 127a and 

b for tube checking information). The 
remainder of the tubes are in the 

alarm and miscellaneous circuits. 

Absence or distortion of any one of 
the wave: forms indicates that the 

(4) 

(2) 

stage is faulty. When such a stage is 

located, change the tube of that stage. 

If a tube change does not correct the 

situation, the equipment must be ser- 

viced. For servicing, refer to para- 

graphs 302 through 308. 

Aaa narnrwmowononinrwreQaorinawna) oo 

. Modem Modulator. 

Test points (fig. 50). Check the PPM 

test point on each modem against the 

wave form shown in figure 87. 

Stage plate wave forms. If the PPM 

test point wave form is satisfactory, 

the modem modulator is operating 
properly. If it is not, check the modem 

stage plate wave forms as in the chart 

below. Refer to figure 113 for the lo- 
cation of all tubes. Replace any tubes 

of the defeetive stages. If the trouble 
does not pean the unit must be 

serviced. Refer ‘to paragraph 313 

through 315. 

(127 



c. Modem Demodulator. the wave forms in the chart indicates © 

(1) Test point (fig. 50). Check the wave a faulty stage. When such a stage is © 
form at the modem PWM test point. located; change the tube of that stage. a 

The wave form should be similar to If changing the tube does not correct — 

that shown in figure 104. . the situation, service the equipment — 

(2) Stage-by-stage plate wave forms. If the as described in paragraph 316. 

PWM test point wave form is present 

and correct, no further inspection is Tube No. 
necessary. If it is not, check the 

V3B 
modem stage plate wave forms as V3A 

shown in the chart below. Refer to vin 

figure 113 for the location of all tubes. ie 

Absence or distortion of any one of 

132. Multiplexer Group AN/TCA-1 and Pulse Form Restorer Group AN/TRA-10, 

_ Performance Check List 

Refer to paragraph 116 before performing the checks indicated below. & 

Item ati bes Action or Normal Corrective 
No. condition indication measure A 

Cables Check connections 
(par. 64). 

Equipment rack. | 1. D&éI-THRU 1. Place in D&l 
switches. position. 

2. PARTY LINE-| 2. Check seating. 

PRIV switch 

All Modems. Selector switch. Place in NORMAL x 
position. 

Video restorer. 1. Video restorer | 1. Turn fan by hand| 1. Fan turns Check binding. 

fan. (par. 66a(5)). freely. 

2. P.T. OUTPUT | 2. Place in LOW 

AMPL switch. position. 

Control monitor*. | Selector switch. Depress NORMAL 

button. 

Filament supply. | Remote keying In NORMAL OPER- 

knits. TION or REMOTE 
KEYING OPERA- 
TION position. 

HRPOHPAPIE AY 

Switch box. INPUT SELEC- | Throw in 115/230 

TOR SWITCH. VAC INPUT 1 or 

115/230 VAC IN- 

PUT 2 depending 

upon which connec- 

tor is connected to 

input primary 

source. 

*This step applies to Multiplexer Group AN/TCA~1 only. 
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’ 

Item Unit Wed Action or Normal : Corrective 

No. condition indication measure 

8 | Voltage regulator.| 230V AC INPUT] Set to ON position. | 115 VAC OUT- | Adjust SENSITIV- 

ON or 115V PUT lamp ITY control (par. 

AC INPUT ON glows. No 66b. (5)). Check 

circuit breaker. chatter. tubes V1 and V2. 

9 | Power supply. FILAMENT Set to ON position. | FILAMENT Check cable connec- 

circuit breaker. ON indicates tions to voltage 

on filament regulator. Adjust 
S supply and OUTPUT VOLT- 
T power supply AGE control. 

A glows. LINE | Check voltage reg- 
R VOLTS ulator tubes V1 

T meter indi- and V2. 

cates 115 

volts +1 per 

cent. 

10 | Power supply. +250V circuit Wait 30 seconds. +250 ON pilot | Check cable 

?: breaker. Set to ON lamp glow. connections. 

position. 

11 | Video restorer Series section, Check OUTPUT TO | As shown in Adjust SYM ADJ 

negative pulse EASTFACING figure 119, control (par 75). 

train reshaper. XMTR test point ALARM Check wave form 
E2. light out. at pin 6 of V10 

(fig. 131), pin 1 of 

V12 (fig. 183), pin 

6 of V11 (fig. 132), 

pin 5 of V9 (fig. 

E 130), pin 7 of V8 
Q (fig. 126), pin 5 of 

U V7 (fig. 129), and 

I pin 8 of V6 (fig. 

P 94). Replace defec- 

M tive tube. 

E 12 | Video restorer” Series section, Check OUTPUT TO] As shown in Adjust SYM ADJ 
N positive pulse EASTFACING figure 119. If control. Check 
di train reshaper. XMTR test point PoP sus wave form at pin 

E2. AMPL switch 6 of V5 (fig. 128), 
P on Video re- pin 5 of V4 (fig. 

E storer is in 127), pin 7 of V3 

R LOW, the (fig. 124), pin 5 of 

F voltage will V2 (fig. 123), and 

O be .5 volt pin 8 of V1 (fig. 

mR. peak to peak. 122). Replace de- 

M fective tubes. 

A 13 | Video restorer SHUNT section. Check wave form at] As shown in Check wave form at 

N DEMTPX GATE figure 120. pin 5 of V19 (fig. 

Cc test pack Ed. 137), pin 8 of V20 
E (fig. 138), pin 8 of 

V21 (fig. 139), pin 

8 of V22 (fig. 140), 

pin 5 of V23 (fig. 

141), pin 5 of V24 

(fig. 142), and pin 

8 of V25 (fig. 120). 

Replace defective 

tube. 

> This check is for 45-channel operation only. Be sure that a 45-channel pulse train is being received and that 

the 23 CHAN-45 CHAN switch on the video restorer is in the 45 CHAN position 
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130 

Video restorer 

Video restorer. 

Video restorer. 

Video restorer. 

All modems. 

. Power supply. 

Power supply. 

Voltage regulator 

SHUNT section. 

Bridged section. 

Bridged circuit. 

| Alarm circuit. 

Modulator circuit. 

Demodulator 

circuits. 

Action or 

condition 

Normal 

indication 

Check wave form at 

MTPX GATE point 

E6. 

Check wave form at 

BLANKING GATE 

test point E4. 

Check wave form at 

MODEM CHAN 

PULSES test point 

E3. 

Check wave form at 

PPM test point J1. 

Check- wave form at 

PWM test point. 

As shown in 

figure 122. 

As shown in 

figure 121. 

As shown in 

figure 123. 

ALARM light 

out, alarm 

buzzer quiet. 

Wave form as 

shown in 

figure 87. 

As shown in 

figure 104. 

Reception 

satisfactory 

on all drop- 

and-insert 

channels. 

| +250V circuit 

breaker. 

FILAMENT 

circuit breaker. 

230V AC INPUT 

ON or 115V 

circuit breaker. 

Set to OFF position. 

Set to OFF position. 

Set to OFF position. 

Set to OFF position. 

Set to OFF position. 

POWER ON 

indicator 

light goes off. 

POWER ON 

indicator 

lamp goes 

off, blower 

motor stops. 

+250V ON 

indicator 

lamps go out. 

| FILAMENT 

ON indicator 

lamps go out. 

115 VAC 

OUTPUT 

indicator 

lamp goes 

out. 

Corrective 

measure 

Check wave form at|_ 
pin 5 of V26 (fig. 4 

143) and pin 5 of 

V27 (fig. 122). Re-| 
place defective 

tube. 

Check wave forrn at 4 

pin 3 of V13 (fig.] 

121). Replace V13. 

Check modems, step] 

ats . 

Check wave form at] 
pin 1 of V15A (fig.| © 

135), and pin 6 of] — 
V16 (fig. 136). 

Check tubes V15 

through V18. Re- 

place defective 

tube. | 

Check wave form at] _ 

pin 1.of V1A (fig. 

88), pin 6 of VIB 

(fig. 89), and pin 

1 of V2 (fig. 90).] 

Replace defective 

tube. 

Check wave form at 

pin 6 of V3B (fig. 

104), pin 1 of V8A 

(fig. 105), pin 1 of 

V4A (fig. 106), and 

pin 6 of V4B (fig. 

107). 

fective tube. 

Check switch S2. 

Check switch S1. 

Check circuit breaker. 

Check circuit breaker. 

Check circuit breaker. 

Replace de- : 
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Figure 124. Wave form at pin 8 (plate) of V1 

(45-channel operation). 
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_ Figure 126. Wave form at pin 7 (plate) of V3 
(45-channel operation) and V8. 

1US/CM 
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T™ 5091-411 

Figure 125. Wave form at pin 5 (plate) of V2 

(45-channel operation). 
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25 US/CM 
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eS een 
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TM 5091-413 

Figure 127. Wave form at pin 5 (plate) of V4 

(45-channel operation). 
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Figure.128. Wave form at pin 6 (plate) of V5 

(45-channel operation). 
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Figure 130. Wave form at pin 5 (plate) of V9. 
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Figure 129. Wave form at pin 5 (plate) of V7. 
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Figure 131. Wave form at pin 6 (plate) of V10. 
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Figure 132. Wave form at pin 6 (plate) of V11. Figure 138. Wave form at pin 1 (plate) of V12. 

| US/CM 

5uUS/CM 

25 US/CM 
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10V P-P PULSES 

TM 5091-422 

Figure 134. Wave form at pin 3 (cathode) of V13 

(channel 1 in D&I). 
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Figure 186. Wave form at pin 6 (plate) of V16. 

134 

AMPLITUDE: NEGLIG'BLE 

25 US/CM 

TM 5091-423 

Figure 135. Wave form at pin 1 (plate) of V15A. 
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Figure 137. 
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Wave form at pin 5 (plate) of V19. 
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Figure 138. Wave form at pin 8 (plate) of V20. 
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Figure 140. Wave form at pin 8 (plate) of V22. 

Figure 139. 
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Figure 141. | Wave form at pin 5 (plate) of V2. 

Wave form at pin 8 (plate) of V21. 
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133. Miscellaneous Circuit Checks for Multi- 

plexer Group AN/TCA-1 

a. Filament Supply. Check the output of the 

filament supply transformer by placing Multi- 

meter TS-352/U across Terminals 1 and 2 of 
Terminal board TB1A, located on Multiplexer 

TD-60/TCC-13. If 115 volts ac is applied 
to the primary, the secondary output voltage 

should be 6.3 volts ac. If this value is not ob- 

tained, trouble shooting by field maintenance 

personnel is required. 

b. Drop and Insert. See that the 16 D&I 

switches (fig. 47) are firmly seated and are 

correctly positioned. 

c. Party-line-private. Check the two PARTY 

LINE-PRIV switches (fig. 47) to be sure they 

are firmly seated and are correctly positioned. 

d. Control Monitor Checks. Control Monitor 

C-1151/TC is supplied with Multiplexer Set 

AN/TCC-13 only. The procedure for checking 

the control monitor is given in paragraph 118. 

e. Ringing Circuit Checks. Check the ring- 

ing circuits of the multiplexer set as described 

in paragraph 119. 

f. Remote Keying Circuits. Check the remote 
keying circuits of the multiplexer set as de- 
scribed in paragraph 120. 

1US/GM F== 

25 US/GM 

50V BASE LINE TO PEAK 
35V OVERSHOOT 

TM 5091-431 

Figure 142. Wave form at pin 5 (plate) of V24. 
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134. Miscellaneous Circuit Checks of Puls 

Form Restorer Group AN/TRA-10 

a. Drop and Insert. See that the four D&I 

switches (fig. 49) are firmly seated and cor- 

rectly positioned. 

b. Party-line-private. See that the two 

PARTY LINE-PRIV switches (fig. 49) are 

firmly seated and correctly positioned. 

ce. Twenty-cycle Supply. Check tube V1 lo- 

cated on the mounting rack. If the tube checks 
good, refer to the test procedures in'’paragraphs — 

327 through 333. 

d. Filament Supply. Check the output of fila- 

ment transformer T3. This can be done by 
placing Multimeter TS-325/U across terminals — 

8 and 9 of TB1A, which is located on Electrical 
Equipment Rack MT-1434/TRA-10. If 115° 
volts ac is applied to the primary, the secondary 
output should be 6.3 volts ac. If this value is 
not obtained, trouble shooting at a field main-— 
tenance level is indicated (par. 327 through” 
333). 

e. Ringing Circuits. Ringing may be checked 

by having the east and west operators ring to 

see whether’ a phone at the terminal rings. In 
the same manner, the terminal operator may 

ring to the west or east terminals. If this 

2US/CM 

SUS/CM 

25 US/CM 

110V P-P 
TM 5091-433 

Figure 148. Wave form at pin 5 (plate) of V26. 



yperates on the party-line connection (both 

incoming and outgoing), further tests are not 

necessary because the ringing is operating cor- 

rectly. If it does not operate on a party line, 

the difficulty is in the remote keying circuit. 

If it does not operate correctly in either the 

party or private connection, the trouble is prob- 

ably in the modems. 

f. Remote Keying Circuits. 

(1) Normal operation. If the terminal has 

gone through the preceding tests, the 

remote keying units should be work- 

ing properly in the NORMAL position. 

(2) Remote keying operation. Have both 

terminals and the repeater placed in 

the remote keying position. In the 

normal idle condition, channels 1 and 
2 should be blanked out in both the 

eastgoing and westgoing signals. 

There should be an open circuit be- 

tween E16 and E17 (remote keying 

channel 1 OUT) and E27 and E28 

(remote keying channel 2 OUT) of the 

repeater. 

135. Video Restorer Tube Trouble-shooting Chart 

Refer to paragraph 127a and b before substituting or changing any tubes in the video restorer. 

(a) Put a short circuit across E12 

and E13 (remote keying channel 

1 IN) of the terminal. This 

should put the channel 1 pulse 

back into the outgoing pulse train, 

both eastgoing and westgoing. 

(b) Put a short circuit across E23 

and E24 (remote keying channel 

2 IN) of the terminal. This should 

put the channel 2 pulse back in 

the outgoing pulse trains. 

(c) Request the operators to put a 

short circuit across E13 and E14 

of the east and west terminals in 

turn. There should also be a short 

across E16 and E17 of the re- 

peater when this is done. 

(d — Request the operators to put a 

short circuit across E3 and H4 of 

the east and west terminals in 

turn. There should also be a short 

across E27 and E28 of the re- 

peater when this is done. 

Symptoms 

No gate at the DEMTPX GATE test point. 

All blanking gates missing at the BLANKING 

GATE test point (with all channels in D&I 

and NORMAL operation). 

No gate at the MTPX GATE test point. 

MTPX GATE wave shape improper. 

Channel pulse too small at the MODEM CHAN 

PULSES test point. 

No inserted pulse at the OUTPUT TO EAST- 

FACING (or WESTFACING) XMTR test 

point (in D&I and NORMAL). 

In 45-channel operation, negative pulses at the 

OUTPUT TO EASTFACING, or WEST FAC- 

ING) XMTR test point too wide. 

Alarm is actuated. 

= 

V6 through V9 and V19 through V25. 

V13. 

V26 and V27. 

V18 or V28 if gate is greater than 

110 volts. 

V1 or V2. 

V10 or V12. 

V1, V2, V3, V4, or V5. 

V10,-V11, V12, Vib; ‘V17, or Vi8. 
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136. Video Restorer, Tube Replacement Data ) 
(fig. 144) 

The following table identifies the tubes in the TD-68/G by reference symbol, tube type, adel 

function. When changing tubes, change them one at a time. Be sure that the correct tube is in the 

proper socket. 

Video amplifier. OA8 75-volt supply. 

Video amplifier. 12ATTWA Noise amplifier; relay control.| 

Rectifier clipper. 12ATTWA Damper; monitor amplifier. 

Shaper. 12ATTWA Damper, rectifier. 
Pulse amplifier; output 5726/6AL5W | Clamp; clipper. 

amplifier. 6AG5 Shaper. 

Video amplifier. 6AG7 Pulse amplifier. 

Video amplifier. 6AG7 Power amplifier. 

Rectifier clipper. 6AG7 Marker-separator. 

Pulse amplifier. 6AG5 Marker detector. 

Pulse amplifier; output 6AG5 Gate shaper. 

amplifier. 6AG7 Gate amplifier. 

Cathode follower; blanker. 6AG5 Inverter. 

Shaper; mixer amplifier. 6AG7 Gate amplifier. 

Cathode follower; amplifier. OB2 105-volt supply. 

23 CHAN Sep CHAN 

PULSE AMPL/OUTPUT AMPL SHAPER RECT/CLIPPER 
12ATTWA 6AG5 5726/6AL5W 

PULSE AMPL/OUTPUT AMPL 
I2ATTWA irr AMPL RECT/CLIPPER 

6AGS 5726/6AL5W 

RELAY CONT/ S 
NOISE AMPL 
(I2ATTWA 

MONITOR (we) 75V 
7 DAMPER OUT, AMPL. 
t2ATTWA OAS HIGH 3) LOW 

GATE CATHODE SHAPER 
FOLLOWER /MIXER CATHODE 

INVERTER ee Sree hy LAMP 7 AMPL AMPL FOLLOWER/BLANKER 

VIDEO AMPL 
6AG7 

ei 082 (2ATTWA I2ATTWA l2ATTWA 

(vs DAMPER/ 

ArTWA 

GATE MARKER MARKER 
SHAPER DETECTOR SEPARATOR PWR AMPL PULSE AMPL PER 
6 6AG5 6AG7 6AGT prey 

TM2682-401 

Figure 144. Video restorer, tube location diagram. 
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CHAPTER 6 

AUXILIARY EQUIPMENT 

137. General 

a. Multiplexer Set AN/TCC-18, Multiplexer 

Group AN/TCA-1, and Pulse Form Restorer 

Group AN/TRA-10 part of the transportable 

multichannel radio communication system. Mul- 
tiplexer Set AN/TCC-13 (terminal equipment) 

modulates and multiplexes up to 23 channels 

of audio information into a single pulse train. 

This pulse train is then fed to a radio-fre- 

quency link which transmits the signal to the 
desired terminal by means of a series of re- 

peaters. At this terminal, the pulse train is 

fed to another multiplexer set that demulti- 

plexes and demodulates it into the original 

number of channels of audio information. At 

the repeater point, the signal is fed into Multi- 
plexer Group AN/TCA-1 or Pulse Form Re- 
storer Group AN/TRA-10, which reshapes the 
signal into its original configuration. At re- 

peater points, it is also possible to drop chan- 

nels from the transmitted pulse train by means 

of drop-channel facilities, and to insert new 

signals if desired. If the multiplexer group is 
used, eight channels may be dropped and in- 

serted and if the pulse form restorer group is 
used, two channels may be dropped and in- 

serted. 
b. The audio channels fed to; and obtained. 

from, the multiplexer set are generally con- 

nected to a standard military switchboard. The 

switchboard is not part of the multiplexer set, 

and reference should be made to the manual 

that covers the switchboard. 

138. Radio-frequency Link 

Radio Set AN/TRC-29 is usually used to 

transmit and receive the pulse train output of 

the multiplexer set. The AN/TRC-29 consists 

basically of a transmitter rack (which accepts 

a pulse train signal and uses it to frequency 

modulate a microwave signal), a receiver rack 

(which accepts a frequency-modulated micro- 

wave signal and detects the original pulse 

train), and an antenna system (which trans- 

mits and receives microwave signals). Refer 

to the applicble component manual for further 

information on Radio Set AN/TRC-29. 

139. Use With Other Rf Equipment 

a. General. The Multiplexer Set AN/TCC-13, 
Multiplexer Group AN/fCA-1 and Pulse Form 

Restorer Group AN/TRA-10 can be used with 
any radio equipment that accepts the video 

output signal of the multiplexing portion of 

the AN/1CC-13. The radio equipment must 
transmit this signal with proper fidelity and 

provide a video output signal that can be fed 

to the demultiplexing portion of the AN/TCC- 

13. To meet these requirements, the radio equip- 

ment must have certain characteristics which 

are, in part, a function of the type of modula- 

tion used (amplitude modulation (am) or fre- 

quency modulation (fm).) The radio equipment 

characteristics that are required in an fm sys- 

tem are described in b below. The character- 

istics that are required in an am system are 

described in c below. 

b. Fm System. Multiplexer Set AN/TCC-13 
can be used with any fm radio equipment that 

meets the characteristics described in (1) 

through (3) below. The requirements for 23- 

channel operation are different from those for 

45-channel operation, 
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(1) Signal input characteristics. 

23-channel operation 45-channel operation 

Amplitude 5 volt, peak-to-peak 1 volt (.5 volt positive 

positive, variable and .5 volt negative) 

down to zero. peak-to-peak, vari- 

able down to zero. 

Repetition 200 kc. 400 ke. 

rate 

Impedance 50 ohms. 50 ohms. 

(2) Signal output characteristics. 

Amplitude Between .2 and .5 Between .4 and 1 volt 

volt, peak-to-peak (half positive and 

positive. half negative), peak- 

to-peak. 

Impedance 50 ohms. 50 ohms. 

(8) System characteristics. 

Bandwidth 4 ke to 1 me. 4 ke to 1 me. 

Video 50 db. 50 db. 

signal-to-noise 

ratio (with 

1-me bandwidth) 

to achieve 

55-db audio 

signal-to-noise 

ratio(F1A — 

weighted ) 

c. Am System. 

(1) System considerations. The am system 

that is most adaptable to transmit 

tdm pulses is a keyed system. That is, 

the tdm pulse train is amplified and 
then used to key the am transmitter. 

During the period between pulses, 

the transmitter is off and no rf energy 

is transmitted. In such a system, the 

signal-to-noise ratio improves as the 

rise time of the tdm pulse decreases. 

Therefore, the video filter should be 

bypassed when the AN/TCC-13 is 
used in an am radio-relay system, 

thereby decreasing the rise time of 

the tdm pulses. Because the video filter 

is not required, it is possible to obtain 

the tdm pulses from the SLAVE OUT- 

PUT jack, thereby bypassing the 6-db 

pad, and increasing the maximum out- 

put level to about 1 volt (instead of .5 

volt). Similarly, the input level of the 

tdm pulse train can be as low as 1 volt 

by using the SLAVE INPUT jack and 
again bypassing the input 6-db pad. 

As am system should also include clip- 

ping and limiting circuits at each 

repeater to eliminate am noise after 
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each hop. Because the AN/TCC-13 

includes the necessary slicing circuits, — 

the radio equipment does not have to 

meet any special clipping require- 

ments. The 23-channel ppm signal has 
es 

a duty cycle of 10 per cent. Because a — 

keyed system can respond only to 

pulses of one polarity, 45-channel 

operation is not possible in a keyed am — 

system. 

System characteristics. Besides the 

considerations outlined in (1) above, 

the am system should have the follow- 

ing characteristics: 

(a) Signal input characteristics. 

(2) 

Amplitude ..... .5 volt, or 1.0 volt, peak-to- 

peak, variable down to zero. 

Repetition rate . 200 ke. 

Impedance ..... 50 ohms. 

(b) Signal output characteristics. 

Amplitude ..... Between .2 and .5 volt, or 

down to .1 volt by using the 

SLAVE INPUT jack. 

Impedance ..... 50 ohms. 

(c) System characteristics. 

Bandwidth 4 ke to about 3 mc (video 

filter bypassed). 

Video signal-to-noise 38 db. 

ratio to achieve 55 db 

audio signal-to-noise 

ratio (F1A weighted). 

140. System Alarm Considerations 

a. Each of the three equipments (AN/TRA- 

10, AN/TCC-18, and AN/TCA-1) contains 

alarm circuits to provide visible and audible 

alarms in the event of internal or external 

failure. With a few exceptions, the alarm cir- 

cuit at each equipment is completely independ- 

ent of other radio and video equipment and 

provides an alarm indication only at the station 

of internal or external failure. The alarm sig- 

nal is not transmitted down the system. For 

example, failure at a repeater station does not 

cause an alarm indication at the terminals. 

Instead, alarm circuitry within the equipment 

bypasses the repeater equipment in the direc- 
tion of failure so that a proper pulse signal is 

fed to the repeater radio equipment, and from 

there to the terminal, 



b. The alarm indication is limited to the di- 

rection of failure. Thus, at each repéater, there - 
is an eastgoing and westgoing alarm indication, 

and an eastgoing failure does not affect the 

westgoing signal or vice versa. At a terminal, 

an alarm signal is initiated by a failure in the 

demultiplexing equipment. None of the alarm 

circuits include a lockup feature. Restoration 

of the correct signal automatically removes the 

alarm indication and returns the equipment to 

normal operation. 

141. Remote Keying Considerations 

The operation of the remote keying system is 

explained in paragraphs 195 through 197. 

142. System Alignment of Audio Levels 

The system alignment procedures (par. 143 

through 147) preclude a talking circuit in 

operation independent of the equipment until 

the channel 1 order-wire circuit is aligned. 

After the order-wire channel is available, con- 

nect Telephone EE-8-B to the PARTY LINE 

channel 1 binding posts at all repeaters and 

use the order-wire circuit as directed in para- — 

graph 95. When a channel has been aligned on 

a four-wire basis, it will not require adjustment 

if it is switched to two-wire service. See figures 

145 and 146 for system audio ‘levels for pri- 

vate-line and party-line operation. 

143. Alignment of Channels 1 and 2 at 

Terminal and Repeater 

Channels 1 and 2 of Pulse Form Restorer 

Group AN/TRA-10 and Multiplexer Group 
AN/TCA-1 are aligned identically in the fol- 

lowing manner: 

a. At Kast Terminal (AN/TCC-13). 

(1) Set the control monitor test switch to 

the SEND position. 

(2) Turn the modem channel 1 selector 

switch to the SR position. 

(3) Place the remote keying unit in the 

NORMAL OPERATION position. 

b. At Repeater (AN/TRA-10 or AN TCA-1). 

(1) Set the modem channel 1 eastfacing 

and westfacing 2W-4W switch in the 

4W position. 

(2) Place the remote keying unit in the 

NORMAL OPERATION position. 

(3) Place the channel 1 PARTY LINE- 
PRIV switch in the PARTY LINE 
position. 

(4) Place the channel 1 D&I-THRU 
switch in the D&I position. 

(5) At the AN/TCA-1 only, set the con- 
trol monitor test switch to the NOR- 
MAL position. 

c. At East Terminal (AN/TCC-13). Modu- 
late channel 1 with full modulation (—4 dbm 
for four-wire (4W) and 0 dbm for two-wire 

(2W) operation). 

d. At Repeater (AN/TRA-10 or AN/TCA-1). 

(1) Connect the oscilloscope and direct 

probe to the front panel OUTPUT TO 

WESTFACING XMTR test jack. 

(2) Adjust channel 1 modem OUTPUT 

AUDIO GAIN control R37 until a de 

viation of +-.5 usec is obtained on 

the oscilloscope. 

e. At West Terminal (AN/TCC-138). 

(1) Place the remote keying unit in the 

NORMAL OPERATION position. 

(2) Set the control monitor test switch to 

the REC position. 

(3) Turn the channel 1 modem selector 

switch to the RR position. 
(4) Adjust the channel 1 modem OUT- 

PUT AUDIO GAIN control until a 

reading of 0 dbm for four-wire (4W) 

or a reading of —3 dbm for two-wire 

(2W) operation is obtained on the 

audio test set. 

f. Alignment of Channel 2. Repeat the pro- 

cedures outlined in a through e above for chan- 

nel 2. 

g. Alignment in Other Direction. Repeat the 

procedures outlined in a through f above for 

the other direction of transmission. _ 

144. Alignment of Channels 3 through 8 

from Terminal to Repeater (AN/TCA-1) 

a. At Hast Terminal (AN TCC-13). 

(1) Set the control monitor test switch to 

the SEND position. 

(2) Turn the channel 3 modem selector 

switch to the SR position. 

b. At Repeater (AN/TCA-1). 

(1) Set the control monitor test switch to 

the REC position. 

(2) Turn the eastfacing channel 3 modem 

selector switch to the RR position. 
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(3) Place the eastfacing channel 3 D&l- 

THRU switch in the D&I position. 

c. At East Terminal (AN/TCC-13). Modu- 
late channel 3 with full modulation (—4 dbm 

for four-wire (4W) or 0 dbm for two-wire 

(2W) operation). 

d. At Repeater (AN/TCA-1). Adjust the 

eastfacing channel 3 modem OUTPUT AUDIO 

GAIN control until a reading of 0 dbm for 
four-wire or a reading of —38 dbm for two-wire 

operation is obtained on the audio test set. 

e. Alignment of Channels 4 through 8. Re- 

peat the procedure outlined in a through d 

above for channels 4 through 8. 

f. Alignment in Opposite Direction. Repeat 

the procedures outlined in a through e above 

for the other direction of transmission (west). 

145. Alignment of Channels 3 through 8 

from Repeater AN/TCA-1 to Terminal 

a. At Repeater (AN/TCA-1). 
(1) Set the control monitor test switch to 

the SEND position. 

(2) Place the channel 3 eastfacing D&I- 
THRU switch in the D&I position. — 

(3) Turn the eastfacing channel 3 modem 
selector switch to the SR position. 

b. At East Terminal (AN/TCC-13). 

(1) Set the control monitor test switch to 

the REC position. 

(2) Turn the channel 3 modem selector 

switch to the RR position. — 

c. At Repeater (AN/TCA-1). Modulate east-_ 
facing channel 3 with full modulation (—4 dbm 
for four-wire (4W) or 0 dbm for two-wire 

(2W) operation). 

d. At East Terminal (AN/TCC-13). Adjust 

the channel 3 modem OUTPUT AUDIO GAIN 

control until a reading of 0 dbm for four-wire 

or a reading of —3 dbm for two-wire operation 

is obtained on the audio tést set. 

e. Alignment of Channels 4 through 8. Re- 

peat the procedures outlined in a through d 

above for channels 4 through 8. 

f. Alignment for Opposite Direction. Repeat 

the procedures outlined in a through e above 

for other direction of transmission (west). 

WEST EAST 
TERMINAL REPEATER TERMINAL 
AN/TCC-13 AN/TRA-IO OR AN/TCA-I AN/TCC-I3 

Pd at ae 

—tLtwT” 

Eat Ms DBM 

A. TERMINAL TO REPEATER (4 WIRE) 

WEST 
TERMINAL REPEATER TERMINAL 
AN/TCC-I3 AN/TRA-1O OR AN/TCA-| AN/TCC-I3 

be) oeul yabod ie) nya te oem 

B. TERMINAL TO REPEATER (2 WIRE) 

fo) a } 0BM 1°) an] $ OBM 

TMSO9I- 501 

Figure 145. System audio levels, private operation. 
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146. System Alignment of Video Levels, 

23-channel Operation 

a. General. When Radio Set AN/TRC-29, 
Multiplexer Set AN/TCC-138, and Pulse Form 

Restorer Group AN/TRA-10 or Multiplexer 

Group AN/TCA-1 are set up in a multihop 

radio-relay link (fig. 5), the following video 

level requirements will result in optimum oper- 

-ation of the system. Set all transmitters for 

100 per cent modulation with video input levels 

as follows: 5; 

(1) Set all Multiplexer Set AN/TCC-13 
video input and output levels at .5 

(2) Set the output video level of each 
Pulse Form Restorer Group AN/ 

TRA-10 and Multiplexer Group AN/ 
TCA-1 to one-half of its input video 

level. 

Note. Difficulty will be found only 

under the extreme condition of ex- 

ceedingly long lengths of cable be- 

tween equipments and under certain 

conditions of 45-channel operation. 

b. Normal Operating Conditions. Align the 

system video levels as follows: 

(1) At the east terminal Multiplexer Set 
volt. AN/TCC-18, adjust OUTPUT AMPL 

west EAST 

TERMINAL REPEATER TERMINAL 

AN/TCC-I3 AN/TRA-1I0 OR AN/TCA-i _AN/TCC-I8 

Po, — et a A i Pt et - ee 

PACING iGo ge Og FACING 
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TERMINAL REPEATER TERMINAL 

AN/TCC-13 AN/TRA-1I0 OR AN/TCA-1 AN/TCC-I3 

Po 

—4taZ~ 

beat artes wed bere 

B. TERMINAL TO REPEATER 

REPEATER 

AN/TRA-10 OR AN/TCA-| 

-10 DBM ODBM 

Figure 146. 

as C. REPEATER TO REPEATER 

REPEATER 
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FACING 
MODEM 

TM 5091-502 

System audio levels, party-line operation. 
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(2) 

(3) 

(4) 

(5) 

(6) 

potentiometer R74 so that there is a 

base line-to-peak amplitude of .5 volt 

at the front panel MASTER OUTPUT 

TO RF test jack. 

At the east terminal Radio Set AN/ 

TRC-29, adjust the transmitter video 

input level control to obtain 100 per 

cent modulation. 

At the repeater station, observe the 

wave form on the AN/TRA-~10 or 

AN/TCA-1 at the INPUT FROM 

EASTFACING REC test jack, and 

adjust the video output level control 

on the eastfacing receiver for a base 

line-to-peak pulse amplitude of .5 volt. 

At the AN/TRA-10 or AN/TCA-1 

repeater station, set the westgoing 

video restorer P.T. OUT AMPL 

switch in the low position, and adjust 

the westgoing video restorer SYM 

ADJ potentiometer for a base line-to- 

peak pulse train amplitude of .25 volt 

at the OUTPUT TO WESTFACING 

XMTR test jack. 

At the repeater station Radio Set 

AN/TRC-29, adjust the video input 

level control on the westfacing trans- 

mitter for 100 per cent modulation. 

At the west terminal Radio Set AN/ 

. TRC~29, adjust the video output level 

(7) 

control so that the base line-to-peak 

pulse amplitude at Multiplexer Set 

AN/TCC-13 MASTER INPUT FROM 

RF test. jack is .5 volt. 

Repeat the procedures outlined in (1) 

through (6) above for the other direc- 

tion of transmission. 

c. Nonoptimum Operating Conditions. The 

nonoptimum operating conditions of the AN/ 

TRA-10 or AN/TCA-1 (such that cause lower 

than .5-volt pulse amplitude input to the AN/ 

TRA-10 or AN/TCA-1) may be caused by an 

exceedingly long cable length between the AN/ 
TRA-10 
TRC-29. 

or AN/TCA-1 and Radio Set AN/ 

Under this condition, set the video 

level of the system as follows: 

(1) At the east terminal Multiplexer Set 

AN/TCC-138, adjust OUTPUT AMPL 

potentiometer R74 so that the base 

line-to-peak pulse amplitude at the 

front panel MASTER OUTPUT TO 

RF test jack is .5 volt. 
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(2) 

(3 

(4 

(5 

(6 

Ch 

) 

) 

) 

) 

— 

Note. If the video cable between a 
AN/TCC-13 and the AN/TRC-29 is 

very long, it may not be possible to 

modulate 100 per cent with an output 

of .5 volt from the AN/TCC-13. If 

this occurs, adjust the output of the 

AN/TCC-13 for 100 per cent modula- 

tion. 

At the east terminal Radio Set AN/ 

TRC-29, adjust the transmitter video 

input level control to obtain 100 per 

cent modulation. 

At the repeater station, observe the 

wave form on the AN/TRA-10 or the 
AN/TCA-1 at the INPUT FROM 

EASTFACING REC test jack and 
adjust the video output level control 

at the eastfacing’ receiver for a maxi- 

mum input pulse level. 

At the repeater station AN/TRA-10 
and AN/TCA-1, set the westgoing 

P.T. OUT AMPL switch in the HIGH 

position. . 

With the field telephone, contact per- 

sonnel at the westfacing transmitter 

and adjust the westgoing SYM AD- 

JUST potentiometer on the AN/TRA- 
10 or AN/TCA~-1 for as low a level as 

will modulate the transmitter 100 per 

cent. 

At the west terminal Radio Set AN / 
TRC-29, adjust the video output level 

control so that the base line-to-peak 

pulse amplitude at the AN/TCC-13 
MASTER INPUT- FROM RF test 

jack is .5 volt. 

Repeat the procedures outlined in (1) 

through (6) above for the other direc- 
tion of transmission. 

147. System Alignment cf Video Channels, 

45-channel Operation 

a. Set all transmitters for 100 per cent mod- 

ulation as described in paragraph 146. 

b. For normal operation, align the system 

video levels as follows: 

(1) At the east master and slave terminal 

Multiplexer Sets AN/TCC-18, adjust | 

each (master and slave) OUTPUT 

AMPL potentiometer R74 so that the 

base line-to-positive peak and base 
line-to-negative peak pulse amplitude 



(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

at the front panel MASTER OUTPUT 

TO RF test jack on master Multi- 

plexer TD-60/TCC-13 are .5 volt each. 

At the east terminal master Multi- 

plexer Set AN/TCC-13, adjust 45 

CHAN PHASE potentiometer R3 un- 

til the spacing between the second 

positive marker pulse and the second 

negative marker pulse is 2.6 usec. 

At the east terminal Radio Set AN/ 

TRC-29, adjust the transmitter video 

input level control to obtain 100 per 

cent modulation. (Positive and nega- 

tive should be within 10 per cent of 

each other.) 

At the repeater station, observe the 

wave form on the AN/TRA-10 or 

AN/TCA-1 at the INPUT FROM 

EASTFACING REC test jack and ad- 

just the video output level control on 

the eastfacing receiver for a peak 

pulse train amplitude of 3! volt. 

At the repeater station AN/TRA-10 
or AN/TCA-1 westgoing side, place 

the 23 CHAN-45 CHAN switch in the 

45 CHAN position, P.T. OUT AMPL 

switch in the LOW position, and ad- 

just the SYM ADJ potentiometer for 

a symmetrical pulse, train of equal 

amplitude at the OUTPUT TO WEST- 

FACING XMTR test jack. 

At the repeater Radio Set AN/TRC- 
29, adjust the video input level con- 
trol on the westfacing transmitter for 

100 per cent modulation. 

At the west terminal Radio Set AN / 

TRC-29, adjust the video output level 

control so that the peak-to-peak pulse 

train amplitude at the Multiplexer Set 

AN/TCC-13 MASTER INPUT FROM 

RF test jack is 1 volt. 

Repeat the procedures outlined in (1) 

through (7) above for the other direc- 

tion of transmission. 

c. The nonoptimum operating conditions of 

the AN/TCA-1 or AN/TRA-10 are those that 
cause lower than 1-volt peak-to-peak pulse am- 

plitude input to the AN/TRA-10 or AN/ 
TCA-1. These may be caused by exceedingly 

long cable lengths between the AN/TRA-~10 or 

AN/TCA-1 and the rf equipment (AN /TRC- 

29) or insufficient output from the receiver of 

the rf equipment. Under these conditions, set 

the system video levels as follows: 

(1) 

(2 — 

(3) 

(4) 

Proceed as directed in b (1) through 

(3) above. If the video cable between 

the AN/TCC-13 and the AN/TRC-29 
is very long it may not be possible to 

modulate 100 per cent with .5-volt out- 

put from the AN/TCC-13. If this 

occurs, make the output from the 

AN/TCC-13 large enough to be able 
to get 100 per cent modulation. 

At the repeater station, observe the 

wave form on the AN/TRA-10 or 
AN/TCA-1 at the front panel INPU'L' 

FROM EASTFACING REC test jack 

and adjust the video output level con- 

trol on the eastfacing receiver for a 

maximum peak-to-peak level. 

At the repeater station AN/TRA-10 
or AN/TCA-1 westgoing side, place 

23 CHAN-45 CHAN switch 81 in the 

45 CHAN position, P.T. OUT AMPL 

switch S2 in the HIGH position, and 

adjust SYM ADJ potentiometer R33 

for a symmetrical pulse train at the 

OUTPUT TO WESTFACING XMTR 

test jack. 

Perform the adjustments described in 

b (6) through (8) above. If the am- 

plitude into the AN/TCC-13 is too 

small, set the AN/TRC-29 receiver 

video output level control for maxi- 

mum. 
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CHAPTER 7 

MULTIPLEXER SET AN/TCC—13 THEORY OF OPERATION 

ee 

Section I. 

148. General 

Multiplexer Set AN/TCC-13, Multiplexer 

Group AN/TCA-1, and Pulse Form Restorer 

Group AN/TRA-10 are part of a microwave 
radio-relay system. The units are used to pro- 

vide 23-channel telephone service between the 

two terminals of a time-sharing pulse-position 

modulated radio-relay system. Multiplexer Set 

AN/TCC-13 converts the 23 voice channels 
from a manual switchboard to a pulse-position 

modulated time-division multiplexed, pulse 

train. At the distant terminal, the ppm-tdm 
train is converted back to the original voice 

frequencies in the original channels. Multi- 

plexer Group AN/TCA-1 provides drop-and- 

insert facilities (channels one through eight) 

and wave-form reshaping at a drop-and-insert 

repeater station. Pulse Form Restorer Group 

AN/TRA-10 provides wave-form reshaping 
and drop-and-insert facilities (channels one 

and two) at a pulse forming repeater station. 

Paragraphs 149 through 152 describe the basic 

principles of pulse-position modulation, time- 

division multiplexing, and the combination of 

the two which results in the ppm-tdm train. 

Paragraph 153 describes the basic principles of 

wave-form reshaping. 

149. Principles of Multiplexing 
a. General. The simultaneous transmission 

and reception of many channels of information 

or intelligence over a single line or carrier is 
called multiplexing. There are two basic meth- 
ods of multiplexing, multiplexing in frequency 
and in time. The method known as frequency- 
division multiplexing identifies each channel 
with a separate subcarrier frequency. Each vf 
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BASIC PRINCIPLES 

signal modulates a subcarrier identified with 
its channel. The modulated subcarriers are then 

combined and transmitted. At the opposite ter-— 

minal these combined subcarriers are separated, 

usually by filters, and the subcarrier identified 

with each channel is demodulated (the sub-— 
carrier removed), restoring the original vf 

signal. The second method is known as time-_ 
division multiplexing. In this method, samples 

of each channel are transmitted in time se-— 
quence. 

b. Time-division Multiplexing. In a time-— 

division multiplexed system, the message in- 

formation is. transmitted intermittently rather — 
than continuously. The audio signal to be — 
transmitted is converted into a series of modu- © 
lated pulses rather than a continuously chang- 

ing wave. 
(1) In the telephone system shown in 

figure 147, switches S1 and S2 are © 

synchronized so that when S1 is in 
position A, S2 is in position A, and — 

similarly, both are in position B at — 

the same time. If a telephone call is — 
made on telephone line 1, it is com-— 
pleted when the switches are in posi- — 

tion A. Similarly, the calls on tele- 

phone line 2 are completed when the 

switches are in position B. 

TELEPHONE TELEPHONE 
LINE NO! x LINE NO.1 
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TELEPHONE TELEPHONE 
LINE NO.2 LINE NO.2 

TM5091-120 

Figure 147. Simple time-division multiplexin 
example. — 



(2) Assume that both lines are in use and 

(3) 

that the switches are moving back and 
forth between positions A and B. If 

this is done at a slow rate, each party 

loses an appreciable part of the signal. 

However, as the rate of the switching 

increases, less and less of the signal 
is lost. Finally, when the switching 
rate is high enough (twice the fre- 

quency of the highest audio compon- 

ent being transmitted), no audio 

information is lost and two conversa- 

tions can be held over the same line 

simultaneously. Each line is actually 

connected, but half the time. By this 

method instead of transmitting a con- 

tinuous signal about the instantaneous 

amplitude of the input wave form, 

periodic samples of the signal are 

taken. No information is lost because 

the human ear cannot detect the high- 

speed interruption and the listener 

does not notice any perceptible dif- 

ference between what he hears and 

normal uninterrupted sound. This 

method of splitting up the time that 

is used by each telephone is called 

time division. 

This same method of splitting the 
time can be used with two eight-posi- 

tion rotary switches. In the example 

shown in figure 148, each of the lines 

is connected by the transmitting me- 

dium only one-eighth of the time, but 

continuous sound is heard when the 

sampling rate is high enough. As the 

switch completes a cycle, each chan- 

nel is sampled once. That is, the in- 

stantaneous amplitude of the first 

channel is sampled, then the second 

channel is sampled ; when all chan- 

nels have been once sampled, the 

switch is at its original position and 

the process is repeated. With the prop- 

er circuitry the switch can be closed 

‘for as short a period as desired. In 

this equipment, the transmission time 

is broken up into 24 parts, one por- 

tion for each of the voice-frequency 

channels plus one for a sychronizing 

channel. Electronic switching rather 

than mechanical switching is used. 

TRANSMITTER i RECEIVER 
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Figure 148. Eight-channel, time-division 

multiplexing example. 

150. Principle of Pulse-position Modulation 

a. General. When a carrier conveys audio 

information, the carrier must be changed, or 

modulated, according to the audio information. 

Various characteristics of the carrier may be 

modulated for this purpose. 

b. Pulse-position Modulation. Pulse-position 

modulation consists of using information, such 

as an audio-frequency signal, to change relative 

positions of pulses in accordance with the mod- 

ulating signal applied to the circuit. With no 

audio signal present, pulses are produced at 

constant intervals. When an audio signal is 

present, the time position of the pulse relative 

to its position when there is no modulation is 

varied as a function of the instantaneous am- 

plitude of the audio signal. Curve A (fig. 149) 

is the modulating signal and curve B is the 

resulting pulse-position modulated series. As 

shown in B, figure 149, the position of each 

pulse varies around zero, the unmodulated posi- 

tion. Viewing curve B from the top down, the 

following sequence occurs: 

(1) With the modulating voltage slightly 

positive, the modulated pulse is shifted 

to the right (occurring later in time). 

With the modulating voltage still 
more positive, the modulated pulse is 

shifted further to the right (occurring 
still later in time). \ 

With the modulating voltage negative, 

the pulse is shifted to the left (occur- 

ring earlier in time). 
With the modulating voltage still 

more negative, the modulated pulse is 

shifted further to the left (occurring 

still earlier in time). 

The speed at which the pulse varies is 

determined by the frequency of the 

audio signal and the distance which 

(2) 

(3) 

(4) 

(5) 
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the pulse varies is determined by the 

amplitude of the audio signal. 

Note. This principle applies to each 

pulse in the pulse train. 

151. Modulation cf Channel Pulses 

a. In the absence of an af signal, pulses 

from a given channel are produced at constant 

time intervals of 125 microseconds (8,000 times 

per second). When a 1,000-cps audio signal (A, 

fig. 149) is used to position-modulate these 

channel pulses, the time interval (period) for 

a full cycle of the 1,000-cps signal is 1,000 

microseconds. During this cycle, eight channel 

pulses are formed at 125-microsecond intervals. 

Assume also that the first pulse appears at the 

beginning of the cycle (B, fig. 149). When the 

amplitude of the sine wave is zero, the first 

pulse remains in its unmodulated position. By 

the time the second pulse (in the second frame) 

is formed, however, the 1,000-cycle signal has 

become positive. The effect is to cause the 

second pulse to appear later than an unmodu- 

lated pulse. At the time of the third channel 

pulse (during the third frame), the sine wave 

has reached its maximum positive amplitude 

resulting in a maximum displacement of that 

pulse from its unmodulated position. The 

amount of time displacement is directly pro- 

portional to the instantaneous amplitude of the 

modulating signal. 

b. At the time of fourth channel 1 pulse the 

sine wave has decreased in amplitude toward 

zero, and the displacement has decreased ac- 

cordingly. When the fifth sample is taken, the 

modulating voltage is at zero and there is no 

displacement of the pulse. An increase in am- 

plitude of the signal in the. negative direction 

then causes the succeeding channel pulses to 

appear earlier than would the unmodulated 

pulse. This opposite displacement is also di- 

rectly proportional to the instantaneous ampli- 

tude of the sine wave. In this specific example, 

after 1,000 microseconds, the amplitude of the 

signal again is zero, and the cycle begins over 

again. The ninth pulse corresponds to the first 

pulse, thus beginning a new series. 

c. The time interval between pulses in each 

channel of the multiplexer set is 125 micro- 

seconds. Since the 1,000-cps sine wave in figure 

149 is sampled eight times during each cycle, 

148 

each interval or period corresponds to a fre- 

quency of 8,000 cps. This is called the sampling — 

rate, or scanning frequency. 

d. Fach of the 23 channels of the multiplexer ~ 

set is modulated as described above. 

e. The pulse is said to be 100 per cent modu- — 

lated, when it reaches the maximum allowable — 

displacement. Maximum allowable displace- — 
ment of the pulse (100 per cent modulation) in 

the multiplexer set is .56 microsecond. 

UNMOODUL ATED 
POSITION OF 

125USEC \ _. PULSE 

\25USEC 
\DOOUSEC 

125USEC 

125 USEC 

100% MOD 
(MAX SIG 
AMPLITUDE) 

\D00 crs 
SIGNAL 

CHANNEL PULSE TIME 
POSITIONS FOR SUCCESSIVE 

PULSE TRAINS 
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Figure 149. Principles of pulse-position modulation. 

152. Time-division Multiplex Operation 

The multiplexer set combines ppm with tdm. 

Kach channel pulse displacement is only a small 

fraction of the total available time. During the 

remaining portion of time other modulating 

pulses are inserted. The total time is divided 

among 23 channels and a double marker pulse. 

a. The multiplexer set combines 23 vf sig- 
nals received from a manual switchboard, in 

such a manner that all may be transmitted on 

one carrier. This is done by sampling each of 

the channels sequentially by means of sampling 

pulses that are separated in time. A demulti- 
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Figure 150. Principles of time-division multiplexing. 

plexer can then separate the channels, demodu- 

late each channel pulse series, and thus recover 

the 23 original vf signals. 

b. Each complete pulse train fed to the 

transmitter consists of 28 channel pulses plus a 

marker pulse. The marker pulse at B, figure 

150 is a double pulse and is used as a reference. 

The pulse that occurs immediately after the 

marker pulse is called the channel 1 pulse (C). 

The next pulse is called the channel 2 pulse 

(D), and so on to the channel 23 pulse (F). 

There another marker pulse is formed and the 

entire train is repeated. 

c. The marker pulse and signal pulses in 

any one channel occur at.125-usec intervals 

(the time duration of 1 cycle at 8,000 cps). 

The individual channel pulses occur only once 

each frame. 

d. In B, figure 150, the marker pulse starts 

the train. If the channel pulses are unmodu- 

lated, the channel 1 pulse occurs 6.2 microsec- 

onds after the leading edge of the second 

marker pulse. The time is measured from the 
leading edge of the second marker pulse to the 

leading edge of the channel 1 pulse. After 5.2- 

microseconds, the channel 2 pulse occurs. After 

another 5.2 microseconds the channel 3 pulse 

occurs, and so on, to the channel 23 pulse 
(at F). The second marker pulse appears again 
5.2 microseconds after the occurrence of the 
channel 23 pulse, and the entire pulse train is 
repeated. The time for one complete pulse train 
is 125 microseconds. 

e. The channel pulses and the marker pulses 

taken together form the pulse train (or the 
multiplex pulse train). The number of channels 

can be as many as the equipment permits. 

f. The 45-channel operation is obtained by 

applying the time-division principle to two 23- 

channel pulse trains. That is, a 23-channel posi- 

tive pulse train and a 23-channel negative pulse 

train are added together with a delay. One 

channel is deleted to add a marker pulse. 

g. To prevent interference (cross talk) be- 

tween successive channels, the amount of modu- 

lation (delay or advance) of a channel pulse is 

limited to .5 microsecond. Limiting action starts 

at .5 microsecond but overmodulation will cause 

greater deviation. Even if the channel 1 pulse 

is at its maximum right-hand position and the 

channel 2 pulse at its maximum left-hand posi- 

tion, enough space (guard time), is allowed so 

that these pulses do not run together. 

153. Wave-form Reshaping 
(fig. 151) 

Whenever pulses are used, their shape must 

meet and hold certain predetermined require- 

ments. When the width, amplitude, or rise and 

decay time of a pulse shape deteriorates, it is 

necessary to restore it to its original shape. The 

following parameters must be considered: 

es oo Vistas 

ested BOS 
8B AMPLITUDE 

CG RISE AND DECAY TIME TM 5091-119 

Figure 151. Principles of wave-form reshaping. 
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a. Width. If the pulse width has changed 
and it becomes necessary to narrow or widen 

the received pulses, differentiating and slicing 

circuits are used. A, figure 151, depicts an in- 

coming pulse whose width has’ deteriorated, 

and an outgoing pulse whose width has been 

restored to the standard wave shape. ~ 

b. Rise and Decay Time. Multihop transmis- 

sion tends to reduce the bandwidth of the trans- 

mitted signal and increase the rise and decay 

time. To restore the original characteristics, 

clipping and slicing operations are performed 

on the pulses. Clipping is an operation wherein 

the top and bottom of a pulse is clipped off. 

Slicing is an operation wherein a narrow (10 

per cent) slice of the pulse (in amplitude) is 
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Figure 152. Multiplexer Set AN/TCC-13, over-all functional block diagram. 
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MULTIPLEX 

DEMULTIPLEX 

taken out. Part C, figure 151, depicts an ex- ! 

ample of a pulse with rise and decay time re- d 

stored. The top portion of C, figure 151 shows ~ 

an incoming pulse whose rise and decay time 

has been increased. The lower section shows 

the result of clipping and slicing. — 

c. Amplitude. If the pulse amplitude has 

changed, the desired amplitude can be obtained — 
by providing sufficient gain so that the incom- 

ing signal will be amplified to the correct level. 
B, figure 151, depicts an incoming pulse whose 

amplitude has deteriorated and an outgoing 

pulse whose amplitude-has been increased to 

the desired level. Use of clipping and limiting 

circuits limits the output pulses to the required ~ 

amplitude. 

OUTPUT TO 
R-F TRANSMITTER 

INPUT FROM 
R-F RECEIVER 
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Section li. MULTIPLEXER SET AN/TCC-13 SET THEORY 

154. General Applications 

a. Multiplexer Set AN/TCC-13 is a trans- 
ortable, pulse-position, multiplexing equip- 

nent designed to combine 23 vf channels so 

hat they can be transmitted over a suitable 

ransmission system. The equipment is also 

apable of demultiplexing the pulse train that 

riginates at another station. Forty-five chan- 

els can be transmitted over a suitable trans- 

nission system by using two multiplexer sets. 

‘or 45-channel operation, refer to paragraphs 

95 through 197. 

b. The multiplexer set performs two separate 

unctions. multiplexing and demultiplexing. 

‘he modem, delay line, and common unit each 

ave both the multiplexing and demultiplexing 

ections combined physically, in one chassis. 

Juring multiplexing operation, the vf signals 

o be relayed are fed into the modems, con- 

rerted to pulses, mixed in the common unit, 

nd fed to a transmitter. During demultiplexing 

peration, the video signals from the rf receiver 

re fed to the common unit. The common unit 

eshapes and amplifies the channel pulses and 

eeds them to the modems. The common unit 

CLIPPER 
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POSITION 

MODULATOR 
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MODULATORS 23 
CHANNELS 23 —+~ 23 

3 THROUGH 23 

also generates a gate that is fed through the 
delay line into the 23. modems. 

c. Paragraphs 155 through 156 describe the 

multiplexing and demultiplexing functional sec- 

tions of Multiplexer Set AN/TCC-13. The 
various power supplies and test equipment sup- 

plied as part of the multiplexer set are de- 

scribed in paragraphs 157 and 158. 

155. Functional Description of Multiplexer 

Section 

(fig. 153) 

a. Modulation of the channel pulses is ac- 

complished in 23 individual and identical mo- 

dem units. These units include provisions for 

either two- or four-wire operations. A func- 

tional block diagram of the modem modulator 

is shown in figure 153. The audio signal is fed 

into a crystal diode clipper whose function is 

to limit the modulating voltage to a specific 

maximum value. The clipped audio signal is 

then fed to an amplifier whose output feeds the 

pulse position modulator. Twenty-three gates 

separated in time (one for each modem) are 

fed from the delay line to the pulse position 

OUTPUT TO 

TM 2141-403 

Figure 158. Multiplexer Set AN/TCC-13, multiplexer section, functional block diagram. 
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modulator. In each modem, the output of the 

audio amplifier modulates the pulses from the 

delay line in the pulse position modulator. The 

ppm pulse is clipped and shaped and fed to the 

mixer in the common unit. 

b. The common unit multiplexer section con- 

tains circuits for generating an 8-kc sine wave 

signal (8-ke oscillator), clipping and amplify- 

ing the signal into a gate pulse (shaper), and 

applying this gate pulse to the delay line. The 

output of the shaper is also fed to a marker 

generator which produces pulse marker pulses 

to synchronize the entire system. 

c. The delay line produces 23 gate pulses 

for each generator gate pulse, each of the 23 

being delayed approximately 5.2 microseconds 

from the adjacent one, establishing the. time 

position of the 23 channel pulses. Each of these 

gate pulses is applied to one of the 23 modems, 

where it is used to generate the channel pulses. 

d. In the mixer, the output of all the modems 

is combined with the output of the marker 

generator to form the pulse train which is the 

video output signal of the multiplexer set. 

156. Functional Description of Demultiplexer 

Section 
(fig. 154) 

a. The received pulse train is applied from 

the receiver to a shaper circuit and then to the 

INPUT PULSE 
TRAIN FROM 
RECEIVER 

23 individual modems. A gating signal is also 
applied to each modem as described in b and ¢ 
below. Each modem contains a demodulator sec- 

tion that changes the pulse signal associated™ 

with it into an audio signal, described in d~ 

below. The audio signal is then fed to the tele-— 

phone lines on either a two-wire or four-wire 

basis, whichever is desired. { 

b. The pulse train from the shaper circuit | 

is also applied to the marker separator circuit | 

which extracts the marker pulse, shapes it into 4 

a gate pulse, and applies it to the delay line. 

c. As with the modulator (par. 155) the de-— 

lay line provides 23 gate pulses for each marker — 

gate pulse, each of the 23 gates pulses’ being” 

delayed approximately 5.2 microseconds from 

the previous one, establishing the time posi-— 

tion of the 23 channel pulses. Each resultant ~ 
gate pulse is applied to one of the 23 modems, © 

which operates only during the gating time. 

As a result, each modem demodulates only that — 

channel pulse of the full pulse train which is — 

being applied to it. The pulse train is therefore — 

separated into 23 channel signals, one for each © 
modem. 

d. The modem demodulator operates to con-— 

vert a pulse-position modulated signal to a 
pulse-width modulated signal, which contains 

the audio component and needs only to be fil- 

tered to give the audio output. The delay line 
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Figure 154. Multiplexer Set AN/TCC-13, demodulation section, functional block diagram. 
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yutput is applied to the gate generator -of the 

modem. The gate generator produces a gate 

‘or operating the demodulator. The gate deter- 

nines the time during which the demodulator 

iccepts the signal. The input pulse train is 

lso fed to the demodulator ppm converter. Dur- 

ng the gate, conversion of the ppm pulses to 

, pwm pulse takes place. The pwm signal is 

pplied to the clipper amplifier and then to a 

ow-pass filter which extracts the audio signal. 

‘he audio output is amplified and fed to the 

ine. : 

57. Power Supplies 

The power supply for the multiplexer set is 

omposed of Voltage Regulator CN -236/G, 

{ultiplexer Subassembly MX-1442/TC (fila- 

1ent supply), and Power Supply PP-691/G 

plate supply). Refer to Chapter 10 for detailed 

nalysis of the power supplies. 

a. Voltage Regulator CN—236/G. The voltage 

egulator is an electromechanically controlled 

oltage regulator that delivers.a constant out- 

ut independent of line voltage or load current. 

\n autotransformer is included for 115- or 230- _ 
olt line voltage operation. 

b. Multiplexer Subassembly MX-1442/TC. 
‘he multiplexer subassembly contains two 6.38- 

olt filament transformers for the filament sup- 

ly of the multiplexer set. In addition, it con- 

ains a blower, which provides cooling for the 

10dem units directly above it, and two remote 

eying units that plug into receptacles mounted 

n the rear of a multiplexer subassembly. 

c. Power Supply PP-691/G. The power sup- 

ly is the main B+ power supply and provides 

-250-volt de with a total capacity of 1.6 am- 

eres. It also acts as the main ac power input 
hassis and contains the main ac power plate 

ircuit breakers. The line voltage of 115/230 
olts should be within +10 per cent. 

58. Test Equipment 

a. General. The accessory test equipment 
ecessary to align and maintain the multiplexer 

; mounted in one test rack. The accessory test 

quipment comprises the following: Audio Test 

et TS—762/TC, Control Monitor C-1151/TC, 

nd Oscilloscope OS-25/G. Refer to chapter 10 

yr circuit analyses of the test equipment sup- 

lied with the set. 

b. Audio Test Set TS—762/TC. This test set 
is a general purpose, ac operated instrument, 

designed for the measurement of voice trans- 

mission systems. The audio test set incorpor- 

ates extra connectors for particular use with 

the multiplexer. The audio test set provides 

the following: 

(1) A low-distortion, variable 

1,000-cycle oscillator. 

(2) A 1,000-cycle level measuring meter. 

(8) A 1,000-cycle distortion measuring 

circuit. 

(4) A noise measuring circuit with F1A 

line weighting. 

v. Control Monitor C-1151/TC. The test set 

is a general purpose, ac operated instrument 

designed for the measurement of voice trans- 

mission systems. The test set incorporates extra 

connectors for particular use with the multi- 

plexer. The control monitor provides the fol- 

lowing: 

(1) Circuitry and telephone headset to 

provide an order-wire telephone. 

(2) A push-button switch circuit which, 

associated with the audio test set, 

‘allows testing of the 23 audio 
channels. 

(8) A 20-cycle ringing supply. 
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output, 

Figure 155. Oscilloscope OS-25/G, 

functional block diagram. 

d. Oscilloscope OS—25/G (fig. 155). Oscillo- 

scope OS-25/G is a 5-mc bandwidth oscilloscope 

that meets the requirements for the mainten- 

ance and alignment of the various sections of 

the equipment. It differs from an ordinary test 

oscilloscope because it includes a continuously 

variable phase synchronizing circuit and 5.2- 
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microsecond timing pips for the alignment of 

the unmodulated channel pulses. In addition, it © 

may be used as a high-quality, general purpose, 

wide band oscilloscope for trouble shooting. The 

oscilloscope consists of a vertical defiection am- 

plifier, timing mark generator, horizontal 

sweep, cathode-ray tube, and power supplies. 

- Section Ill. 

159. Common Unit TD-60/TCC-13 Modu- 

lation and ead Block Dia- 

gram 

(fig. 156) 

Common Unit TD-60/TCC-13 contains the 
circuits for generating an 8-kc sine wave, 

clipping and amplifying the sine wave, and 

converting the sine wave into a gate pulse. The 

gate pulse is then fed from the common unit 

to the delay line. The common unit develops 

the marker pulse which synchronizes the entire 

system. The common unit also mixes all out- 

puts of the modems with the marker pulse and 

feeds it to the transmitter of a microwave ra- 

dio-relay system. 

a. The sine wave developed in the 8-kc oscil- 

lator is fed to 8-ke buffer amplifier V3. The 

amplified output of the buffer is supplied to 

shaper V4A, where it is transformed into an 

8-microsecond gate. 

b. The gate output of the shaper circuit is 

clipped by diode clipper V5A. It is then am- 

plified by synchronizing output amplifier tube 

V4B and by power amplifier tube V6. Power 
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The vertical deflection and calibration circui 

amplify the input signal and tap off a 60-cycle 

signal for voltage calibration. The horizonta 

sweep provides horizontal deflection for the 

cathode-ray tube. A timing marker generato x 

provides calibrated crt time signals. Power 
supplies for all circuits are included. ; 

amplifier tube V6 is a cathode follower stage 
whose output is fed to jacks J6. Clipper V5B is 

coupled across the cathode load of V6 to in- 
sure that the amplitudes of the pulses are uni- 

form despite variation of tube and component 

characteristics. The power amplifier output 

is also fed to the grid shaper tube V7A. — 
c. Shaper V7A determines the timing of the 

marker pulses relative to all channel pulses. 

Shaper V7B further shapes and amplifies the 

marker. The output pulse from V7A is applied 
to marker generator V8A, which produces a 
pair of pulses that will be used as the marker 

pulses. The marker pulses are amplified in 

marker amplifier V8B and fed to mixed train 
shaper V11. 

d. The position modulated pulses of all an 

dems are fed to modem pulse amplifiers V9A, 

V9B, V10A, and V10B_ through MODEM 

CHAN PULSES INPUT jack J3. The ampli- 

fiers raise the level of the pulses. 4 
e. Marker amplifier V8B and modem pulse 

amplifier V10B have a common plate load. The 

marker pulses and modem channel pulses are 

mixed there and then fed to the grid of mixed 
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rain shaper V11. The output of V11 is ampli- 

ied by mixed train power amplifier V12 and 

julse train output amplifier V13 and fed to 
PULSE TRAIN OUTPUT jacks J8 and J9. 

f. The output of the 8-kc buffer amplifier is 

also fed to the slave multiplexer through 45- 

sehannel synchronizing tube V1. One 8-kc oscil- 

ator is used during 45-channel operation to in- 

sure proper synchronization of the positive and 

1egative pulse trains. 45-channel sync tube V1 

s a synchronizing output cathode follower used 

mly during 45-channel operation. 

160. Oscillator Stage, 8-ke 

(fig. 157) 

a. A stable source of 8-ke sine wave voltage 
is obtained from the generator circuit, tube 

V2 and crystal Y1. The crystal is cut to have 

a natural period of vibration at this 8-kce fre- 

quency. The circuit used is essentially that of a 

buned-grid, tuned-plate oscillator, the crystal 

constituting the tuned-grid circuit. Oscillations 

occur when enough energy is fed back to the 

srid circuit to overcome the grid circuit losses. 

The crystal keeps the frequency to within a 

few parts in a million; it will permit oscilla- 

tions to occur only at the 8-ke frequency to 

which it is cut. The plate circuit is selectively 

tuned to 8-ke by inductor L1 and capacitor C6. 

Since the crystal can only stand a limited volt- 

age, varistor CRI1 is included in the output 
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circuit, and has the effect of limiting the oscil- 
lator output and the feedback to the crystal. 

b. Resistor R8 is a grid parastic resistor, 

and R7 is the grid return resistor. The cathode 

bias is developed across resistor R9. Screen 

voltage is applied through voltage-dropping re- 

sistor R10. Resistors R11 and R12 form a volt- 

age divider network. The voltage developed 

across R12 is fed back to the crystal. Capacitor 

C5 is a high-frequency bypass on the tube grid. 

Capacitor C7A is the screen bypass capacitor, 

C9 is the feed-back coupling capacitor, C8 is 

the output coupling capacitor to tube V3, and 

E2 is the 8-kc oscillator test point (BKC OSC). 
c. If the unit is to be used as a slave station 

in a 45-channel system, the 8-ke oscillator is 

disabled by placing switch S1 in the SLAVE 

position. This disables the 8-kc oscillator by 

removing the +250-volt B+ voltage. 

161. Diode Clipper CR2 and Amplifier V3 
(fig. 158) 

a. The output of the oscillator stage, appear- 

_ ing across varistor CR1, is fed into a diode 
clipping circuit that consists of R13, R14, and 
CR2. The negative half cycle of the signal 

causes diode CR2 to conduct. When CR2 con- 
ducts the resistance of the parallel combination, 

CR2 and R14 drops to a low value. Most of the 

output voltage of the oscillator is dropped 

across R13 and an insignificant voltage is ap- 
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Figure 157. Oscillator, 8-kc, simplified schematic diagram. 
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plied to the grid of V3. When the incoming 

signal goes positive, the resistance of parallel 

combination CR2 and R14 increases (CR2 is 

no longer conducting and the resistance of the 

parallel combination increases) and a large 

voltage is applied to the grid of V3. Resistor 

R13 and, parallel combination, CR2 and R14 

form a voltage divider network limiting the 

voltage developed across R14, and CR2. 

b. The positive voltage applied to the grid is 

amplified and inverted by V3, and the 8-kc am- 

plifier. Output voltage for the stage is developed 

across resistor R16 and fed through coupling 

capacitor C11 and switch S1 to shaper V4A. 
Capacitor C10A and resistor R17 form the 

cathode-biasing network for the stage. Capaci- 

tor C7B is the screen bypass capacitor and R15 

is the grid clipping resistor. Resistor R18 is 

the screen dropping reistor. 

162. Shaper V4A (8-Usec Gate Generator) 
(fig. 159) 

The input to 8-usec gate generator V4A can 

be fed from two sources. One is from the 8-kc 

amplifier stage V3 and the other is from the 

45 CHAN SYNC output jack J2. When the 

equipment is being used for 23-channel opera- 

tion, the input to V4A is from -V38; when the 

equipment is being used as a slave station in a 

45-channel system, the input to V4A is from 

45 CHANNEL SYNC jack J2. Paragraphs 192 

through 194 describe the switching theory 

when the equipment is being used in a 45- 
channel system. The subparagraphs below de- 

scribe the tube operation in a 23-channel sys- 

tem, 
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+ 250V D-c 

a. The output of V3 is fed to the 8-use¢ 

gate generator through switch S2 (SLAVE- | 

MASTER switch). The voltage developed } 

across grid leak resistor R20 is fed through | 

parasitic suppressor R21 to the grid. The am- | 
plified signal that appears at the plate is fed | 

to short-circuited delay line Z2 where a positive | 

and a negative pulse are formed and fed | 

through capacitor C13 to diode clipper V5A54 

V5A will conduct only when the cathode be- 
comes negative (with respect to the plate), 7 

therefore, only the negative pulse will be im-) 

pressed on the grid of synchronizing output) 

amplifier V4B. When the cathode of V5A be-¥ 
comes positive (with respect to the plate), no” 

current flows through the tube and no signal is¥ 
coupled to V4B. ! 

b. When a pulse is applied to a transmission 

(delay) line, a definite period of time is re- 7 

quired for the pulse to travel from the input 
of the line to the output. This is known as the 

delay time. To obtain a relatively large delay in 

a small space, an artificial delay line, that con-~ 

sists of inductors and capacitors, is used. The- 

8-usec delay line Z1 can be compared to a 

transmission line. 

c. Every transmission line has a character- 

istic impedance. When the transmission line is’ 

terminated in its characteristic impedance, no 

reflection of energy takes place at its end. If 

the transmission line is terminated in a short 

circuit, all of the energy fed into it is reflected — 

back, but the polarity of the reflected voltage is 

reversed. : 

d. When the negative pulse from the plate 
of tube V3 is applied to the grid of tube V4A, - 

Se ae ee 

= TM 2141-143 

Figure 158. Diode clipper CR2 and 8-ke amplifier V3, simplified schematic diagram. 
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Figure 159. Shaper V4A, 8-usec gate generator, simplified schematic diagram. 
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Figure 160: Synchronizing output amplifier V4B and power amplifier V6, simplified schematic diagram. 
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a large positive rectangular wave is developed 

across resistor R23. Between the plate and ac 

ground (junction of R22 and C12) are con- 

nected the input terminals of a 4-usec length 

delay line whose output terminals are short- 

circuited. The reflection that occurs at the end 

of the short-circuited delay line sends back a 

negative pulse. Since the short-circuited delay 

line is 4 usec long, the leading edge of the 

reflected wave appears 8 usec after the leading 

edge of the transmitted wave (4 usec to the 

end and 4 usec back to the input terminal). 

The reflection adds algebraically to the original 

pulse at the plate of V4A with the resultant 

wave form shown in figure 159. The wave form 

consists of a positive 8-usec pulse followed by 

a negative 8-usec pulse. 

e. Capacitor C12 and resistor R22 form the 

plate decoupling network. 

163. Amplifiers VB4 and V6 
(fig. 160) 

The negative gate output of diode-clipper V5 

is fed to the grid of amplifier V4B. Amplifier 

V4B is a voltage amplifier and increases the 

peak-to-peak voltage of the gate pulse to about 

140 volts. The amplified gate is fed to power 

amplifier V6. 

a. The negative gate pulse from V5A is fed 

to the grid of synchronizing output amplifier 

V4B. Resistor R25 is the grid leak resistor. Out- 

put voltage of the stage is developed across 

plate load resistor R26 and fed through coup- 

ling capacitor C14 to power amplifier V6. 

b. Power amplifier V6 is a triode-connected 
cathode follower. The input signal is applied to 

the grid across resistor R27, the input load 
resistor grid return. Resistor R28 is a grid 

clipping resistor. The output voltage for the 

stage is taken across resistor R29 and inductor 

L2, thus making the cathode impedance for 

the stage high while keeping the bias for the 

stage low. 

c. To insure that the amplitudes of the pulses 

are uniform despite variation of tube character- 

istics and components, clipper diode V5B is 

coupled between the cathode of V6 and a'regu- 

lated +180-volt potential obtained with volt- 

age regulator tube V14. Tube V5B will only 

conduct when the signal applied to its plate 

overcomes the +108 volts applied to the cath- 

ode. This prevents the cathode voltage of V5B 
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from becoming greater than +108 volts. Thus, 
an 8-microsecond positive wave form of 108 

volts amplitude is applied through coupling ca- 

pacitor C15 to the delay line at J6é (MTPX 
‘GATE OUTPUT). Between the input to the 

delay line and ground is connected an 8-ke 
filter (parallel resonant circuit L3 and C16) 

in series with resistor R31. This parallel reson- 

ant circuit has its maximum impedance at 8 kc. 

Consequently; the 8-ke component of the main 

pulse into the delay line appears across it and 

is available at jack J7 MTPX SYNC OUTPUT 

to provide a synchronizing signal for the oscil- 

loscope. 

d. Tube V14 is a conventional voltage regula- 

tor tube across which appears +108 volts. Re- 

sistor R30 is the de voltage-dropping resistor, 

and C10B is a filter capacitor across the B+ 
supply. 

164. Shaper Stages V7A and V7B 
(fig. 161) 

a. Part of the positive pulse at the cathode 

of tube V6 is applied to the grid of tube V7A 

through capacitor C18, through parallel combi- 

nation C19 and R382 and across resistor R33. 

The voltage developed across R383 is applied 

to the grid of V7A. Shaper V7A determines 

the timing of the marker pulses relative to all 

channel pulses, and has inductor L4 shunted 

by crystal diode CR8 as its plate load. The 

positive pulse at the grid of this stage causes 

the plate voltage to start oscillating with a 

negative-going signal. However, when the plate 

voltage attempts to swing positive, CR3 con- 

ducts, shunting the coil with a low resistance, 
thus damping further oscillation after the first 

negative-going swing. 

b. Resistor R83 is. the grid return resistor, 
C18 is the input coupling capacitor, and resis- 
tor R32 in parallel with capacitor C19 is an 

input coupling network whose function is te 

shape and delay the input signal. Resistor R35 

and C22 is the cathode-biasing network; C20A 
is the plate decoupling capacitor, and R34 is 
the plate decoupling resistor. 

c. The negative-going pulse from the plate 
of shaper V7A is applied to the grid of shaper 
V7B. Tube V7B is normally held at saturation 
by the B+ potential applied to the grid. The 
high positive voltage is applied through resis- 

| tors R37 and R36. The negative input signal 



ulse is of sufficient amplitude to drive the tube 

rom saturation to cut-off. A positive pulse of 

; microsecond width appears at the plate of 

is stage and is applied to the grid of marker 

enerator V8A. Plate coil L5 shunted by resis- 

yr R38 determines the width of the marker 

ulse. For V7B, R386 is the grid return resistor, 

37 is the grid current limiting resistor, R39 
nd R40 in series are the plate decoupling re- 

istors, L5 shunted by R88 in addition to 

etermining the width of the marker pulse is 
1e plate load, C20B is the plate decoupling 

apacitor, and C23 is the output coupling ca- 

acitor. 

65. Marker Generator V8A and Amplifier 

V8B 

(fig. 162) 

a. The positive pulse applied to the grid of 

8A produces a negative pulse at the plate. The 

egative pulse is applied to the input terminals 

f an open-circuited delay line, Z2, which is 

35 usec long. Since Z2 is open-circuited, it 

eflects a pulse of the same polarity (negative) 

s that applied to its input terminals. As a 

esult, the two negative pulses appear at the 

late of tube V8A, each .5 usec wide. Their 
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leading edges are separated by 1.3 usec (twice 

.65). This pulse pair constitutes the marker 

pulse. 

b. For V8A, R41 is the grid return resistor, 

R42 matches the impedance of the delay line 

Z2 (which acts as the plate load), R44 and R43 

comprise a voltage divider and cathode return 

(which biases the cathode with a positive volt- 

age), C24B is the cathode bypass capacitor, 

and C25 is the pulse pair output coupling ca- 

pacitor. 

c. The output of marker generator V8A is 

applied to the grid of marker amplifier V8B 

through grid clipping resistor R46. The double 
pulse is amplified and inverted by V8B. The 

output voltage of V8B is developed across plate 

load resistor R49. Resistor R49 is also the 

plate load resistor for modem pulse amplifier 

V10B. Thus, the marker pulses generated by 

V8A and the individual channel pulse amplified 

by modem pulse amplifier V10B are mixed. The 

voltage developed across R49 is fed to mixed 

train shaper V11. Resistor R45 serves as the 

grid return resistor, across which the input 

Signal is developed. Resistors R47 and R48 

with capacitor C26A form'a plate supply de- 

coupling network. 
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Figure 161. Shaper stages V7A and V7B, simplified schematic diagram. 
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166. Modem Pulse Amplifier Stages V9A 

and V9B 

(fig. 163) 

a. The output of all the modems are fed to 

the grid of the amplifier V9A via MODEM 

CHAN PULSES INPUT jack J3 and coupling 

capacitor C27. Voltage divider network R50 

and R51 place a positive potential on the 23 

modem output stages cathodes, thereby keeping 

them at cut-off if no signal is applied to their 

grids. The output pulse train at the plate of 

+250v D-C 

13 USEC lv P-P 

DELAY. R42 R44 
UNE 680 : 100K 

MARKER GEN _ |e a 
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(I/2)12AT 7 We 

R43 
2200 

Figure 162. Marker generator V8A and marker 

+250V D-C 

AMPL 
V9A 

(172) 12AT7WA 

V9A is fed to the grid of amplifier V9B through — 

coupling capacitors C28. Resistor R52 is the 

grid return resistor for V9A. Bias for V9A is i 

developed across biasing network R54 and 
} C24C. Resistor R55 and capacitor C24A form ~ 

a decoupling network for V9A and V9B. | 

b. Amplifier V9B is a conventional voltage 

amplifier with the input pulse train applied to — 

the grid and the amplified voltage taken from 

the plate. Capacitor C29 couples the pulse train 

to V10A. R57 is the plate load and R58 the 

cathode biasing resistor. 
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R47 : “< 4700 

¥ 

ae lov. Vv 

5V 
eas 

R45 R49 f 
220x MARKER 300 j 

aunt TO PLATE OF 
(W2nZaT7wa |, VIOB, AND 

5 GRID OF VII ; 
R46 2 
5800 

a wm 

UNLESS OTHERWISE SHOWN 
RESISTORS ARE IN OHMS 
CAPACITORS ARE IN UF. 

Se 

TM2141-147 

amplifier V8B, simplified schematic diagram. 
ee 

oo 

—— 

NOTE: 
UNLESS OTHERWISE SHOWN 

RESISTORS ARE IN OHMS 
CAPACITORS ARE IN UF. 

TM 2141-148 

Figure 163. Modem pulse amplifier stages V9A and V9B, simplified schematic diagram. 
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Figure 164. Modem pulse amplifier stages V10A and V10B, 

simplified schematic diagram. 
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167. Modem Pulse Amplifier Stages VIOA 

and V10B 

(fig. 164) 

a. The signal is fed from stage V9B to tube 

V10A, where it is further amplified and shaped. 

Resistor R60 provides a voltage divider action 

with the conducting diode, giving greater at- 

tenuation to the clipped portion of the input 

signal. When a pulse is impressed across an 

inductor, an action known as ringing occurs. 

Crystal CR4 critically damps this ringing so 

that only the amplified negative pulse is applied 

to the following stage. Refer to the input and 

output wave shapes shown in figure 164. 

b. Resistor R59 is the grid return resistor, 

R61 is the cathode resistor, R60 in combination 

with inductor L6 and diode CR4 is the plate 

load, and C30 is the output coupling capacitor. 

c. Amplifier V10B operates at saturation 

since its grid is connected to B+ through resis- 

tor R62 and current limiting resistor R63. The 

plate load of tube V10B is common with that 

of marker amplifier V8B. As a result, the signal 

coupled through capacitor C31 to mixed train 

shaper V11 is the mixed output of marker am- 

plifier modem pulse amplifier V8B and V10B. 

168. Mixed Train Shaper V11 

(fig. 165) 

-The mixed pulse train is coupled to the grid 

of V11, a pentode shaping circuit that contains 

an inductive plate circuit electrically identi- 

cal to the type described as the plate load of 

V10A (par. 167a). The negative pulses that 

occur at the junction of R66 and CR5 are 

coupled to the input of tube mixed train power 

simplifier V12. For tube V11, R67 is the un- 

bypassed cathode resistor, R65 is the grid re- 

turn resistor, R64 is the screen voltage drop- 

ping resistor, C26B is the screen decoupling 

capacitor, and the plate load consists of L7, 

R66, and CRo5. 

169. Mixed Train Power Amplifier V12 

(fig. 165) 

Negative pulses applied to the grid of mixed 

train power amplifier V12 appear as positive 

pulses in the plate circuit. These positive pulses 

are applied to the OUTPUT AMPL potentio- 

meter, R74. The arm of the potentiometer is 

162 

connected to the grid of the output tube (V13) 

through C34. For the V12, R69 is the grid 

clipping resistor, R68 couples the grid to B+, 

and C34 is the output coupling capacitor. Paral- 

lel-connected resistors R71 and R74 provide 
the plate load. Capacitor C33B is the plate cir- 
cuit decoupling capacitor. Series-connected R72 

and R73 complete the decoupling circuit and 

connect the plate to B+. Resistor R70 is the 
screen grid voltage dropping resistor. Capaci- 

tor C33A is the screen grid bypass ee 

170. Pulse Train Output V13 | 
(fig. 166) 

Pulse train output stage operates as a trioddl 

connected cathode follower. The input signal, 

from the mixed train power amplifier, is de- 
veloped across the grid return. R76 is the grid 
limiting resistor, and R78 is the cathode load. 

The output developed across R78 is coupled 

through C36 to PULSE TRAIN OUTPUT 
jacks J8 and J9. Resistor R79 provides for an 

output impedance of approximately 50 ohms, 

Refer to paragraph 193 for 45-channel opera- 
tion. . 
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Figure 166. Operation, 23-channel pulse train output, 

cathode follower V13, simplified schematic diagram. 

171. Output Filter, 1 Mc 

(fig. 167) 

The bandwidth of the pulse train output is 

limited by the action of the 1-mc filter that 

consists of L8, L9, L10, L11, C87, C38, C39, 

C40, C41, R80, and R81. The filter has a 

nominal cutoff of 1-me and is down 30 db at 3- 

mec. The input is fed from PULSE TRAIN 

OUTPUT jack J8 to INPUT plug P4, while 

the output is fed from OUTPUT jack J 10 to 

plug P5, 
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Output filter, 1 me. Figure 167. 

172. Delay Line Circuit 

(fig. 168) 

a. A delay line is a filter, or a group of 

ilters which have the characteristics of delay- 

ng the input signal so that the output is later 

n time than the input. This is caused by one 

yf the fundamental properties of filters; phase 

shift. When a number of sections are cascaded, 

she phase shift becomes additive, and of con- 

siderable size. The delay line circuit for the 

multiplexer set consists of 46 independent 10.4 

microsecond delay lines. T’'wenty-three delay 

lines are associated with each direction of 

transmission 23 for the multiplexer half of the 

common unit and 23 for the demultiplexer half 

of the common unit. Each of the delay lines 

provides 23 separate outputs, each delayed by 

».2 microseconds from the adjacent one, there- 

by maintaining the time position of the chan- 
nels. 

b. A basic section of the delay line is shown 

in A, figure 168. The entire line consists of re- 

peated sections of this kind of pi-type filters 

connected to give the desired total time delay. 

Taps are brought out for the connections to 

the resistance coupling shaping circuit. Each 

Single section is basically a pi-section, constant 

K, low-pass filter. Each individual section is 

referred to as a coil section. When two sections 

are combined, B, figure 168, a capacitor C is 

connected across the combination (to correct 

for phase distortion). The sections are con- 

nected in series to give greater delay. 

c. The delay line at each section junction is 

approximately 1.05 microseconds. Five of these 

sections in series make a nominal 5.2 second 

delay between successive taps. A tap is always 

available within 1 microsecond of the correct 

position. 

d. Hach of the output taps of the delay line 

is connected to the respective modem modulator 

through an integrating circuit which consists 

of series resistor R388 and shunt capacitor C313 

(C, fig. 168). This circuit changes the gate 

into a sawtooth wave shape. The capacitor is 

adjustable, to compensate for the difference 

capacitances of the varying length of shielded 

wire connecting the individual modem modula- 

tors to the delay line. The adjustment is made 

at the factory and normally would only be 

changed when a delay line is replaced. The 

sawtooth voltages to the individual modulators 

have an amplitude of 20 volts and a rise time 

of approximately 8 microseconds. 

deepal 
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B. FULL DELAY LINE SECTION. 
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Figure 168. Multiplexer delay line section, — 
simplified schematic diagram. 
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173. Modem Medulator 

a. General. Modulation of the pulse train is 

accomplished in 23 individual and identical 

modem units. Twenty-four modems are supplied 

with the AN/TCC-13, one is a spare. These 

units include provision for signaling and pro- 

vide means for either two- or four-wire opera- 

tion. The modulator section of the modem 
consists of two tubes, V1 and V2. The modula- 

tor converts the audio input signal into a pulse 

which is position-modulated. 

b. Block Diagram. A functional block dia- 

gram of the modem modulator is shown in 

figure 169. The two-wire or four-wire line sig- 
nal is fed into hybrid transformer T1. The out- 

put of the hybrid transformer is-fed into a 

crystal diode clipper (CR1 and CR2) whose 

function is to limit the modulation voltage to 

a specific maximum value corresponding to a 

four-wire input of —4 dbm. The clipped audio 

signal is then fed to audio amplifier tube V1A 

from which it is applied to the pulse position 

modulator tube V1B. Also applied to the pulse- 

position modulator is a sawtooth from the delay 

line. It is this sawtooth that the audio signal 

from audio amplifier V1 modulates. The output 

of V1B is clipped and shaped in clipper-shaper 

V2A and fed through cathode follower V2B to 

the common unit mixer circuits. 

174. Hybrid Transformer 
(fig. 170) 

a. General. Provision is made in the modem 
for either two- or four-wire operation. The 

audio input and output information can be car- 

ried on two wires or four wires (two for trans- 

mitting, and two for receiving). A hybrid 

transformer is basically a means for converting 

a two-wire system to a four-wire system or 

vice-versa, aS well as an input and output 

matching device. The most common type of 

hybrid transformer is shown in A, figure 170, 
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Modem MD-179/TL modulator, block diagram. 
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Winding a is the modulator; windings b and ¢ 

contain a network, N, which matches the input 

line; winding d goes to the demodulator; and 

windings e and f in series are the line input. 
Note the two separate cores. ‘ 

b. Two-wire Operation. 

(1) Consider the action when a signal is 
being received from the line. The line 
signal is coupled to each of two inde- 
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Figure 170. Modem hybrid transformer connections. — 



(2) 

pendent cores through windings e and 

f. Line signal voltages will, therefore, 

be induced into all other windings, a, 

b, c, and d. Windings b and ¢ are 

polarized so that the induced voltages 

applied to the N-network buck each 

other and cancel; hence, no power is 

lost in the network. Windings a and d 
are similar and therefore half the 

power appears across each. That volt- 

age that appears across the demodula- 

tor winding is applied to the plate of 

audio amplifier V4B and is lost. The 

fact that half the power is lost means 

a 3-db loss is encountered in passing 

a two-wire input through the hybrid 

transformer. 

Now consider the action in receiving 

a signal from the demodulator (wind- 

ing d). The power applied to winding 

d comes from audio amplifier V4B. 

Since winding d is coupled to one core 

only, equal voltages are induced in 

windings c and f. These induced volt- 

ages cause current to flow in both the 

line and network circuits. Note that 

if the network impedance accurately 

matches the line impedance, equal cur- 

rents will flow through these circuits 

and through windings b and e. Wind- 

ings b and e are so polarized that the 

currents in these windings produce 

(3) 

‘opposing magnetizing forces in the 

core; hence, no flux changes are pro- 

duced and no voltage is produced in 

winding a. The result is that the de- 

modulator signal is not fed to the 

modulator, and hence no undesirable 

feed-back signal results. It is this ac- 

tion for which the hybrid transformer 

is primarily provided. 

The two-wire connection for the hy- 

brid transformer is shown in B, fig- 

ure 170. Capacitor C17 and resistor 

R41 comprise the matching network. 

For two-wire operation, one-half the 

line windings are open-circuited by 

the connection of terminal 10 and 13. 

Capacitor C19 is a deblocking capaci- 

tor. 

cuit. Note that since the network winding is 
open, the line side windings are separated, and 

since the cores are independent, there is now 

in effect two separate line transformers. Re- 

moving the connection between terminals 10 

and 13 gives each line winding (e and f) the 

same number of turns as the single connection 

for two-wire operation. This hybrid circuit 

change from two-wire to four-wire operation is 

accomplished by the 2W-4W switch in the 
modem. 

d. Hybrid Impedance. In four-wire opera- 

tion, there are essentially two transformers 

with an impedance ratio of 50 to 1 (30,000 

ohms to 600 ohms). In two-wire operation, 

parts of the two-line side windings are con- 

nected in series to give 600 ohms. The network 

windings are identical to these parts of the 

line side windings and the network is therefore 

chosen to match a typical line, and is termed 

a compromise network. The modulator and de- 

modulator windings remain 30,000 ohms. In 

four-wire operation, windings 5, 6, 7, and 8 

are open. 

175. Modem Switching 
(fig. 171) 

a. Modem switching is accomplished by two 

switches, 2W-4W switch S1 and selector switch 

82. The 2W-4W switch connects the hybrid 

transformer for either two- or four-wire opera- 

tion. Selector switch S2 has five positions; in 

the OPER position, the modem is connected to 

the output terminals. In SL, the output from 

the audio test set is fed to the modem. In RR, 

the output of the modem is fed to the level 

measuring section of the audio test set, and 

in RL, the output of the lines is fed to the 

audio test set. The selector switch basically 

controls a pair of lines (TEST PAIR) between 

the modem and the audio test set. 

b. Resistors R45 and R46 are terminating 

resistors for the TEST PAIR on one side of 

the hybrid transformer. Capacitor C18 is a 

de blocking capacitor, and C19 drops the 20 

cycles to the value necessary to operate the 

relay. When the selector switch is placed in the 

SL position, R45 is connected across terminals 

12 and 9 of the hybrid transformer. When the 

selector switch is placed in the RL position, 

R46 is connected across terminals 12 and 9 of 

‘the hybrid transformer, 
c. Four-wire Operation. In four-wire opera- - 

ion, the network is disconnected from the cir- 
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Figure 171. Modem switching circuit, simplified schematic diagram. 
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Clipper audio amplifier V1A, simplified schematic diagram. 
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176.. Audio Amplifier VIA 
(fig. 172) 

a. Audio amplifier V1A amplifies and limits 

she audio signal applied across resistor R2. 

Degeneration is provided by unbypassed cath- 

yde resistor R6. Crystal diodes CR1 and CR2 

limit the audio input signal to prevent excessive 

modulation or deviation of the channel pulse 

oeyond -++5 usec. Overmodulation will cause an 

undesirable deviation of more than--5 usec. 

b. Limiting of the audio input is accom- 

plished in the following manner. The cathode of 

tube V1A develops a positive voltage caused by 

Class A type plate to cathode current. One 

side of R2 is connected to the grid and the 
other to ac ground. The audio input is applied 

through R1 to the grid. A bias of —.6 volt 

exists at the junction of R2, R3, and R4. When 

the input signal is greater than .6 volt, and 

negative, clipper crystal CR1 conducts, cutting 

off the signal above that level. When the signal 

is greater than .6 volt, and positive, CR2 con- 

ducts, cutting off the signal which is more 

positive than .6 volt. In this way, effective 

limiting of the audio signal applied to the first . 

stage audio amplifier is obtained. Resistors Rl 

and R2 are a voltage divider on the input volt- 

age to provide correct level. The audio signal 

developed across plate load resistor R5 is fed 

to the cathode of V1B through coupling capaci- 
tor Cl. 

177. Pulse-position Modulator Stage, V1B 
(fig. 178) 

a. Position modulation is accomplished in 

tube VIB. This stage is normally kept near 

eut off by the large bias developed across 

cathode resistors R8 and pulse position poten- 

tiometer R9. Two inputs are fed to this stage. 

One, the sawtooth, is applied to the grid of 
V1B from the delay line. The other is the 
amplified audio signal from the plate of VIA 

and is fed to the cathode of V1B. 

b. The af signal applied to the cathode of 

V1B varies the value of the cathode voltage 

above and below the normal zero signal value. 

The sawtooth wave applied to the grid causes 

plate current to flow when the actual bias 

-(grid-to-cathode voltage) is approximately —5 

volts. The value of the af signal applied to the 

cathode determines the time when this occurs, 
since the combination of both signals deter- 

FROM VIA 

PULSE 
| POSITION 

R9 
OOK 

NOTE: 
UNLESS OTHERWISE SHOWN 
RESISTORS ARE IN OHMS 
CAPACITORS ARE IN UF, 

TM2ZI4I-1S6 

Figure 173. Pulse-position modulator V1B, 

simplified schematic diagram. 

mines the next bias. Since the sawtooth is 

linear over the range of, modulation, the varia- 
tion of the time of increasing plate current is - 

also linear. The delay line taps are selected so 

that the center of the sawtooth corresponds in 

time with the no-modulation pulse position. 

c. Resistor R11 is the grid return and C3 
is the sawtooth delay line input coupling capaci- 

tor. Resistor R7, inductor L1, and resistor R10 

provide the plate load. Capacitor C4 is the out- 

put coupling capacitor, R8 and R9 are the 

cathode-biasing resistors, and C2 is the cathode- 

bypassing capacitor, offering high impedance 

at audio frequencies. 

d. Changing potentiometer R9 will change 

the cathode bias and therefore the unmodulated 

pulse-position. This is a front panel control 

(PULSE POSITION) and is provided so that 

no adjustment of the delay line is necessary. 

e. The plate wave shape generated across L1 

is critically damped by resistors R7 and R10 

and a single broad pulse results. 

178. Modem Clipper-shaper-mixer V2 
(fig. 174) 

Clipper-shaper tube V2A has its cathode 
grounded and its grid returned to a positive 

167 



potential through resistors R12 and R13 to 

insure heavy plate current in the absence of a 

signal. The negative input pulse is applied to 

the grid of tube V2A through a 10,000-ohm 

resistor, R13. This large negative input pulse 

is of sufficient strength to drive the tube to 
cut off. This produces a positive pulse at the 

plate, through the differentiating action of in- 

ductor L2 in parallel with the resistor-crystal 

combination of R17 and CR3, and parallel re- 

sistor R16, which ring for a time determined 

by the component values. These oscillations are 

damped by diode CR3. The positive output 

Section IV. 23-CHANNEL DEMULTIPLEXING AND DEMODULATING THEORY 

179. Common Unit Demultiplexer Block Dia- 

gram 

(fig. 175) 

a. The common unit demultiplexer amplifies 

the received signal, separates the markers, and 

feeds channel pulses to the modems. 

b. The first two stages, tubes V15 and V16, 

are video amplifiers. From these amplifiers, the 

signal is fed into the rectifier slicer circuit, 

V17, which removes noise by taking a thin slice 

out of the center of the pulse. A part of the 

+250V D-C 

470 K 

CLIPPER SHAPER 
V2A 

(1/2) |2AT7WA 

pulse is applied to mixer cathode follower tube 
V2B through capacitor C6. Mixer tube V2B 
has a load in common with the load of the same — 

tube in all the modem modulators. This load, 
R80, is located in the common unit. Resistors 
R14 and R15 are in series with inductor L2_ 

and form part of the plate load of tube V2A. 

The plate of tube V2B goes to the remote key- 

ing unit for channels 1 and 2 only. For chan- 
nels 3 through 23, the plate of V2B is con- 

nected to the +250 volts de supply. The modem 

modulator output pulse is taken from the cath- 
ode of V2B. 

signal is fed to pulse amplifier V18, then to 

video shaper V19, which differentiates the sig- 

nal in width. The signal is then fed to two 

stages of amplification, V20 and V21. The out- 
put of V21 is fed to marker-separator tube V22, 

which separates the marker from the rest of 

the signal. Tube V23 amplifies only the marker. 

The marker is shaped by tube V24, and then 

amplified and fed to DEMTPX GATE OUT- 

PUT jack J24 by gate amplifier V25. Tubes 

V27A and V26 and relay K1 provide alarm 

functions and are described in paragraph 186. 
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Figure 174. Modem clipper-shaper tube V2A and mixer tube Ves: 
simplified schematic diagram. 
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180. Video Amplifiers V15 and V16 
(fig. 176) 

Video amplifiers V15 and V16 increase the 

amplitude of the 28-channel pulse train ap- 

plied to the common unit from the radio re- 

ceiver. 

a. Video Amplifier V15. The pulse train ap- 

plied to the PULSE TRAIN INPUT jack J20 

from the radio receiver is resistance-capaci- 

tance coupled to the cathode of V15 by R165, 

C48, and R88. (R88 also serves as the cathode- 

biasing resistor.) The input pulse train is 

coupled to the cathode so that there will be 

no phase change in this stage. Resistor R&5 

is used as a de return path for the grid. Ca- 

pacitors C47 and C49 keep the grid at an ac 

ground potential. Signals developed across R84 

and R87 and inductor L16 are coupled by ca- 

pacitor C52 to the grid of second video amplifier 

V16. Inductor L16 is used in series with the 

+250V D-C 
NOTE: 
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cs3 
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TM 2141-159 

Figure 176. Video amplifiers V15 and V16, 

simplified schematic diagram. 
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Common Unit TD-60/TCC-18, demultiplexer section, block diagram. 

plate load resistors to increase the bandwidth 

of the stage. Resistor R86 in conjunction with 

capacitor C51B isolate the pulse train from 

the common B+ supply. Screen voltage for the 

video amplifier is supplied from the common 

B+ supply through dropping resistors R86 and 

R89. Resistor R89 and capacitor C51B form a 

screen decoupling filter, which filters any screen 

voltage variations. 

b. Video Amplifier V16. Video amplifier V16 

is a conventional resistance-coupled amplifier 

whose cathode is returned directly to ground. 

Resistor R91 is the plate load across which is 

developed the output voltage for the next stage. 

The amplified pulse train is coupled to rectifier 

clipper stage V17 by capacitor C53. Resistor 

R92 is the screen dropping resistor and resistor 

R90 is the grid return. Capacitor C50B is the 

screen bypass capacitor. 

181. Rectifier-clipper and Slicer Stages V17 

and V18 

(fig. 177) 

a. Rectifier-clipper V17 and V18 act as a 

slicer circuit to minimize noise by taking a 

small slice out of the center of the pulse. The 

input is applied to both cathodes of V17. The 

input signal voltage is developed across resistor 

R93. The plate, pin 2, of this diode tube is 

grounded through capacitor C54A. The plate 

(pin 2) circuit of this stage develops a bias 
across C54A equal to the amplitude of the 

pulse train. Plate, pin 7, the other half of V17, 

obtains its bias from resistors R94 and R95, 

which act as a divider on the bias voltage de- 

tected across C54A. The plate, pin 7, circuit 

therefore rejects approximately that 60 per 

cent of the signal nearest the base. The output 

of the plate, pin 7, circuit is coupled by capaci- 

tor C55 to pulse slicer amplifier stage V18. The 
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other part of the slicing action takes place in 

tube V18. 

b. The de voltage developed across C54A 

also is used to provide bias voltage for tube 

V26 in the alarm circuit (par. 186). 

c. The control grid of tube V18 is connected 

to B+ through R96, and its cathode is 

grounded. Only negative input pulses will cause 

a change of emission through the tube. By 

lowering the positive potential of the grid, 

these negative pulses produce positive pulses 

at the plate. The screen grid of this tube is 

operated at a low voltage. Screen grid voltage 

is obtained at the junction of the voltage 

divider resistors R98 and R99. With low screen 

grid voltage, plate current is cutoff at —2 

volts on the grid. The remainder of the: pulse 

(above —2 volts) is therefore discarded. This 

is part of the slicing action. Plate voltage is 

applied through resistor R97. Capacitor C54B 

is the screen grid bypass capacitor. 

NOTE. 
UNLESS OTHERWISE SHOWN 

RESISTORS ARE IN OHMS 
CAPACITORS ARE IN UF, 

Figure 177. 

182. Video Shaper V19 
(fig. 178) 

a. Positive pulses are fed to video shaper q 

tube V19 from V18. The video shaper has an — 

inductive differentiation circuit (L17, R103, — 

and CR6) in its plate circuit. The first pulse © 

is negative, but when the oscillation attempts — 
to go positive, crystal diode CR6 conducts cut- — 

ting off the signal. As a result, the stage pro- 

duces negative output pulses. 

b. Resistor R100 is the grid return resistor; — 

R101 is the grid limiting resistor; and R102 — 

is the cathode-biasing resistor. Resistors R105, 

R104, and R102 act as the'screen grid voltage 

divider. These three resistors also hold the 

cathode at a positive potential. Capacitor C57C 

is the cathode bypass capacitor; C59A is the 

screen grid bypass capacitor; and C58 is the 

output coupling capacitor. 
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Rectifier/clipper V17, and pulses (slicer) amplifier V18, 
simplified schematic diagram. 
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Figure 178. Video shaper stage V19, simplified schematic diagram. 
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Figure 179. Pulse amplifier V20 and power amplier V21, 
simplified schematic diagram. 
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183. Pulse Amplifier V20 and Power Ampli- 

fier V21 | 
(fig. 179) 

a. The negative output pulse from tube V19 

is fed to the control grid of pulse amplifier V20. 

This stage operates at saturation, since the 

grid is connected to B+ through R106. Resistor 

R107 is a grid clipping resistor and further 

clips the positive section of the signal. Resistors 

R108, R109, and R110 in series are the plate 

load. The negative input pulses decrease the 

emission through the tube, producing positive 

pulses in the plate circuit. Resistors R111 and 

R112 are the screen grid voltage-dropping re- 

sistors. Capacitor C61 is the output coupling 

capacitor, and C60A is the screen grid bypass 

capacitor. 

b. The positive train of pulses from the plate 

circuit is applied to both grids of tube V21. 

This power stage is operated with its two triode 

sections connected in parallel to increase the 

power rating and tube transconductance. Kach 

of the two sections has a 100-ohm parasitic 

suppressor resistor (R114 and R118) in series 

with the grid to prevent the dual triode from 

oscillating. The negative pulses from the plate 

of this stage are fed to the inputs of the modem 

demodulators, where the appropriate position- 

modulated channel pulse is demodulated. 

c. Resistor R113 is the grid return for both 

power amplifier grids. Resistor R117 is the 

+250V 0-C 

NOTE: 
UNLESS OTHERWISE SHOWN 

RESISTORS ARE IN OHMS 
CAPACITORS ARE IN UF. 

cathode-biasing resistor. Resistor R116 is the 

low-impedance plate load resistor, and R115 is — 

the plate decoupling resistor. Capacitor C62A 

is the cathode decoupling capacitor, and C57B 

is the plate load decoupling capacitor. Capacitor 

C63 is the output coupling capacitor to MO- 

DEM PULSE TRAIN OUTPUT jack J23. Ca- — 
pacitor C64 couples the negative output pulses 

to the grid of marker separator tube V22. 4 

184. Marker Separator V22 and Marker 

Detector V23 

(fig. 180) 

a. Within the demultiplexer common unit, 

the train of pulses is fed to the marker separa- 

tor stage, V22. This stage is held at saturation 

by connecting the grid to B+ through R119. 

In the plate circuit, a .65-usec open-circuited 
delay line (Z3) is used as part of the plate © 
load to separate the marker pulses. Each nega- 

tive pulse of the input pulse train is amplified — 

by tube V22 and appears as a positive pulse — 

at the plate of the tube. Since a delay line is © 

connected across the late load resistors (R120 — 

and R121), the voltage that appears across the 

plate load acts as the input to the delay line. — 

The pulse that reaches the open-circuited end — 

arrives .65 usec after it has been applied to © 

the input terminals. At the far end of the line — 

there is no termination, and so the wave starts — 

back to the transmitting end of the line with © 

+250Vv 0-C 

C67 
390UUF 

TM2i41-163 

Figure 180. Marker separator V22 and marker detector V23, simplified schematic diagram. 
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the same polarity. The pulse is received at the 

sending end, 1.3 usec after it has been trans- 

mitted (.65 + .65 = 1.3 usec). Since the second 

pulse of the marker also occurs 1.3 usec after 

the first pulse, the echo pulse coincides in time 

with it, and across the sending end of the delay 

line there will appear a double amplitude pulse 

at the time corresponding to the position of 

the second pulse. In addition, there is a third 

pulse that corresponds to the echo from the 

second portion of the double marker pulse. 

__b. Resistor R122 is the marker separator 

grid limiting resistor, and R123 is the screen 

grid voltage dropping resistor. Capacitor C62C 

is the screen grid bypass capacitor and C65 is 

the output coupling capacitor. 

c. The whole pulse train is applied to the 

control grid of marker detector tube V23. This 

tube is biased at cutoff by using a cathode 
divider that consists of R128 and R127, which 

places a positive voltage on the cathode and 

therefore a fixed negative potential on the 

grid. The negative bias prevents any tube cur- 

rent from flowing until it is overcome by the 

double amplitude second pulse of the marker 

(fig. 180). Current then flows in the marker 

detector stage and results in a negative wave 

shape in its plate circuit. 

d. Resistor R124 is the grid petit resistor 
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Gate shaper V24 and gate amplifier V25, simplified schematic diagram. 

and R125 is the grid limiting reSistor. Resistor 

R128 is the screen grid voltage-dropping resis- 

tor. Capacitor C62B is the cathode bypass, 

C60B is the screen grid bypass capacitor, and 

C66 is the output coupling capacitor. Although 

R126 is part of the plate load, it is the combi- 

nation of L18 and C67 which produces the de- 

sired triangular pulse output load, a character- 

istic of the marker detector stage. 

185. Gate Shaper V24 and Gate Amplifier 

V25 | 

(fig. 181) 

a. The negative pulse of plate current from 

V23 charges C67 to 25 volts during the .5- 
microsecond pulse. At the end of the pulse, 

there is a transient oscillation that drives the . 

grid of V24 positive causing the grid to draw 

current, thus damping the oscillations. Shaper 

tube V24 is designed to produce quick cutoff 

by providing low screen voltage, and therefore 

the triangular negative pulse of 7-microsecond 

duration on the grid produces a positive square 

pulse on the plate. The plate pulse has a large 

overshoot that is lost by grid cutoff action in 

the following gate amplifier stage V25. 

b. Resistors R130 and R131 in series con- 
stitute the plate load resistance for tube gate 

shaper V24. Resistor R132 is the screen grid 
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Figure 182. Demultiplexer alarm circuits. 

voltage-dropping resistor. Capacitor C59B is 

the screen grid bypass capacitor, and C68 is 

the output coupling capacitor. 

c. The positive gate is fed to the grid of gate 

amplifier V25 through parasitic suppressor 

R134. Gate amplifier V25 is normally at cutoff, 

as its cathode is held positive by the voltage 

divider network, which consists of R136, R137, 

and R138. The positive gate overcomes the 

negative grid potential and causes the tube to 

conduct, producing a negative gate in the plate 

output circuit that is fed through capacitor C69 

to DEMTPX GATE OUTPUT jack J24. Resis- 

tor R135 provides the plate load and Cd7A is 

the cathode bypass capacitor. The ac load of 

this stage is the characteristic impedance of 

the 125-microsecond delay line, 3,900 ohms. 
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d. The output is fed to E13, the alarm cir- 

cuits, and through R139 to an 8-ke resonant — 

circuit, which consists of coil L19 and capacitor 

C70. The output is also coupled to DEMTPX ~ 

SYNC OUTPUT J25 to provide a synchroniz- — 

ing signal for the oscilloscope. 

186. Alarm Circuits 
(fig. 182) 

a. Damper-rectifier V26, 8-ke amplifier | 
V27A, and relay K1 provide the alarm func- 

tion. Input pulses are taken from the output of © 

the delay line and from DEMTPX GATE OUT- 

PUT jack J24, These are both applied to the 
grid of 8-kc amplifier V27A. If they arrive 

simultaneously, they add in amplitude. When 

these gates are present, alarm relay K1 is— 



energized, and the alarm is off. Damper-recti- 

fier V26B is a diode that provides bias for 

alarm control tube V27B. Tube V26A takes 

bias from V17 and damps the signal across 

R146. Coil L21 and capacitor C75 are tuned 

to 8 kc to favor signals of that frequency. 

b. The two inputs are amplified in tube 

V27A, whose plate load is the combination of 

resistor R146, and through C73 inductor L20 

and C72. The combination of L20 and C72 

provides an 8-kc tuned-plate load. The 8-ke 

amplifier output is coupled through C74 to 

plate pins 6 and 7 of diode connected V26B. 

This typical diode action rectifies the signal 

and feeds the output as a de positive bias to 

the grid of alarm control tube V27B. Tube 

V27B under normal conditions is conducting, 

which energizes the coil of relay K1. Failure 

of either of the input signals or of the dc 

‘supply will de-energize the relay, causing the 

relay contacts to change, and the alarm circuit 

will operate. The combination of signals is 

required for action, because noise pulses 

through the circuit might otherwise also ener- 

gize the relay. The cathode is maintained at a 

positive potential by the voltage drop across 

R152. 

c. Triode connected V26A is normally cut 

off by the slicer bias applied through resistor 

R140 to its grid. When the signal drops, the 

bias drops, allowing the tube to conduct and 

shunt tuned circuit indicator L20 and capacitor 

C72. This shunt action lowers the output load 

of V27A, which cuts down the gain of tube 

V27A. Thus, if the signal fails, alarm circuit 

relay K1 will de-energize. 

187. Voltage Regulators V28 and V29 
(fig. 188) | 

- Voltage regulator tubes V28 and V29 are 
conventional type OA3 gas discharge tubes and 

\ a | 
DEMOD PULSE 
TRAIN INPUT: 

SAWTOOTH 

OG 

+250V D-C 

S| VOLTAGE 
REG 

la) 
2 7 

TM2/41-166 

Figure 183. Voltage regulators V28 and V29, 

simplified schematic diagram. 

O TBIA-12 

© TBIA-I1 

will maintain a constant voltage regardless of 

variation of load current. Resistors R155 

through R158 are voltage-dropping resistors. 

These tubes supply the +75-volt de bias for 

the demodulator section of the modem ringing 

circuit. 

188. Modem Demodulator Circuit 

The modem demodulator operates to convert 

a position-modulated pulse to a width-modu- 

lated pulse, which contains the audio component 

and only needs to be filtered to give the audio 

output. Figure 184 depicts a block diagram of 

the modem demodulator circuit. The delay line 

‘ sawtooth is applied to gate generator V3A. 

This produces a gate for operating the demodu- 

lator. The gate determines the time during 

which the demodulator accepts signals. The 

input pulse train is also fed to demodulator 

pwm converter V3B. During the gate time, 

conversion to pwm takes place. The pwm signal 

is applied to clipped amplifier V4A and then 

is applied to the low-pass filter, which extracts 

the audio signal. The audio output is amplified 

by audio output stage V4B, which is fed to 

the output TEST PAIR terminals. 

CLIPPER 

V4A TO T1 

RINGING 
RELAY TO K2 

CONTROL RINGING 
Vv5B 

TM2141-167 

Figure 184. Modem demodulator section, block diagram. ° 
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Figure 185. Demodulator gate generator V3A and pwm converter V3B, j 

simplified schematic diagram. 4 
} 

189. Modem Gate Generator V3A and Pwm this channel by the demultiplexer delay line. 

Converter V3B 
(fig. 185) 

a. The negative sawtooth from the delay line 

is applied to the grid of tube V3A in the 

modem demodulator. These negative sawtooth 

waves cut off plate current, producing positive 

gates in the plate circuit. A voltage transient 

appears on the plate. This is fed back from the 

following stage. The cathode of crystal diode 

CR4 is about 30 volts positive with respect to 

the quiescent plate voltage established by the 

current flowing through resistor R21 and fil- 
tered by capacitor C1l. Diode CR4 conducts 
at about 30 volts. This conducts and clips the 
top of the first positive half-cycle, giving a 
flat top pulse as shown by the 28-volt wave 
form at the plate of V3A. The succeeding nega- 
tive cycle after the first positive swing is 
damped by the action of the current flowing 
through diode CR5 in series with limiting 
resistor R23. Thus, a 28-volt pulse is generated 
by this stage, which corresponds in time to the 
negative sawtooth applied to the grid of gate 
generator V3A. This is the time allocated to 
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The gate starts when the sawtooth grid voltage 

goes beyond cutoff. 

b. Resistor R19 is the grid return and R20 
is a grid limiter. The tube is normally at zero. 
bias and is conducting. Resistor R22 is the 
plate decoupling resistor and C7 is the plate 
decoupling capacitor. Resistor R20 limits grid 
current. 

c. Pwm converter V3B is normally held at 
cutoff by the negative fixed bias, which results 
from the large potential (approximately 47 to 
52 volts) applied to its cathode through the 
voltage divider which consists of R25, R28, 
and R42. The demodulated pulse train is fed 
to the cathode of V8B, through coupling capaci- 

_ tor C8. Taken individually, neither the gate 
applied to the grid (28 volts) nor the channel 
pulse (35 volts) decreases the positive cathode 
potential enough to cause plate current to 
flow. However, when these two occur together, 
plate current flows in tube V3B. 

d. Part of the 28-volt pulse generated by 
the inductive differentiator plate circuit of gate 
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Figure 186. Demodulator clipper and audio amplifier stages V4A and V4B, 
simplified schematic diagram. 

generator V3A is coupled to the plate of pwm 

converter V3B through a parallel combination 

- of R24 and C9 in series with C12. Thus, V3B 

plate voltage contains a positive gate starting 

at the time the unblocking sawtooth is applied 

_to the demodulator. The coincidence of the gate 

on the grid and the channel pulse on the cath- 

ode of tube V3B results in a large current flow 

through plate load resistor R29, making the 

plate more negative only at the time the chan- 

nel pulse occurs. Because of circuit capacity, 

the negative swing does not recover until the 

gate ends; consequently, a pulse width-modu- 

lated signal is generated, which starts at the 

time the unblocking pulse appears and ends at 

the time the position-modulated channel pulse 

appears and causes the tube to draw current. 

This is the process of time demultiplexing 

which selects the appropriate channel to be 

detected in each stage. 

e. Resistor R26 is the grid return; capacitor 

C10 is the input coupling capacitor; and C13 

is the output coupling capacitor. Resistor R30 

is a dropping resistor and R27 acts as a voltage 

divider with R25, 

190. Clipper and Audio Amplifier Stages 

V4A and V4B 
(fig. 186) 

a. The positive pwm signal generated at the 

plate of pulse-width modulator V3B has a fixed 

leading edge in time; that is, it is fixed with 

respect to the received marker pulse. It has a 

trailing edge that is time-modulated since it is 

derived from the ppm pulse. This signal is 

applied to clipper amplifier V4A, through re- 

sistor R32, a grid parasitic suppressor. Clipper- 

amplifier V4A is biased below cutoff by return- 

ing the cathode to B+ through resistor R36. 
This stage will accept only the top of the signal 

(true pwm). The amplified output is impressed 

across plate load resistor R83 and is fed 

through coupling capacitor C15 to low-pass 

audio filter Z1. The low-pass audio filter re- 

moves all but the audio portion of the signal 

and through its tank circuit effect produces a 
sinusoidal wave. The 30-volt audio output sig- 

nal from the filter is impressed on the grid of 

audio amplifier V4B. The signal applied to 

OUTPUT AUDIO GAIN control R37 in series 

with resistor R38 will be the duplicate of the 
af signal, which modulates the channel pulse 
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at the transmitter end. The cathode of V4A 

gets bias through divider network R34 and R35. 
Capacitor C14 acts as the cathode bypass 

capacitor. 

b. OUTPUT AUDIO GAIN potentiometer 

R37 is an audio gain control that regulates the 

signal input to amplifier tube V4B. The plate 

load of V4B consists of one winding of hybrid 
transformer T1 in parallel with resistor R39, 

which provides the correct output impedance 

for the transformer. Resistor R38 completes 

the grid return circuit and is inserted in series 

with potentiometer R37 so that the arm of the 

potentiometer can never be turned so low that 

no output is obtained from this channel. Resis- 

tor R40 provides cathode bias. The omission 

of a cathode bypass capacitor provides im- 

proved fidelity. Capacitor C16 is the plate de- 

coupling capacitor and R86 is the plate decoupl- 

ing resistor. Hybrid transformer T1 provides 

for the audio output to be connected to either 

a two-wire or four-wire local line. 

191. Modem Ringing Amplifier V5 
(fig. 187) 

Ringing amplifier tube V5 is a de amplifier 

used to control alarm ringing relay K2. When 

+250V D-C 
D-C 
AMPL 
V5A 

(/2)I2ATTWA 

OEMOD PULSE 

TRAIN INPUT 

Pi-Vv 

Figure 187. 
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+75V0-c 

the system is operating normally, de amplifier - 

V5A is conducting heavily and ringing relay — 
control tube V5B is held at cutoff by having ~ 

its cathode returned to a +75-volt de source. 

The grid of V5B is conected directly to the 

plate of V5A, and its plate is connected through 

R44, a limiting resistor, to the relay coil and 
then to B+. The demodulator positive pulse ~ 

train input is applied to the grid of V5A 

through R30. Therefore, tube V5A is kept con- 

ducting, and its plate voltage is low. Since the 

plate voltage of the dc amplifier is low, the grid 

voltage of tube V5B is also low. When the de- 

modulator pulse train input is not present, tube 

V5A stops conducting, the plate voltage rises, 

and the grid voltage of V5B also rises, causing 

V5B to conduct and alarm ringing relay K2 to 

become energized. As previously explained, 

when pulses are not present the relay throws 

causing an alarm to sound (indicating malfunc- 

tion). Resistor R43 is the plate resistor of 

V5A. Its cathode is connected through R28 

and R25 to ground and through R42 to B+. 

The cathode is also connected to the demodula- 

tor pulse train input through R27. The demodu- 

lator pulse train input is also fed to the grid 

through R30, 

RINGING 
RELAY CONTROL 

5 V5B 
(1/2) 12AT7TWA 

NOTE: 

UNLESS OTHERWISE SHOWN 

RESISTORS ARE IN OHMS. 

K2 
RINGING 

TM 2141-395 

Modem ringing amplifier V5, simplified schematic diagram. 

a See ee ne FO 



Section V. 45-CHANNEL OPERATION 

192. General 

a. When two Multiplexer: Sets AN/TCC-13 

are operated to provide 45-channel operation, 

it is necessary to disable the 8-kc oscillator 
circuit of one of the two multiplexer common 
units and to synchronize one unit with the 

other. (One unit must be a master, and the 

other a slave.) This is necessary because the 

frequency of one 8-ke crystal will differ from 

that of the other by some very small amount. 

This difference would cause the pulse train 

developed by one multiplexer set to shift slowly 

with respect to that produced by the other. 

Other circuit changes are listed below. 

b. Figure 188 illustrates how 45-channel 

operation is accomplished. Nothing is changed 

in the over-all circuitry except in the common 

unit. 

| c. When used as a master on a 45-channel 

basis, operation is identical with that for 23- 

channel operation. When used as a slave on a 

45-channel basis, the following switching is 

done on the slave: 
(1) The 8-ke oscillator, tube V2, is dis- 

abled by removing plate voltage. 

—]|MULTIPLEXER 

B. MASTER VU 

(2) The 45-channel synchronizing input 

is fed to shaper tube V4A. 

(3) The multiplexer output is taken from 

the plate instead of the cathode of 

pulse train output tube V13. 

(4) In the demultiplexer section of the 

common unit, the input is fed to 

either the cathode or grid, depending 

on whether master or slave operation 

is desired. At the master multiplexer, 

the 45-channel pulse train is fed to 
the grid of video amplifier V15. At the 

slave multiplexer, the 45-channel pulse 

train is fed ‘to the cathode of video 

amplifier V15. This keeps the phase of 

the output signal at the plate of each 

tube the same. 

d. To properly time-division-multiplex the 

two pulse trains, 45 CHAN SYNC jack J2 of 

the slave common unit is fed a synchronizing 

signal from 45 CHAN SYNC jack J2 of the 

master common unit. The circuit of tube V1 is 

arranged to delay pulses by 2.6 microseconds. 

e. Because, in time, the negative pulse train 

of channel 23 is very close to the positive pulse 

SYNC | 
J26 HAPER REST OF 

MULTIPLEXER 

PULSE 
TRAIN 

OUT PUT 

MASTER 
OUTPUT 
TO RF 

REST OF 

NV | 

Figure 188 Common unit functional 45-channel operation, block diagram. 

TM 2141-170 
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Figure 189. Multiplexer switching, master or slave operation, simplified schematic diagram. 
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train first marker pulse, it is necessary that the 

‘other channels be used first, and what would be 

the 46th channel remains unused. If traffic re- 

quirements are so heavy that it must be used, 

then the negative channel 23 pulse of the slave 

must be advanced 1 microsecond (toward chan- 

nel 22) to avoid excessive cross talk into the 

following position marker. 

f. The termination of the common unit is 

‘chosen so that when the master and slave 

terminals are used together (in 45-channel op- 

eration) the impedance is approximately 50 

ohms. When only one common unit is used (in 

23-channel operation), it is necessary to com- 

pensate for the fact that the other one has been 

removed; therefore, plug ATI (50-ohm impe- 

dance) is inserted in its place. The output im- 

pedance therefore remains constant under both 

conditions of operation. 

193. Multiplexer Switching 
(fig. 189) 

a. The multiplexer section may be operated 

either as a master or slave in 45-channel opera- 

tion. Operation as a master is the same as 23- 

channel operation except that a 45-channel 
synchronizing output is taken from 45 CHAN- 

NEL SYNC jack J2, for synchronization of the 

slave. 
b. When the MASTER-SLAVE switch is in 

the MASTER position, B+ is applied to the 
8-ke oscillator and the output is fed to shaper 

tube V4A and also to the grid of synchronizing 

output tube V1. The synchronizing output tube 

feeds a 45-channel synchronizing signal to 45 
CHANNEL SYNC jack J2. The output of the 
8-ke amplifier tube V3 is fed to the grid of tube 

V1 through coupling capacitor Cl and 465 

CHANNEL PHASE potentiometer R3 to ac- 

complish a 2.6-usec delay of the slave pulse 

train in reference to the master pulse train. The 

45 CHANNEL PHASE control acts as an ad- 

justment in series with grid return resistor R4 

and cathode-biasing resistor R5 and is used to 
provide a fine adjustment of the relative posi- 

tion of the positive and negative pulse trains. 

Resistor R6 is the screen grid voltage-dropping 

resistor. Capacitor C3 is the output coupling 

capacitor. The output signal is fed from the 

cathode circuit of V1 through C3, then through 

SLAVE MASTER switch S1 to J2. 

c. In slave operation, the 23-channel pulse 

train output of the slave multiplexer is devel- 
oped across: R77, in the plate circuit of pulse 

train output tube V13, and is fed through out- 

put coupling capacitor C36 to PULSE TRAIN 

OUTPUT jack J8. The pulse train is taken 

from the plate so that the pulse train from the 

slave will be negative. Thus, the composite train 

will be 45 pulses interleaved. Slave station 8-ke 

oscillator tube V2 is disabled by having its plate 

voltage disconnected. The output of synchroniz- 

ing output tube V1 is removed from the circuit 

and the input synchronizing signal from the 

master multiplexer is fed to J2 through switch 

Sl and a parasitic resistor to the grid of shaper 

tube V4A. 

d. When the MASTER-SLAVE switch is in 

the MASTER position the output of tube V138 

is taken from the cathode instead of the plate. 

The cathode is bypassed by capacitor C10C and 

a jumper is placed across plate load resistor 

R77 by the switch. 

194. Demultiplexer Circuit Switching 

(fig. 190) 

a. The only change in operation of the de- — 

multiplexer is provided by MASTER-SLAVE 

switch S82. 

b. In master operation (the MASTER- 

SLAVE switch in MASTER position), switch 

S2 disconnects the cathode capacitor and places 

it across the grid of tube V15, thus bypassing 

all signals at that point. The signal from 

PULSE TRAIN INPUT jack J20 through ca- 

pacitor C48 is fed to the cathode. The effect is 

to maintain unchanged the polarity of the sig- 

nal at the output of tube V15. 

c. In slavé operation (the MASTER-SLAVE 

switch in SLAVE position), the input from 

PULSE TRAIN INPUT jack J20 is fed 

through coupling capacitor C48 to switch S82, 

and then to the grid of tube V15. Cathode by- 
pass capacitors C47 and C49 in parallel are 

shunted across cathode-biasing resistor R88. 

Resistor R165 provides C148 with a ground 

return, 
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Figure 190. Demultiplexer switching, for MASTER or SLAVE operation, 
simplified schematic diagram. 

Section VI. REMOTE KEYING CIRCUITS 

195. General 

a. Description. 

182 

(1) The remote keying circuits remotely 
Switches the operation of units asso- 
ciated with the remote keying termi- 
nals. Each assembly consists of two 
identical subunits mounted side by 
side. These units are alike in every 
way except for reference symbol num- 
bering. Plugs P1 and P2 on these units 
match a receptacle when inserted 
either way (that is, either end up). 
The assembly may be turned upside- 
down and may still be plugged in. 
When the whole unit is reversed in 
this manner, the two subunits are not 
only also reversed, but each one is now 
inserted into the receptacle formerly 
occupied by the other. This action has 
been used to switch from norma] to 
remote operation. 

(2) The double arrangement described 

23 CHAN INPUT 

CAPACITORS ARE IN UF, 

TM 2141-172 

above is necessary for the operation 
of the units at repeater stations, and 
is also used at the terminals to stand-_ 
ardize the construction of the remote 
keying units. . 
To clearly understand the path taken 
by the keying signal in any one unit, © 
refer to figures 191 and 192. These 
figures show all pin and terminal con- A 
nections in this path from the modem — 
through the mounting rack and multi- 
plexer subassembly to the remote key- . 
ing unit. Figure 191 shows the remote 
keying units set up for normal opera- 
tion and figure 192 shows the remote — 
keying units set up for remote keying | 
operation. Figures 195 and 196 also 
show this path. 

b. Function. The remote keying facility is 
provided to allow two types of remote keying 
operation on either or both channel 1 and 
channel 2, 

(3 — 
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Figure 190. Demultiplexer switching, for MASTER or SLAVE operation, 

simplified schematic diagram. 
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(1) The remote keying circuits remotely 

Switches the operation of units asso- 

ciated with the remote keying termi- 

nals. Each assembly consists of two 

identical subunits mounted side by 

side. These units are alike in every 

way except for reference symbol num- 

bering. Plugs Pl and P2 on these units 

match a receptacle when inserted 

either way (that is, either end up). 

The assembly may be turned upside- 

down and may still be plugged in. 

When the whole unit is reversed in 
this manner, the two subunits are not 

only also reversed, but each one is now 

inserted into the receptacle formerly 

occupied by the other. This action has 

been used to switch from normal to 

remote operation. 

(2) The double arrangement described 
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above is necessary for the operation 
of the units at repeater stations, and 
is also used at the terminals to stand- 
ardize the construction of the remote 

keying units. | , 

To clearly understand the path taken 

by the keying signal in any one unit, 
refer to figures 191 and 192. These 
figures show all pin and terminal con- © 

nections in this path from the modem 

through the mounting rack and multi- — 

plexer subassembly to the remote key- — 
ing unit. Figure 191 shows the remote — 

keying units set up for normal opera- — 
tion and figure 192 shows the remote — 

keying units set up for remote keying — 

operation. Figures 195 and 196 also 

show this path. 

b. Function. The remote keying facility is 
provided to allow two types of remote keying © 

operation on either or both channel 1 and 
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(1) To permit an operator located at a 
multiplex location to control a vhf 
fixed station located near another mul- 
tiplex location. 

Note. The phrase multiplex location 
is used to designate a Multiplexer Set 
AN/TCC-13 terminal, a Pulse Form 
Restorer Group AN/TRA-10 repeater, 
or a Multiplexer Group AN/TCA-1 
repeater ; all of these act similarly for 
remote keying operation. 

(2) To permit a vhf mobile unit to talk 
through a vhf fixed station at a multi- 
plex location, then through a micro- 
wave system (such as Radio Set AN/ 
TRA-29) to another multiplex loca- 
tion, then through another vhf fixed 
station to a second mobile unit. 
Basically, remote keying is accom- 
plished by blanking out the channel 
pulse in the idle condition. When the 
local transmitter is keyed, a keying 
signal is generated and the keying 
signal causes the pulse to be inserted. 
It is the presence of the pulse at the 
far terminal that provides the opera- 
tion of the keying contacts. The audio 
(voice) signal is always accompanied 
by the keying signal, hence the chan- 
nel pulse is always available to carry 
the audio signal. 

(3 
— 

196. Rewisis Keying Operation 
a. Between Multiplex Location and Mobile 

Unit (fig. 193). For the east operator to talk 
through the vhf transmitter at the west termi- 
1al, the operator must close his remote keying 
switch which causes the following: 

(1) Because this switch is connected to 
the REMOTE KEYING IN binding 
posts at the multiplexer set, closing 
the remote keying switch short-cir- 
cuits these binding posts. This, in 

- turn, causes the pulse for the given 
channel to be inserted in the pulse 
train and to be sent through Radio 
Set AN/TRC-29 (or some other ap- 
plicable radio set) to the west termi- 
nal. The presence of this pulse at the 
west terminal causes a relay to oper- 
ate, which causes the vhf transmitter 
to be keyed on. Hence, when the east 

operator talks, the voice signal is 
transmitted through the radio-relay 
system by modulation of the inserted 
pulse and thus modulates the distant 
vhf transmitter signal. Assuming the 
mobile unit is within range of the vhf 
transmitter, the vhf signal will be 
received and heard by the mobile unit 
operator. 

(2) To reply, the mobile unit operator 
transmits a modulated vhf signal 
which is picked up by the fixed vhf 
receiver at the west terminal. The 
receipt of this signal causes a squelch 
relay to operate. The contacts of this 
relay are connected to the REMOTE 
KEYING IN binding posts of the mul- 
tiplexer set. When the squelch relay 
shorts these contacts, it causes the 
proper channel pulse to be inserted in 
the output pulse train. Consequently, 
when the mobile unit operator talks, 
his speech signal is received by the 
vhf receiver at the west multiplex lo- 
cation, where it is connected to the 
multiplexer set and modulates the in- 
Serted pulse. The modulated pulse 
train is transmitted to the east termi- 
nal through the radio-relay system. 
There it is demultiplexed and demodu- 
lated by the multiplexer set east termi- 
nal and the audio signal fed through 
the normal binding posts to the origi- 
nal east operator. 

b. Between Two Mobile Units (fig. 194). To 
talk from one mobile unit to another unit by 
way of two fixed vhf stations at two different 
multiplex locations, it is only necessary for 
either unit operator to operate exactly as if 
he were talking to another mobile unit. The 
Signal is carried through the multiplexer set 
-and radio-relay system exactly as described in 
a above, except that there is a vhf station at 
both locations. 

Note. At a repeater when the local vhf fixed 
station receives a signal from a mobile unit, 
the keying and audio signal is fed to both the 
east and west terminals because the remote 
keying circuit is always on a party-line basis. 
Similarly, the fixed vhf transmitter will be 
keyed on by a signal from either the east or 
west terminal. 
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Figure 193. Remote keying operation between multiplex location and mobile unit, block diagram. 

197. Internal Multiplexer Remote Keying a repeater, and this terminates in a 

Operation two-wire connection. 

reienerah (5) In b and c below, a detailed descrip- 

(1) The remote keying facility is provided tion is given of the operation of re- 
to allow remote keying on either or mote keying in a multiplexer set. This 
bath enact andachanneleo: rhe is independent of whether it is used 

with two mobile units, or with a 

single mobile unit with an operator 

located near a multiplex location. The 
description therefore applies to either 

case. Figure 379 is a complete sche- 

matic of Remote Switching Control 

C-1509/TC. It should be noted that 

the relays in the remote keying unit 

are still a part of the circuit in NOR- 

MAL operation, although they have — 

operation is identical on both chan- 

nels; therefore, only one case will be 

discussed. 

(2) Remote keying is accomplished by re- 

moving the plug-in unit, rotating it 

180° and reinserting it. When inserted 

in the proper polarity, this unit has 

the function of blanking or inserting 

the pulse as required for sending, or 

of being operated (while receiving) by 

the pulse which has been blanked or no function except to connect B+ © 
inserted. ‘to V2 in the modems. Remote keying 

(3) Audio connections remain the same | operation will be described in two 
on the channels being remotely keyed steps: sending into a multiplexer 
as on all other channels. group and receiving from a multi-_ 

(4) Either two- or four-wire connections plexer set. 
may be used at a terminal only. Only b. Sending into Multiplexer Set (fig. 195). AU 

party-line operation is available at short circuit may be placed across the RE-— 
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Figure 193. Remote keying operation between multiplex location and mobile unit, block diagram. 

197. Internal Multiplexer Remote Keying 

Operation 
a. General. | 

(1) The remote keying facility is provided 

to allow remote keying on either or 

both channel 1 and channel 2. The 

operation is identical on both chan- 

nels; therefore, only one case will be 

discussed. 

(2) Remote keying is accomplished by re- 

moving the plug-in unit, rotating it 

180° and reinserting it. When inserted 

in the proper polarity, this unit has 

the function of blanking or inserting 

the pulse as required for sending, or 

of being operated (while receiving) by 

the pulse which has been blanked or 

inserted. 

(3) Audio connections remain the same 

on the channels being remotely keyed 

as on all other channels. 

(4) Either two- or four-wire connections 

may be used at a terminal only. Only 

party-line operation is available at 
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a repeater, and this terminates in 4 

two-wire connection. 

(5) In b and c below, a detailed descrip- 

tion is given of the operation of re- 

mote keying in a multiplexer set. This 

is independent of whether it is used 

with two mobile units, or with a 
single mobile unit with an operator 

located near a multiplex location. The 

description therefore applies to either 
case. Figure 379 is a complete sche: 
matic of Remote Switching Control 

C-1509/TC. It should be noted that 
the relays in the remote keying unt 
are still a part of the circuit in NOR 
MAL operation, although they hav¢ 
no function except to connect Br 

to V2 in the modems. Remote keyin8 
operation will be described in tw? 
steps: sending into a multiplex 

group and receiving from a multi 
plexer set. 

b. Sending into Multiplexer Set (fig. 195)-4 + 
short circuit may be placed across the Bi 
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[OTE KEYING IN terminals (located on the 

1ultiplexer subassembly) by either a local op- 

rator with a keying switch or as the result of 

vhf receiver that operates a squelch relay to 

o the same thing. The following actions 
esults : 

(1) Relay K1 operates, because one end 

of its coil is keyed to ground and the 

other end is returned to the bleeder 

(consisting of Rl and R3) from B+. 

Relay contacts 6 and 8 of K1 close, 

causing relay K2 to remain operated 

by the coil being returned from B+ 

through R2 to ground. Relay contacts 

2 and 4 of relay K1 close and complete 

the circuit from the plate of V2 to B+. 

This energizes V2 and inserts the 

pulse. Relay K2, which had previously 

been connected through contacts 7 and 

8 of relay K1 through the coil of relay 

K2 to B+, is now de-energized, and 

as a result the hybrid transformer is 

disconnected from terminating resis- 

MODEM B+ REMOTE 
KEYING 

DE MOD 
v5 

4w REC 
2W LINE 

TO HYBRID Ay 
RE ay Sil! 

20 CPS RINGING 
TM 5091-630 

Figure 195. Remote keying normal operation, 

semplified schematic diagram. 

tors R4 and R8 and is connected to 

_ the two-wire terminals to complete 
the voice circuit. 

c. Receiving from Multiplexer Set (fig. 196). 

The presence of the correct channel pulse on 

the video signal fed from the rf equipment into 

the multiplexer set causes V5 to be cut off, 
causing relay K2 to release. The following ac- 
tions occur: 

(1) 

(2) 

4W REC]« 
2W LINE] — 

HYBRID 
2 WIRE 

The output of the hybrid is connected 

to the output terminals, which are dis- 

connected from terminating resistors 

R4 and R8. 

Remote keying relay K2 is in series 

‘with modem relay K2 and, therefore 

also releases, connecting contacts 3 
and 4 (of remote keying K2) and 

placing a short circuit across E16 and 
E17, the REMOTE KEYING OUT 
binding posts. This operates the asso- 
ciated vhf transmitter. 

B+ 

MODEM REMOTE KEYING UNIT 

TM 5091-63) 

Figure 196. Remote keying, operation, 

simplified schematic diagram. 
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CHAPTER 8 

MULTIPLEXER GROUP AN/TCA—1 

AND 

PULSE FORM RESTORER GROUP AN/TRA—10 THEORY OF OPERATION 

Aa MOP aN ies SO ee Ue 

Section I. APPLICATION THEORY 

198. General 

Note. Refer to paragraphs 148 through 153 

for basic principles of time-division multiplex- 

ing and pulse-position modulation. 

a. Multiplexer Group AN/TCA-1 and Pulse 

Form Restorer Group AN/TRA-10 are trans- 

portable equipments designed to be used at 

repeater sites. The equipments provide reshap- 

ing of the 23- or 45-channel ppm pulse train 

received from the radio receiver in a radio link 

before it is fed to the radio transmitter at a 

repeater station. Multiplexer Group AN/TCA- 

1 can also be used to drop-and-insert the first 

eight channels at the radio-relay site. Pulse 

Form Restorer Group AN/TRA-10 can be used 

to drop-and-insert channels 1 and .2 at the 

radio-relay site. This enables the repeater sta- 

tion to communicate with either terminal or 

another relay site. 

b. Because communication is normally con- 

ducted in two directions through a repeater 

station, identical facilities are provided, one 

for each direction of communication. Because 

the two sections, eastgoing and westgoing, of 

the multiplexer group and pulse form restorer 

group are mechanically and electrically identi- 

cal, only one section will be considered in the 

following discussion. Multiplexer Group AN/ 

TCA-1 and Pulse Form Restorer Group AN/ 

TRA-10 operate in a similar manner. The 

basic differences are that the pulse form re- 

storer operates primarily as a restorer and 

has two drop-and-insert channels, while the 

multiplexer group is designed primarily to 
drop-and-insert eight channels and secondly, as 

186 

a restorer. The modulating, multiplexing, de- 

modulating and demultiplexing circuits are 

identical except for the number of channels 

dropped and inserted. : 

c. The drop-and-insert channels are supplied 

so that the operator at the repeater may elect 

to drop (remove) signals being received (chan- 

nels 1 through 8 for the AN/TCA-1 and chan 

nels 1 and 2 for the AN/TRA-10), and locall 

insert a signal which then replaces the removed 

signal and travels on as part of the regular 

pulse train. The inserted signals take the place 

of the dropped signals and appear identical 

with signals from the original point of trans 

mission. 

d. The pulses in the received pulse train may 

vary in shape. One function of the video re 

storer is to make all pulses uniform and of the 
shape described in paragraph 199b. 

e. An over-all block diagram of the multi- 

plexer group and pulse form restorer group is 

shown in figure 197. For through signals, with 

no channels dropped or inserted at the repeater, 

the incoming pulse train is fed to both the posi- 

tive and negative pulse train reshapers. The 
pulses are reshaped to the desired level and 

fed to the output, where they are applied to 

the transmitter for retransmission. A switch, 
which enables the operator to disconnect the 
negative pulse train reshaper filaments wher 

the equipment is used in a 23-channel system, 

is provided. If the operator wishes to drop and 

insert channels, the desired pulses of the re 

ceived positive train are dropped and the locally 

generated signal pulses are inserted in 



To 
WESTFACING 
RADIO 
TRANSMITTER 

| EASTGOING VIDEO RESTORER 

FROM 
NEGATIVE AND 

psi pte a POSITIVE PULSE 

RECEIVER TRAIN RESHAPER 

| OROP ANDO INSERT 

as A Bes 

EASTFACING MODEMS 

CHANNEL | 

AUDIO Input MODULATOR 

Aupio ed shanty" DEMODULATOR 

CHANNEL 2 

Audio MODULATOR 
INPUT 

Auolo aor eay DEMODULATOR 

TO CHANNELS 

3 THRU SB 

(SEE NOTE) 

NOTE: 

CHANNELS ONE AND TWO FOR PULSE 

FORM RESTORER GROUP AN/TRA-IO. 

CHANNELS ONE THROUGH EIGHT FOR 

MULTIPLEXER GROUP AN/TCA-1. 

PULSE FORM RESTORER 

To 
EASTFACING 

RADIO 
TRANSMITTER 

WESTGOING VIDEO RESTORER | 

FROM 

EASTFACING 
RADIO 
RECEIVER 

NEGATIVE AND 

POSITIVE PULSE 
TRAIN RESHAPER i 

! 
; | 

WESTFACING MODEMS 

CHANNEL | 

aubdlo 
Bie MODULATOR iwPUT 

AuDIO 
DEMODULATOR output 

CHANNEL 2 

AvuDdIO MODULATOR INPUT 

Auodlo 
DEMOODULATOR OuTeUT 

TO CHANNELS 

3 THRU S ; 
(SEE NOTE) 

TM 2682-406 

Figure 197. Multiplexer Group AN/TCA-1 and Pulse Form Restorer Group AN/TRA-10, 
over-all block diagram. 

ilse train. The drop-and-insert circuits of the 

deo restorer feed the dropped pulses to de- 

ultiplexer and demodulator circuits that 

ansform the pulses into usable audio informa- 

on. The audio signals to be inserted are fed 

. the modulator and multiplexer circuits that 

ansform them into pulse-position-modulated 

ilses. The pulses are then inserted into the 

ilse train by the insert circuit. As seen in 

sure 197, the negative pulse train reshaper 

shapes the negative pulse train and feeds it 

rectly to the system output. The positive 

ilse train reshaper, however, is broken into 

vo sections. The positive pulse train is fed 

rough the first section and then is tapped off 
id passes through the blank-and-insert chan- 

Is before going to the second section and the 

itput. In addition, the positive signals are 

so fed to the demultiplexer and demodulator. 

iserted signals are fed through the multi- 

plexer and modulator and then directly to the 

second section and the output. 

199. Reshaping Circuit 

a. The simplest function of the multiplexer 

group and pulse form restorer group is to 

reshape the pulses without dropping or insert- 

ing any signals. This function is carried out 

by the reshaper section of the video restorer. 

Tubes V1 through V5 provide negative pulse 

train reshaping, while tubes V6 through V10 

provide positive pulse train reshaping. The 

reshaping section will: 

(1) Reshape the 23-or 45-channel pulse 

train to a standard wave shape for 

both directions of transmission. 

(2) Bypass the input to the output in the 

event of unit failure and actuate the 

alarm circuit, 
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(3) Provide an 8-ke sine wave for syn- 

chronization of the oscilloscope. 

Note. These functions apply to sig- 

nals in either direction. 

b. The video restorer must accept a pulse 

train that is nominally .5 volt peak from the 

rf receiver. If the pulse train is a composite 

one (45-channel operation) consisting of two 

23-channel pulse trains, one of which is the 

opposite polarity from the other end inter- 
leaved, the amplitude of the composite will be 

nominally 1 volt peak-to-peak; that is, each 

pulse train in the composite will be nominally 

.5 volt peak. Each pulse train in the composite 

may vary from .3 to .7 volt peak, independently, 

and the overshoot of either pulse train in the 
composite cannot exceed 30 per cent of the 

amplitude of the other pulse train. The input 
impedance of the unit is 50 ohms +10 per cent. 

The width of the pulses in the input pulse train 

will be nominally .5 microsecond but may vary 

from .3 to .7 microsecond. The pulse train 

described above must be reshaped to a stand- 

ard wave shape and fed to a 50-ohm output 

impedance with an amplitude that is at least 

.7 volt peak (1.4 volts peak-to-peak for a com- 

posite 45-channel pulse train). The standard 

wave shape is as follows: the width of each 

pulse should be .5 +.2 microsecond measured 

at the 50 per cent amplitude point. 

200. Demultiplexing and Demodulating Cir- 

cuit 
(fig. 198) 

a. When the local operator elects to drop- 
and-insert a signal, the video restorer performs 

all the operations described in paragraph 199. 

In addition, the video restorer provides the 
‘proper pulses to the modems (one for each 

direction of transmission) to allow demodula- 

tion of the desired channels of the positive 
pulse train. On reception, the positive pulse 

train is taken from the positive reshaper and 

fed into the blanking circuits. It is also fed to 
the pulse amplifier and then to the gate gen- 
erator. The gate generator output is sent 

through the delay line to provide channel sepa- 
‘ration signals that are fed back to the demodu- 

lator circuits. The pulse train is also fed into 
the demodulators and converts them to an 

audio signal. 

we 

; 

b. The following video restorer waves shapes 
are necesary for demodulation of the dropped 

channels in the modems. 

(1) The entire positive pulse train must 
be available from an impedance source 

of less than 400 ohms. The positive 

pulse train must be changed to a neg- 

ative polarity with an amplitude of 

35 volts +10 per cent. The wave shape 

at this point represents a 10 per cent 

or smaller slice from the center por- 

tion of the input pulse train to achieve 

the maximum signal-to-noise advan- 

tage. Therefore, it must also have 

been differentiated to remove any 

noise that may be present on the 

trailing edges of the pulses. 
(2) A negative gate must be supplied to 

the delay line (which is terminated in 

3,000 ohms). The amplitude of this 

gate must be 1380 +10 volts and should 

be approximately 4 microseconds wide 

(+10 per cent) measured at the 50 

per cent amplitude point. The delay 
line is not part of the video restorer; 

it is made sufficiently long in delay to 

provide suitable selecting gates to the 

demodulators in the modems, by add- 

ing sections. It is located on the rack. 

c. An 8-ke sine wave, which is synchrunous 

with the incoming pulse train for the purpose 

of synchronizing the oscilloscope, must be ob- 

tained. 

201. Modulating and Multiplexing Circuit 
(fig. 199) 

a. General. During insert, the reshaped pulse 

train is taken from the positive pulse train re- 

shaper and fed to the blank and insert section, 

to allow the insertion of locally generated sig- 

nals. It is also fed to the pulse amplifier and 
gate generator to produce gates that are fed to 

the delay line. The delay line produces channel 

pulses from the gate; these are then modulated 
in the local modulator and fed to the insert 

channels then back into the positive pulse train 

reshaper. When a signal is to be modulated and 
multiplexed, the video restorer performs the 

following functions in addition to those already 

listed : 

(1) Provides the proper wave shapes to 
the modems (one for each direction of 
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transmission) to allow generation and 
modulation of new channel pulses to 
be inserted in the pulse trains. 

(2) Accepts pulses for each direction of 

transmission from these modems and 
inserts them in the outgoing pulse 

trains in place of the pulses that have 

~ been blanked. 

b. Modem Modulator. 
(1) The audio information to be relayed 

is applied to the individual modems, 
using: either a two- or four-wire con- 

nection. The modems act on this audio- 

frequency (af) signal to produce ppm 

channel pulses. Refer to paragraphs 

148 through 152 for the principles of 

ppm and tdm and wave form re- 

shaping. 
(2) The video restorer provides means to 

blank (drop) channels of the positive 

pulse train in each direction of trans- 

mission to allow new channel pulses 

locally generated and modulated to be 
inserted in their place. These inserted 

signals are generated and modulated 

in the modems for the two directions 

of transmission. The video restorer 

provides the proper wave shapes for 

these modems. The ppm pulses from 

the modems are then inserted by the 

video restorer in the outgoing wave 

train. 

ce. Wave Shape Supplied to Modem for Modu- 

lation. The modulator in each modem must 

receive a positive sawtooth wave shape which 

is 8 microseconds wide and has an amplitude 

of 20-volts to generate and allow modulation of 

a new channel pulse. To accomplish this, the 

video restorer must supply a positive gate 

which is 100 to 110 volts in amplitude and 8 +1 

microseconds wide at its 50 per cent amplitude 

points. This gate should correspond in time to 

the marker pulse in the input pulse train. The 

proper phasing for the channels and the proper 

sawtooth wave shape are provided by the delay 

line (not part of the video restorer). The saw- 

tooth wave shape is obtained from the delay 
line outputs by integrating circuits. 

202. Blanking and Insert 
a. General. The video restorer is capable of 

blanking any of the channels (channels 1 and 

2 of the pulse form restorer and channels 1 

through 8 of the multiplexer group) of the 

positive pulse train sufficiently so that the sig- 

nal-to-cross talk ratio is not worse than 55 db 

(when measured from a modulated pulse which 

is blanked to a new pulse inserted in its place). 

This type of cross talk is called feedthrough 

cross talk. In addition, the video restorer pro- 

vides facilities for inserting a new pulse into 

the pulse train after having blanked the origi- 

nal pulse. This action is shown in figure 199, 

and is explained in paragraph 201. 

b. Insertion. of Channel Pulses into Pulse 

Train. The video restorer provides a common 

resistance of 470 ohms in which to mix the 

channel pulses from the modulators of the 

local .modems. It also provides +11-volts de 

across this resistor in order to properly bias 

the cathode follower outputs in each modem. 

The pulses existing at this point will be 4 to 7 

volts (peak) and will have varying widths. 

These pulses must be inserted in the positive 

pulse train in place of the blanked channel 

pulses, and must have the same shape and am- 

plitude as the other pulses at the output of the 

video restorer. 

203. Power Supplies 
The power supply for the multiplexer group 

consists of Voltage Regulator CN-—236/G (par. 

233), Multiplexer Subassembly MX-1442/TC 

(filament supply) (par. 284), and Power 

Supply PP-691/G (par. 236). The power 

supply for the pulse form group is composed 

of Voltage Regulator CN-236/G and Power 

Supply PP-691/G. In addition, the pulse form 

restorer has a filament transformer for the 

modems and video restorer. This transformer is 

mounted on Electrical Equipment Rack MT- 

1434/TRA-10. 

204. Test Equipment 
a. General. 

(1) Multiplexer Group AN/TCA-1. The 

accessory test equipment necessary to 

perform maintenance and alignment 

of the multiplexer group is mounted 

in one test rack. The accessory test 

equipment comprises Audio Test Set 

TS-762/TC, Control Monitor C-1151/ 
TC, and Oscilloscope OS-25/G. 

(2) Pulse Form Restorer Group AN/ 

TRA-10. The accessory test equipment 
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necessary for maintenance and align- 

ment of the pulse form restorer group 

is included at the top of the equip- 

ment rack. It consists of Oscilloscope 

OS-—25/G. 

b. Audio Test Set TS-762/TC. The audio test 

set is‘a general purpose ac operated instrument, 

designed for the measurement of voice trans- 

mission systems. Refer to paragraph 263 

through 267 for description and detailed analy- 

ses of the audio test set. 

Section Il. 

205. Video Restorer Block Diagram 

(fig. 200) 

a. Refer to the video restorer block diagram 

(fig. 200) and the over-all schematic diagram 

(fig. 870). Note that the block diagram is di- 

vided into sections, each of which performs one 

or more of the desired functions. Stages V1 

through V5B provide reshaping of the nega- 

tive part of the pulse train if the input is a 

45-channel composite pulse train. Stages V6 

through V10 provide reshaping of the positive 

part of the pulse train. As shown in the block 

diagram, the composite signal appears at the 

input, and the negative and positive compo- 

nents are separated and reshaped in their re- 

spective reshaper sections. Transformer T1 

provides mixing of the two reshaped pulse 

trains to re-form the 45-channel composite as 

shown at the output, and it also provides match- 

ing of the two pulse output tubes, V5B and 

V10B, to the 50-ohm output load. The output 

of the 1-megacycle filter is applied to the trans- 

mitter through P. T. OUT AMPL switch S2, 

which is used to select either a 6-db or 12-db 

attenuating pad. Stage V11 provides blanking 

of one to eight channels from the positive pulse 

train; stage V12 provides for shaping of the 
channel pulses generated in the local modems 
and mixes them with the pulse train that has 
had channels blanked from it. Stage V13 pro- 
vides a low source impedance from which to 
drive the shaped blanking gates into stages V11 
for blanking. Stages V15 through V18B pro- 
vide detectors for various alarm and ringing 
disconnect conditions. Stage V14 provides a 
low impedance source of 75 volts de for the 
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c. Control Monitor C-1151/TC. Refer t 

paragraph 268 through 272 for a detailed de 

scription of each of the control monitor circui 

d. Oscilloscope OS—25/G. This unit is a 5-m 

bandwidth oscilloscope that meets the require 

ments for the maintenance and alignment o 

the various sections of the multiplexer and 
pulse form restorer groups. Refer to paragrap 

237 through 262 for a detailed description o 

each of the functional circuits of the oscillo- 

scope. 

THEORY OF VIDEO RESTORER 

signaling circuits in the modems. Stages V19 
through V21 provide the negative 35-volt pulse 

train required for demodulation in the modems. 

Stages V22 through V25 provide a negative 

gate to drive the demodulator delay line for 
selection of the channel pulses in the modems, 

and stages V26 and V27 provide for generation 

of a positive gate to drive the modulator delay 

line for generating channel pulses in the mo- 

dems. A diode (V18A) and a VR tube (V28) 

provide for clipping of this gate at +105 volts. 

‘the 8-ke synchronizing voltage for the oscillo- 

scope is derived from this gate by the tuned 

circuit that consists of L17 and C71. 
b. The input wave train passes through a 

1-megacycle filter. This is used to remove the 

6-megacycle component of the signal that other- 

wise results in undesirable cross talk. The filter 

is a high cutoff type; that is, all frequencies 

above 1 megacycle are attenuated. 

c. The function of the P. T. OUT AMPL 

switch S2 is as follows: When the multiplexer 

group or the pulse form restorer group are in 

close proximity to the rf equipment, the P. T. 

OUT AMPL switch is placed in the LOW posi- 

tion, thus attenuating the output of the video 

restorer by 12 db under normal conditions. 

When the multiplexer group or pulse form re- 

storer group are some distance from the rf 

equipment the P. T. OUT AMPL switch is 

set in the HIGH position, thus attenuating the 

output of the video restorer only 6 db to com- 
pensate for the additional cable loss. When a 
failure occurs in the video restorer, relay K1 
is de-energized and the input from EASTFAC- 
ING REC jack J2 is applied directly to OUT- 
PUT TO WESTFACING XMTR jacks J3 and 

y 
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necessary for maintenance and align- 

ment of the pulse form restorer group 

is included at the top of the equip- 

ment rack. It consists of Oscilloscope 

OS-25/G. 

b. Audio Test Set TS-762/TC. The audio test 

set is‘a general purpose ac operated instrument, 

designed for the measurement of voice trans- 

mission systems. Refer to paragraph 263 

through 267 for description and detailed analy- 

ses of the audio test set. 

Section Il. THEORY OF VIDEO RESTORER 

205. Video Restorer Block Diagram 

(fig. 200) 

a. Refer to the video restorer block diagram 

(fig. 200) and the over-all schematic diagram 

(fig. 370). Note that the block diagram is di- 

vided into sections, each of which performs one 

or more of the desired functions. Stages V1 

through V5B provide reshaping of the nega- 

tive part of the pulse train if the input is a 

45-channel composite pulse train. Stages V6 

through V10 provide reshaping of the positive 

part of the pulse train. As shown in the block 

diagram, the composite signal appears at the 

input, and the negative and positive compo- 

nents are separated and reshaped in their re- 

spective reshaper sections. Transformer T1 

provides mixing of the two reshaped pulse 

trains to re-form the 45-channel composite as 

shown at the output, and it also provides match- 

ing of the two pulse output tubes, V5B and 

V10B, to the 50-ohm output load. The output 

of the 1-megacycle filter is applied to the trans- 

mitter through P. T. OUT AMPL switch S2, 

which is used to select either a 6-db or 12-db 

attenuating pad. Stage V11 provides blanking 

of one to eight channels from the positive pulse 

train; stage V12 provides for shaping of the 
channel pulses generated in the local modems 
and mixes them with the pulse train that has 
had channels blanked from it. Stage V13 pro- 
vides a low source impedance from which to 
drive the shaped blanking gates into stages V11 
for blanking. Stages V15 through V18B pro- 
vide detectors for various alarm and ringing 
disconnect conditions. Stage V14 provides a 
low impedance source of 75 volts de for the 
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‘rhe 8-ke synchronizing voltage for the oscillo- 

c. Control Monitor C-1151/TC. Refer 

paragraph 268 through 272 for a detailed de 

scription of each of the control monitor circuits 

d. Oscilloscope OS—25/G. This unit is a 5-m 

bandwidth oscilloscope that meets the require 

ments for the maintenance and alignment o 
the various sections of the multiplexer and 

pulse form restorer groups. Refer to. paragraph 

237 through 262 for a detailed description o 

each of the functional circuits of the oscillo 

scope. 

signaling circuits in the.modems. Stages V19 

through V21 provide the negative 35-volt pulse 

train required for demodulation in the modems. 

Stages V22 through V25 provide a negative 

gate to drive the demodulator delay line for 
selection of the channel pulses in the modems, 

and stages V26 and V27 provide for generation 

of a positive gate to drive the modulator delay 

line for generating channel pulses in the mo- 

dems. A diode (V18A) and a VR tube (V28) 

provide for clipping of this gate at +105 volts. 

scope is derived from this gate by the tuned 

circuit that consists of L17 and C71. 
b. The input wave train passes through a 

1-megacycle filter. This is used to remove the 
6-megacycle component of the signal that other- 

wise results in undesirable cross talk. The filter 

is a high cutoff type; that is, all frequencies - 

above 1 megacycle are attenuated. 1 

c. The function of the P. T. OUT AMPL 

switch S2 is as follows: When the multiplexer — 

group or the pulse form restorer group are in 

close proximity to the rf equipment, the P. T. 
OUT AMPL switch is placed in the LOW posi- 

tion, thus attenuating the output of the video 

restorer by 12 db under normal conditions. — 

When the multiplexer group or pulse form re-- 

storer group are some distance from the rf¥ 

equipment the P. T. OUT AMPL switch is 

set in the HIGH position, thus attenuating the 
output of the video restorer only 6 db to com- 

pensate for the additional cable loss. When a 

failure occurs in the video restorer, relay K1_ 
is de-energized and the input from EASTFAC- 
ING REC jack J2 is applied directly to OUT- 
PUT TO WESTFACING XMTR jacks J3 and 
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OR 
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INPUT FROM E 
RF 

Jl 

TO V6 

VIDEO AMPL. 

1500 6AGS 

NOTE: 
UNLESS OTHERWISE SHOWN, 
RESISTORS ARE IN OHMS 
CAPACITORS ARE IN UF. 

5.2 USEC Pie 
bY 6 SV usec 6V 

a 1.3USEC J \J I 

® © 
TM 5091 -606 

Figure 201. Video amplifiers V1 and V2. 

4, thus bypassing the faulty equipment and 

jaintaining communications. 

Note. When relay K1 is de-energized there 

re no drop-and-insert facilities available at 

he repeater. 

06. Negative Reshaping Circuit 

The negative reshaping circuit consists of 

ideo amplifiers V1 and V2, rectifier clipper 

73, shaper V4, pulse amplifier V5A, and output 

mplifier V5B. The output of the 1-mc filter is 

ypplied to the negative pulse train reshaper. 

Vith the 23 CHAN-45 CHAN switch in the 45 

XHAN position, filament voltage is applied to 

he negative reshaping stage. If the switch is in 

he 23 CHAN position stage, tubes V1 through 

J5 are inoperative. 

107. Video Amplifier V1 
(fig. 201) 

The output of the 1-mc filter is applied to 

. delay network, L18, L19, C73, and G74, and 

s developed across grid return resistor R6. 

[The delay network has been added to compen- 

ate for the slight difference in phase delay 

yetween the positive and negative pulse train 

-eshaper. The positive pulse train reshaper has 

1 nominal delay of .22 microsecond more than 

he negative because of the additional stages 

yf amplification. Without this delay network 

the effect on long systems would accumulate in 

phase to the extent that eventually the two 

markers would merge and marker separation 

would be impossible. The positive and negative 

pulses are applied to the grid of V1 and are 

amplified. The output voltage, developed across 

resistor R7 and R8 in series with shunt peak- 

ing coil L5, is coupled to the grid of V2 by 

coupling capacitor C8. Peaking coil L5 is placed 

in the circuit as part of the plate load to com- 

pensate for the loss that would normally occur 

at higher frequencies. Screen voltage is sup- 

plied by screen voltage-dropping resistor R11. 

The screen is kept at an rf ground potential 

by capacitor C9A; plate voltage is applied 

through the plate decoupling network R10 and 

C7B. Cathode bias is developed across R9 and 

C7A. 

208. Video Amplifier V2 
(fig. 201) 

a. The second video amplifier, V2, is operated 

as a grid-leak type limiter. The 45-channel 

pulse train applied to the grid of V2 from the 

plate of V1 will contain both negative and posi- 

tive pulses. This stage suppresses the negative 

pulses and amplifies the positive pulses. 

b. When no signal is applied to the grid, the 

tube will conduct heavily. A grid-leak combina- 

tion, which consists of C8 and R12, is placed in 
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the input circuit of the tube. Positive peaks 

from the incoming signal drive the grid posi- 

tive, causing the grid to draw current. This 

current charges capacitor C8. During the nega- 

tive portion of the input signal, the grid no 

longer draws current. This allows capacitor C3 

to discharge through grid-leak resistor R12, 

developing the negative operating bias of the 

tube. Because of this. bias, the incoming po: 

tive pulses will be amplified while the negative 

pulses will drive the tube beyond cutoff, sup- 

pressing the peaks of the negative pulses. In 

this manner, the output voltage developed 

across R13 consists of large negative pulses 

and small positive pulses (A, fig. 202). 

c. Capacitor C11 is the output coupling ca- 
pacitor that feeds the output of V2 to rectifier- 

clipper V3. Resistor R14 is the screen dropping 

resistor. Capacitor C10A is the screen bypass 

capacitor. 

209. Rectifier-clipper V3 and Shaper V4 
(fig. 202) 

a. Rectifier-clipper tube V3 is arranged so 

that one-half of it rectifies the negative peak 

of the pulse train supplied to it. About 40 

per cent of this rectified voltage is developed 

across resistor R17 and is used to bias the lower 

diode so that it will not conduct until the nega- 

tive pulse train reaches 40 per cent of its final 

value. In this manner, the lower limit on the 

slice taken out of the pulse train is set at 40 

per cent. Since the second stage uses grid-leak 

bias, some of the pulse train in the vicinity of 

the base line will be clipped when the input to 

the entire circuit is greater than .6 volt; 

therefore, the lower clipping level will be some- 

what larger than 40 per cent of the original 

pulse when the input exceeds this amount. 

b. Resistor R15 is the cathode load resistor 

for both sections of V3. Resistor R16 in series 

with R17 forms a voltage divider network in 

the plate circuit of the rectifier section of V3 

and is bypassed by capacitor C12A. Resistor 

R17 is the plate biasing resistor of the other 

section. The output signal voltage is coupled | 

to the grid of shaper V4 by coupling capacitor 

C13. 

c. The 10-volt negative output of diode clip- 
per V3 is fed to the grid of shaper V4 (B, fig. 
202). In shaper stage V4, all the pulses in the 
train are narrowed to about 14 microsecond 
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by the action of ringing coil L6 (C, fig. 202) 
The germanium diodes, CR1 and CR2, clip the 

top and bottom of this pulse train to impro 
the wave shape. Resistor R21 damps the ring. 
ing. In addition, CR2 overdamps the shock- 
excited oscillations after the first half-cycle 
(note the damping effect on the second half 

oscillation cycle in D, figure 202). Resistor R1 

and capacitor C14 form the plate power supply 

decoupling network. The plate is further de 

coupled by R20 and C15. Resistor R22 is th 

screen resistor and is bypassed by C16. Th 

grid of V4 is returned through R18 to B4 
This positive bias causes the tube to cond 
and clip the positive pulses that appear on th 

grid. Capacitor C17 is the output coupling 

pacitor to V5. 

NOTE: 
UNLESS OTHERWISE SHOWN, 
RESISTORS ARE IN OHMS 
CAPACITORS ARE IN UF, 

RECT/ 
CLIPPER 

5726/6AL5W 

SHAPER 
va 

6AG5 

TM 5091-607 

Figure 202. Rectifier-clipper V3 and shaper V4. 

210. Pulse Amplifier V5A and Output 

Amplifier V5B 

(fig. 203) 

a. The wave form at the output of shaper 

V4 (D, fig. 202) is applied to the grid of pulse 

amplifier V5A. The grid of pulse amplifier V5A 

is recurned to ground through R23. Resistor 

R24 is the plate load. Plate decoupling is pro- 

vided by R26 and C20A. The cathode is biased 
by resistor R25 which with R26 and R27 forms 
a voltage divider network in the B+ circuit to 
get a proper positive voltage on the cathode in 

order to bias the tube negatively. Capacitor C18 

is the cathode-bypass capacitor. The signal 
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Figure 203. Pulse amplifier V5A and output amplifier V5B. 

eveloped in the plate circuit of V5A is coupled 

) the grid of V5B through capacitor C19. The 

utput of C5A is fed to the junction of resistors 

28 and R29. The signal as it appears on the 

rid of C5B is shown in A, figure 203, after 

mplification by V5A, and grid clipping V5B. 

‘he grid of V5B is not returned to the cathode 

ut through a high resistance (R29 and R28) 

9 the plate voltage supply. With this arrange- 

rent, the grid to cathode voltage is maintained 

t a value close to zero. When the grid is made 

sitive with respect to the cathode, grid cur- 

ent will effectively reduce the grid-to-cathode 

nternal resistance, and the voltage drop across 

he internal resistance will be very small. When 

he input voltage drives the grid positive, the 

nput grid resistance is very low. Therefore, the 

nput voltage is very low and results in very 

ittle change in plate current. However, if a 

negative voltage is applied to the grid, the grid 

resistance will increase, causing the full input 

voltage to appear between grid and cathode and 

consequently a large change in plate current. 

The result is to clip the positive pulses and pro- 

duce the wave shape shown at B, figure 203. 

A similar wave shape from the positive re- 

shaper appears at C, figure 203. It is then 

mixed in transformer Tl and appears in the 

output, as shown in D, figure 203. After going 

through the 1-mc filter, it appears as shown in 

EK, figure 203. 

b. For V5B, resistors R30, and R31 with ca- 

pacitor C21C provide decoupling. Resistor R23 

is the grid return to B+. Resistor R29 is in 

series with the grid to produce clipping. SYM 

ADJ R33 is included to allow balancing of the 

positive and negative portions of the output 

wave shape. The output of the pulse amplifier 
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is mixed in transformer T1. The output of the 

T1 is fed to the P. T. OUT AMPL switch. 

c. To increase the low frequency response 

of T1, de is blocked from the primary windings 

of transformer T1 by capacitor C22. This elimi- 

nates the inductance usually caused by the de 

current in the primary. The inverted reshaped 

pulse train is fed to a 1-megacycle low-pass 

filter to re-establish the standard wave shape. 

The output of the filter is fed to the output 

jack, J4, through a T-pad network and through 

contacts on the bypass relay K1. This relay is 

so arranged that in event of failure of the 

equipment it will apply the input signal di- 

rectly to the output terminals. Otherwise, it 

connects the output jacks to the output of the 

reshaper. P. T. OUT AMPL switch, 82, con- 

nects either resistors R146, R147, and R145 

(HIGH) or resistors R148, R149, and R150 

(LOW) T pad into the circuit. When placed in 

the LOW position, a 12-db pad is inserted 

across the output. When placed in the HIGH 

position, a 6 db pad is inserted across the out- 

put. The output pulse train is nominally .9-volt 

peak when fed to a 50-ohm load and nominally 

1.8-volts peak open circuit. This, therefore, 

meets the requirements of a .7-volt peak output 

and 50-ohm output impedance. 

211. 1-me Output Filter 

In frequency-modulated systems, bandwidth 

must be limited by filtering the output. This is 

done by the filter system consisting of inductors 

L7, L8, L9, L10, resistors R35, R36, capacitors 

C23, C24, C25, C26, and C27 (fig. 370). The 
filter has a nominal cutoff frequency of 1 mc 

and is down 30 db at 3 me. The input is fed in . 

from transformer T1, while the output is fed 

to the P. T. OUT AMPL switch. 

212. Positive Reshaping Circuit 

a. The positive pulse train reshaper circuit 

consists of tubes V6 through V10 (fig. 200 and 
370.) Note that the circuit is essentially the 

same as the negative pulse train reshaper de- 

scribed in paragraphs 207 through 210. The in- 

put stage, V6, is operated as a grounded grid 

amplifier and is fed in parallel with V1. There 

is no phase inversion in the first stage; hence 

the wave form ‘polarities following this stage 

are identical to those in the negative pulse train 
reshaper. Resistor R37 is the grid return to 
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ground. Resistors R38 and R39 in parallel . are’ 

the plate load; R40 is the cathode return. D e- 
coupling is provided by R41 and C7C. Resistor’ 
R42 is the screen resistor and is bypassed by 
C9B. The output coupling capacitor is C28. 

b. Video amplifier V7 is identical in operas) 

tion to video amplifier V2. Resistor R43 is the 
grid return, R44 is the plate resistor, R45 is th 

screen resistor, C10B is the screen bypass i 

pacitor, and C29 is the output coupling capach L 

tor. 

c. Rectifier/clipper V8 is identical to rectit 
fier/clipper V3. Resistor R46 is the cathode load” 
resistor; R47 and R48, in series, are the plate” 

load of one section; R48 is the plate load of the 

other. The first plate is bypassed by C12B. The 

output coupling capacitor is C31. 

d. Pulse amplifier V9 is a shunt peaked vol 

age amplifier and operates in a manner similar 

to shaper V4 in the negative pulse train re 

shaper. The output: of V9 is a positive pulse 
train and is fed to the blank and insert stages, 

which consist of V11 and V12 by coupling 
capacitor C33. Resistor R50 and capacitor C30 

are the decoupling network; resistor R49, the 
grid return; resistor R51 and inductor L12, the 
plate load; and resistors R52 and R53, the 

screen divider. The screen is bypassed by C32. 

e. The pulse shaping that narrows all pulses” 

in the train to about 14 microsecond is done in 
the plate of shaper V12A (fig. °209). The out- 

put of this tube is then fed to pulse amplifier 

V10A, a twin triode amplifier like pulse ampli- 
fier V5 (fig. 203), in the negative pulse train 

reshaper. The output of V10B is then supplied 

to the lower primary of output coupling trans- 

former T1. The secondary of the transformer 

then feeds the reformed 45-channel composite 

pulse train to the 1-megacycle low-pass filter. 
The plate load resistances of the two output 
tubes, V5 and V10, contain the common 2,500- 

ohm SYM ADJ control R33 the movable arm 

of which is returned to the B+ supply. The 

SYM ADJ control enables the operator to ad- 

just the positive and negative pulse trains in 

the composite to equal peak amplitudes. When 

the 45-CHAN-23 CHAN switch is in the 23 
CHAN position, the SYM ADJ control varies 

the amplitude of the positive pulse train. Re- 
sistors R32 and R84 are the plate-to-plate re- 

sistance. Capacitor C34 is the input coupling 

capacitor to V10A. Resistor R54 is the grid 



return; R55, the plate load; R58 and C20B, the 

decoupling combination ; R56 and and R59 form 

a divider for cathode bias; and C35 is the cath- 

Section Ill. DEMULTIPLEXING 

Note. The demultiplexing and demodulating 

circuit accepts the pulse train and produces a 

negative pulse which is applied to the modem 

demodulator. 

213. Circuits for Demodulation Wave Shapes 

(fig. 204) 

a. Shaper V19. The entire positive pulse 

train is taken from pulse amplifier V9 and fed 

to the grid of V19, which is a shaper stage 

similar to V4. That is, all of the pulses in the 

train are narrowed to about 14 microsecond 

by shock excitation of L14 and then by over- 

damping by CR7 after the first half-cycle (Re- 

view shaper stage V4 (par. 209) for explana- 

tion of shock-excited .25-microsecond pulses.) 

The plate of V19 is decoupled from the B+ 

supply by L15 and C50B. This decoupling cir- 

cuit also prevents self-sustained oscillations for 

the entire section consisting of tubes V19 

through V27. For shaper tube V19, resistor 

R98 is the grid return and R99 is a parasitic 

suppressor. Coil L15 with resistors R103, R102, 

and R100 form a voltage divider network sup- 

FROM Vil 

ode bypass. Capacitor C36 is the input coupling 

to V10B, R62 is a series grid resistor (as in 

the tube V5B), and R61 is the grid return. 

AND DEMODULATING CIRCUIT 

plying the correct screen grid and cathode volt-: 

age. Capacitor C55A is the screen grid bypass 

capacitor. Capacitor C54A is the eathode by- 

pass capacitor. Resistor R101 is a limiting re- 

sistor. Capacitor C56 couples the output of v19 

to the grid of pulse amplifier V20. 

b. Pulse Amplifier V20. The output of shaper 

V19 consists of negative pulses (B, fig. 204) 

and is fed through coupling capacitor C56 to 

the grid of pulse amplifier V20. The grid of 

pulse amplifier V20 is returned to the B+ 

supply through a 1-megohm resistor R104 to 

cause the grid to clip any remaining positive 

overshoot. (Refer to paragraph 210a for ex- 

planation of grid limiting when the grid is con- 

nected to B+.) A normal grid signal of approx- 

imately 18 volts is more than sufficient to drive 

this tube to cutoff, thus giving a square output 

pulse as shown in figure 204. Resistor R105 is 

a grid series resistor to aid clipping; resistors 

R106, R107, and R108, in series, are the plate 

load; resistors R109 and R110, in series, are the 

screen grid voltage dropping resistors. The 

screen is bypassed by C55B. 

J7 

UNLESS. OTHERWISE SHOWN, 
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Figure 204. Circuits for modern demodulation wave shapes. 
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Figure 205. Marker separator V22 and marker detector V23. 

c. Power Amplifier V21. The output of pulse 

amplifier V20 is fed to power amplifier V21 

through coupling capacitor C57. The output of 

V21, a 35-volt negative pulse train, is applied 

to the grid of V22 and to J7 (A, fig. 205). This 

pulse train is used to supply the demodulators 

in the modems. Power amplifier V21 is a 6AG7 

pentode. The 6AG7 pentode can be used in this 

circuit since it need supply only a maximum of 

eight modems in the AN/TCA-1 and two mo- 

dems in the AN/TRA-10. Resistor R111 is the 

grid return, R112 is a grid harmonic suppres- 

sor, R118 and C54C provide the plate decoup- 

ling network, R114 is the plate load, and R115 

is the cathode bias resistor, bypassed by C54B. 

Capacitor C58 is the output.coupling capacitor 

that feeds the output to J7, and C59 couples 

the output to marker separator tube V2. 

d. Coupling Diode CR8. When a number otf 

channels ring simultaneously (pulses absent) 

the voltage at the plate of power amplifier V21 

increases to a high potential. The presence of 

this high potential may prevent ringing. To 

overcome this condition, diode CR8 is used to 

regulate the voltage at the plate of V21. Nor- 

mally, CR8 is biased to cutoff because of its 

connection to the voltage divider, consisting of 

R&6, R87, and R153, in the plate circuit of 75V 

supply V14. When the voltage at the plate of 
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NOTE: 
UNLESS OTHERWISE SHOWN, 
RESISTORS ARE IN OHMS 
CAPACITORS ARE IN UF. 

TM509!I- 610 

V21 increases, the CR8 draws current and re- 

turns the plate voltage of V21 to the proper 

potential. 

214. Marker Separator V22 and Detector 

Stage V23 

a. General. The negative gate that must be 

supplied to the demodulator delay line is formed 

from the pulse train at the output of power 

amplifier V21 by the stages that consist of 
marker separator V22 through gate amplifier 

V25. 

b. Marker Separator V22. Marker separator 

V22 has a 500-ohm, .65-microsecond, open-cir- 

cuited delay line, Z2, as its plate load. The input 

to this delay line consists of the entire pulse 

train: that appears on the grid of V22 (in- 

verted) (A, fig. 205) plus the entire pulse 

train, which is reflected from the open-circuited 

delay line. Since Z2 is a .65-microsecond, open- 

circuited: delay line, this reflected pulse train 

appears 1.3 microseconds later than the input 

pulse train (.65+ .65 = 1.8) and is absorbed 

by the 500-ohm input termination that consists 

of R118 and R119, so that no further reffections 
occur. Since the spacing of the two pulses in 

the marker is 1.38 microseconds, a double ampli- 

tude pulse appears at the time of the second 

pulse at the plate of V22 (B, fig. 205). Resistor 



R117 is the grid return, C60 is the output coup- 
ing capacitor, and R120 is the screen resistor, 

oypassed by C61A. 

c. Marker Detector V23. The output of the 

marker separator (B, fig. 205) is then fed to 

marker detector V23 through coupling capaci- 

cor C60. The marker detector is operated con- 

siderably below cutoff so that only the more 

o0sitive double amplitude pulses from the 

marker separator will cause it to conduct. The 

ac plate load of V23 consists essentially of plate 

resistor R122 and L16 in the grid circuit of 

yate shaper V24 (fig. 206). When the driving 

pulse disappears, the shunt capacitance of the 

il discharges through the coil. This causes the 

ircuit to become oscillatory but the overshoots 

ire clipped by the grid of gate shaper V24. 

Thus, the wave form at the grid of waveshaper 

/24 is a negative triangle as shown at C, figure. 

05. The leading edge of this wave form lasts 
or the duration of the driving pulse on the 

rid of V23 (about .5 microsecond), and the 

ongth of the trailing edge is determined by the 

ate of discharge of the shunt capacitance of 

416. The width of this wave form near the base 

ine is about 4 microseconds, and its amplitude 

s more than sufficient to cut off gate shaper 
/24. Resistor R121 is the grid return of tube 

123; R122, is the plate resistor, capacitor C62 

3; the output coupling capacitor, R123 is the 

athode resistor, which is bypassed by C61B. 

vesistor R124, in series with R123, is a volt- 

ge divider to put fixed bias on the cathode; 

125 is che screen grid voltage dropping resis- 

or, and C63A is the screen grid bypass capaci- 

or. 

15. Gate Shaper V24 and Amplifier Stage 

V25 

(fig. 206) 

a. The output wave shape is applied to choke 

16 and appears at the plate of gate shaper 

24 as the wave form as shown in A, figure 

)6. However, since gate amplifier V25 is 

ased below cutoff, the base line is lost at the 

ate of gate amplifier V25 and only the wave 

ape shown at B, figure 206, appears. Resis- 

rs R126 and R127 are in series and form the 

ate load resistor; R128 is the screen resistor, 

pacitor C63B is the screen bypass, and C64 

the output coupling capacitor. 

b. The output of gate amplifier V25 is a nega- 
tive rectangular voltage of about 4-microsec- 
ond width and 130-volt amplitude when fed to 
a 3,000-ohm load at J8. This 4-microsecond 130- 
volt negative pulse is the required wave form 
to be fed to the demodulator delay line. Resistor 
R129 is the grid return; R130 is the plate load; 
resistors R131, R132, and R133 function as a 
divider to give cathode bias; capacitor C61C 
is the cathode bypass; and C65 couples the out- 
put to DEMTPX GATE output jack J8 and 
DEMTPX GATE test point Ed. 
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Figure 206. Gate shaper V24 and amplifier stage V25. 

216. Modem Demodulator Circuit 

The modem demodulator operates to convert 

a ppm signal to a pwm signal, which contains 

the audio component and only needs to be fil- 

tered to give the audio output. 

a. Refer to the block diagram shown in fig- 

ure 184. Video restorer gate amplifier V25 pro- 

vides the pulse for the delay line. The delay 

line sawtooth is applied to a gate generator 

(V3A). This produces a gate for operating the 

demodulator. The gate determines the time dur- 

ing which the demodulator accepts signals. The 
input pulse train developed at the output of 

video restorer power amplifier V21 is also fed 

to the demodulator pwm converter (V3B). Dur- 

ing the gate time, conversion to pwm takes 

place. The pwm signal is applied to the clipper 

amplifier (V4A) and then is applied to the 
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low-pass filter, which extracts the audio signal. 

The audio output is amplified by the audio out- 

put stage (V4B), and the output of V4B is fed 

to the output TEST PAIR terminals. 

b. The 16 modems of the multiplexer group 

and the 4 modems of the pulse form restorer 

group are identical and interchangeable with 

those of Multiplexer Set AN/TCC-13. For de- 

tailed analyses of the stages in the modem de- 

modulator, refer to paragraphs 189 through 

191. 

217. Delay Line Circuit 

A delay line is a filter, or a group of filters, 

that have the characteristic of delaying the in- 

put signal, so that the output is later in time 

than the input. This is caused by the fact that 

one of the fundamental properties of filters is 

phase shift. When a number of sections are cas- 

eaded, the phase shift becomes additive, and of 

considerable size. 

a. Multiplexer Group AN/TCA-1 Delay Line. 

The delay line circuit consists of 16 independ- 

ent 10.4-microsecond delay lines. Eight delay 

lines are associated with each direction of 

transmission, four for the multiplexer half of 

Section IV. MODULATING 

218. Modulating and Multiplexing Circuit 

(Wave Shape Supplied to Modems for 

Modulation) 

To provide the properly shaped and timed 

sawtooth pulses to the modulators in the mo- 

dems, a positive 8-microsecond gate must be 

fed to a modem delay line. This is obtained by 

inverting and stretching the 4-microsecond 

negative gate which is fed into the demodulator 

delay line at J8 of the video restorer. The de- 

modulator delay line is purposely terminateu 

with a 3,000-ohm resistance, which is lower 

than its nominal characteristic impedance of 

3,900 ohms. This is done to insure that any re- 

flections from the end of the delay line appear- 

ing back at its input will be opposite in polarity 

to the main input gate. 
Note. In Electrical Equipment Rack MT- 

1434/TRA-10, the value for the terminating 

resistor has been lowered to 2,700 ohms. This 
was necessary to reduce the reflection which 

appears on the multiplexer gate wave form. 
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_ TSA-~1 delay line, refer to figure 376. 

AND MULTIPLEXING CIRCUIT 

the drop-and-insert and four for the demulti. 

plexer half of the drop- and-insert. Each of the 

delay lines provides eight separate outputs, 

each delayed by 5.2 microseconds from the ad- 

jacent one, to maintain the time position of the 

channels 1 through 8. Refer to paragraph 172 

and to figure 168 for delay line theory. For 

overall schematic of Multiplexer Group AN 

b. Pulse Form Restorer Group AN/ TRA-10. 

The delay line circuit of the pulse form re : 

storer group (fig. 377) consists of four inde- 

pendent 10.4 microsecond delay lines. Two delay 

lines for each direction of transmission, one fo 

the multiplexer half of the drop-and-insert and 

one for the demultiplexer half of the drop-and- 

insert. Each of the delay lines provide two sepa 

rate outputs delayed by 5.2 microseconds from 

the adjacent one, thereby maintaining the time 

position of channels 1 and 2. Refer to para- 

graph 172 for theory of delay lines. The overall 

schematic of the pulse form restorer group deq 
lay line is shown on figure 377. . 

Note. The sawtooth voltage to the individua 

modulators have an amplitude of 20 volts and 

rise time of approximately 8 microseconds. 

219. Inverter V26 

(fig. 207) 

The importance of the step described in para 

graph 218 becomes apparent in the video re 

storer inverter (and stretching) stage, V26. 
T'o stretch the 4-microsecond gate to 8 micro- 

seconds, it is necessary to integrate (stretch) 

the base line signal slightly with resistors R134, 
R135, and capacitor C67 and then amplify the 

portion near the base line. B, figure 206, shows 

the gate before integration and A, figure 207, 

shows the gate after integration. If any irregu- 
larities in the base line are of positive polarity, 

they are clipped by the grid since the tube 

operates at zero bias. If they appear with the 

same polarity as the gate to be amplified, they 

will appear as full amplitude gates in the out- 

put of inverter V26 and cause each channe! 
modulator to generate more than one pulse 

This condition is prevented by using the 3,000. 

ohm termination on the demodulator delay line 

The amplified and stretched output as showr 

é 
’ 
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® Figure 207. Inverter V26. 

at A, figure 208, is applied to the grid of gate 

amplifier V27. Capacitor C66 is the input coup- 
ling capacitor, R136 and R137 are the plate re- 

sistors, R138 is the screen resistor, C69A is the 

screen bypass, and C68 is the output coupling 

capacitor. 

220. Gate Amplifier V27 and Clipper V18A 
(fig. 208) 

a. The output of inverter V26 is fed to the 

control grid of cathode follower gate amplifier 
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Figure 208. 

V27. The cathode follower output across resis- 

tor R142 drives a positive gate into the modu- 
lator delay line. The gate output of V27 is 

maintained at a maximum of 105 volts by the 

action of diode clipper V18A. When the gate 

voltage across R142 exceeds 105 volts, clipper 

V18A will conduct to clip the voltage. The +105 

volts de for the cathode of clipper V18A is 

provided by gas voltage regulator tube V28. 

This gate output voltage is critically regulated 

because the stability of the gate amplitude de- 
termines the stability of the individual channel 

pulse position. 

b. Resistor R140 is the grid return, R141 is 

a clipping resistor, R142 is the cathode load re- 

sistor, R143 is a series voltage dropping resis- 

tor for gas tube V28, and C69B is the bypass 

capacitor across the 105-volt supply. The output 

of V27 is taken through C70 to E6é (MTPX 

GATE) and (MTPX GATE OUTPUT) and 

through R144 across an 8-ke tuned circuit, 

L17 and C71, to J10 (“SCOPE SYNC), to pro- 

vide the oscilloscope with a synchronizing gate. 

221. Insertion of Channel Pulses into Pulse 

Train 

(fig. 209) 

a. General. The local modem generated and 

modulated channel pulses (which occur at the 

time the received channel pulses have been 

blanked) are fed into MODEM CHAN 

6/10 AMP 
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Gate amplifier V27 and clipper V18A. 
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PULSES INPUT jack J5. A voltage divider 

network, which consists of R79 and R80, pro- 

vides an 11-volt drop across R79. A common 

bias of 11 volts, for the local modulator tubes 

of all the modems, is obtained at J5. 

b. Cathode Follower V11 and Shaper-mixed 

Amplifier V12. 

202 

(1) The 4- to 7-volt modem channel pulses 

(G, fig. 209) are developed across R80 

and directly coupled to the grid of 

mixer amplifier V12B from MODEM 

CHAN PULSES INPUT jack J5. This 

direct coupling between the cathode of 

modem tube V2B and the grid of 

mixer amplifier V12B prevents the 

larger amplitude pulses from supress- 

ing those of lower amplitude as would 

happen with conventional-type coup- 

ling and its attendant grid leak bias. 

(Paragraph 2026 provides additional 

pulse insertion information.) The 

plate of V12B is in parallel with 

blanking tube V11B, and the two 

share a common plate load resistor, 

R67. Since the channel pulses are im- 

pressed on the grid of V12B and the 

plate is in parallel with the plate of 

a BLANKING 
GATE m 

Mas 

(2) 

(3) 

(4) 

SHAPER . 
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V11B, the signal at the plate of V12 
consists of the entire pulse train with 

new locally generated channel pulses 
inserted. 

This entire pulse train is then ampli- 

fied and shaped in shaper V12A in a 

manner similar to that of shaper V4. 

These pulses are then fed to pulse am- 
plifier V10A where further reshaping 
takes place as explained in paragraph 

250. Refer to paragraphs 223 through 

225 for a detailed description of cath- 

ode-follower and blanker tube V11. 

For cathode follower tube V11A, R65 

is the grid return resistor. Resistor 
R65 is the signal input load resistor 
and R66 is the cathode follower out- 
put load resistor. The signal voltage 

developed across R66 is fed through 
capacitor C38 to the grid of blankes | 

V11B. . 

For blanker tube V11B, R67 is the 

plate load and R68 provides the blank- 

ing load. Resistor R69 with capacitor 

C21A aeeN in the rapid decay of the 
blanking pulse (C, fig. 209). The volt- 

UNLESS OTHERWISE SHOWN, 
RESISTORS ARE IN OHMS 
CAPACITORS ARE IN UF. 

“EH EY NAY IE 
Figure 209. 
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Cathode follower-blanker V11B and mixer amplifier V12. 



age divider network of resistors R70, 

R68, and R69 provides a voltage which 

places the cathode of V11B at a fixed 

+12 volts. A blanking gate from cath- 

ode follower C13A is fed through C387 
to V11B. Resistors R71, R72, and R73 
form a voltage divider network apply- 

ing the proper grid voltages to tubes 

V11B and V12A. 

Resistor R78 is the cathode-bias re- 

sistor for V12B and is bypassed by 

C21B. Capacitor C40 is the input 

coupling capacitor for V12A and 

V12B, R73 is the grid return, and R75 

is a series grid limiting resistor. Re- 

sistors R76 and R77 with capacitors 

C41A and C41B form a pi-type plate 

- decoupling network. The germanium 

diodes CR3 and CR4 clip the top and 

bottom of the pulses which have been 

narrowed to about a quarter micro- 

second by ringing coil L13 (F, fig. 

209). 

222. Modem Modulator Circuit 

a. General. Modulation of the pulse train is 

accomplished in individual and identical mo- 

(5 
~ 

dem units. These units include provision for 

Signaling and provide means for either two- or 

four-wire operation. The modulator section of 

the modem consists of two tubes, V1 and V2. 

The modulator converts the audio input signal 

into a pulse which is position-modulated and 

may then be inserted in the pulse train. 

b. Block Diagram. A functional block dia-. 

gram is shown in figure 169. The two-wire or 

four-wire line signal is fed into hybrid trans- 

former T1. The output of T1 is fed into a crys- 

tal diode clipper (CR1l and CR2) which limits 

the modulation to a specific maximum value 

corresponding to a four-wire input of —4 dbm. 

The clipped audio signal is then fed to audio 

amplifier tube V1A from which it goes into ppm 

tube V1B. The output is then clipped and 

shaped in tube V2A and fed through cathode- 

follower tube V2B to the video restorer mixer 

circuits. 

c. Circuit Theory. The 16 modems of Multi- 

plexer Group AN/TCA-1 and the 4 modems of 

Pulse Form Restorer Group AN/TRA-10 are 

identical to those supplied with Multiplexer Set 

AN/TCC-18. Refer to paragraph 173 through 

178 for circuit theory of modem modulators. 

Section V. BLANKING AND INSERT CIRCUITS 

223. Blanking and Insert 

The blanking gates are signals that cut off 

the blanking tube at the time a channel ‘pulse 

is being received so that the blanking tube can- 

not pass the pulse. Each gate blanks a chan- 

nel. The taps on the demodulator delay line 

(corresponding to the individual channel time 

positions) provide the signals for blanking. 

These signals are negative gates about 4 micro- 

seconds wide and are mixed through resistance 

of about 100 K and fed to the grid of V13B to 

be amplified (fig. 210). The amplitude of the 

blanking gate is 7 to 8 volts peak-to-peak, 

224. Amplifier V13B and Cathode Follower 

VI3A 

(fig. 210) | 
The blanking gate is taken from INPUT 

BLANKING GATES J6 and applied through 

coupling capacitor C44 to the grid of V13B 

(B, fig. 210). The blanking gate is developed 

across grid leak resistor R151 and the grid re- 

sistance of V13B. Tube V13B is biased to 

operate as a grid limiter. The blanking gate is 

amplified by V138B (A, fig. 210), developed 

across cathode load resistor R84 of cathode fol- 

lower V13A and coupled through capacitor C37 

to the cathode of blanker tube V11B. A sample 

of the signal being fed to the cathode of V11B 

is brought out tt BLANKING GATE test point 

through capacitor C43. For V13B, resistor R85 

is the grid return to B+. Resistor R81 is used 

to prevent parasitic oscillations. Resistor R82 

is the plate load resistor for V13B, and C42 is 

the output coupling capacitor that couples the 

signal from V13B to the grid of V13A. For 

V13A, resistor R83 is the grid return, and R87 

is the cathode load resistor. Capacitor C75 is 

the cathode bypass capacitor for both V13A 

and V13B. Capacitor C43 couples the blanking 

gate to test point E4, 
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225. Blanking Tube V11B 

(fig. 209) 

a. The grid of blanking tube V11B receives 

the entire positive pulse train from the output 

of V9 through isolating cathode follower V11A. 

The first cathode follower (V13A) provides a 

low-impedance source from which to drive the 

blanking gates into cathode resistor R68 of the 

blanking tube. The second cathode follower 

V11A is used to isolate the grid of shaper V19 

from the grid of V11B as follows: The locally 

generated and inserted channel pulses will ap- 

pear on the plate of blanking tube V11B. These 

pulses may be coupled to the grid of V11B 

through the grid-to-plate capacitance of the 

tube. If .these low-amplitude pulses were to 

reach the grid of V19, a phenomenon would 

take place which is known as reverse-feed- 

through cross talk. That is, modulation on a 

CATHODE 
BLANKER FOLLOWER 

ViB VI3ZA 
(1/2) 12ZAT7WA (172) |ZAT7WA 

+250V D-C +250V D-C  +250V D-C 

tee, 
100V 

pases 

-3.5— 

a oN. , 

® 

Figure 210. 
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locally generated channel pulse would cross talk 
into the local demodulator that faces the oppo- 
site rf direction from that of the demodulator. 

b. In blanking tube V11B, the cathode is 
biased below cutoff so that the channel pulses 
appearing on the grid (B, fig. 209) drive the 

tube into conduction. The positive blanking 

gates that appear on the cathode of this tube 

(C, fig. 209) drive the bias further into cutoff; 

therefore, channel pulses that occur at the time 
of a blanking gate cannot cause the tube to con- 

duct and will not appear in the output at the 

plate of V11B. The output of the blanker tube 
will have a wave shape similar to one shown 

in D, figure 209. Resistor R67 is the plate re- 

sistor of V11B, and resistors R68, R69, and R70 

form a voltage divider that supplies bias to the 

cathode. Part of the cathode resistance (R69) 

is bypassed by C21A. Resistor R71 is the 

blanker grid return resistor. 

105V 
AMPL SUPPLY 

V 13B v28 

(172) IZAT7WA 0B2 

+250V D-C 4 

R85 

C42 9 R143 Re2 MEG Ol 12K 10K | 

15 ; 

Ae : ae 

R83 RBI 6 

470K 8 18K 2,4,7 

R84 RI51 = 

5600 100K 

sts C44 

.Ol 

RI52 C75 C 

0.1 a 

“dh J6 

INPUT 

BLANKING 
GATES 

NOTE: 
UNLESS OTHERWISE SHOWN, 
RESISTORS ARE IN OHMS 
CAPACITORS ARE IN UF. 

TM2682-57 

Cathode follower amplifier V18. 



Section VI. 

226. Audio Terminations 

) (fig. 211 and 212) 

a. Following is a description of the party- 

line termination on the order wires of Multi- 

plexer Group AN/TCA-1 and Pulse Form Re-- 
storer Group AN/TRA-10. Party-line termina- 

tion allows the operators at both ends of the 
‘system and the operator at the repeater to 

communicate with: one another. 

b. For party-line operation, the modems are 

terminated as four-wire units. The output of 

the four-wire receiver line of each modem feeds 

the 600-ohm input of the four-wire transmit 

line of the sending modem in parallel with a 

600-ohm hybrid. Each demodulator is termi- 
nated in 800 ohms and is mismatched two to 

one. This causes a 1-db loss in power transmis- 

sion. In addition, there is a power split between 

the four-wire transmit line and the hybrid, 

which causes a net loss of 4 db. For the local 

line, there is an additional 4-db loss through 

the hybrid. 

c. The normal audio output level is —4 dbm, 

and the normal level into the modulator is —4 

dbm for 100 per cent modulation. Therefore, 

AUDIO TERMINATIONS AND ALARM CIRCUITS 

for the party-line connection, if the demodula- 

tor output is adjusted to 0 dbm, the modulator 
input level:is —4 dbm. This causes 100 per cent 

modulation and no less for the through con- 

nection. As shown in the block diagram (fig. 

211), the output level of the local line is —# 

dbm or only 4 db below that of a terminal. If 

the sending level from the local line is 0 dbm, 

it will cause a modulating level of —8 dbm or 

only 4 db below that of a terminal. 

d. The operator at a local line at the repeater 

will listen to a terminal station 4 db down from 

normal, and will be heard at a terminal station 

4 db down from normal. For repeater-to- 

repeater communications, the operator at the 

local line will hear and be heard 8 db below 

normal. However, there is no loss in level for 

terminal - to- terminal communications. The 

terminal equipment gives a 4-db net loss cir- 

cuit on each channel. This is maintained re- 

gardless of the number of repeater stations that 

have the proposed party-line connection on the 

order wire. For party-line connection, two hy- 

brid coils and appropriate terminating net- 

works are provided in the rack, one for each 

channel. 

EN age ED Pe 

seo HON OBI, rose (i tee pete YN rca dws Unt pre ee 

MODEM 
4 WIRE CONNECTION 

Figure 211. 

4 WIRE CONNECTION 

TMS5091-626 

Party-line audio terminations. 
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Figure 212. Private operation, audio terminations. 

e. When the audio termination is private, 

the unit may be connected by either two- or 

four-wire, and gives two independent circuits, 

one eastfacing and one westfacing. 

227. Alarm Circuit 

If any part of the circuit fails, the alarm 

circuit operates by monitoring points in the 

circuit. For example, the positive pulse train 

reshaper is monitored for output, input, and 

noise. In general, failure of any one of the 

above listed signals will cause visible and 

audible alarm signals. This is done by having 

these signals control the input to the alarm 

operating relays through their respective am- 

plifiers. 

228. Output (Alarm Circuit V16A, V18B, 

V17A and V15B) 
(fig. 213) 

The pulse train at the grid of the last stage 

in the positive pulse train reshaper is moni- 

tored, by monitor amplifier V16A. The pulse 

train available across grid return resistor R92 

is about 14 volts negative. The voltage devel- 

oped across plate load resistor R93 is 12.3 volts 

peak-to-peak. This voltage is fed to camper 
tube V18B and rectifier V17A by coupling ca- 

pacitor C51. This results in a 12.3-volt positive 
de voltage being built up across cathode load 
resistor K95. This +12.3 voltage is applied to 
the grid of relay control amplifier V15B. There- 
fore, the relay control tube conducts and causes 
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TO LOCAL LINE 
O DBM IN 
-3 08M OUT 

TO LOCAL LINE 
O DBM IN 
-3 DBM OUT 

EASTFACING 
MODEM 

2 WIRE CONNECTION 

DEMODULATOR 

ESSE Rie 
TM 5091-627 

the bypass and alarm relays K1 and KZ to be 

held in the operate condition. If any of the 

tubes fail prior to the point monitored in the 

positive pulse train reshaper, the dc voltage at 

the grid of the relay control amplifier will de- 

crease, causing plate current to decrease, which 

in turn releases the bypass and alarm relays. 

This causes an audible and visual alarm to 

operate, bypassing the reshaper through a 6-db- 

pad and disconnecting the 20-cycle ringing 

voltage from the local drop channels. Relay con- 

+250V 
0-C 

‘R97 
10K 

MONITOR RELAY 
AMPL (8) CLAMP RECT CONTROL 

VI6A vie8 VITA vise 
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NOTE: 
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CAPACITORS ARE IN UF. 

TM509i-632 

Figure 213. Alarm circuit V16A, V18B, V17A, 

and V15B. 



trol tube V15B is biased by the voltage divider 

network of resistors R96 and R97 so that under 
no signal conditions tube V15 will not have 

sufficient plate current to operate relays K1 and 

K2. If the very last stage of the positive pulse 

train reshaper fails, it will not be indicated to 

the alarm relays by this path. However, if the 

filament of the last stage should burn out, its 

grid would rise to about +75 volts. This would 

result in zero bias applied to damper V16B 

through R63, thereby resulting in sufficient con- 

duction to load output pulse train monitor am- 

plifier V16A to a point where V15B will become 

cutoff and the alarm will operate. 

229. Input (Alarm Circuit V15A, V16B, and 

V17B) 

(fig. 213) 

a. With normal signal input voltage (.5 volt 

peak), the negative de voltage available at the 

plate of peak detector V8 in the reshaping clip- 

ping circuit is sufficient to hold a 12ZAT7WA in 

the cutoff condition. 

b. When the input voltage decreases to .1 volt 

peak, the negative dc voltage obtained from the 

diode bias circuit is about —3 volts. This volt- 

age is applied to the grid of damper V16Bb, 

which is in parallel with the output pulse train 

amplifier. The —3-volt bias on V16B allows 

sufficient conduction of this tube to decrease the 

gain of monitor amplifier V16A so that the volt- 

age applied to the grid of relay control V15B 

will decrease the current in V15B to less than 1 

milliampere, which is the relay release current. 

Therefore, the reshaper will be bypassed, ring- 

ing will be disconnected, and the audible and 

visible alarms will be energized. 

R89 
27K 

NOTE: 
UNLESS OTHERWISE SHOWN, 
RESISTORS ARE IN OHMS 
CAPACITORS ARE IN UF. 

LOW PASS 
FILTER 

Figure 214. 

230. Noise 

The demodulator MODEM PULSE TRAIN 

OUTPUT at J7 is monitored for detection of 
large noise inputs. With a normal pulse train 

input, the frequency spectrum of the wave form 

at this point will contain insignificant com- 

ponents below 8 ke. However, if an rf trans- 

mitter in the link fails, the receiver at the local 

station will put a large noise signal into the 

restorer. This noise signal will contain appreci- 

able frequency components below 4 kc. These 

components will be available with large ampli- 

tudes at the noise monitored point. This signal 

is fed into a 4-ke low-pass filter, Z1 (fig. 214), 

and is amplified by V15A. Capacitor C49 is the 
input coupling capacitor for V15A. The filter 

output is developed across grid return resistor 

R88 and applied to the grid. Resistor R90 and 

capacitor C45 form the biasing network for 

V15A. The voltage developed across plate load 

resistor R89 is coupled through coupling ca- 

pacitor C46 and applied to two germanium rec- 

tifiers CR5 and CR6, which results in a large 

negative voltage when high noise is present, 

and 0 volt when the normal pulse train condi- 

tion is restored. When the large negative volt- 

age is available, it is applied to the grid of 

output pulse train monitor amplifier V16A and 

cuts off this tube, thereby resulting in 0 volts 

applied to the grid of V15B, cutting off the 

tubes and de-energizing the relays. 

231. Marker Separator and Gate-shaping 
Circuit Failure 

When the marker separator and gate-shap- 

ing stages are operating normally, a negative 

voltage of approximately 30 volts is available 

TO R63 TO R60 

DAMPER DAMPER 
VI6B vi78 

(72)12ATTWA (172) 12 ATTWA 

TM5091-633 

Alarm circuit V15A, V16B, and V17B. 
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at the grid of the multiplexer gate driver. This 
voltage is used to hold damper V17B at cutoff. 

This is in parallel with the output pulse train 

monitor amplifier. If any of the tubes in the 

marker separator and gate-shaping section 

should fail, the voltage applied to the grid of 

damper V16B will be 0 volt. This will cause 

sufficient conduction of V17B te decrease the 

gain of monitor amplifier V16A to the point 

where relay control V15B will be cut off. There- 

fore, if any of the tubes in this section fail, the 

20-cycle ringing will be disconnected from the 

local drop channels and audible and visual 

alarms will be energized. In addition, the pulse 

train reshaper will be bypassed, because the 20- 

208 

cycle ringing disconnect relay and bypass re la 
are operated by the same tube. . : : 

232. Remote Keying Circuits 

There are two remote keying units supplied 

with the multiplexer group and pulse form re- 

storer group. The operation of these units is 
identical to that described for the multiplexer 
set (par. 195 and 196). The keying signal path 

for the pulse form restorer group and the mul- 

tiplexer group are the same, as shown in figures 

215 and 216. These figures show all pin and 

terminal connections in this path; from the 

modem, through the mounting rack to the re- 
mote keying units. 
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at the grid of the multiplexer gate driver. This 
voltage is used to hold damper V17B at cutoff. 

This is in parallel with the output pulse train 

monitor amplifier. If any of the tubes in the 

marker separator and gate-shaping section 

should fail, the voltage applied to the grid of 
damper V16B will be 0 volt. This will cause 
sufficient conduction of V17B te decrease the 

gain of monitor amplifier V16A to the point 

where relay control V15B will be cut off. There- 

fore, if any of the tubes in this section fail, the 

20-cycle ringing will be disconnected from the 

local drop channels and audible and visual 

alarms will be energized. In addition, the pulse 

train reshaper will be bypassed, because the 20- 

208 

cycle ringing disconnect relay and bypass re a 
are operated by the same tube. . a 

232. Remote Keying Circuits ; 

There are two remote keying units supplied 

with the multiplexer group and pulse form re- 

storer group. The operation of these units is 
identical to that described for the multiplexer 
set (par. 195 and 196). The keying signal path 
for the pulse form restorer group and the mul- 
tiplexer group are the same, as shown in figures 

215 and 216. These figures show all pin and 
terminal connections in this path; from the 
modem, through the mounting rack to the re- 
mote keying units. 
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Figure 216. Remote keying circuit, Pulse Form Restorer Group AN/TRA-10 and Multiplexer Group AN/TCA-1, remote keying operation. 
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CHAPTER 9 

POWER SUPPLIES AND TEST EQUIPMENT THEORY OF OPERATION 

Section I. 

233. Voltage Regulator CN-236/G 
(fig. 217) 

Voltage Regulator CN-236/G is supplied as 

part of Multiplexer Set AN/TCC-13, Maulti- 

plexer Group AN/TCA-1, and Pulse Form Re- 

storer Group AN/TRA-10. 

a. General. Voltage Regulator CN-236/G is 

an electromechanical unit. It consists of buck- 

boost transformer T4 in series with the 

applied power, a bridge across which is im- 

pressed any error signal, gas tubes to select 

the direction of the error, and reversible motor 

Bl, controlled by the gas tubes that operate 

variable transformer T3. Transformer T3 con- 

trols the primary of the buck-boost unit T4. A 

buck-boost transformer has a secondary in 
series with the voltage source, which causes the 

output voltage to subtract (buck) or add 

(boost) to the source voltage. 

b. Power Circut (fig. 218). The unregulated 

ac input is applied to either J2 (230V AC 

POWER INPUT) or J4 (115V AC POWER 

INPUT), depending on the input voltage. The 

+230 V circuit breakers CB1 and CB2, protect 

the input from J2, while 115V circuit breakers 

CB3 and CB4 protect the input from J4. The 
115-volt ac output of T5 is applied to terminals 

l and 2 of variable autotransformer T3. The 

sorrective voltage output of T3 appears between 

terminals 3 and 4. Terminal 4 connects to the 

motor-driven brush of the brush assembly of 

3. The output from terminals 3 and 4 repre- 

sents the corrective electromotive force (emf) 

‘or the primary of series-compensating buck- 

00st transformer T4. The secondary of T4 
(terminals X1 and X2) then gives the proper 

eries-compensating voltage so that the output 

POWER SUPPLIES 

of the power circuit is maintained at a con- 

stant voltage of 115 volts ac. This 115-volt ac 

output appears across terminals D and E of AC 

POWER OUTPUT jack J3. Fuse F3 prevents 

damage to the sliding contacts. Pilot light I 1 

indicates the presence of output voltage. 

c. Control Circuit (fig. 219). 

(1) General operation. The control circuit 

maintains a regulated ac output by 

correctly positioning the brush of var- 

iable autotransformer T8. This con- 

trol is accomplished as follows: an ac 

bridge gives an output ac voltage pro- 

portional to any change in the moni- 

tored power circuit output. This 

bridge-detected error voltage then 

causes one of the thyratrons to fire, 

energizing its associated relay. This, 

BUCK- BOOST 
TRANS 

T4 

VARIABLE 
TRANS 

T3 

REVERSIBLE 
MOTOR 

Bi 

BRIDGE 
AND MOTOR 
CONTROL 

ZI 

POWER 
OUTPUT 

POWER 
INPUT 

TM 5091-634 

Voltage Regulator CN-286/G, 
block diagram. 

Figure 217. 
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(2) 

in turn, applies line voltage to the 

split-phase motor; the motor then ro- 

tates to correct for either the rise or 

fall of the power circuit output volt- 

age. When the brush moves to the cor- 

rect position, the drive motor stops. 

The system is. then in equilibrium, 

awaiting another rise or fall in the 

regulated output voltage. 

Detailed operation and characteristics 

(fig. 219). 

(a) 

(6) 

Control circuit input transformer 

T1. The secondary transformer 

T1 supplies a balanced input to 

the ac bridge from terminals 3 

and 5 (with terminal 4 as center 

tap) ; 12.6 volts ac between termi- 

nals 3.and 6 for the series con- 

nected filaments of thyratrons V1 

and V2; and the same ac source 

given above but for the fixed de 

bias circuit for the thyratrons. 

Ac bridge. The balanced second- 

ary windings of T1 serve as two 

arms of the ac bridge and also 

supply the driving voltage for the 

bridge. The center tap (4) of T1 

then serves as one bridge output 

terminal. The opposite two arms 

consist of the thermistor, fixed 

resistors, and potentiometer R11, 

the variable arm of which serves 

as the adjustable center tap, and 

other bridge output terminal. The 

AUTO- 
TRANSFORMER 

AC POWER 
INPUT 

UNREGULATED 
Sv OR 230V 

INPUT 

cB4 

BUCK- BOOST 

resistors shown within the dotted 
rectangle on figure 219 comprise 

inclosed sensing unit Z1. With the 

proper voltage applied to input 
transformer 'T'l, equal but oppo- 

site voltages are developed across 

the input arms of the bridge. This 

results in a current flow through 
resistor R1, through the thermis- 

tor, through the OUTPUT VOLT- 

AGE control arm, and through 
the primary of grid transformer 
T2 to terminal 4 of the input 

transformer. At the same time, 

an equal current will be flowing 
from terminal 4 through the grid 

transformer to the arm of R11 
through the lower resistor of Z1 
through R2 to terminal 3 of the 

input transformer. The action de- 
scribed above results in a zero 

voltage in the secondary of T2, 

because currents. in the primary 
are equal but opposite. If the in- 

put ac voltage should increase, 

the current through the bridge 

would also increase. Any increase 

in current flowing through the 

thermistor bead would cause an 

increase in its resistance, thus 

unbalancing the bridge. Grid 

transformer T2 will then receive 

its input voltage from the 3 to 4° 

winding of transformer T1. This’ 

TRANS 

II5VA-C 
REGULATED 

OUTPUT 

TM 5091-635 

Figure 218. Voltage Regulator CN-286/G, power circuit 
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(c) 

will cause the motor to rotate so 

that the applied ac voltage de- 

creases. If the input voltage 

should decrease, the current flow- 
ing through the bridge will also 

decrease. This will cause the re- 

sistance of the thermistor to de- 

crease. The grid transformer will 

now receive its voltage from the 

4 to 5 winding of transformer T1. 

This causes the motor to rotate in 

the opposite direction, increasing 

the applied ac voltage. 

Push-pull thyratrons. The output 

of the bridge is applied to the 

primary of transformer T2. Op- 

MOTOR 
DRIVE 

vi 
5727/2021Ww 

A-C BRIDGE 

SENSING 
ELEMENT 

posite ends of the secondary of 

T2 are connected to the grids of 

V1 and V2 (fig. 240). The sig- 

nals applied to two thyratron 

grids are always out of phase 

with each other. One of the two 

Signals will be in phase with V1 

ac plate voltage and out of phase 

with V2 ac plate voltage. For this 

reason, only one tube will con- 

duct for any given error signal. 

When the phase of the error sig- 

nal is reversed, the other tube 

will conduct. Germanium diodes 

CR1 and CR2 are the rectifiers 

biasing the thyratrons. The com- 

REVERSIBLE 
ORIVE R 
MOTOR 

BI 

NOTES: 

|. UNLESS OTHERWISE SHOWN, 
RESISTORS ARE IN OHMS 
CAPACITORS ARE IN UF. 

2. THE = DENOTES A COMMON 
RETURN POINT, NOT A CHASSIS 
GROUND. 

TM 5091-636 

Figure 219. Voltage Regulator CN-236/G, control circutt. 
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mon filament connection is used 

as an artificial center tap of T1. 
In the normal (no error) signal 

condition, both thyratrons are 
held beyond cutoff by the fixed 

bias developed across _ potenti- 

ometer R12 connected between 

cathode and grid of the two thy- 

ratrons. The bias voltage may be 

varied by adjusting R12. With 

the SENSITIVITY CONTROL 
turned clockwise, the bias voltage 

will be near zero because the re- 

sistance of R12 will be almost 

zero. In this condition, the slight- 

est error voltage will be detected 

and the servo motor will accord- 

ingly be required to operate more 

frequently to maintain the output 

ac voltage constant. Any higher 

sensitivity requirements will 

prove a detriment, for the system 

will go into oscillation or hunt- 

ing. Hunting displays itself as a 

violent gear chatter, as a result 

of the rapid reversals of the drive 

motor. Therefore, the proper ad- 

justment of R12 involves increas- 

ing the sensitivity until chatter 

occurs and then turning it back 

slightly. The motor will then re- 

main relatively quiet, only mov- 

ing occasionally to follow input 

line fluctuations. The other ex- 

treme involves adjusting R12 for 

full resistance, thus giving a 

(d) 

maximum negative bias. A large 
error signal is then necessary to 
cause thyratron conduction, relay 

operation, and correction of a¢ 
voltage error. Potentiometer R11 
controls the voltage applied to the 
thyratron grids. By varying the 
voltage applied to the grids, a 

new reférence voltage is estab- 
lished. Varying this control ad- 

justs the output voltage from the 
voltage regulator to the power 
supply. . 

Motor circuit. To aid in the dis- 

cussion of the motor circuit, as- 

sume that a rise occurs in the 
output voltage. The bridge cir- 

cuit detects an error voltage. This 
error voltage is then applied to 

the grids of the thyratrons. The 
error voltage will be out of phase 

with the regulated ac common 
plate voltage on one grid, and in 

phase with the plate voltage for 

the grid of the other thyratron. 
The tube which has both the grid 

and plate driven positively will 

fire when the electrode voltages 
are sufficiently positive for break. © 
down. The relay associated with 

this tube will then be energized. 
The unregulated ac input will be 

applied to the split-phase motor, © 

directly across one motor winding 

and in series with C6 and R10- 

across the other motor winding. — 

NOTE; 
THE | DENOTES A COMMON 

RETURN POINT, NOT A CHASSIS 
GROUND 

TM 5091-637 

Figure 220, Voltage Regulator CN-236/G, filament and 
full-wave rectifier bias arrangement. ! 



This condition results in a rota- 

tion of the motor shaft (and thus 

the motor-coupled autotrans- 

former brush (T3)) to compen- 

sate for the rise in output. Ca- 

acitor C6 and resistor R10 supply 

the necessary 90° phase shift be- 
tween the voltages across the two 

motor windings. If any overshoot 

occurs, the first tube will extin- 

guish, de-energizing its relay, and 

the tube will fire, energizing its re- 

lay. The autotransformer brush 

will be driven in the reverse direc- 

tion because R10 and C6 will be in 

series with the other motor wind- 

ing, giving a change in the direc- 

tion of rotation. Also included in 

the motor circuit is end-stop pro- 

tection. Microswitches S1 and S82 

are actuated when the end-stops 

of the brush assembly are 

reached. Thus, when either ex- 

treme is reached, the associated 

switch opens. This disconnects 

the motor and prevents any 

further attempt on the part of the 
motor to operate in the blocked 

rotor d‘rection. 

(e) Regulated output. Output is taken 

from pins D and E of AC 

POWER OUTPUT jack J3. Pilot 

light I 1 indicates that output 

power is present. Fuse F2 is in 

series with the pilot light. 

234. Multiplexer Subassembly MX-1442/TC 
(Filament Supply) 

' (fig. 378) 

a. Multiplexer Subassembly MX-—1442/TC is 

only supplied as part of Multiplexer Set AN/ 

TCC-13 and Multiplexer Group AN/TCA-1. The 

filament supply provides filament power to the 

entire multiplexer group and multiplexer set. 

It contains the alarm and indicator circuits 

and blower B1. B+ voltage is brought into this 

unit through +250V INPUT jack J5, pins b 
and C. Ac is brought in through 115V AC IN- 
PUT jack J6, pins C and D. Indicator lamp | 2 
on the filament supply unit (FILAMENT ON) 

is energized when power is applied. Fuses F1 

through F4 are in series with the B+ voltage 

applied to the modems. The 100-microfarad 
(uf) filter capacitors C1 through C4 are con- 

nected between the modem side of these fuses 

and ground to provide additional filtering of the 

B+ voltage. The B+ voltage is taken from 

terminal 8 of terminal board TB4A. Filter ca- 

pacitor C5 is connected between this point and 

ground. 

b. Filament supply terminals are: 

(1) Terminals 9 and 10 of TB3A, which 

provide ringing current by connecting 

the 20-cps generator to each of the 

modems through pins E and F of J11. 

(2) Terminals 7 and 8 of TB2A, which 

connéct the modems with the test pair 

from the audio test set through pins 

C and D of J1l. 

(8) Terminals 5 and 6-of TB3A, which 

connect the control monitor to the 

channel 1 order-wire circuit through 

pins A and B of J11. 

c. A regulated 115-volt, 60-cps ac voltage is 

applied across the primaries of filament trans- 

formers T1 and T2 through 2-ampere fuses F5, 

F6, F7, and F8. The secondary of transformers 

T1 and T2 provides 6.3-volt ac filament power 

to the equipments. 

d. Application of 115 voltsac to the filament 

supply energizes blower motor B1 (a 115-volt, 

60-cps, split-phase induction motor) and lights 

FILAMENT ON indicator lamp I 2. Four con- 

venience UTILITY POWER outlets, J7 through 

J10, are located in the filament supply. Two 

outlets are on the front panel and the two 

others are on the rear panel. Lamp I 1 is a neon 

light that indicates the presence of 250 volts 

dc. Lamp I 4 indicates operation of the alarm. 

Connectors J1 and J2 are the receptacles for 
the channel 2 remote keying plug-in units, and 

J3 and J4 are the receptacles for the channel 1 

remote keying plug-in units. Connector Jil 

(TEST PAIR) is the receptacle for the channel 
1 order wire and modem test pair. Switch S1 

is the audible alarm disconnect push-button — 

switch. Contacts E5 through E10 are gaps used 
for surge protection. Relays K1 and K2 are 
used to stop ringing. 

235. Pulse Form Restorer Group AN /TRA-10 
(Filament Supply) 

The filament supply for all equipment of the 

restorer group, except the oscilloscope, consists 
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of 30-ampere 6.3 volt transformer T3, mounted 

on the drawer of the electrical equipment rack. 

The oscilloscope contains its own supply. 

236. Power Supply PP-691/G 

Power Supply PP-691/G is supplied as part 

of Multiplexer Set AN/TCC-13, Multiplexer 

Group AN/TCA-1, and Pulse Form Restorer 

Group AN/TRA-10. Power Supply PP-691/G 

consists of power transformer T1, the output of 

which is rectified by selenium rectifiers CR1 

and CR2. The de output CR1 and CR2 is fil- 
tered by chokes L1 and L2 and capacitors Cl 

through C8. The de output then is taken from 

output receptacles J2, J3, and J6. The four 

principal sections of the power supply are 

shown in the block diagram in figure 221. The 

power supply for the multiplexer group supplies 

the +250-volt plate supply for all components 

except the test equipment. Refer to figure 383 

for the power supply schematic diagram. 

a. The 115-volt ac input +1 volt, 47.5 to 63 

cps, is applied to AC POWER INPUT connec- 

tor J1, pins D and E. Ganged circuit breakers 

CB1 and CB2 (FILAMENT) apply the 115 

volts to the filament chassis through connector 

J6. When the circuit breaker combination is 

operated, 250V ON indicator lamp I 2 lights to 

show that power has been applied. With the 

application of power, 115 volts ac is applied 

to 115V AC OUTPUT jacks J4 and J5. Four 

convenience outlets, J7, J8, J9, and J10, UTIL- 

ITY POWER, are provided on the power supply 

chassis. Power to these outlets is applied 
through 5-ampere fuses F1 and F2. 

b. Operation of the AC POWER INPUT 
switch, CB1 and CB2, applies primary power to 

power supply transformer T1 through +250V 

circuit breaker CB3 and to +250V lamp I 1. 

The secondary of T2 supplies 339-volts root 

mean square (rms) to bridge rectifiers CR1 

“and CR2. Note the extra taps on the trans- 

formers. Selenium rectifiers have a tendency to 

age; the voltage drop across each rectifier ele-- 

ment will increase with time, thus reducing the 

output de voltage. To compensate for this loss, 

‘terminals 3 and 4 are provided on T1. If the 

output voltage of the rectifier drops below the 

rated value, connecting the yellow terminals of 

the rectifier to terminals 3 and 4 will increase 

the applied ac voltage and hence the dc voltage. 

The rectified de is fed to a choke input filter 

consisting of inductor L1.and L2, filter capaci- 

tors Cl and C4 in parallel, and C5 to C8 in 

parallel, with bleeder resistor R1. across the de 

output. The 250-volt de output is connected to 

J2, pins B and C, and to 250V-115V AC OUT- 

PUT jack J3, pins A and B. 

TM 5091-638 

POWER FILTER : HSV AC TRANS RECTIFIERS LL eauy ues 
REGULATED TI CRI, CR2 oan bee J2,J . 

Figure 221. 

Section Il. OSCILLOSCOPE OS-25/G 

Note. Oscilloscope OS-25/G is supplied as 

part of Multiplexer Set AN/TCC-13, Multi- 

plexer Group AN/TCA-1, and Pulse Form Re- 

storer Group AN/TRA-~10. 

237. Oscilloscope OS-25/G, Block Diagram 

a. Oscilloscope OS-25/G consists of five sec- 

tions (fig. 155 and 222). These sections consist 

of a vertical deflection and calibration section 

with a bandwidth from 30 eps to 5 mc; a hori- 

zontal sweep generator (amplifier system) var- 

iable in speed from 5 milliseconds per cm to .5 

microsecond per cm; a timing-marker genera- 
tor to produce 5.2-microsecond timing pips; a 
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power supply with various voltage supplies; 

and a cathode-ray tube. 

b. The vertical deflection section amplifies or — 

attenuates the signal being observed. It con- — 
sists of an attenuator, vertical input amplifier 

V12, cathode follower V13, and push-pull verti- — 

cal output V14 and V15. 

c. The horizontal deflection system provides 

the voltage required to deflect the beam across 
the crt and is the most complex of the oscillo- 

scope circuits. The stage-by-stage function of 

the horizontal system is described in paragraph 

141. The horizontal system contains the fol- 

lowing: 
‘4 

Power Supply PP-691/G, block diagram, — 
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(1) The 8-ke amplifier, triggering and 

synchronizing stages, tubes V16A 

through V19A. 
(2) The multivibrator, V20 and V21, pro- 

vides the horizontal deflection timing 

signal, and with buffer amplifier V27B 

and blanking restorer V19B, it pro- 

vides the unblanking pulse to the crt. 

(3) Sweep generator and control tubes 
. V22 and V23 provide the regulated 

sawtooth voltage required for the hor- 

izontal deflection of the beam. 

(4) De restorer V24 assures horizontal 

stability by returning the circuit to its 

original de state after each horizontal 

sweep. 
(5) Final horizontal output amplifiers V25 

and V26 provide the necessary ampli- 

fication to obtain the 350 volts re- 

quired to deflect the beam across the 

face of the crt. 

d. The timing marker circuit provides pulses 

separated by 5.2 usec. It is sometimes called the 

timing-pip generator and consists of 8-kc am- 

plifiers V27A and V28A, synchronizing pulse 

generator V28B, discriminator rectifier V29, 

reactance modulator and 192-kc oscillator V30, 

192-kc amplifier V31A, and differentiating 

shaper V31B. 

e. The oscilloscope power supply produces 

six de voltages. These are +450 volts regulated, 

+225 volts regulated, —1,500 volts, —600 volts, 

—140 volts, and +1,800 volts. Tubes V1 and V2 

provide +1,800 volts and —1,500 volts; V3, V4, 

and V5 provide +450 volts; V6, V7, V9, and 
V10 provide +225 volts; and V8 provides —140 

volts. 
f. The crt section contains control circuits 

for proper operation of the tube. 

238. Technical Specifications 
The technical specifications of the oscillo- 

scope are: 
a. Vertical Amplifier Bandwidth. The re- 

sponse of the vertical amplifier is from 30 cps 

to 5 mc (the 8 db points with respect to the 

response at 100 kc). 

b. Vertical Sensitivity. Maximum of .4 volt 

per cm with additional attenuation provided by 

the input attenuator of 1, 2, 10, and 100 and 

further attenuation of 10 when the probe is 

used. Thus, with the vertical attenuator at 

100:1 and the low capacitance probe being used, 
the deflection sensitivity is 400 volts per cm. 

c. Input Impedance with Probe. Normally 10 

megohm in parallel with 12 uuf capacitance. 

d. Input Impedance without Probe. Normally . 
1 megohm in parallel with 40 uuf vapacitance. 

e. Horizontal Sweep Spreads. Continuously 

variable from 5 milliseconds per cm to .5 micro- 

seconds per cm. 

f. Horizontal Sweep Snychronization. Sweep 

synchronization can be accomplished by an ex- 

ternal or internal source. In addition, the sweep 

can be made free running by advancing the 

-STAB control. Provision is made to synchro- 

nize and phase the observed wave forms by use 

of an 8-ke signal obtained from either the mul- 

tiplexer or demultiplexer section of the common 

unit. 

g. Synchronizing Trigger Requirements. At 

least .5 volt and not more than 50-volt peak 

can be used to trigger the horizontal synchro- 

nizing circuits. Satisfactory triggering can be 

obtained from sine waves or pulses of either 

polarity which are as short as .1 usec. The sine 

wave obtained from the multiplexer section of 

the common unit to provide synchronization — 

should be at least 2.2 volts rms for satisfactory 

continuous phasing. 

h. Vertical Amplifier Voltage Calibration. 

Means are provided to calibrate the vertical 

sensitivity of the oscilloscope, through sub- 

stitution of a square wave of power line fre- 

quency for the wave form applied to the verti- 

cal input terminals. By adjusting the height 

of this wave form to correspond to the deflec- 

tion to be measured, the vertical sensitivity for 

the particular setting of the vertical gain con- 

trols can be obtained. 

i. Timing Markers. For purposes of aligning 

the individual channel pulses, precise 5.2-micro- 

second timing pips are provided which are de- 

rived from the 8-ke sine wave from the common 

unit. These timing pips are applied to the verti- 

cal deflection plates and appear as a vertical 

deflection of the trace. They can be phased with 

respect to the observed wave form over a range 

of about 7 microseconds. 

239. Oscilloscope Cathode-ray Tube Circuit 

(fig. 223) 

The oscilloscope uses a type 5CP1A cathode- 

ray tube, V32. This is a 5-inch tube with elec- 
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trostatic focus and deflection. It uses post- 

- deflection intensification; the electron beam is 

accelerated before and after deflection so that 

_ lower voltages can be used for deflection and 

good-viewing intensity is provided. 

a. The —1,500-volt power supply is applied 

to the cathode of tube V32 through 500,000- 

ohm intensity control R186. Accordingly, the 

first grid, which is returned to the arm of this 

control through 1.5-megohm resistor R184, has 

a potential applied to it which is negative with 

respect to the cathode, and which can be varied 

to control the intensity of the electron beam. 

- Potentiometer R187 controls pin 5, the first 

anode potential, which also is derived from the 

—1,500-volt supply and is at a positive po- 

tential with respect to the cathode. 

b. The second anode potential is adjusted by 

means of an adjustment on the front panel 

(ASTIG). This controls the voltage at the arm 

of potentiometer R174 and insures that equal 

focus is maintained in both the horizontal and 

VERTICAL 
DEFLECTION THU 

03 c83 
| 

RI79 

1MEG 

+225v D-C 

— 140V D-C 

VERTICAL 
DEFLECTION 

04 

HORIZONTAL 
DEFLECTION 

-» =DI 
HORIZONTAL 
DC COUPLING 

18 19 110) sd 112 
NE5i NES! NESI 

-600V D-C 

HORIZONTAL 
DEFLECTION 

b2 

-1500V D-C 

vertical axis. Vertical positioning of the trace 

is accomplished with a dual potentiometer, 

R180, connected between the +225- and —140- 
volt supplies. Turning this control increases 

the potential applied to one vertical deflection 

plate of the crt and decreases the other. The 

distribution of voltage along the beam axis of 

the crt is unchanged, and no change of the 

focusing controls is required to maintain proper 

focusing. 

c. Resistors R176 and R177 act as voltage 

dividers in series with the vertical positioning 

potentiometers. Resistors R179 and R181 are 

decoupling resistors, and capacitors C87 and 

C88 are decoupling capacitors. 

d. Unblanking of the trace is accomplished 

by an unblanking pulse applied to the grid of 

the ert. 

e. Plus 1,800 volts is fed directly to the high- 

voltage capacitor of the crt from the oscillo- 

scope high-voltage power supply. 

f. Vertical deflection signals are fed through 

UNBLANKING 
PULSE +!800V D-C 

CRT INDICATOR 
v32 
5CPIA 

cw "NOTES 
UNLESS OTHERWISE SHOWN, 
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500K 1 
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Figure 228. Cathode-ray tube circuits. 
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resistor R175 in parallel with L12, and resistor 

R178 in parallel with L18, then through capaci- 

tors C83 and C84. 

g. Horizontal deflection voltages are coupled 

to the crt plates through capacitors C85 and 

C86. Capacitor C85 is in parallel with neon 

lamps I 3 through I 7. Capacitor C86 is’ in 

parallel with neon lamps I 8 through I 12. The 

neon lamps maintain the voltage across the 

capacitors constant and prevent defocusing. 

Resistors R182 and R183 return the plates to 

—600 volts. 

240. Oscilloscope Power Supply Circuits 
(fig. 224) 

The oscilloscope contains power supplies that 

produce —1,500 and —600 volts dc, +1,800 

volts de, +450 volts regulated, +225 volts regu- 

lated, and —140 volts. 

a. The ac input is applied through switch S1, 
indicator pilot light I 1, and through fuse F1 
to transformer T1 and through fuse F2 to 

transformer T2. 
b. Transformer T1 produces the following 

voltages: terminals 5 and 6 provide 6.3. volts 

ac for the crt filament, terminals 10 and 11 

provide 2.5 volts ac for the filament of V2 

(—1,500-volt rectifier), terminals 3 and 4 fur- — 

nish 2.5 volts ac for the filament of V1 (+1,800- 

volt rectifier), 1,400 volts ac for both high 

voltages (—1,500- and +1,800-volt rectifiers) , 

520 volts ac to the diode-connected plates of 
V3, terminals 14 and 16 supply 6.3 volts for 

the filaments in the horizontal and vertical cir- 
cuits. 

c. Transformer T2 produces 6.3 volts ac for 

the filament of V5, 640 volts center-tapped to 

ground for the +225-volts supply, 5 volts ac 
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Figure 225. Oscilloscope —1,500 - and 
—600-volt supply. 
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for the filaments of tubes V6 and V7, 6.3 volts 
ac for the filament of V8, and 6.3 volts ac for’ 
horizontal sweep control tube V23. a 

d. The —1,500-volt supply (fig. 225) is ree- 

tified by V2 and filtered by resistor R6 and ca- 
pacitors C2 and C3. The —600 volts is obtained 
from the same rectifier tube but dropped 

through R7 and R8.. 4 
e. The +1,800-volt supply (fig. 226) is ree- 

tified by V1 and is filtered by resistor R5 and 

capacitor Cl. Resistors R1 through R4 act as 

a bleeder circuit and provide a discharge path — 
for capacitor Cl. ‘ 

f. The +450-volt rectifier, V3 (fig. 227), is — 
operated as a diode because both plates are tied © 
together. The tube current is limited by resis- 
tors R192 and R193 in parallel. The output is 

regulated electronically by series regulator V4, — 
the series resistance of which changes to keep ~ 
the output voltage constant. The +225-volt 

regulated supply is used as a reference for the 

+450-volt supply and must be adjusted first. 

The output of the +450-volt supply is across 

the voltage divider R15, R16, and R17. The © 
grid of regulator tube V5 is connected to a tap — 
on potentiometer R16 through current limiting — 

resistor R14, and is connected through capaci- — 

tor C5 to +450 volts. The screen of tube V5 is ~ 

operated from a voltage divider, which consists — 

+1,800 V 
RECTIFIER 

vi 
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FROM 
TI +1,800 V DC 
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Figure 226. Oscilloscope 1,800-volt supply. 
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of resistors R12 and R13. The cathode of tube 

V5 is returned to the +225-volt reference volt- 

age. The grid of tube V4 is connected to the 

plate of tube V4. The output voltage variations 
from the power supply impressed across C5 are 

fed to the grid of tube V5. The plate current of 

tube V5 will therefore vary with its grid. The 
plate of V5 being connected to the plate of V4 

controls the current flow through tube V4, 

which acts as a variable resistor in series with 

the output current and maintains the output 

voltage constant. Capacitor C4 filters irregu- 

larities in rectifier V3 output. Resistor R9 is a 

discharge path for C4. 

_g. The dc voltage is used to operate the low- 

voltage stages of the oscilloscope. It is provided 

by rectifying ac applied to the plates of V6 and 

V7. Current can flow only one way in the tubes; 

therefore, dc appears at their cathodes. This 

output is pulsating and is filtered by capacitor 

C7 and the regulator circuit consisting of V9 

and V10. The +225-volt (fig. 228) full-wave 

rectifier-type power supply uses parallel con- 

nected rectifier tubes V6 and V7 for greater 

current capacity. Capacitor C7 filters the out- 

put of these rectifier tubes. Resistor R21 is -a 
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Figure 227. 

+450V REG 

Becmoshope +450-volt supply. 

bleeder resistor for filter capacitor C7. When 
the equipment is shut off, capacitor C7 will 

discharge through R21. Tube V10 is the regu- 
lating amplifier. Resistor R22 is the plate resis- 

tor for tube VIO. Resistors R23 and R24 pro- 

vide a screen voltage divider network, capaci- 

tor C8 is the grid ac bypass capacitor, resistor 

R25 is the grid current limiting resistor, and 
resistors R26, R27, and R28 are the +225-volt 

de output voltage divider. Parallel-connected 

tube V9 is the series regulator tube. Resistor 

R11 shunts V9, which reduces the tube dissi- 

pation while keeping the regulation within ac- 
ceptable limits. 

h. A voltage calibration circuit (fig. 229) is 

included to measure the voltage deflection of the 

oscilloscope. This circuit provides a squared 60- 

cycle ac voltage, which is displayed on the scope 

and is calibrated so that its value may be read 

directly from the panel controls. To measure an 

unknown voltage, adjust the height of the cali- 

brating voltage to match the height of the 

unknown signal, then read the value from the 

panel controls. Both signals are the same 

height, therefore both are of the same value 

(par. 45). The ac voltage is applied to crystal 
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rectifiers CR1, CR2, and CR3 through R30. 

The output is developed across R31, R4, and 

applied to voltage divider R33, R34, and Rs. 

It is then fed through switch S2B to vertical 

input amplifier V12. Resistor R35 is calibrated, 

so that voltage may be read directly from it 

when the switch is in the calibrate position. 

i. The —140-volt supply (fig. 230) is pro- 

vided by rectifier tube V8 and is filtered by re- 

sistor R18 and capacitor C6. Resistor R19, in 

parallel with R20, is the series voltage dropping 

resistor for gas-type voltage regulator tube 

V11. The output is then taken through resistor 
R29 and is filtered by capacitors C9A, C9B and 
C9C. The current flow through voltage regula- 

tor V11 varies inversely with the voltage 

change across V11. This change is dissipated 

across resistors R19 and R20, resulting in a 

constant —140-volt de output. 
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Figure 229. Oscilloscope voltage calibration circutt. 
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241. Oscillator Vertical Amplifier Circuits 

The vertical deflection system amplifies or 

attenuates the signal being observed and 

couples it to the vertical deflection plates of the - 

ert. The maximum gain of the circuit is 100. 
Use of an oscilloscope probe is necessary so — 

that desired voltages can be observed without 

loading. The probe is a 9-megohm resistor (R36 

and R37) in parallel with capacitor C10, both 

in series with the normal input circuit of the © 

oscilloscope (fig. 380). When the time constant 

of this resistance-capacitance circuit is adjusted — 

to be equal to the time constant of the oscillo- 

scope, attenuation of the input signal is 

achieved without distortion of any of the fre- 

quency components of the observed signal. The ~ 

following stages comprise the vertical deflec- — 

tion system: vertical input amplifier V12, phase — 

splitter cathode follower V13, and push-pull 
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Figure 230. Oscilloscope —140-volt supply. 



vertical output amplifier tubes V14 and V15. 

The output of V14 and V15 is coupled to crt 

vertical deflection plates D3 and D4. 

242. Vertical Attenuator 

(fig. 231) 

The signals applied to the input of the verti- 

cal amplifier are introduced through the verti- 

cal attenuator, which is a five-position rotary 

switch (S2). Four positions provide attenua- 

tions of 100:1, 10:1, 2:1, and 1:1. The fifth 
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Figure 231. Oscilloscope vertical attenuator. 

position is for calibration purposes. The attenu- 

ation is achieved without distortion by shunting 

the attenuator resistors with capacitors, so 

that the product of resistance-capacitance is 

constant. These capacitors can be adjusted to 

provide minimum distortion. The 100:1 attenu- 

ator consists of resistors R38, R39, R40, and 

R41 and capacitors C11, C12, C138, and C14. 

The 10:1 unit consists of resistors R42 and R43 

and capacitors C15, C16, C17, and C18. The 2:1 

attenuator consists of resistors R44 and R45 

and capacitors C19, C20, and C21. 

243. Vertical Input Amplifier 
(fig. 232) 

a. A video amplifier must be able to amplify 

uniformly a wide band of frequencies. However, 

a typical resistance-coupled audio amplifier has 

a characteristic amplification that falls off both 

at high and low frequencies. To prevent this, 

some form of compensation is necessary. The 

reduced gain at the high frequencies is due to 

the reduction of plate load impedance caused by 

the shunting effect of interelectrode and dis- 

tributed capacity. This may be cormpensated 

by adding an inductance in series with the load 

resistor. This is known as shunt compensation. 

The same effect may be accomplished by a coil 

in series with. the coupling capacitor. Both 

methods are used in the vertical input amplifier 

circuit. 

b. The input stage, tube V12, uses a method 

of series-shunt peaking to achieve the maximum 

gain at high frequencies. Series peaking is ac- 

complished by isolating the input capacitance 

of tube V13 from the output capacitance of tube 

V12 by the network that consists of series com- 

pensating inductor L2 and resistor R57. Resis- 

tors R50 and R51 are decoupling resistors for 

the plate circuit of V12. Capacitor C24A is the 

decoupling capacitor, resistors R53 and R52 in 

parallel are the plate load, L1 is the shunt com- 

pensating inductor, R54 is a parasitic sup- 

pressor resistor, .R56 is the screen grid 

voltage dropping resistor, and C24B is the 

screen. grid bypass capacitor. Resistor R46 

is the grid return, and resistors R47 and 

R48 form a voltage divider to set the 
grid bias. Capacitor C23 is the coupling 

capacitor from S2B, and R49 is a parasitic 

suppressor resistor. Parallel-connected resistors 

R55 and R64 provide screen grid decoupling 
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and C24C is the decoupling capacitor. Capacitor 

C22 is the attenuator trimmer bypass capacitor. 

c. The gain of the over-all plate coupling cir- 

cuit of amplifier tube V12 is maintained con- 

stant from very low audio frequencies to video 

frequencies as high as 5 mc. Potentiometer R59 

is used to adjust the low-frequency response as 

the signal is coupled from V12 to V13 (fig. 

233). Low frequency compensation is achieved 

with the circuit that consists of resistor R58 

and R59 and capacitor C26A. This circuit over- 
comes the reduction in gain at low frequencies 

that results from the increase in reactance of 

C25. 

244. Cathode Follower V13 
(fig. 233) 

Cathode follower stage V13 isolates the rela- 

tively high input capacitance of tube V14 from 

the plate circuit of tube V12, and drives low 

resistance potentiometer VERT GAIN control 

ee 

VERT INPUT 
AMPLIFIER 

vi2 
6AG7 

FROM 
$2 

SECTION 2 C23 
G22 ; 
7-45 UUF 

-140V 0-C — 

_ high-impedance circuit, but the cathode (from 

R68. This low value of resistance helps to avoid 

high-frequency (hf) attenuation caused by dis 

tributed capacitance. The grid of V13 is a 

which part of the output is taken) is a low- 

impedance circuit. To maintain a good low- 

frequency response, in this cathode follower 

stage, a large coupling capacitor, C27, is re- 

quired. This capacitor is mounted to minimize 
its capacitance to ground, which would other- 

wise decrease the hf response of the circuit. Re- 

sistor R61 is the grid return resistor, R60 and 
R62 are the voltage divider network to set the 

fixed grid bias. Resistors R66 and R67 are the 
cathode load resistors. Resistor R65 is a low 

value plate load resistor which permits a small 

out-of-phase signal to be taken off the plate 

to feed the internal synchronizing circuit. Ca- 

pacitor C27 is the output coupling capacitor, 

and resistors R68 and R69 (VERT GAIN) are 

the cathode-follower load. Voltage developed 
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Figure 232. Oscilloscope vertical input amplifier. 
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Migure 283. Oscilloscope cathode-follower stage V13. 

across R69 and R68 (VERT GAIN) is fed to 

vertical output tube V14 through coupling ca- 

pacitor C28. 

245. Push-pull Vertical Amplifier 

(fig. 234) | 

a. The output stage of the vertical amplifier 

consists of tubes V14 and V15. Push-pull opera- 

tion of this stage is achieved without the use of 

a transformer but by using common cathode 

resistors R79 and R80. For a description of a 

cathode-coupled push-pull amplifier, refer to 

paragraph 254. The portion of the output from 

tube V14 is cathode-coupled to the grid of V15. 

b. By proper selection of cathode resistors, 

the signals applied to the grids will be equal. 

Each stage includes a low-frequency compensa- 

tion network to correct for the coupling effect 

of the vertical deflection plates of the cathode- 

ray tube. The input load circuit to tube V14 

contains variable resistor R71, which adjusts 

for variations in the tolerances of resistors R58 

and R61. Inductor L3 isolates the input capaci- 

tance of tube V14, thus providing hf peaking. 

As in the output of tube V12, series-shunt 
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peaking is pet in tubes V14 and V15 to .pro- 

vide compensation. Resistors R76 and R86 are 

plate parasitic suppressor resistors ; resistors 

R74 and R75 in parallel, and R84 and R85 in 

parallel, are the tube plate loads; L4 and Ld are 

the series-shunt peaking coils; and resistors 

R72 and R73 in parallel, and R82 and R83 

in parallel, are the plate decoupling resistors. 

Capacitors C26B and C26C are the plate de- 

coupling capacitors. Resistor R78 is the screen 

grid voltage decoupling resistor for both tubes 

‘and C80 is the bypass capacitor. Resistors R77 

and R81 connect the suppressor grid to the 

cathode return circuit and capacitors C29 and 

C31 are the suppressor grid bypass capacitors. 

Resistors R89 and R90 are a voltage divider 

network and provide the bias for both tubes. 

Resistors R87, R88, R70, R71 and R90, con- 

nected in series, are the grid return for V14. 

Resistor R87 provides a load for the timing pips 

and R88 and C82 provide a filter to isolate the 

signal applied to V14 from the grid of V15. The 

timing-pip circuit is described in paragraph 

257. Capacitor C32 bypasses the timing— 

markers (pips), isolating them from ahs volt- 

age divider network. 

246. Oscilloscope Horizontal Amplifier Cir- 

cuit 

The sweep circuits provide means for hori- 

zontally deflecting the beam of the crt, for 

synchronizing the horizontal with the vertical 

+225VD-C 
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8 KC AMPLIFIER |) 
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SWITCH 2 
$3 

SECTION | hee 

Figure 235. Oscilloscope 

224 

pattern, and for positioning the pattern so that 

any desired portion of it may be observed. An 

unblanking circuit is provided so that the beam 

is brightened during sweeps. (The spot tha 

appears at the left-hand portion of the sweep 

during triggered operation can be reduced in~ 

intensity by turning the INTENSITY control) 

counterclockwise. ) b 

247. Sweep-phase Circuit | ; 

(fig. 235) 

A synchronizing signal from the a 

unit multiplexer or demultiplexer sections is 

fed through J4 (MTPX SYNC INPUT) or J5_ 
(DEMTPX SYNC INPUT) to the grid of 8- ke 

amplifier tube V16A. This signal can be used 

to trigger the sweep circuits when the hae 

SELECTOR switch is in the DEMULTI- 

PLEXER SYNC or MULTIPLEXER SYNC 

position. The output taken from the tuned plate” 
tank circuit (C33 and L6) of tube V16A is_ 
applied to the rotor of two-phase autosyn B1. 

This autosyn functions as a transformer that 

has a rotary primary coil with two stationary | 

secondary coils. One stationary coil acts as the” 
transformer secondary with the other station-— 

ary coil mounted at a right angle to this sec- 

ondary coil. The rotor, as the primary of the 

transformer, induces voltages into the fixed 

stators of the autosyn. These voltages vary in 

amplitude, but not in phase, as the rotor is— 

turned. Because the stator coils are mounted 
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at right angles to each other when the voltage 

in one is a maximum, the voltages in the other 
is a minimum. The sum of these voltages is ap- 

plied across a phase-shift combination consist- 
ing of resistor R92 and capacitor C37. The 

phase of the voltage that appears on pin 7 of 

tube V16B, therefore, is a function of the angle 

through which the rotor of B1 is turned. Thus, 

turning over the autosyn rotor 360° will rotate 

the phase of the signal that appears at pin 7 

of tube V16B over 360° with respect to the 

8-kc sync signal applied to jack J4 or J5. Induc- 

tor L6 and capacitor C33 form a resonant cir- 

cuit at 8-kc and are the plate load of tube 

V16A;; resistor R91 is the cathode-biasing resis- 

tor. Capacitor C34 is the cathode bypass ca- 

pacitor ; C35 provides the output coupling; and 

C36 is the bypass capacitor across the load. 

Tube V16B amplifies the sweep phase as ad- 

justed by SWEEP PHASE B1. Resistor R95 is 

the plate load, and R94, with capacitor C38A, 

provides power supply decoupling. Capacitor 

C39 is the outut coupling capacitor. 

248. Trigger Phase Splitter V17 
(fig. 236) 

The trigger phase splitter controls the polar- 

ity of the signal applied to the grid of sync 
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TRIGGER 
PHASE 

SPLITTER 

FROM VI6B AND 

S3 SECTION 2 

R96 

470K 

-140V 0-C 

Figure 236. 

SECTION 3 

amplifier V18 of the sweep-trigger circuit so 

that proper triggering is accomplished, re- 
gardless of the signal applied to the grid of 

tube V17. When SYNC SELECTOR switch 

S3B is in the DEMTPX position, the trigger 

signal to the grid of tube V18 is applied from 

the cathode of tube V17. Accordingly, there is 

no phase inversion. When the switch is in the 

MTPX position, the grid signal to tube V18 is 

taken from the plate of tube V17, and thereby 

inverted. Resistor R96 is the grid return for 

tube V17. Capacitor C41 is the coupling capaci- 

tor to the arm of SYNC SELECTOR switch S3. 

Resistor R99 and capacitor C40B are a de- 

coupling network. Resistors R97 and R98 form 

a screen grid voltage divider, and C40A is the 

screen grid bypass capacitor. Resistor R100 is 

the plate load, and R101 is the cathode load. 

249. Sync Amplifier V18 
(fig. 236) 

Sync amplifier tube V18 is used to amplify 

the signal from tube V17, the trigger phase 

splitter. By adjusting the negative bias ap- 

plied to its grid with TRIGGER potentiometer 

R102, the amplitude of the signal, which con- 

trols the triggering of the sweep multivibrator, 

can be adjusted. Resistors R103 and R102 are 
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the bias voltage divider circuit. Resistor R104 
is the grid return, R105 is the plate load, and 

R106 is the cathode resistor. 

250. Trigger-coupling Diode V19A 
(fig. 237) 

Triggering of the sweep multivibrator is ac- 

complished through the plate circuit of multi- 

vibrator V20 by the trigger-coupling diode, 

tube V19A. The diode is connected so that only 

the negative signals applied to its cathode are 

passed through to the plate of multivibrator 

tube V20. When the trigger pulse has once trig- 

gered the multivibrator, it is disconnected from - 

the remaining multivibrator tube V21, and mul- 

tivibrator V20 will not trigger again until it 

returns to its quiescent state. 

Multivibrator Circuit 

(fig. 237) 

a. The multivibrator consists of tubes V20 

and V21 and provides the sweep gate signal 

and an unblanking pulse to the crt. 

251. 

‘ducting and tube V20 is cut off. When a nega-_ 

b. When quiescent, tube V21 is conducting 

and V20 is cut off. The plate of V21 is connected ' 
through resistor R113, and capacitor C42 is _ 
connected to the control grid of V20. The plate — 
of V20 is connected through switch 84A, which 

connects either one of timing capacitors C43, 

C44, C45, or C46 into the circuit to the control \ 
grid of V21. The cathodes of the two tubes 
V20 and V21 are grounded. The grid of V20— 

is returned to ground through potentiometer 

R110 (STAB control). This control provides 
up to —140-volt negative bias and permits © 

either triggered or recurrent operation. | 

c. In the quiescent state, tube V21 is con- 

tive pulse passes through trigger-coupling tube 

V19A, it decreases the voltage on the plate of 
tube V20 and on the grid of tube V21. This” 
more negative grid voltage cuts off V21, the” 

plate of which goes more positive. The plate of © 

V21 is coupled to the grid of V20. The positive- 
going plate of tube V21 causes the control grid 
of V20 to become more positive and tube V20 

will start to conduct. 
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Figure 237. Oscilloscope multivibrator. 
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d. When V20 starts to conduct, its plate volt- 

age drops. This voltage is coupled to the grid 

of V21, which causes the plate current to de- 

crease and plate voltage to increase. The trig- 

gering action is complete when V21 is cut off 

and V20 is conducting heavily. 
e. Timing capacitors C48, C44, C45 or C46 

(fig. 238 and 380) will hold the grid of V21 

at cutoff potential for a time, determined by its 

capacitance and the resistance R114, R115, and 

R116A. Once the capacitor discharges, tube 

V21 will again conduct and the tubes return 

to their original, or quiescent, condition. 

f. Resistors R108 and R107 form the screen 

grid voltage divider, and C40C is the screen 
grid bypass capacitor. Resistor R112 is the grid 

return resistor for V20; R111 and R109 pro- 

vide the plate load for V20; and R117 and L7 

act as the plate load of V21. 

252. Unblanking Circuit 

The trace of the crt is normally cut off and 

visible during sweeps; the positive rectangular 

wave that appears at the plate of tube V21 is 

applied to the crt control grid through crt 

blanking cathode follower V27B (fig. 240). 

This wave is clipped by diode unblanking clip- 

per V19B to insure a uniform intensity of the 

trace as the beam sweeps across the face of 

the tube. The buffer cathode-follower tube 

V27B, acts as an impedance transformer, pre- 

venting the wiring and grid capacitance of the 

crt from loading the plate circuit of the multi- 

vibrator. This is because the cathode follower 

has a high input (grid) impedance and a low 

output (cathode) impedance. For V19B (fig. 

237), resistor R146 and capacitor C38C are the 

diode load; R143 and R144 act as a voltage 

divider to set the V27B grid bias, at —140 volts, 

and resistors R145 and R146 act as a voltage 

divider to set the voltage on the cathode of 

V19B. For V27B (fig. 240), resistor R142 is 

the cathode resistor and C61 is the output 

coupling capacitor. 

253. Sweep Generator Circuit 
(fig. 238) 

a. The crt requires a voltage varying linearly 

with time to move its spot from one side of the 

scope screen to the other (sweep). This is ac- 

complished by changing a capacitor to a given 

voltage at a linear rate, then discharging it 

rapidly. The rate of charge, and therefore, the 

sweep speed, is a function of the capacitor and 

the resistance through which the charging and 

discharging current must flow. Predetermined 

ranges are provided by switching in various 

combinations of capacitors. 
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b. The sweep generator consists of sawtooth 

sweep generator tube V22 and sweep control 

tube V23. These tubes provide voltage for de- 

flecting the crt spot across the screen at a 

chosen rate. Multivibrator tube V20 applies a 

negative pulse to the grid of normally heavily 

conducting sawtooth sweep generator tube V22. 

The negative pulse cuts off this stage and per- 

mits the plate voltage to rise exponentially to- 

ward the +450 B+ supply to which it is con- 

nected. The exponential rate of rise is deter- 

mined by HOR GAIN resistor R116B in series 

with parallel-connected resistors R121 and 

R122, tube V23, and any one of capacitors C50, 

C51, C52, or C48 in parallel with C49. The 

capacitor is in series with the resistance net- 

work. To maintain as linear a charge rate as 

possible, the capacitor is permitted to charge 

to only 25 volts (about 6 per cent of the driv- 
ing voltage) by shunting it with neon bulb I 2, 

which conducts at that voltage. When the volt- 

age across the capacitor rises to 25 volts, 1 2 

conducts, placing a low resistance across the 

capacitor. The maximum voltage that can be 

developed across the capacitor is therefore 25 

volts. By that time the negative pulse applied 

to the grid has disappeared, and tube V22 re- 

turns to its normally heavily conducting state. 

This discharges the capacitor and permits the. 

cycle to repeat. Sweep control tube V23 is used 

to control the rate at which the capacitor se- 

+4 F 
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6aue OUTPUT e6au6 5 

Oscilloscope sweep amplifier. 

lected by COARSE switch S4 will charge, 

thereby controlling the frequency of the hori - 

zontal sweep. 

c. Resistor R119 is the grid Hiei gt resistor 

for V30, R120 is the screen grid voltage drop- 

ping resistor, and C38B is the screen grid by- 

pass capacitor. Resistor R118 maintains the 

grid positive by returning to B+, and capacito 

C47 is the grid coupling capacitor. 

d. Sweep control tube V23 is a cathode fold 

lower. With the control grid of V23 held at ae 

ground by capacitor C53, its cathode provides 

a low-impedance source of voltage. The adjust- 
able grid bias provided by resistors R123, R125, 

and potentiometer R124 (SWEEP TIME AD- 

JUST) permits adjusting the sweep time with- 
out disturbing the required resistance ratio in 

the cathode circuit. It does this by varying the 

conduction of the tube, thus coh adekts chang- 

ing its resistance. 

254. Sweep Amplifier Circuit 

(fig. 239) 

a. Because the sawtooth sweep generator 

provides only 25 volts of sweep voltage at the 
plate of tube V22, amplification is required to 

obtain the 350 volts necessary to deflect the 
beam across the face of the crt. This amplifi- 

cation is obtained with tubes V25 and V26, 

which comprise a cathode-coupled push-pull” 
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driver stage for the horizontal deflection plate 

of the ert. 

b. A positive signal applied to the grid of 

V25 appears positive on its cathode. Tubes V25 

and V26 have a common cathode circuit. Thus, 

a positive voltage on the cathode of V26 causes 

a positive-going signal to appear on the plate 

of V26, which is out of phase with the negative 

signal on the plate of V25. The cathode coupling 

generates equal but opposite signals on the 

plates of V25 and V26. 

c. The HOR POSITION control R139, in the 

grid circuit of tube V26, controls the dc po- 

tential applied to the grid and, therefore, the 

current which the tube draws. By controlling 

the current flow through the tubes, the dc volt- 

ages on the plates of V25 and V26 are also 

controlled, which fixes the horizontal position 

of the trace. 

d. The sweep voltage is coupled through ca- 

pacitor C54. Some charge may remain on this 

capacitor after a single sweep. This charge, 

when added to the next sweep voltage, would 

cause a slight horizontal displacement of the 

trace. To prevent trace displacement with 

change in sweep speed, horizontal output dc re- 

storer diode V24 is connected from the grid 

side of the capacitor with the plate connected 

to ground to insure that the horizontal trace 

always starts from zero potential. It does this 

by conducting whenever a positive voltage ap- 

pears on its plate. Accordingly, the capacitor 

is discharged whenever a positive voltage ap- 

pears on its plate. Resistor R126 is the grid 
return for tube V25, and also provides the 

cathode potential for de restorer V24. Resistor 

R130 is a grid limiting resistor, R131 is the 

plate load, and R133 is part of the cathode load. 

For tube V26, resistor R135 is the plate load, 

and R137 is part of the cathode load. Resistors 
R132 and R136 are parasitic suppressor resis- 
tors, and R127, R128, and R129 are voltage 
dropping resistors in the cathode circuit of 
both tubes. Capacitor C55 is the cathode-coup- 
ling capacitor, and resistor R134 is its dis- 
charge path. The output voltage of V25 is 
coupled to ert horizontal deflection plate D2, 
and the output of V26 is coupled to ert hori- 
zontal deflection plate D1. The sweep, or move- 
ment of the beam across the screen, is thereby 
controlled by the output of V25 and V26. 
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255. Timing-pip Generator Circuit 

To align the channel pulses of the multiplexer | 

group, a timing-pip generator (sometimes re- | 

ferred to as the timing-marker generator) cir-— 

cuit provides pulses separated by 5.2 usec, 

These timing pips can be used for calibrating 

the time base of the screen when viewing other 

wave forms. The repetition rate of a wave | 

form with a period of 5.2 usec is 192 kc; there- | 

fore, one of the important functions of the tim- | 

ing-marker generator is to obtain an accurate © 

192-ke signal from an 8-ke sync signal. This” 

8-ke oscillator sync signal is obtained from the 

multiplexer set, multiplexer group, or pulse ! 

form restorer and applied to the grid of 8-ke | 

amplifier V27A through SYNC SELECTOR 

switch S3A. 

256. Buffer Amplifier V27A ¥ 
(fig. 240) ; 

The buffer amplifier tube, V27A, provides a 

single stage of 8-kc amplification. The signal is | 

obtained from MTPX SYNC INPUT jack J4 
or DEMTPX SYNC INPUT jack J5 through 
switch S3A. Capacitor C58 is the coupling ca-— 

pacitor from switch S3A, R140 is the grid re- 
turn resistor, R141 is the cathode resistor, and 

inductor L8 with capacitor C60 acts as the 8-ke 
plate load. The output of V27A is coupled to 

the grid of timing-pip-phase amplifier V28A 

through isolation resistor R147 and coupling 

capacitor C63. 

257. Timing-pip-phase Amplifier V28A 
(fig. 241) 

Tube V28A may be operated at various bias 

points on its characteristic curve by varying 

potentiometer R150 to determine at what point 

tube V28A will conduct and to position its plate 

signal in time. Resistor R148 is the grid return 
resistor, R149 is the plate load, and capacitor 

C64 is the cathode bypass capacitor. The square 

wave output of V28A is developed by the large 

grid signal driving the tube to saturation. 

258. Sync Pulse Generator V28B 
(fig. 241) 

The square wave output of V28A is fed 

through coupling capacitor C65 to the grid of 

sync pulse generator V28B. This tube has a 

shock-excited inductor L9 in its plate circuit. 



The inductor is shock-excited by the negative 

cycle of the input signal. Damping diode CR4 

is connected so that L9 is damped when the 

plate end attempts to go positive, and thus dis- 

sipates all the energy stored in inductor L9 

after the first negative switching. This gen- 

erates an 8-kc negative pulse, which is coupled 

by capacitor C66 to discriminator tube V29. Re- 

sistor R151 is the grid return resistor. 

259. Discriminator V29 

(fig. 242) 

A discriminator is a circuit, the output of 

which varies with some characteristic of the 

input, usually frequency. Discriminator V29 

compares the output of V30B (192-ke oscilla- 

tor) with an external signal of the same fre- 

quency (the 8-ke pulses). The 8-ke reference 

is applied to the cathodes of V29 through R154 

and R155. One output of the 192-ke oscillator 
is fed through capacitor C67 and resistor R152 

to the cathode of V29A. The other output of the 

192-ke oscillator is fed through C73, amplified 

by V31A, and then fed through C81 and R155 

to the cathode of V29B. The total discriminator 

output appears across resistors R156, R157, 

and R158 as a dc voltage, filtered by capacitor 

C68. The ¢c: level of this signal is biased to 
the proper value by a power supply voltage 

taken across divider network resistors R160 

and R161 and isolated by R159. This level may 

be adjusted by PIP LOCKING control R161 to 

set the point of operation and, therefore, the 

frequency of V30B. The voltage from the dis- 

criminator will then add or subtract from this 

level to vary the frequency. However, values 

are chosen so that when the 192-kc oscillator 

goes up, the voltage from the discriminator re- 

sulting from that rise brings it back down, and 

vice versa. 

260. Reactance Modulator V30A 

(fig. 242) 

™he reactance modulator controls the fre- 

quency of V30B by functioning as a reactor in 
parallel with the plate circuit. The V30A re- 

actance modulator plate is connected directly 

to the plate of oscillator V30B. Capacitor C70, 

connected between plate and cathode of this 

reactance modulator stage, has a current flow- 

ing through it that leads the voltage across it 

by 90°. This current flows through resistor 

R164 and produces a voltage drop across it that 

is in phase with this current. The voltage 

across resistor R164 is the 192-kce signal 

applied to this stage and is almost 90° dis- 

placed in phase with the instantaneous plate 

voltage. This causes a current to flow in the 

tube which is almost 90° out of phase with 

the voltage across it and the magnitude of 

which is proportional to the transconductance 

of the tube. This condition is similar to the 

action of an inductance shunted across the tank 

circuit of the oscillator. The transconductance, 

and therefore the magnitude of the inductance, 

is controlled by the grid voltage obtained from 

the discriminator. This control results in an au- 

tomatic method for stabilizing the frequency of 

the 192-ke oscillator. Resistors R162 and R163 

in parallel supply the +225 volts to tube V30. 

TIMING PIP PHASE switch 85 disables V30B 

when turned fully counterclockwise. 

261. 192-ke Oscillator V30B 

(fig. 242) 

Tube V30B comprises a modified Colpitts os- 

cillator that generates the 192-ke sine wave. 

When the tank circuit, consisting of inductance 

L10 and capacitors C75 and C76, goes into os- 

cillation, voltages 180° out of phase with each 

other exist at opposite ends of L10. The voltage 

that appears at the grid of V30B is amplified 

and inverted in phase at the plate, thus sus- 

taining oscillations in the tank circuit. Capaci- 

tors C73 and C74 couple the tank circuit to 

V30B. Resistor R165 is the cathode return re- 

sistor, C71 is the cathode bypass capacitor, 

R166 is the grid return resistor, and C78 is the 

signal output coupling capacitor. 

192-kc Amplifier V31A and Differen- 

tiating Shaper V31B 

(fig. 242) 

The train of sine waves that appears at the 

plate of V30B is coupled by capacitor C78 to 

the grid of 192-ke amplifier V31A where it is 

further amplified and applied to the grid of 

differentiating shaper V31B. This wave is of 

sufficiently large amplitude to cause a large 

current to flow as the positive swing is applied 

to the grid. The oscillation normally caused in 

the plate circuit by the inductive plate load L11 
is damped after the first negative swing by 

262. 
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_ the damping diode (CR5 in series with resistor 
R173). A sharp negative pulse is generated by 

this stage on each positive half-cycle applied 

to the grid of V31B. This is the timing pip. For 

V31A, resistor R168 and capacitor C77 form 

the plate decoupling network; R169 is the plate 

load, R167 is the grid return, and R170 is the 

cathode resistor. Capacitor C79 is the output 
coupling capacitor, and resistor R171 is the 

grid return of V31B. Resistor R172 is the cath- 

ode resistor, and C82 is its bypass capacitor.: 

The output is fed through capacitor C80 to the 

grid of push-pull vertical amplifier V15 (par. 

245). 

Section Ill. AUDIO TEST SET TS-762/TC 

263. General 

_ Audio Test Set TS—762/TC is a transmission- 

measuring set used to test the audio operation 
of the multiplexer set or multiplexer group. The 

major sections of the audio test set are: a 
calibrated 1,000-cycle low distortion oscillator, 

frequency variable over a range of 970 to 1,030 

cycles with output level of —35 to +10 dbm 
in calibrated steps of 1 db, and a high gain 

amplifier that provides one response with F1A 

_ line weighting and another response with 1,000- 

cycle elimination. The receiving section can 

measure +10 to —70 dbm and the receive at- 
tenuator is calibrated in steps of 10 db. In 

addition, there is a specially damped db meter 

that measures from +3 to —20 db, a regulated 

power supply, and provisions for rapidly check- 

ing and recalibrating the level of the oscilla- 

tor and amplifier. 

Note. Audio Test Sets TS—762/TC is not sup- 
plied with Pulse Form Restorer Group AN/ 

TRA-10. 

264. Audio Test Set Block Diagram 

(fig. 243) 

a. Tubes V1 and V2 comprise the 1,000-cycle 

Wein bridge oscillator, V3 is a phase inverter, 

and V4 is a push-pull amplifier. These tubes 

are in the oscillator or transmitting section. In 

the receiver section, V5 is a limiter of the input 

and V6 and V7 are amplifiers. Tube V8 is the 

power supply rectifier, and V9 the associated 

voltage regulator. The F1A filter provides a 

means of distortion measurement. 

b. FIA represents a type of frequency re- 

sponse typical of telephone circuits determined 

by the response of telephone components, such 

as headsets. A typical curve is shown in figure 

244. Only the frequencies shown in this curve 
can be received; therefore, it would not be 

significant to measure noise except in relation 

to this curve because noise outside of the re- 

sponse cannot be received. In measuring distor- 

tion, use a frequency of 1,000 cycles because 

the F1A curve has no effect at this frequency. 
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Figure 248. Audio Test Set TS-—762/TC, 

block diagram. 

265. Oscillator Section 

a. Oscillator V1 and Amplifier V2 (fig. 245). 

The oscillator is a resistance-capacitance (Wein 

bridge) type. The voltage is fed back from the 

output to the input in the proper phase to sus- 

tain oscillations. The amplitude of the feedback 

is controlled by lamp I 1, the resistance of 

which varies with the current. The oscillator 

consists of tube V1 and associated components, 

isolation amplifier tube V2, and thermistor I 1. 

The fixed-frequency-determining elements are 

capacitors Cl and C2, resistors R1, R3, R5, and 

R7, and potentiometers R2 and R4. The 970- to 

1,030-cycle adjustment is obtained from dual 

potentiometer R4, where maximum resistance 

corresponds to 970 cycles, and minimum resist- 

ance corresponds to 1,030 cycles. BP IDGE 
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BALANCE potentiometer R3 is a frequency. 

vernier adjustment. The amount of signal fed 

back to the cathode of tube V1 is set by resistor 

R8 and potentiometer R6 (DISTORTION) 

through capacitor C5. Resistor R11 is the plate 

load of tube V1, and R9 and R10 form the 

screen grid voltage divider. Capacitor C3A is 

the screen bypass capacitor and C4 is the 

coupling capacitor to tube V2. Resistor R12 is 

the grid return for tube V2; R13 is the cathode 

resistor, and R14 and R15 form the screen grid 

voltage divider; C3B is the screen grid bypass. 

capacitor. The output is taken from the divider, 

which consists of resistors R17 and R19 and 

potentiometer R18 (ADJ SEND). Resistor R16 

is the plate resistor for V2. 

b. Inverter V3 and Push-Pull Amplifier V4 

(fig. 246). 

(1) The 1,000-cycle signal from the oscil- 

lator is fed to tube V3, which consists 

of two sections in parallel. Inverter 

tube V3 splits the phase of the input 

signal and provides the two signals 

DECIBELS REFERRED TO 1000 CPS VALUE 

FREQUENCY IN CYCLES PER SECOND 

Figure 244. F1A curve. 
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equal in voltage but opposite in phase 
for the following push-pull amplifier 

V4. Voltage developed across the 

ADJ SEND potentiometer is applied 
through capacitor C6 to the grid of 

V3A. The ADJ SEND potentiometer 

controls the voltage applied to the next — 

stage. The parallel tubes allow greater 
current and lower output impedance. 
The output signal developed across 

plate load resistor R21 is fed to the 

grid of V4A through coupling capaci- 

tor C7. The voltage developed across 

cathode load resistor R23 is fed to 

the grid of V4B through coupling ca- 

pacitor C8. Both resistance values are 

equal, therefore equal but out-of-phase 

voltages are applied to the grids of — 

the push-pull amplifiers. Resistor R22 — 

is the cathode-biasing resistor; it is 

purposely left unbypassed to intro- 

duce degeneration and thereby cut 

down distortion. ; 

TM509!1- 662 
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Figure 246. Inverter V3 and push-pull amplifier V4. 
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(2) Tube V4A and V4B is a push-pull 

output amplifier. The signal from 

phase splitter V3 is fed through ca- 

pacitors C7 and C8 to its grids. Re- 

sistors R24 and R25 are the grid re- 

turn resistors, and R26 and R28 are 

the cathode resistors in series with 

sections of potentiometer R27 (OUT- 

PUT BALANCE control). This 

potentiometer has its center tap 

grounded and each end in series with 

the cathode resistor of one of the two 

tubes. By changing the setting of the 

OUTPUT BALANCE control, the 

biasing resistance of both cathodes is 

changed. It therefore controls the am- 

plification of each tube. Turning the 

control clockwise results in a greater 

bias on the grid of tube V4B, thereby 

decreasing the amplification of this 

half of the push-pull amplifier. Mean- 

while, the bias of V4B has decreased 

and its amplification increases. By 

varying the bias of each stage in this 

manner, the gain of each can be made 

exactly the same. When the OUTPUT 

BALANCE control is properly ad- 

justed, the gain characteristics of V4A 

v7. 
12aTT 

R53 

e AMPLIFIER 100K 
6 Vv ADU REC oh 

AMPLIFIER 

and V4B are identical. The output is 

fed through transformer T1 to switch © 
S1 to SEND OUT jacks J1 and J2. Ca- — 

pacitors C9 and C10. are coupling ca- © 

pacitors to the output. Resistor R29 

is used to make the output impedance ~ 
600 ohms. When the SEND CALI-— 
BRATE button is pressed, part of © 

the voltage is fed to meter M1. By 

adjusting the meter to the red line by ~ 

potentiometer R40, the output may be — 

read directly in dbm when the FIA 

button is pressed and a load of 600 — 
ohms is placed across SEND OUT 

jacks J2 and J3. Attenuator AT1 is — 

used for adjusting the output. 

266. Receive Section 

(fig. 247 and 248) 

a. The receive section is a high gain audio © 

amplifier and associated control. RECEIVE IN — 
jacks J4 and J5 feed into 600-ohm balanced- — 
input transformer T2. Capacitor C13 is a de — 

blocking capacitor that couples the two halves 

of the primary. Resistor R43, connected across — 
the secondary of T2, stabilizes the T2 impe- 

dance. The secondary of this transformer is — 
loaded with 10,000-ohm calibrated step-type — 

+150V 

e4. _[ee 
.t | 

|} 
aoe i! 
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Figure 247. Amplifiers V6 and V7. 
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ladder attenuator AT2, section 1. The output 

of T2 is fed into four-gang, push-button switch 

Si, marked SEND, REC, F1A, and DIST at 

1,000 cps. The weighting and band-eliminating 

filters associated with the F1A and DIST but- 
tons offer some attenuation, and their input im- 

pedance varies with frequency. To calibrate 

the gain control correctly, regardless of fre- 

quency, T isolation networks composed of re- 

sistors R30, R31, R32 and R33, R34, R35 are 

inserted into the input circuit of each filter. 
These networks have 10,000-ohm impedance, 

with a 6-db loss. Distortion filter Z2 has a loss 

of 1,000 cycles of 70 db or greater. The re- 

- sponse curve of F1A filter Z1 is shown in figure 

168. 
b. The output of switch Sl is fed into the 

grid of V6A. Tube V6A and V6B provide two 

stages of amplification. The RECEIVE DBM 

calibrated gain control AT2 is divided into 
two shielded sections operated from a common 

shaft. This prevents overloading the grid of 

tube V6A at +10-dbm input and reduces the 

circuit noises fed to the meter circuit at —30, 

—40, —50, and —60 dbm. Resistor R44 is the 

grid return, R46 and R45 are the plate load 

resistors, R47 is the plate decoupling resistor, 

R48 is the cathode resistor, and capacitor C14A 

is the plate decoupling capacitor. Capacitor C15 

is the coupling capacitor between the output of 

V6A and the input of V6B. Resistor R49 is the 

cathode resistor for V6B. Resistor R50 is a par- 

_asitic suppressor, R52 is the plate resistor, 

R51 is the plate decoupling resistor, and C14B 

is the plate decoupling capacitor. Tube V7A 

and V7B provides the final two stages of am- 
plification. The signal from V6B is coupled 

.to the grid through coupling capacitor C16. 

ADJ REC potentiometer R53 and resistor R54 

are grid return resistors. By varying the ADJ 

REC control, the input signal to V7B is also 

- varied, thereby controlling the signal amplifi- 

cation in the receive section. Resistor R154 is 

added to the grid circuit so that regardless of 

the setting of the ADJ REC control, the grid 
can never be grounded. The output of V17A is 
taken from across plate load resistor R55, and 

coupled to V17A through capacitor C19. Bias 

for V7A is supplied by R56 and C17A. The 

input signal to V7B is developed across grid 

resistor R59. Resistor R58 and capacitor C17B 
supply bias for the stage. The signal developed. 

across plate load resistor R57 is fed through 

coupling capacitor C18 to J7. C18 is the output 

coupling. The output is taken from jacks J7 

and J8. If no plug is inserted in J7, the output 

is also fed through J7 to limiter V5. Jacks J7 

and J8 monitor the received signal. If a plug 

is inserted in J7, the output of V7B is discon- 

nected from the limiter and applied to J7 and 

J8. Use jack J8 to monitor the received signal. 

c. Diode-connected limiter V5A and V5B (fig. 

248) restricts the output of the receive section. 

Normally, the +14-volt bias applied to the 

plates from B-+ keeps both tube halves conduct- 

ing. If the input signal exceeds the bias value 

in the positive direction, V5B is cut off; if the 

signal exceeds the bias value in the negative 

direction, then V5A is cut off. In either case, 

the output to the meter is limited, which pre- 

vents damage. The output from the limiter is 

then taken through C12, from the cathode 

(load) resistor R42, to switch S1, and then to 

the meter bridge, which consists of CR1, CR2, 

CR38, and CR4. Capacitor C11 is connected 

across the meter and filters the de output of the 

bridge. The bridge rectifies the ac into dc to 

operate the meter. The meter sensitivity may 

be set by resistors R36, R37, R38, and R39, of 

which REC MTR ADJ R88 is variable. 

LIMITER 
v5 

NOTE: ea, 
UNLESS OTHERWISE 
SHOWN +14V 

ALL RESISTORS ARE 
IN OHMS AND ONE-HALF 

T 

CAPACITORS ARE IN UF 

TM5091-684 

Figure 248. Limiter V5. 

267. Audio Test Set Power Supply 
(fig. 381) 

Test set power transformer T3 supplies 235 

volts ac to the plates of rectifier tube V8, 5 
volts ac for the rectifier filament, and 6.3 volts 

ac for the heaters of the test set tubes. The 

filter is a double pi-section, which consists of 

inductors L1 and L2 and capacitors C20A, 
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C20B, and C21A. This is followed by an addi- 

tional filter section, which consists of R62, 

C21B, then by R63, and a voltage regulator 

tube, V9. Resistor R63 is the voltage dropping 

and compensating resistor for the voltage regu- 

lator tube. Resistors R65 and R64 in series act 

as a bleeder and voltage divider. The filter is 

of the capacitor input-type that provides peak 

voltage output, and the required 155-volt start- 

ing voltage for VR9. The three d-c output volt- 

ages are +238 volts for the plate circuits of V1, 

V2, V3, and V4, +150 volts for the plate 

circuits of V6 and V7, and +14 volts for the 

plate voltage of V5. Jack J9 is the ac input 

jack, S2 the power switch, F1 the fuse, and I 2 

is the pilot light. 

Section IV. CONTROL MONITOR C-1151/TC 

268. General 

Note. Control Monitor C-1151/TC is not sup- 

plied with Pulse Form Restorer Group AN/ 

TRA-10. 

The control monitor provides a switching 

system for the order-wire handset and a switch- 

ing arrangement for test signals coming from 

the modems and mounting rack to the TEL, 

SEND, or REC section of the audio test set. It 

provides 20-cps ringing power, an energizing 

voltage for the microphone of the handset, and 

contains the signaling bell for order-wire chan- 

nel 1. In addition, ballast lamp RT1 in series 

with the 20-cps ringing generator provides 

short-circuit protection to prevent a direct 

short circuit from appearing across the output 

of the 20-cps ringing generator. Any short cir- 

cuit across the output would burn out RT1, 

protecting the ringer from short-circuit dam- 

age. Resistors R4 and R5 shunt RT1 to provide 

correct 20-cycle output regulation. Refer to 

figure 382, the over-all schematic diagram of 

Control Monitor C-1151/TC. 

269. Selector Switch 

(fig. 382) 

a. The TEST PAIR is paralleled to all the 
modems, and by setting the modem test switch 
properly can be connected in various ways 
(par. 175). The push-button selector switch 
test pair controls the connections of the test 
pair at the control monitor. The positions and 
their functions are as follows: 

(1) REC, the test pair is connected to the 
audio test set receive section. 

(2) SEND, the test pair is connected to 
the audio test set send section. 

(3) TEL SET, the test pair is connected 
to the order-wire circuit. 
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(4) NORMAL, the test pair is terminated ~ 

with 620 ohms. 

b. A second section of the switch leaves the 

order-wire telephone connected to channel 1 in ~ 
all positions except TEL SET, when it is con- 

nected to the test.pair (subpar. a above). 

: 
c. Channel 1 should be: reserved for order- 

wire use and normally should not be used for 

traffic. The bell is attached to channel 1; there- 

fore, it is always possible to use it to ring. The 

bell is not available when the handset is con- 

_ nected to the test pair. 

270. RING Switch 
(fig. 382) | 

RING switch S2 on the test panel is a mo- — 
mentary contact toggle switch that apphes a 

20-cps ringing tone to the test pair in the TEL 
SET position or to the order-wire channel when 

the NORMAL button is depressed. Depressing. 

RING switch S2 disconnects the 20-cycle ring- 

ing signal from the handset. 

271. Telephone Handset 
(fig. 382) 

The handset is connected to the test switch 

by a telephone antisidetone circuit, consisting 

of L1, C4, C5, and C6. When the push-to-talk 

switch is depressed, the 6-volt de output of the 

rectifier is applied to the microphone. Voice 
signals modulate the dc. The modulated dc is 

applied to windings 2 and 3 of coil L1. Through 

_ autotransformer action, a large voltage is built 

up across L1 and is fed to the line. The pulsat- 
ing dc signal is also impressed across windings 

3 and 4 of coil L1 and fed through capacitors 
C4 and C5 in parallel to the earphone. Capaci- 
tors C4 and C5 cancel some of the inductive 

effect of the 3-4 winding, cutting down some 
of the audio fed to. the earphone. They also 



keep de out of the earphone. When the distant 

station rings this station, a large ringing sig- 

nal would be present across coil L1. Capacitor 

C6 is purposely made large so that its reactance 

will limit the ringing current through the hand- 

set. When a signal is received, L1 acts as a 

step-down transformer supplying a greater 

amount of current to drive the earphone. 

272. Power Supply 

. _ (fig. 382) 

A power supply is provided to transform and 

rectify the 115-volt line voltage to 6 volts dc 

for energizing the microphone of the handset. 

Rectification of the 6.3 volts ac from the second- 

ary of transformer T1 is accomplished by 

bridge rectifier CR1, and filtering by capacitive 

input filter C2 and C3 in combination with re- 

sistor R6. The input to transformer T1 is pro- 

tected by .l-ampere fuse Fl. The 115-volt ac 

supply for the ringing generator is taken from 

plug Pl. The 1,000-cycle signal is applied 

through pins A and B of jack J1. Contacts A 
and B of jack J2 are the order wire, C and D 

are the test pair, and E and F are the 20-cps 

ringing contacts. Jack J3 is the ac input and 

J4 is the signal output. Resistor R1 is a termi- 

nating resistor for the test pair and R2 and 

R38 are isolating resistors. 

Section V. PULSE FORM RESTORER GROUP AN/TRA-10 TWENTY-CYCLE RINGING SUPPLY 

273. General 
(fig. 249) 

a. Pulse Form Restorer Group AN/TRA-10 

does not contain a power supply with a 20- 

cycle ringing supply. Therefore, a source of 

20-cycles must be included in the unit and is 

located on Mounting Rack MT-1434/TRA-10. 

FS 

ford Tr 2— 

Figure 249. 

b. The 20-cycle supply consists of a free 

running multivibrator, tube V1, a 6AS7G, the 

frequency of which may be adjusted by the 

dual grid potentiometer R27 (FREQ ADJUST) 

in series with grid returns R28 and R29. Ca- 

pacitor C88 and C89 also determine the fre- 

quency. Capacitors C90 and C91 in parallel 
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Pulse Form Restorer Group AN/TRA-10, 20-cycle ringing supply. 
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with the primary of T4 form a tank circuit 
resonant to 20 cycles. The output is taken from 
the output winding of T4, and is greater than 

75 volts for a single channel load. 

274. Multivibrator, 20-Cycle 

The multivibrator circuit is a type of oscil- 

lator that produces square waves. Capacitor 

C88 and C89 provide direct coupling between 

the grids and plates of VIA and VIB. The 

multivibrator is not a true oscillator, but 4 cir- 

cuit with two conditions of equalibrium, One 

condition occurs when V1A conducts, the other 

when V1B conducts. When power is first ap- 

plied, a transient is applied to the multivibrator 

circuit by C87. This starts either VIA or VIB 

conducting. Assume that V1A is conducting 
and a negative charge from C88 is applied to 

the grid of V1B. The negative charge accumu- 

lates and cuts off the current of V1B. After 

a short time, determined by the time constant 

of C88 and R28, the voltage developed across 

C88 begins to discharge (through R28) and 

causes the grid to become less negative (more 

positive) and V1B begins to conduct. As V1B 

begins to conduct, it charges C89 negatively, 

cutting off VIA. This flip-flop action is re- 

peated over and over. The values of capacitors 
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C88 and C89 and resistors R28 and R29 are — 
chosen to give a 20-cycle repetition rate. The 

square wave output normally obtained from a — 

multivibrator of this sort is changed to an ap- 
proximation of a sine wave by capacitors C90 — 

and C91 connected between the plates. 

275. Adjustment 

The frequency of the oscillator is adjusted by 

wave form comparison (Lissajous figures) on — 

Oscilloscope OS—25/G. Refer to paragraph 331 

for the twenty-cycle multivibrator circuit test- . 

ing and alignment procedure. 

276. Thermal Time Delay 

A thermal TIME DELAY RELAY and a de © 

relay, k4, give the necessary delay to assure © 
filament heating before applying the B+. When 

the thermal relay operates, B+ is applied to 

the multivibrator circuit. The de relay has a _ 
delay circuit R24 and C86 which delays opera- © 

tion. This relay then applies 100-uf capacitor — 
to the multivibrator plate supply, and its initial 

charge applies a transient to the multivibrator, i 

which insures its starting. The dc relay also 

bypasses the thermal contacts, and disconnects 

its heater, thus returning it to the nonoperative — 
position. 



CHAPTER 10 

FIELD MAINTENANCE 

Note. This chapter contains information for field maintenance. The amount of repair that 

can be performed by units having field maintenance responsibility is limited only by the tools 

and test equipment available and by the skill of the repairman. 

Section I. 

277. Extent of Instructions 

a. Trouble shooting at a field maintenance 

level includes all the techniques outlined for 
organizational maintenance and other tech- 

niques that may be required to isolate a defec- 
tive part. The field maintenance instructions 

are not complete, but supplement the instruc- 

tions described in paragraphs 103 through 136. 

_ The systematic trouble-shooting procedure that 

begins with the operational and sectionalization 

checks that can be performed at an organiza- 

tional level must be completed by means of 

sectionalizing, localizing, and isolating tech- 

niques. described in paragraphs 290 through 

369. These paragraphs also describe localizing 

and isolating techniques that must be per- 

formed at a field maintenance level. 

b. Paragraphs 278 through 290 contains gen- 

eral information for personnel engaged in 

trouble shooting. Subsequent sections give speci- 

fic trouble-shooting information for the func- 

tional units of Multiplexer Set AN/TCC-138, 

Multiplexer Group AN/TCA-1, and Pulse Form 

_ Restorer Group AN/TRA-10. Trouble should 

be located and corrected as quickly as possible 

to minimize time lost because of breakdowns. 

278. Trouble-shooting Procedures 

a. The first step in servicing a defective set 

is to sectionalize the fault. Sectionalization 

means tracing the fault to the component re- 

- sponsible for abnormal operation. The second 

GENERAL TROUBLE-SHOOTING PROCEDURE 

step is to localize the fault. Localization means 

tracing the fault to the defective part respons- 

ible for the abnormal condition The procedure 

for sectionalizing the trouble is given in para- 

graphs 118 through 136. . 

b. Some faults (such as burned-out resis- 

tors) can be located by sight, smell, and hear- 

ing. The majority of faults, however, must be 

located by checking voltages, resistances, and 

wave forms. 

279. Trouble-shooting Data 

Take advantage of the material supplied in 

this manual to help in locating faults rapidly. 

Consult the following trouble-shooting data 

when necessary. 

a. Block Diagrams of Equipments and Units. 

The block diagrams present the mechanical and 

electrical interrelationships of the stages in the 

units. 

b. Complete Schematic Diagrams. The com- 

plete schematic diagrams include all compo- 

nents separately, and show connections between 

components. 

c. Voltage and Resistance Diagrams. The 

voltage and resistance diagrams show the nor- 

mal voltage and resistance values at the pins 

of all tube sockets. These values were taken 

with all tubes in their respective sockets. 

d. Illustrations of Components. Front, top, 

and bottom views aid in locating and identify- 

ing parts. | 
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280. Voltage Measurements 

Voltage measurements are an indispensable 

aid to the repairman, because most troubles 

either result from abnormal] voltages or pro- 

duce abnormal voltages. Voltage measurements 

can be made without interrupting the circuit. 

a. Complete information on the normal oper- 

ating voltages of each component is given in 

the trouble-shooting sections. Unless otherwise 

specified, these voltages are measured between 

the points indicated and a ground point on the 

chassis. 

b. Always begin by setting the voltmeter at 

the highest range, so that it will not be over- 

loaded. If necessary, set the voltmeter to a 

lower range. 

c. When checking cathode voltage, a reading 

can be obtained even when the cathode resistor 

is open. The resistance of the meter takes place 

of the cathode resistor. The cathode voltage 

reading, under this circumstances will appear 

higher than normal. 

281. Precautions Against High Voltages 

Certain precautions must be followed when 

voltages above a few hundred volts are being 

measured. High voltages are dangerous and can 

be fatal. To measure high voltages, observe the 

following rules: 

a. Connect a ground lead from the equip- 

ment to the voltmeter. 

b. If the voltage is known to be less than 

300 volts, connect the test lead to the hot termi- 

nal, which may be either positive or negative 

with respect to ground. 

c. If the voltage is greater than 300 volts, 

shut off the power, connect the hot test lead, 

step away from the voltmeter, turn on the 

power, and note the reading on the voltmeter. 

Do not touch any part of the voltmeter, par- 

ticularly when measuring the voltage between 

two points, both of which are above ground. 

282. Voltmeter Loading 

Note. Multimeter TS-352/U has a 1,000- 

ohms-per-volt scale and a 20,000-ohms-per-volt 

scale. These characteristics must be considered 

when using this meter or erroneous measure- 

ments will be taken. 

242 

a. It is essential for the voltmeter resistance 

to be at least 10 times greater than the resist- 

ance of the circuit across which the voltage is 
measured. If the voltmeter resistance is com- 

parable to the circuit resistance, the voltmeter — 
will indicate a voltage lower than the actual 

voltage present when the voltmeter is not in 
the circuits. 

b. The resistance of the voltmeter range of 

Multimeter TS-352/U can be calculated by this 

simple rule: The resistance of the voltmeter 

equals the ohm-per-volt rating of the meter 
multiplied by the full-scale range in volts. For 

example, the resistance of a 1,000-ohm-per-volt 

voltmeter on the 300-volt range is 1,000 x 300, 
or 300,000 ohms. 

c. If the TS-352/U is used to take voltage — 

measurements and the voltmeter is loading a 

circuit, the effect usually can be noted by com- 
paring the voltage readings on two successive 

ranges. If the voltage readings on the two 

ranges do not agree, voltmeter loading may be 

excessive. The voltage reading on the higher 

range usually is slightly greater than that on 

the lower range. Use Electronic Multimeter 

TS—505/U when there is a possibility that the 

voltmeter will load the circuit. The input resis- 

tance is 20 to 50 megohms, depending on the 

scale used, and will provide a minimum loading. — 

d. To minimize the voltmeter loading effects 

of the TS-352/U in high-resistance circuits, 

use the highest voltmeter range. Although only — 

a small deflection will be obtained (possibly — 

only 5 divisions on a 100-division scale), the 

accuracy of the voltage meaurements will be © 

increased. The decreased loading of the volt- 

meter. often will more than compensate for the 

inaccuracy that results from reading a small — 

deflection on the scale. 

e. The voltage-resistance charts in this man- 

ual are based on actual readings. If the resis- 
tance of.the meter used in checking the voltage 

produces the same amount of loading as the 

meter originally used to measure the voltage, it 

is unnecessary to consider the effect of loading. 

To be sure that there is no circuit loading use 

Electronic Multimeter TS—505/U. When Multi- 
meter TS-352/U is used, use the voltmeter 
jacks for the 20,000 ohm-per-volt scales. (See 
TM 11-5527, the technical manual covering 

Multimeter TS-352/U.) 



283. Normal Resistance Values 

When a fault develops in a circuit, it will 

often show up as a change in the resistance 

values. To assist in the localization of such 

faults, the trouble-shooting data includes the 

normal terminal resistance values. These values 

should be measured between the indicating 

points and ground, unless otherwise stated. The 

resistance from other points in the circuit 

should be measured to determine whether the 
particular points are normal. The normal re- 

sistance values at any point can be determined 

by referring to the resistance values shown in 

the schematic diagram or by using the resistor 

color code (fig. 362). 

284. Precautions When Measuring Resist- 

ance 

a. Before making resistance measurements, 

turn off all power. If the ohmmeter is connected 

to a circuit that already has voltages across it, 

the needle will be deflected off-scale and the 

ohmmeter may be burned out or the needle 

may be bent. 

b. Always discharge capacitors before mak- 

-ing resistance measurements. This is important 

when checking power supplies that are discon- 

_ nected from their lead. 

285. Correct Use of Ohmmeter Low and 

High Ranges 
It is important to know when to use the low- 

resistance range and when to use the high- 

resistance range of an ohmmeter. 

_ a. When checking circuit continuity, set the 

ohmmeter on the lowest range. If the medium 
or high range is used, the pointer may indicate 

0 ohm although the resistance may be as high 

as several hundred ohms. 

b. When checking high resistances or meas- 

uring the leakage resistance of capacitors or 

eables, use the highest range. If a low range 

is used in this case, the pointer will indicate 

infinite ohms, although the actual resistance 

may be less than 1 megohm. Be ure to keep 
fingers off the metal portions of the probe. Body 

leakage can give erroneous resistance meas- 
urements. 

286. Parallel Resistor Connections 
In a parallel circuit, the total resistance is 

less than the smallest resistance in the circuit. 

It is important to remember this when trouble 

shooting with the aid of a schematic diagram. 

When a resistance is measured and the value 

is found to be less than expected, study the 

schematic diagram carefully to be sure there 

are no resistances in parallel with the one that 

has been measured. Before replacing a resistor 

because of low resistance, disconnect one termi- 

nal from the circuit and measure its resistance 

while it is isolated to be sure that the low 

reading does not occur because some part of 

the circuit is in parallel with the resistor. 

287. Special Method of Testing Crystals and 

Rectifiers 

a. To check germanium crystal 1N38A elec- 

trically, first unsolder one lead, and measure 

the forward and backward resistance of the 

crystal with Electronic Multimeter TS-505/U. 

Use the resistance scale in (1) and (2) below, 

because the resistance of the crystal depends 

on the voltage impressed on it. If the limits 

given below are not met, the crystal is defec- 

tive and should be replaced. 

(1) The forward resistance on the RX1 

scale should be less than 100 ohms. 

(2) The backward resistance on _ the 

RX10K scale should be larger than 

200K. 

Note. With some crystals, the back- 

ward resistance reading will start de- 

creasing from its initial value. When 

this happens, reject the crystal unless 

the reading stabilizes above 200K. 

b. To check germanium crystals 1N34A, fol- 

low the procedure described in a above, but 

apply the following limits: 

(1) Less than 100 ohms forward resist- 

ance. 

(2) More than 50,000 ohms backward re- 

sistance. 

c. Selenium rectifiers are difficult to test 

properly: therefore, the simplest test is to sub- 

stitute a new rectifier for a suspected one. How- 

ever, always check the rectifier circuit for a 

short circuit before replacing it with a new 

rectifier. 

Caution: The vapors released by a burned-out 

selenium rectifier are poisonous. Do not come 

in contact with these vapors. Wait until the 
room has been thoroughly aired. Avoid touch- 

ing the burned-out section of the selenium rec- 

tifiers with bare hands until thoroughly cooled. 
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288. Checking Filament and B-+ Circuits 

Trouble within a unit may often be detected 

by checking the resistance of the filament and 

high-voltage circuits before applying power to 

the equipment; checking the cold filament re- 

sistance and B+ resistance will indicate abnor- 

mal power supply circuit conditions and will 

prevent damage to the equipment. 

289. Tube Socket Voltages and Resistances 

The voltage and resistance diagrams given 

for each unit of the equipments show the nor- 

mal de voltages between the tube socket termi- 

nals and chassis ground as measured by a va- 

cuum-tube voltmeter. The valves given are for 

normal 23-channel operation, except where 

noted, and may vary by +10 per cent. The B+ 

supply is 250 volts de. The normal resistances 

in ohms between the tube socket terminals and 

chassis ground are given as measured by an 

ohmmeter. For long-drift capacitor circuits 

(time-constant circuits), allow enough time for 

Section Il. 

291. Common Unit Multiplexer Trouble- 

shooting Data 

The following data will assist maintenance 

personnel in trouble shooting the common unit 

multiplexer circuits: 

Description 

Common unit multiplexer, block diagram. 

Multiplexer TD-60/TCC-13, multiplexer 

section, schematic diagram. 
Multiplexer TD-—60/TCC-13, multiplexer 

section, wiring diagram. 

Multiplexer TD-—60/TCC-18, multiplexer 

section filter, wiring diagram. 

Common unit multiplexer section, top 

view. 

Common unit multiplexer section, bot- 

tom view. 

Common unit multiplexer filter, cover 
open. 

Common unit multiplexer section, tube 

socket voltages and resistances. 

292. Test Equipment Required for Common 

Unit Multiplexer 

The equipment required for trouble shooting 

the multiplexer set common unit multiplexer 

circuits is listed below. 
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- readings to become stabilized. The values given — 

for the modem are for 23-channel operation 

with the particular modem on the test exten- 

sion and the modem selector switch in the nor- — 

mal (OPER) position. Resistance values may © 

also vary by +10 percent. 

290. Test Procedure 

Because this equipment is complicated, a spe- 

cific test sequence should always be followed 

unless the personnel is completely familiar with 

servicing the multiplexer set, multiplexer group, 
or pulse form restorer group. The test sequence ~ 

is as follows: 

a. Perform the test procedures given in the — 

equipment performance check list. 

b. Check resistances and voltages of the sus- 

pected component. 
c. Check the trouble-shooting charts. 
d. If a major repair or rebuilding of the 

equipment has taken place, refer to the final 

testing procedures described in paragraphs 372 

through 404. 

a. One Multiplexer Set AN/TCC-13 known 

to be in good operating condition. 

b. One Electronic Multimeter TS-505/U. 

293. Common Unit Multiplexer, Trouble-_ 

shooting Procedure 
a. The best means of trouble shooting this 

circuit is by means of wave form comparison. 

A departure from the normal wave form indi- 

cates a fault located between the last point 

where the wave form is normal and the first — 

" " oO aan as fs aed . Se 

— 

_ 

Nh ele 

ted 

point where it is observed to be abnormal. 

The wave form comparison procedures in para- — 

graph 116c and d permit localization of the 

trouble to a particular stage. The wave form 
comparison procedures described in this para- 

graph may permit localization of the trouble 

to the particular defective part in the stage. 

Always complete the procedures in paragraph 

116 before proceeding with the procedures de- t 

scribed in this paragraph and paragraph 294. 
b. The oscilloscope is synchronized by a sig- 

Sy 
h 

~ 

< 

2 

j 
nal from the common unit through MTPX i 

SYNC OUTPUT jack J7. This signal is devel- 
oped in the plate circuit of common unit multi- 

plexer clipper V5B. The MTPX XYNC OUT- 

* 
bts 

f 



PUT signal is comparable to the signal at the 

MTPX GATE OUTPUT jack J5. A normal sig- 

nal at J6 (fig. 66) indicates that the early 

stages of the common unit (stages V1 through 

V5) are operating properly. Insufficient syne 

voltage at jack J2 or gate output at J6, how- 

ever, indicates that the trouble is probably in 

these early stages. 

294. Common Unit Multiplexer Trouble- 

shooting Chart 

The following chart is supplied as an aid in 

Probable trouble 

locating trouble in the common unit multi- 

plexer. This chart lists the symptoms (some of 

which tne repairman observes either visually 

or orally while making the tests described in 

the performance check list par. 117), the prob- 

able cause, and the procedure for remedying 

the trouble. It is supplementary to the equip- 

ment performance check list. When the trouble 

has been isolated to a particular stage by wave 

form comparison and tube substitution does 

not correct the trouble, take voltage and re- 
sistance measurements. 

Correction 

No 8-ke at E2. 1. Faulty 8-ke crystal Y1. 1. Replace Y1. 

Open Ll. Replace L1. 

No multiplexer gate at 2. Faulty Z1. 2. Replace Zl. 

E3. Open L2. Replace L2. 

S1 in SLAVE position with no 

45-channel sync input to J2. 

Replace S1. 

Faulty, or no modem 

channel pulses at E4. 

No B+ or filament voltage in 

mounting rack. 

Shorted or open video cable on 

rack connecting to J3. 

Any modem with a _ short .to 

Check power supply (par. 340 

through 344); filament supply 

(par. 334 through 339). 

Check and rewire video cable. 

Repair modem. 

ground on P1-K. 

No marker, but with all 4. Open L4. 

channels at E5. Faulty CR3. 

Open L54 

Faulty Z2. 

No mixed pulse train at 5. Open L7. 

E5. CR5 faulty. 

Marker, but faulty or no 6. Open L6. 

channel pulses at E5. CR4 faulty. 

No pulse train output at 7. C36 open. 

MASTER OUT-PUT 

TO RF test point J5. 

Multiplexer section filter faulty. 

4. Replace L4. 

Replace CR3. 

Replace Ld. 

Replace Z2. 

5. Replace L7. 

Replace CR5. 

6. Replace L6. 

Replace CR4. 

7. Replace C36. 

Replace filter. 

ces C27 

Figure 250. 

22 : 
TM 2141-35 

Common unit multiplexer section, top view. 
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Figure 251. Common unit multiplexer section, bottem view. 



Measure wave form at 

100 to 110v 

p-p. +8 usec 

at 50% 

amplitude 

4 to 8v p-p 

10 to 50v p-p 

TM2141-92 

Figure 252. Common unit multiplexer filter, 
cover open. (2) Pulse train output wave form. Com- 

pare the wave form at the PULSE 

TRAIN OUTJUT (J9) test point to 
(295. Common Unit Multiplexer Circuit Tests that shown in figure 69. Vary output 

The following test should be used as a refer- gain potentiometer R74 from mini- 

ence and complete operational check after ma-  _ mum to maximum. The positive pulse 

jor repairs. For any normal tests, it will be train amplitude should vary from 0 
‘sufficient to check the resistance and voltage to 1.3 volts (If the amplitude does not 
and wave forms on V1. 

a. Operation Test Procedures, 23-channel. 

(1) Miscellaneous wave forms. The follow- day 

ing wave forms should be measured 

and should not vary by more than 20 

per cent in width and amplitude from 

the referenced figures, except where 

other percentages are indicated in the 

chart below. When comparing the 
wave forms, be sure the oscilloscope . 

sweep time controls are set in the 

same direction as those indicated 
125 US/CM 

alongside the referenced wave forms. sind ene ae 

Refer to paragraph 116c and d before 

measuring these wave forms. Figure 254. Wave form at pin 1 (grid) of V8. 
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6.3V AC 

4700 
6.3V A-C 

5,400 
5726/6AL5W AY, 

NOTES: 2,100 
|. UNLESS OTHERWISE SHOWN: #6.3V A-C 

VOLTAGES AND RESISTANCES ARE MarKeR 0 
MEASURED TO GROUND WITH uu 6 
TUBE VOLTMETER. USE HIGHER GEN/AMPL™&5¥ 4-¢ 
METER RANGES TO PREVENT CIRCUIT ve o) 
LOADING. Ov l2AT7TWA 

2. NC INDICATES NO CONNECTION 

3. # INDICATES FILAMENT READING 
BETWEEN FILAMENT PINS 

4. SWITCH S! IN MASTER POSITION. 

aT 
AMPL go De 3V A-C 6.3V AC # 

ie) I2AT7W, 
. . 3.25V 

cw SHAPER/AMPL 
6 SYNC: OUTPUT 

v4 
I2AT7TWA 

SHAPING 980 
vir 6.3V AC 

6AG5 

2 fe) 
AMPL .95v 
vio 

I2ATTWA 

100K 8KC 
3.05V OSCILLATOR 

120 v2 

6.3VA-C# 6AG5 

10) 
PULSE TRAIN 
OuTPUT "e=*< 

P ‘ p T™™ 214)-330 
Figure 258. Common unit multiplexer section, tube socket 

voltages and resistances. ~ 
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fall within these limits, repeat the 

trouble-shooting procedure in para- 

graphs 116 and 117.) Set the potentio- 

(2) The following wave forms should be 
measured, and they should not vary 

more than 20 per cent from the ref- 

meter for a 1-volt reading. erenced wave form figures. 
(3) Master output to rf wave form. Com- 

pare Hie 45-channel pulse train at the Measure wave form at Fig. ref Note 

MASTER OUTPUT TO RF (J5) test Pin 2.of V4 259 
point to that shown in figure 108. The 9 260 1 volt +20% 
negative marker pulse should move 

from 1 microsecond of less to 4 micro- 

seconds or more in time, with respect 

to the positive marker pulse. 

b. Operation Test Procedures, 45-channel. 

(1) To make the tests below, a second 

Multiplexer Set AN/TCC-13 is re- 

quired (if slave operation is to be 

tested). The multiplexer to be tested 

should be connected to a Multiplexer 

296. Common Unit Dc Resistance of Trans- 

formers and Coils 

The dc resistances of all transformer wind- 

ings, coils, and relays are listed below. An aste- 

risk (*) indicates an ohmmeter reading less 

than 1 ohm. 

Transformer, coil, 

Set AN/TCC-13 known to be in good or relay Terminal Ohms 

operating condition (hereafter called 
: ; K1 1-5 4,800 

the test multiplexer set). For master A up 

operation tests, the two multiplexer %, 

sets should be connected for 45-chan- Bee Ta ee ee 
: , : L18, L19, L12, L13 * 

nel operation with the multiplexer set 
: ys L4 5.5 

to be tested in the master position 
; L5, L6, L7 * 

(par. 38). For slave operation tests, at 5a, z 

the two multiplexer sets should be ; 
; Li1, L15 1.1 

connected for 45-channel operation a oe 

with the multiplexer set to be tested ; 
: Pte L17 6.0 
in slave position. 

8 US/CM 

20v P-P 10 US/CM 

10 US/CM 

a te 
25 US/CM 

125 US/CM 

45v P-P 125 US/CM 

TM2i41-318 SA at .TM 2141-320 

Figure 256. Figure 255. Wave form at pin 1 (plate) of V4. Wave form at J7. 
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| US/CM 

5 US/CM 

25 US/CM 

42V BASELINE -PEAK 
TM 2141-32! 

Figure 257. Wave form at pin 2 (grid) of V7A. 

25 US/CM 

ilelavatatesalalalalal 

he Mats eit eae 
SiV P-P 

TM 2141-317 

Figure 259. Wave form at pin 2 (grid) of V4A. 

250 

1US/CM 

x 40.8 { 

gels aa LE MS sa tre pegs 

28V P-P 
TM 2141-312 

Figure 258. Wave form at pin 7 ( grid) of V10B. 

1 US/CM 

5 US/CM 

TOOT res Socio 
AAPM AAAS TUES | 
AAU ANEATUEGUEEEED CHANUTE, 

1.4 V P-P MAX 

25 US/CM 

TM2141-313 

Figure 260. ~ Wave form at J9, 

SS —<S CS 



Section Ill. TROUBLE SHOOTING AND TESTING COMMON UNIT 

DEMULTIPLEXER CIRCUITS 

197. Common Unit Demultiplexer Trouble- 

shooting Data 

The following data will assist maintenance 

yersonnel in trouble shooting the common unit 

lemultiplexer circuit. 

175 Common unit demultiplexer circuit, 

block diagram. 

368 Multiplexer TD-60/TCC-13, demulti- 

plexer section, schematic diagram. 

391 Multiplexer TD-60/TCC-138, demulti- 

plexer section, wiring diagram. 

392 Common unit demultiplexer filter sec- 

tion, wiring diagram. 

261 Common unit demultiplexer section, top 

view. 

262 Common unit demultiplexer section, 

bottom view. 

263 Common unit demultiplexer filter, cover 

open. 

264 Common unit demultiplexer section, tube 

socket voltage and resistance 

diagram. 

298. Test Equipment Required for Common 
Unit Demultiplexer 

The following test equipment is required: 

a. Multiplexer Set AN/TCC-13 (one). 

b. Multimeter TS-352/U. ; 

c. Electronic Multimeter TS—505/U. 

299. Common Unit Demultiplexer Trouble- 

shooting Procedure 

The best means of trouble shooting this cir- 

cuit is by wave form comparison. An abnormal 

wave form indicates a fault between the last 

point where the wave form is normal and the 

first point where it is observed to be abnormal. 

The wave form comparison procedures in para- 

graph 116 permit localization of the trouble to 

a particular stage. The wave form comparison 

procedures described may permit localization 

of the trouble to the particular defective part 

in the stage. Always follow the procedures in 

paragraph 116 before proceeding to paragraphs 

300 and 301. 

C69 
TM 2141-37. 

Figure 261. Common unit demultiplexer section, top view. 
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Figure 262. Common unit demultiplexer section, bottom view. 
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300. Common Unit Demultiplexer Trouble-shooting Chart 

The following chart is supplied as an aid in locating trouble in the common unit demulti- 

exer circuit. 

Probable trouble Correction 

1. No pulse train input at J22. Faulty demultiplexer filter. 1. Replace filter. 

2. No modem pulse train at E12. L16 faulty. 2. Replace L16. 

L17 faulty. Replace L17. 

CR6 shorted. Replace CR6. 

Video coaxial cable on rack connecting Remove short. 

f: to J23 shorted. 

Short to ground on any modem at P1-V. Remove short. 

38. Incorrect wave form at modem pulse Faulty CR6. 3. Replace CR6. 

train test point E12. Faulty L17. Replace L17. 

4. No demultiplexer gate. Z3 faulty. 4. Replace Z3. 

L18 faulty. Replace L18. 

5. No demultiplexer sync voltage at J25. L19 faulty. 5. Replace L19. 

L21 faulty. 6. Replace L21. 6. Alarm circuit malfunctioning. 

Delay line faulty. Service per 

paragraph 

318 through 

322. 

K1 faulty. Replace K1. 

L20 faulty. Replace L20. 

301. Common Unit Demultiplexer Tests 

The following tests will be used as reference 

or as test procedures after a major repair. 

a. 23-channel Operation Test Procedure 

(1) Wave forms. The following wave 

forms should be measured, and they 

should not vary by more than 20 per 

cent in width and amplitude from the 

referenced figures, except as indicated. 

Measure wave form at 

(plate) of V15 

(plate) of V16 

(grid) of V18 

(plate) of V18 

(plate) of V19 

(plate) of V20 

(plate) of V22 

(plate) of V23 

(plate) of V24 

110+ 10v, 7.0 

+1.0 usec at 

50% ampli- 

tude 
TM 2141-84 

(grid) of V27A 
Figure 268. (plate) of V27A Common unit demultiplexer filter, 

cover open. 
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GATE AMPL 

100K 0 

8KC AMPL/ALM CONT 
V27 

12AT 
GATE SHAPER ath 

v24 
6AG5 

DAMPER/RECT 
V26 — 

I2AT7TWA 

€6.3VA-C 

MARKER DETECTOR 
V23 

6AG5 

470K 
MARKER SEPARATOR o 

v22 
6AG7 

POWER AMPL 

val 470K 
6AS7G ‘eee 

VOLT REG 
v28 
OA3 70v 

24.5K (o) 
VOLT. REG 

v29 
OAS VIDEO SHAPER 

vi9 
6AG5 

VIDEO AMPL 
VIS 

NOTES: PULSE AMPL 

l. UNLESS OTHERWISE SHOWN: vie 
VOLTAGES AND RESISTANCES 6AG5 
ARE MEASURED TO GROUND 
WITH A VACUUM TUBE 
VOLTMETER. USE HIGHER 
METER RANGES TO PREVENT 
CIRCUIT LOADING. 

2. NC INDICATES NO CONNECTION 

3. ® INDICATES FILAMENT READING 
BETWEEN FILAMENT PINS 

RECT/CLIPPER 
VI7 

5726/6AL5W 

VIDEO AMPL 
vi6 
6AG5 

TM 2141-331 

Figure 264. Common unit demultiplexer section, tube socket 

voltage and resistance diagram. 
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1 US/CM 

5 US/CM 

ee SS OE 
TC TEES TT 2s usvom 

TM2141-316 

Figure 265. Wave form at E12. 

10us/CM 

25uS/CM 

CSE. eee 
iV LAN AARAT \ | Vi 125US/CM 

VWVVVVVV EVV VV 
PE Dee Mac eee 

TM2141-325 

Figure 267. Wave form at pin 2 (grid) of V27A. 

10 uS/CM 

25 US/CM 

Mr 2 eee 
AANA AAA AAAS 
VVVVVIVVV VV OO 
Bee eee 

22 VP-P 

TM 2141-322 

Figure 266. Wave form at J25. 

| US/CM 

] ! ] ) | " ! ! A 5 US/CM 

apy ri A 
Sr, ae ae 

25 US/CM 

ee ans oe 
UMUC LAR 
HTT TT 

TM 2141-365 

Figure 268. Wave form at pin 4 (grid) of V15, 

45-channel operation. 
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(2) VR tube voltages. Measure the volt- 

(3) 

ages across the VR tubes, V28 and 

V29. They should be 75 volts +5 volts. 

Alarm circuit. With a pulse train into 

the demultiplexer, the alarm should 
not sound and the alarm indicator, on 

the multiplexer subassembly panel, 

should not light. Remove the pulse 
train input cable to the demultiplexer. 

The alarm should sound and the alarm 

indicator should light. , 

b. 45-channel Operation Test Procedures. 

256 

(1) To make the tests below, a second 

Multiplexer Set AN/TCC-13 is re- 

quired. For normal tests, check the 

resistances, voltages, and wave forms 

at V15. The common: unit demulti- 

Figure 269. 

(2) 

plexer to be tested should be connected 
to the test multiplexer set for master 

or slave operation test as described i 

paragraph 295b(1). The two multi 
plexers should be connected for 45- 

channel operation and the multiplexer 
GAIN control.(R74) set so that both 

the positive and negative pulse trai 

at the demultiplexer PULSE TRAI 

INPUT test point are .25 volt from 

base line to peak (total araplitude 

from the top of one pulse train to the 

top of the other is .5 volt, peak to 
peak). 4 

Measure the wave form at pin (grid) 

of V15. It should not ‘vary by more 

than 20 per cent in width and ampli- 
tude from figure 268. 

Video restorer, top view. 



Section IV. TROUBLE SHOOTING AND TESTING VIDEO RESTORER TD-68/G 

102. Video Restorer Trouble-shooting Data 
The following data will assist maintenance 

ersonnel in trouble shooting the video restorer 

nit. 

Video restorer, over-all block diagram. 200 
370 Video restorer, schematic diagram. 

395 Video restorer, wiring diagram. 

269 Video restorer, top view. 

270 Video restorer, bottom view, showing 

resistors. 

271 Video restorer, bottom view, showing 

capacitors. 

272 Video restorer, bottom view, showing 

all components except resistors and 

capacitors. 

273 Video restorer, rear view. 

274 Video restorer, tube socket voltage and 

resistance diagram. 

103. Test Equipment Required for Video 

Restorer 

The following test equipment is required for 

ignment and trouble shooting the video re- 

torer : 

a. One Multiplexer Group AN/TCA-1 or 

-ulse Form Restorer Group AN/TRA-10. 

b. A source of 23-channel pulse train: .5 
7olt base line to peak; .6 usec nominal width 

it 50 per cent amplitude (Multiplexer Set AN/ 

TCC-13). 
c. A source of 45-channel pulse train: 1 volt 

yeak to peak, consisting of a 23-channel posi- 

tive pulse train and a 23-channel negative pulse 

train, each .5 volt base line to peak; .6 volt 

nominal width at the 50 per cent amplitude 

point. The spacing in time between the leading 

edges of the second pulse of the positive marker 

and the second pulse of the negative marker 

should be 2.6 usec. Two Multiplexer Sets AN/ 

TCC-18, connected as master and slave, can 

be used for this purpose. 

d. One Electronic Multimeter TS-505/U. 

e. One Multimeter TS-352/U. 

304. Video Restorer Trouble-shooting Pro- 

cedure 
a. The best means of trouble shooting this 

unit is by wave form comparison. Abnormal 

wave forms indicate a fault located between the 

last point where the wave form is normal and 

the first point where it is observed to be ab- 
normal. The wave form comparison procedure 

in paragraph 116 permits localization of a 

trouble to a particular stage. The wave form 

comparison procedures described in paragraphs 

305 and 306 permit localization of the trouble 
to the defective part in the stage. Always com-, 

plete the procedures in paragraph 117 proceed- 

ing to paragraphs 305 and 306. 

b. The oscilloscope is synchronized by a sig- 

nal from the video restorer through SCOPE 

SNYC jack J10. If this signal is normal, it is 

an indication that stages V19 through V27 of 

the video restorer are operating properly. Not 

enough sync voltage at jack J10 indicates that 

the trouble probably is in these stages. 
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WESTGOING 
"VIDEO. : : EASTGOING 
RESTORER 

RESTORER 

16: 

JQ 

J8 

~ TBIA 
TM509!1-704 

Figure 273. Video restorer, rear view. 

05. Video Restorer Trouble-shooting Chart 
The following chart is supplied as an aid in the probable trouble, and the procedure for 

cating trouble in the video restorer. This remedying the trouble. It is supplementary to 
hart lists the symptoms (some of which the _ the trouble-shooting information contained in 

epairman observes either visually or audibly), paragraphs 131 and 132. 

Symptom Probable trouble Correction 

‘1. No B+ voltage. Short circuit from B+ to ground. Make continuity 

checks, locate 

and remove short. 

Blown +250-volt. fuse. Replace B+ fuse 

(F1). 

2. No filament voltage. Short circuit across filament leads. Make continuity 

checks, locate 

and remove short. 

Blown filament fuses. Replace filament 
fuses. 

3. Fan does not turn. Blown fan fuse. Replace fan fuse 
(F2). 

4, Fan turns in wrong direction. 4, Fan wiring incorrect. 4, Rewire fan correctly. 
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Symptom Probable trouble 

5. No pulse train at INPUT FROM 

REC test point (E1). 

6. No gate at the DEMTPX GATE 

test point (#5). 

7. Wave shape at DEMTPX GATE 

test point (E5) improper. 

8. All blanking gates missing at 

BLANKING GATE test point 

E4 (with all channels in D&I 

and channels 1 and 2 in NOR- 

MAL OPERATION). 

9. A channel blanking gate missing 

at the BLANKING GATE test 
point (E4). 

10. Wave shapes improper at the 

BLANKING GATE test point 
(E4). 

11. No gate at the MTPX GATE test 

point (KE6). 

12. Wave shape at MTPX gate test 
point improper. 

262 

5. 

6. 

i 

10. 

11. 

12. 

No pulse train from rf receiver. 

Faulty video connection from rf 

receiver to video restorer. 

No input pulse train. 

Faulty input filter. If filter is open, 

there will. be no pulse train at 

pin 5 of V6. 

Coil L11 open in plate of V6. If 

L11 is open, there will be no 

pulse train at pin 5 of V6. 

Coil L12 open in plate of V9. If 

L12 is open, there will be no 

pulse train at pin 5 of V9. 

Coil L15 open in the decoupling 

circuit of V19. If L15 is open, 

there will be no pulse train at 

pin 5 of V19. 

Coil L14 open. If L14 is open the 

channel pulses at pin 4 of V20 

will be very wide. 

Delay line Z2 in plate of V22 

faulty. If Z2 is faulty, the wave 

shape is proper at pin 4 of V22, 

but improper at pin 8 of V22. 

Coil L16 open. If L16 is open, the 

wave shape at pin 1 of V24 is 

improper. 

Delay line with an open or shorted 

section. 

-. No demultiplexer gate. 

Faulty connection from DEMTPX 

delay line to J6 of the video re- 
storer. If the connection is 

faulty, there will be no gates at 

J6 of the video restorer. 

Faulty connection from the 

DEMTPX delay line to the D&I- 

THRU plug or from the plug to 

J6 on the video restorer. 

Blanking gates misaligned. 

No demultiplexer gate or improper 

demultiplexer gate. 

Improper demultiplexer gate. 

Capacitor C67 open if gate is too 

narrow. 

Correction | 

5. 

10. 

if. 

12. 

. Refer to step 6. 

. Replace the faulty 

Check rf receiver 

output. 

Replace interconnect | 
ing Cord 

CG—409C-U. 

Perform step 5. . y 

Replace 3 faulty 1-me ia 

filter. | 

Replace L11. A. 

Replace L12. 

Replace L15. 4 . 

Replace L14. 

Replace Z2; 

Replace L16. 

Repair faulty section. | 

See paragraph 318) 

through 322. 

‘Replace faulty 

connection. 

connection. 

Refer to blanking 

gate alignment pro- | 

cedure (par. 320). l 

Refer to steps 6 and 

ie 

Refer to step 7. 

Replace C67. 



13. All channel pulses missing at 

MODEM CHAN PULSES test 

point (E3). (All channels in 

D&I and channels 1 and 2 in 

NORMAL OPERATION). 

14. A channel pulse missing at the 

MODEM CHAN PULSES test 

point. (All channels in D&I 

and channels 1 and 2 in NOR- 

MAL OPERATION. 

15. No inserted pulses at the OUT- 

PUT TO XMTR test point 

(E2). (All channels in D&I and 

channels 1 and 2 in NORMAL 

OPERATION.) 

16. Pulses at the OUTPUT TO 

XMTR test point too wide. 

17. In 45-channel operation, no nega- 

tive pulse train at the OUTPUT 

TO XMTR test point. 

18. In 45-channel operation, negative 

pulses at the OUTPUT TO 

XMTR test point, too wide. 

19. Alarm is activated. 

Probable trouble Correction 

MTPX delay line section open or 

shorted. , 

Repair the faulty 

section (par. 320 

and 321). 

. No multiplexer gate or improper 

wave shape. 

- Refer to steps 6, 7, 

and 12. 

Repair faulty 

connection. 

Faulty connections between the 

modem common cathode (pin K 

on modem plug) and J3 at the 

video restorer. 

. Faulty connection from modem pin 

K to common cathode cable. 

. Repair faulty 

connection. 

Faulty connection from MTPX 

delay line to D&I-THRU plug or 

from the plug to pin C on the 

modem. 

Repair faulty 

connection. 

Faulty modem. Refer to paragraphs 

309 through 317. 

15 Refer to steps 13 and 

14, 

Replace L13. 

. No pulses at MODEM CHAN 

PULSES test point (E3). 

Coil L138 open. If L13 is open, 

there will be no pulse train at 

pin 1 of V12. 

Faulty 1-me output filter. Filter 

faulty if there is a pulse train 

into the filter but no output from 

it. 

Replace filter. 

Faulty contacts on relay K1. Replace K1. 

Replace T1. 

. Replace L13. 

Replace faulty 

crystal. 

Transformer T1 faulty. 

. Coil L13 open in plate of V12. 

Crystal CR3 or CR4 faulty. 

. No 45-channel pulse train at IN- 

PUT FROM REC test point. 

Coil L5 open in plate of V1. If Ld 

is open, there will be no pulse 

train at pin 8 of V1. 

. Refer to step 5. 

Replace Ld. 

Replace S1. 

. Replace L6. 

Replace the faulty 

crystal. 

Switch S1 open. 

. Coil L6 open in the plate of V4. 

Crystal CR1 or CR2 faulty. 

. No B+ or filament voltage. 19. Refer to steps 1 and 

2. 

Refer to steps 

6 and 7. 

Refer to steps 

1 and 2. 

Replace faulty 

crystal. 

No gate at pin 7 of V17. 

No pulse train at pin 2 of V16. 

Crystal CR5 or CR6 faulty. 

Relays K1 or KT faulty. Replace faulty relay. 
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306. Video Restorer Tests 

The following tests should be used as a com- 

plete operational check after major repairs. For 

any normal tests, check the resistance, voltage, 

and wave forms. 

a. 23-channel Operation. 

(1) Wave forms. 

(2) Alarm circuit. 

(3) Voltage-regulator tube voltages. 

(4) Fan rotation. 

b. 45-channel Operation. 

(1) Wave forms. 

(2) Symmetry control. 

307. Video Restorer Test Procedures 

a. General. Both sections of the video re- 

storer are identical; therefore, these procedures 

may be used to test either section. The equip- 

ment to be tested should be connected to two 

Multiplexer Sets AN/TCC-13 as shown in fig- 

ures 275 or 276. Throw 23 CHAN-45 CHAN 

switch S1 to the 23 CHAN position to discon- 

nect the filaments of V1 through V5 from the 

filament supply. Place P.T. OUT AMPL switch 

S2 in the LOW position. Place all D&I-THRU 

switches in the D&I position and connect the 

23-channel pulse train source (.5 volt) to J11 

(INPUT FROM EASTFACING REC) or J14 

(INPUT FROM WESTFACING REC), de- 

pending on the side of Pulse Form Restorer 

TD-68/G to be tested. 

b. 23-channel Operation. 

(1) Wave forms. The wave forms listed 
below should be measured and should 

not vary by more than 25 per cent in 

amplitude and width from the refer- 

enced figure. 

Measure point Fig. ref 

8 of V11B 
3 of V13A 

8 of V22 

of V23 

of V25 

of V27 

of V18A 

(2) Alarm circuit. 

(a) With a pulse train connected to 
video restorer INPUT FROM RF 

jack J1, ALARM indicator I 1 on 
the video restorer panel should 

not light, and AUDIBLE ALARM 
buzzer I 1 in the mounting rack 

should not sound. The indicator 

will light and the buzzer will 

sound if the pulse train input 

cable is removed from the video 

restorer; if the marker-separator 
and gate-shaping sections, V19 

through V26, fail or operate im- 

properly; the positive pulse train 

section, V6 through V12, fails or 

operates improperly; or if the 

supply fails. 

(b) When any of the conditions in 

(a) above occur, the alarm relay 

should operate and bypass IN- 

PUT FROM RF pulse train jack 

J1 to OUTPUT TO RF jack J3, 

where it may be observed. The 
pulse train seen at OUTPUT TO 

WESTFACING XMTR test point 

E2 will be attenuated by the 6-db 

pad, consisting of resistors R1, 

R2, and R38. 
(c). At the same time that the sion 

is bypassed, the alarm relay re- 

moves the ringing 250 volts de on 
terminal 3 or 14 of TBIA (de- 

pending on the side being tested). ; 

(3) Voltage-regulator tube voltages. Meas- 

ure the voltage of tubes V14 and V28. 
The voltage at pins 3, 5, and 7 of 
tube V14 should be 75 volts +5 volts; 

the voltage at pins 1 and 5 of V28 

should be 108 volts +5 volts. 

(4) Fan rotation. The fan should be turn- 

ing so that air is sucked in the front 

of the video restorer. : 
c. 45-channel Operation. Connect a 45-chan- 

nel pulse train source (par. 303c) (1 volt nomi- 

nal peak to peak) to J11 or J14. This wave 

train should consist of both a positive 23-chan- 

nel pulse train and a negative 23-channel train, 

each being at least .5 volt from the base line to 

peak. Throw the 23 CHAN-45 CHAN switce 

to the 45 CHAN position, thus energizing th 

filaments of V1 through V5. The equipment t 
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306. Video Restorer Tests 

The following tests should be used as a com- 

plete operational check after major repairs. For 

any normal tests, check the resistance, voltage, 

and wave forms. 

a. 23-channel Operation. 

(1) Wave forms. 

(2) Alarm circuit. 

(3) Voltage-regulator tube voltages. 

(4) Fan rotation. 

b. 45-channel Operation. 

(1) Wave forms. 

(2) Symmetry control. 

307. Video Restorer Test Procedures 

a. General. Both sections of the video re- 

storer are identical; therefore, these procedures 

may be used to test either section. The equip- 

ment to be tested should be connected to two 

Multiplexer Sets AN/TCC-13 as shown in fig- 

ures 275 or 276. Throw 23 CHAN-45 CHAN 

switch S1 to the 23 CHAN position to discon- 

nect the filaments of V1 through V5 from the 

filament supply. Place P.T. OUT AMPL switch 

S2 in the LOW position. Place all D&I-THRU 

switches in the D&I position and connect the 

23-channel pulse train source (.5 volt) to J11l 

(INPUT FROM EASTFACING REC) or J14 

(INPUT FROM WESTFACING REC), de- 

pending on the side of Pulse Form Restorer 

TD-68/G to be tested. 

b. 23-channel Operation. 

(1) Wave forms. The wave forms listed 
below should be measured and should 

not vary by more than 25 per cent in 

amplitude and width from the refer- 

enced figure. 

Measure point Fig. ref 

8 of V11B 

3 of V13A 

8 of V22 

1 of V23 

8 of V25 

5 of V27 

7 of V1I8A 

(2) Alarm circuit. 

(a) With a pulse train connected to 
video restorer INPUT FROM RFE” 

jack J1, ALARM indicator I 1 on 
the video restorer panel should 

not light, and AUDIBLE ALARM 
buzzer I 1 in the mounting rack 

should not sound. The indicator 

will light and the buzzer will 
sound if the pulse train input 

cable is removed from the video 

restorer; if the marker-separato 

and gate-shaping sections, V19 

through V26, fail or operate im- 

properly; the positive pulse train 

section, V6 through V12, fails or 

operates improperly; or if the 

supply fails. 

(b) When any of the conditions in 

(a) above occur, the alarm rela 
should operate and bypass IN- 

PUT FROM RF pulse train jack 

J1 to OUTPUT TO RF jack J3, 
where it may be observed. The 

pulse train seen at OUTPUT TO 

WESTFACING XMTR test point 

E2 will be attenuated by the 6-db 

pad, consisting of resistors Rl, 

R2, and R3. 4 
(c). At the same time that the signal 

is bypassed, the alarm relay re- 

moves the ringing 250 volts de on 

terminal 3 or 14 of TBIA (de 

pending on the side being tested). 
(3) Voltage-regulator tube voltages. Meas- 

ure the voltage of tubes V14 and V28. 
The voltage at pins 3, 5, and 7 of 

tube V14 should be 75 volts +5 volts; 

the voltage at pins 1 and 5 of V28 

should be 108 volts +5 volts. | 

(4) Fan rotation. The fan should be turn- 

ing so that air is sucked in the front 

of the video restorer. : 

c. 45-channel Operation. Connect a 45-chan 
nel pulse train source (par. 303c) (1 volt nomi- 

nal peak to peak) to J11 or J14. This wave 
train should consist of both a positive 23-chan 
nel pulse train and a negative 23-channel train, 

each being at least .5 volt from the base line to 

peak. Throw the 23 CHAN-45 CHAN switch 
to the 45 CHAN position, thus energizing the 

filaments of V1 through V5. The equipment te 
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Figure 274. Video restorer, tube socket voltage and resistance diagram. 
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CG-I0S0A/U (ISFT-3 IN) 

ae “aie 

CG"IO40A/U (ISFT-3 IN) 

CG-409C/U CG-1040A/uU (15 FT-S IN) 
(25 FT) 

CG-409C/U 
OSCILLOSCOPE 

CG-409C/U 

rete) ee (25 FT) OSCILLOSCOPE PULSE FORM RESTORER OSCILLOSCOPE SLAVE oO MULTIPLEXER (25 FT) 
TD-60/TCC-I3 = SLAVE 0S-25/6 To-68/6 0s-25/6 uactee OUTPUT T0-60/TCC-I3 SLAVE 0S-25/G 

INPUT WESTGOING EASTGOING O INPUT 
BS MASTER (| scope sync SCOPE SYNC [P= CG-1040A/u (ISFT-3 IN) rata INPUT 50-OHM MASTER 
Shes NEUE SV AC WSV Ac al “ane aed SV AC 

~. MTPX DEMTPX EXTERNAL — INPUT MTPX DEMTPX EXTERNAL INPUT NOT OUTPUT FROM MTPX DEMTPX EXTERNAL NPUT 
CONNECTED NOT #0 RF SYNC SYNC SYNC OUTPUT TO OUTPUT TO SYNC SYNC SYNC CONNECTED NOT TO RF SYNC SYNC SYNC 
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xe XMTR ° sync O O 9 ° OEMTPX 

sync O ° 
DEMTPX 
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view ae view - view view — 
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°o0o00 ©0000 OR OFOE SC OO 5, On 0. 0000 0000 ier 
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+250V 
11SV AC SIGNAL 
INPUT ouT 
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SIGNAL 

IN 

+250V 
\ISVAC SIGNAL 
INPUT OuT 

Cx-2272/U 
(3 FT-5 IN) CHAN | CHAN | CHAN I4 CHAN 2 (3 FT-5 IN) Me TEST 

% O 6 MULTIPLEXER SET 
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TM5091—T06 

Figure 275. Test setup using Multiplexer Group AN/TCA-1 (23-channel operation). 
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° ° CX-2277/U (8 FT-4 IN) 
1I5V_AC lISV AC 6 

\ISV_AC 

ouT OUTPUT 
OuT 

CX-2273/U (10 FT-4 IN) N5V AC cx-2440/U 
CX-2273/U (10 FT-4 IN) Tekh 

=~ per (15 FT) 
= 

- - 
SWITCH BOX SA-357/G SWITCH BOX SA-357/G CX-2683/U ( 20 FT) =m GROUND 

SWITCH BOX SA-357/G CX-2683/uU ( 20 Oe VOLTAGE REGULATOR cx-2240/U (SOFT) Pass, Rea fates Sa pee Nyasa! ROD NOLTAGE: RESUEATOR 

at = ' NV Al 

TO 115/230 A-C eure 1 SELECTOR-»2 Meas 9 ow ete AC hace ie sone eur w PRIMARY POWER SOURCE © Ay 5445/4 (10 FT) INPUT RIA a INPUT sipeath 2 AC POWER AC POWER 

PRIMARY POWER SOURCE em@CX-2442/U (10 FT) SWITCH 2 cx-2440/U INPUT OUTPUT To 115/230 VA-c = 2 Seti INPUT OUTPUT 

° 
AUXILIARY POWER SOURCE ™®CX-2442/U (10 FT) 

TO 115/230V A-C meCX-2442/U (10 FT) (15 FT) 

AUXILIARY POWER SOURCE 
SWITCH BOX SA-357/G 

WIT x SA-357/ 
AC HSV AC 230V AC To 

SWITCH BOX SA-357/G POWER POWER POWER SWITCH BOX SA-357/G CX-2683/U ( 20FT ) =m GROUND 115/230V AC 
115/230v AC ° REAR VIEW OUTPUT INPUT INPUT INPUT ROD OUTPUT ° REAR VIEW 

adie 
115/230V AC (-4-SELECTOR 2 MXx-148/G 

SwiTCH 

: 

CX-2440/U (150 FT) VOLTAGE REGULATOR FRONT VIEW CX-2440/U (150 FT) 

CN-2 a = 

CX-2275/U (8 FT-41N) 
CX-2275/U (8 FT-4 IN) 

cx-2442/U Cx-2442/U 7 
(io FT) (10 FT) 

TO To 
115/230V A-C 115/230V A-C AUXILIARY 

POWER SOURCE POWER SOURCE Tm2682-754 

Figure 276. Test setup using Pulse Form Restorer Group AN/TRA-10, (23-channel operation). 
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4w REC 4w TRANS SW TRANS 4WREC 
2W LINE 2W LINE 

CHAN |3 CHAN | 
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CHAN 14 CHAN 2 CG-409C/U 
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cG-409C/u 
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MULTIPLEXER SET 

WEST TERMINAL 
CG-IO040A/uU 
(25FT- 31N.) 

ooo 0 ooo°o 
4w REC 4W TRANS 4W TRANS 4W REC 
2w LINE 2W LINE 

SPARE CHAN 12 

MULTIPLEXER SUB-ASSEMBLY 
MX-1442/TCC-13 

NSV_AC +250V TEST 
UTILITY POWER INPUT PAIR 

: : Ei 

7° 

SWITCH BOX SA-357/G 

; 15/230V AC 115/230V AC 1 TO 115/230V a-c UOFT) ; © SELECTOR »2 FRONT VIEW 
PRIMARY POWER SOURCE Cx-2442/u 

TO 115/230V A-C cx-2442/U 
AUXILIARY POWER SOURCE (OFT) SWITCH BOX SA-357/G 

SLAVE 
MULTIPLEXER SET 

AN/TCC-13 

WEST TERMINAL 

TO 115/230V A-C 

PRIMARY POWER SOURCE @mCX-2442/U (10 FT) 

TO 115/230V A~C = CX-2442/U (10 FT) 
AUXILIARY POWER SOURCE 

CG-409C/uU 
(25 FT) 

SLAVE ° 

MASTER OUTPUT 
TPUT va Be INPUT 

FROM 
SLAVE 

46 CHAN 
SYNC 

MTPX 
SYNC 

OUTPUT 

MULTIPLEKER 

TO-60/TCC-13 

“le 

ooo0o39do 

RACK MT-1165/TCC-1I3 
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CONNECTED 
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MTPX 
sync O 

OuTPUT 

view aly 

oo0o 
oW REC 4WTRANS 

2w LINE 

CHAN I3 

0000 
4W REC 4W TRANS 
2w LINE 

CHAN 14 

ooo0oo°o 
4w REC 4w TRANS 
2w LINE 

SPARE 

UTILITY POWER 
° ° 

115/230V AC 

MULTIPLEXER 

TD-60/TCC-I3 

MULTIPLEXER SUB-ASSEMBLY 
MX-1442/TCC-I3 

+250V 
INPUT 

N5V AC 

SWITCH BOX SA-357/G 

115/230v AC 
| SELECTOR -»2 

FRONT VIEW 

SWITCH BOX SA-357/G 

REAR VIEW 

CG-I040A/U (ISFT-3 IN) 

le 
RACK MT-1165/TCC-13 
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4W TRANS 4W REC 
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CHAN | 
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4W TRANS 4W REC 

2W LINE 
CHAN 2 

0 000 
4W TRANS 4WREC 
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CHAN 12 

INPUT 

2 

° 

CG-IO40A/U (ISFT-3 IN) 

CG-1040A/U 

CX-2277/U (8 FT-4 IN) 

CX-2273/U (10 FT-4 IN) 
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2440/uU (150 FT) 

Cx-2275/U (8 FT-41N) 

CG-1040A/U 

CxX-2277/U (8 FT-4 IN) 

CX-2273/U (10 FT-4 IN) 
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REAR VIEW 
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CX-2275/U (8 FT-4 IN) 

OSCILLOSCOPE 
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1i5v AC 
MTPX DEMTPX EXTERNAL INPUT 
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AUDIO TEST SET TS-762/TC 
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(ISVAC SIGNAL SIGNAL 
INPUT OuT IN 
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POWER SUPPLY PP-691/G 
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INPUT OUTPUT OUTPUT 

115V_AC 
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VOLTAGE REGULATOR 
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INPUT OUTPUT 
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° 
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Figure 277. 
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115/230V AC 

Test setup, using Multiplexer Group AN/TCA-1 (45-channel operation). 
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0000 
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INPUT 
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INPUT OUTPUT 

CX-2277/U (8 FT-4 IN) 

CX-2273/U (10 FT-4 IN) 

X-26 T } 
$ Sei enOuNO VOLTAGE REGULATOR 
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REAR VIEW 
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MASTER 
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CG-IO40A/U (IS FT-3 1M) 

alt 

CG-1040A/U (ISFT-3 IN) 

Sf hp 
CG-409C/uU CG-409C/U 

(25 FT) (25FT) 

CG-409C/U 
(25 FT) OSCILLOSCOPE 

0S-25/G 

CG-409C/U 
(25 FT) MULTIPLEKER 

T0-60/TCC-I3 
MULTIPLEXER 

TO-60/TCC-!3 

SLAVE ° OSCILLOSCOPE 
OUTPUT 0S-25/6 

SLAVE 6) 
OuTPuUT 

MASTER 
TPUT 

a ee INPUT MASTER 
INPUT 

RF 

INPUT 
FROM 
SLAVE 

MASTER 
INPUT 

OUTPUT FROM 
RF 

"Sv ac 
MTPX DEMTPX EXTERNAL INPUT 
SYNC SYNC SYNC 
INPUT INPUT = INPUT 

HI5SV AC 
MTPX DEMTPX EXTERNAL INPUT 
SYNC SYNC SYNC 
INPUT = INPUT INPUT 

° 
46 CHAN 

SYNC 
46 CHAN 

SYNC ° DEMTPX 

MTPX SENG hs OUTPUT neat SYNC CG-1040a/u 
OUTPUT (1S FT-3 IN) OuTPUT (15 FT-3 IN) 

AUDIO TEST SET TS-762/TC 

SIGNAL 
IN 

AUDIO TEST SET TS-762/TC 

SIGNAL 
OUT 

RACK MT-1165/TCC-I3 RACK MT-1165/TCC-13 
115V AC 
INPUT 

SIGNAL 
OUT 

SIGNAL 
IN 

15V AC 
INPUT 

ooo0oo°0 0000 
4w REC 4W TRANS 4wWTRANS 4W REC 
2W LINE 2W LINE 

CHAN |3 CHAN | 

© 0.070 
4w REC 4wW TRANS 
2W LINE 

CHAN {3 

ooo090o 
4W TRANS 4W REC 

2W LINE 
CHAN | 

CX-2682/U 
(3 FT-3 IN) 

CX-2682/U 
(3 FT-3 IN) 

MASTER CONTROL MONITOR C-I15i/TC 
oo0o°0 0000 

ULTIPLEXER SET AE, Bi. orOr OFORORO 4W REC 4W TRANS 4w TRANS 4W REC MASTER 13 EC 4wW TRANS 4W REC Cx-2272/uU +250V 2W LINE Cx-227 +250V 
AN/TCC- se ae pee CG-409C/U eps iN) 1I5VAC SIGNAL 9 SIGNAL CHAN 14 CHAN. Ooo ein 1ISV AC SIGNAL MULTIPLEXER SET WEST TERMINAL CHAN 14 (25FT) INPUT OuT IN INPUT OuT 

f+ PULSE FORM co-40sc/u AN/TCC-13 
cc- u 

(257) RESTORER GROUP ad] Bessy EAST TERMINAL 

S25 AN/TRA-IO (25FT) Set 
S ie ex Fey er CASE CY-1334/G ee (UNDER TEST) CASE CY-1334/6 a = 

eal ad a 
oe 

a 
ooo OSCILLOSCOPE CG-1040A/U sie.s 

CG-1040a/u aes 0S-25/6 (25FT-31N) Sa 
=) 

( 25FT-3IN) ol. 0. OO oo0o°0o SS o Of @ CE CRORO ~ = 4W REC 4wW TRANS 4WTRANS 4WREC ea iE fu REC 4w Trans 4W TRANS fw REC e> > 
2w LINE 2W LINE ua WN MTPX DEMTPX EXTERNAL SV aC SPARE CHAN (2 aa 8 

SPARE CHAN 12 Case SYNC SYNC SYNC INPUT as 
oO 8 INPUT INPUT — INPUT eres 

MULTIPLEXER SUB-ASSEMBLY POWER/ SUPPLY, FES69I/6 MULTIPLEXER SUB-ASSEMBLY POWER SUPPLY PP-691/G 
naar UTILITY ac li5V +250V MX-1442/TC UTILITY ac 115 +250V 

2 POWER powER AC +250V 115V AC POWER POWER AC +250V 115V AC 
INPUT OUTPUT OUTPUT cG-1040A/u INPUT OUTPUT OUTPUT OUTPUT 

SV AC +250V TEST (SFT 31N) LOREAL b250V 
UTILITY POWER INPUT INPUT PAIR CG-1040A/uU EASTGOING UTILITY POWER INPUT INPUT 

5 0 CX-2277/U (8 FT-4 IN) (SFT 3IN) PULSE FORM SCOPE ° ° CX-2277/U (8 FT-4 IN) 

: J l we “our homie ; ur 
U OUTPUT TO 

4 ( ) 
CX-2273/U (10 FT-4 IN) \I5V_ AC MES TCFACING Fe gC ClC) co CX-2273/U (10 FT-4 IN) 

ouT WESTGOING 
To SCOPE INPUT FROM To 

SWITCH BOX SA-357/G CX-2683/U (20 FT) — GROUND TOITAGERRECUCATOR SYNC WEST FACING CG-409C/u (25 FT) SWITCH BOX SA-357/G CX-2683/U (20 FT) — GROUND SOITAGEIREGIUATOR 
CN-236/G OuTPUT TO 115/230V AC INPLT 115/230V A -236 

- 115/230V AC INPUT 115/230V AC] ERONT VIEW CG-409C/u (25 FT) EAST FACING TO 115/230V A-c CX=2442/0 INPUT 1“ SELECTOR-®2 ae C] FRONT Chews 
TO 115/230 V A-C (IOFT) ! | SELECTOR-»2 INPUT AC POWER AC POWER XMTR PRIMARY POWER SOURCE (OFT) SWITCH 2 AC POWER AC POWER 
PRIMARY POWER SOURCE Cx-2442/U SWITCH Cx-2440/U INPUT OUTPUT INPUT FROM | aie CxX-2440/uU 1 aPUT OUTPUT 

(IS FT) CG-409C/u (25 FT) EAST FACING OS 2 SONA exs2tsei/u (15 FT) TONS /230V A-C UOFT) Fe AUXILIARY POWER SOURCE (OFT) SalTcaouentaan 
AUXILIARY POWER SOURCE Cx-2442/u SWITCH BDX SA-357/G e 

115/230V AC 
OUTPUT 115/23bv AC Ae REAR VIEW 

RACK, ELECTRICAL EQUIPMENT 
MT-1434/TRA-10 CX-2440/U (150 FT) CX-2440/U (150 FT) 

oo 00 0000 
CX-2275/U (8 FT-4 IN) 4wW REC 4WTRANS 4W TRANS 4W REC CX-2275/U (@FT-4 IN) 

2W LINE 2W LINE 
CHAN | CHAN | CX-2441/U 

(oyfey fo )i(o) oo oN (9) (8 FT 4IN) 

4W REC 4W TRANS 4WTRANS 4WREC 
CG-I040A/U (IS FT-3 IN) 2W LINE 2W LINE GGtOSDA/UTISEIEE) 

CHAN 2 CHAN 
+250 V 
I5V AC 
INPUT 

fe} SLAVE 
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MULTIPLEXER 
OSCILLOSCOPE 

TO-60/TCC-13 SLAVE OS-25/G6 
O INPUT ° 

OSCILLOSCOPE 
Ueno 0S-25/6 OUTPUT Cx-2276/u 

(21) 
POWER SUPPLY PP-691/G a SLAVE TO-60/TC fe) OUTPUT O INPUT rrp a Sy ac hsv +250V TO. RF MASTER 

50 OHM 50 OHM INPUT SV AC POWER AC Rceoye lsviaG INPUT ‘ 
INPUT OU U 15V AC CAP Nor CAP NOT OUTPUT Shoe MTPX DEMTPX EXTERNAL INPUT fe) re) te oe MTPX DEMTPX EXTERNAL INPUT 
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SLAVE INPUT INPUT INPUT INPUT INPUT INPUT 

46 CHAN ° 
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ac NSVAC 230V AC 70 oo0°0 OnOnOnO MULTIPLEXER SET 
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MULTIPLEXER SUB-ASSEMBLY 
MX-1442/TC 
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INPUT OUTPUT OUTPUT OUTPUT 

MULTIPLEXER SUB-ASSEMBLY 
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INPUT 
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115V_AC 
OuT 

1I15V AC OUT: CX-2273/U (10 FT-4 IN) CX-2273/U (10 FT-4 IN) 

To To 
SWITCH BOX SA-357/G CX-2683/U ( 20 FT) =muas GROUND VOLTAGE REGULATOR SWITCH BOX SA-357/6 CX-2683/u ( 20 FT}=mm GROUND TOUIAGE WEDUCATOR 

- 115/230V a INPUT UL 
230V AC INPUT 115/230V AC) FRONT VIEW POWER AC POWER TO 118/230V A-C INPUT © I@SELECTOR-p2 |''°/250V AC ERONT viEW CN-236/6 

1528 OY AC e-SELECTOR->2 INPUT x-2440/U ne PUT OUTPUT PRIMARY POWER SOURCE am@Cx-2442/U (10 FT) f SWITCH ye AC POWER AC POWER To 115/230V A-C ; 
PRIMARY POWER SOURCE mmCX-2442/U (10 FT) SWITCH 2 (5 FT) TO 115/230V a-C = CX-2442/U (10 FT) italy any OuTPUT 

AUXILIARY POWER SOURCE 
TO 15 /230V A-C meCX-2442/U (10 FT) SWITCH BOX SA-357/G 
AUXILIARY POWER SOURCE SWITCH BOX SA-357/G 115/230v ac 

115/230V AC REAR VIEW OuTPUT ° REAR VIEW 
° OUTPUT 

CX-2440/U (150 FT) 

CX-2275/U (8 FT-4 IN) 

CX-2440/U (150 FT) 

CX-2275/U (8 FT-4 IN) 

Figure 278. Test setup, using Pulse Form Restorer Group AN/TRA-10 (45-channel operation). 

Tm2682-T67 



Jap nol % 



sq 
4 

tested should be connected to four Multi- 

xer Sets AN/TCC-13 as shown in figure 277 
278. All other conditions remain the same 

for 23-channel operation tests. } 

(1) Wave forms. The following wave 

forms should not vary by more than 

25 per cent in amplitude and width 

from the referenced figure. 

Measure point “*! Fig. ref 

(OUTPUT TO RF), with direct probe 119 

(OUTPUT TO EASTFACING ; 

XMTR), with direct probe 119 

(2) Symmetry adjust control. With the 

scope probe on J4, adjust the SYM 

ADJ control (R33) so that both the 

positive and negative pulse train are 

of the same amplitude. They should 

measure .8 to 1.1 volts-from base line 

to peak with P.T. OUT AMPL switch 

S2 in the HIGH position. When the 
switch is in the LOW position, the 

value should be from .4 to .6 volt. 

308. Video Restorer Dc Resistance of Trans- 

formers, Coils and Relays 

The de resistance of all transformer wind- 
ings, coils, and relays are listed below. An 
asterisk (*) indicates an ohmmeter reading of 
less than 1 ohm. 

Transformer, coil 
or relay Terminals Ohms 

K1, K2 1-5 3,500 
Li, L2; L7;, £8 * 
L3, L9 * 

L4, L10 1.1 

L5, L11 2.8 

L6, L12, L13, L14 6 

L15 17 

L16, L17 85 
Tl 1-2 2 

3-4 “ 

5-6 2 

Z1 iy. 1,500 

2-3 500 

1-3 1,000 

Section V. TROUBLE SHOOTING TELEPHONE MODEM MD-179/TC 

9. Modem Trouble-shooting Data 

The following data may assist maintenance 

‘sonnel when trouble shooting the modem: 

Description 

Telephone Modem MD-179/TC, 

schematic diagram. 

896 Telephone Modem MD-179/TC, wiring 

diagram. 

279 Modem, right side view. 

280 Modem, left side view. 

281 Modem test extension in position. 

282 Modem test extension, modem in 

position. 

283 Modem tube socket voltage and 

resistance diagram. 

Modem, tube location diagram. 

310. Test Equipment Required for Modem 

The following test equipment is required for 

trouble shooting and final testing the modem: 

Technical 

manual 

Multiplexer Set Multiplexer 

AN/TCC-13 set 

Signal Generator Signal TM 11-5088 

SG-71/FCC generator 

Decade Resistor Decade TM 11-5520 

TS-679/U resistance 

Voltmeter » Voltmeter 

ME-30A/U 

Electronic Multimeter | Multimeter TM 11-5511 

TS-505/U 

Telephone EE-8-B Field TM 11-383 

(two) telephone 
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be attempted while the set is carrying traffic. 

Trouble shooting on the defective unit should 
be done during a shut-down period or some 

other appropriate item. Electrical Connector 

Assembly J-535/G is supplied so that testing 

can be carried out while operating but not 

carrying traffic. The modem under test is re- 

moved, the assembly is inserted (fig. 281), and 

the modem then plugged into the assembly (fig. 

282). 

311. Modem Trouble-shooting Procedure 

a. The best means of trouble shooting this 

unit is by means of wave form comparison. An 

abnormal wave form indicates a fault between 

the last point where the wave form is normal 

and the first point where it is observed to be 
abnormal. The wave form comparison proce- 

_ dures (par. 166) permit localization of the 
trouble to a particular stage..The wave form 

comparison procedures described in paragraph 

: 16c and d and paragraph 313 may permit 

| ocalization of the trouble to the particular de- 

fective part in the stage. 
b. Trouble shooting in the modem should not 

312. Modem Trouble-shooting Chart 

The following chart is supplied as an aid in 

locating trouble in the modem. 

. Open between terminals 1 and 2 or . Replace hybrid T1. 

9 and 11 of hybrid T1. 

Shorted CR1. 

. No pulse-position modulation, but 

pulse present. 

; 
| 
: Symptom Probable trouble Correction 

4 . Incorrect pulse at PPM test . Open Ll. . Replace Li. 
| point J1. No sawtooth at pin 7 of V1. Check wave forms 

(par. 117 step 20). 

Open L2. Replace L2. 

CR3 shorted. Replace CR3. 

Grounded Jl. Replace J1. 

i 
Replace CRI. 

Faulty Sl. Replace Sl. 

. 20-cps ringing input does not blank . Faulty K1 relay. . Replace K1. 

pulse out. Faulty S81. Replace S81. 

- No output at PWM test point J2. . L83 open. . Replace L3. 

CR4 shorted. 

No sawtooth at pin 2 of V3. 

Replace CR4. 

Check resistance of 

grid circuit of V2. 

Replace R20 or R29; 

no demodulated in- 

put sawtooth. Check 

Faulty modem pulse train at pin 8 

source. 

5. Incorrect wave form at PWM test . CR4 faulty. Replace CR4. 

point J2. CR5 faulty. Replace CR5. 

L3 faulty. Replace L3. 

Check R27, R28, R25, 
and C8; faulty de- 

modulator output, 

refer to paragraph 

300 and 305. 

of V3. 

6. Wave form at PWM test point . Open filter Z1. . Replace Z1. 

correct but low or no audio Open R37. Replace R37. 

output. Defective hybrid T1. Replace T1. 

Defective Sl. Replace Sl. 

7. No ringing output when incoming . Defective K2. . Replace K2. 

Check 20-cps ringing 

current supply. 

pulse drops. Defective alarm circuit. 

Incorrect pwm pulse. 

No 20-cps ringing current. Check 20-cps ringing 

current supply. 

*If the trouble is not found after checking these parts the trouble is in the common unit or video restorer. 
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Figure 281. Modem test extension in position. 

Figure 282. Modem test extension, modem in position. 
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CLIPPER SHAPER/s v3 
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v2 
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# 6.3VA-C 

NOTES, 

I. UNLESS OTHERWISE SHOWN, 
VOLTAGES AND RESISTANCES 
ARE MEASURED TO GROUND 

WITH A VACUUM TUBE 
VOLTMETER. REMOTE KEYING 
UNITS IN NORMAL OPERATION. 

. INDICATES FILAMENT READING 
BETWEEN FILAMENT PINS 

t INDICATES READING DEPENDENT 
ON SETTING OF R37 

t+ t INDICATES READING DEPENDENT 
ON SETTING OF RQ. 

AUDIO AMPL/ 
PPM MOD 

vi 
I2AT7WA 

TM5091-712 

Figure 283. Modem tube socket voltage and 
resistance diagram. 

313. Modem Modulator Tests, Four-wire 

Operation 

a. General. The following tests should be 

used as a reference and as a test procedure 

after major repairs. For the four-wire test, 

one AN/TCC-18 can be used; for the two-wire 

test, two AN/TCC-13’s must be used back to 

back to prevent singing. It is assumed that the 

terminals are operating properly and that the 

channel pulses are aligned. (All 23 channels 

are not needed.) A modem should be removed 

from the modem rack of the AN/TCC-13 and 

the modem to be tested should be inserted in its 

place. The pulse then should be properly aligned 

in the pulse train (this can be checked at the 

PULSE TRAIN OUTPUT test point on the 

AN/TCC-13 panel). For the four-wire test, 

the modem 2W-4W switch (fig. 36) must be in 

the 4W position; for the two-wire test, the 

modem 2W-4W switch must be in the 2W 

position. 

b. Wave Forms. With the pulse properly 

positioned in the pulse train, the following wave 

forms should be measured and they should not 

vary by more than 25 per cent in width and 

amplitude from those in the referenced figures : 

(1) PPM test point, figure 87. 

(2) PWM test point, figure 104. 

c. PULSE POSITION Control. 

(1) Vary the modem PULSE POSITION 

control (fig. 50) from maximum to 

minimum. The pulse should move at 

least 3.5 microseconds. 

(2) Reposition the pulse properly in the 

pulse train (par. 47). 

d. Modulation. Modulate the channel pulse 

to +.5 microsecond with a 1,000-cycle tone 

form Audio Test Set TS—-762/TC. The input 
level for +.5 microsecond should be —4 dbm 

+1 dbm. 

e. Output Level and OUTPUT AUDIO GAIN 

Control. 

(1) With the pulse modulated +.5 micro- 

second, vary the modem OUTPUT 

AUDIO GAIN control from maximum 

to minimum. The output should vary 

from —6 dbm or less to +4 dbm or 

greater. 

(2) Reset the gain control for +1 dbm 

output. 
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f. Distortion. 

(1) With the output level set for 0 dbm at 

full modulation (+.5 microsecond), 

insert a —10-dbm signal into the mod- 

ulator as follows: 

(a) Connect the SEND OUT front 

panel jacks on the audio test set 

to the 4W TRANS binding posts 

of the particular modem being 

tested. 

(b) Set the audio test set SEND- 

DBM knob for —10. 

Measure the demodulator output dis- 

tortion on the audio test set as fol- 

lows: 

(a) Push the control monitor REC 

push button. 

Turn the selector switch on the 

particular modem being tested to 

the RR position. 

(c) Push the audio test set DIST AT 

1000 ~~ button. 

Rotate the audio test set RE- 

CEIVE-DBM knob until a read- 

able value is obtained on the 
audio test set meter. 

The distortion is the sum of the 

meter reading and the RECEIVE- 

DBM knob setting. The distortion 

should not be greater than —33 

dbm. 

(8) Reset the demodulator output to 0 

dbm with full modulation. 

g. Signal-to-noise Ratio. Remove the modu- 

lation and measure the noise at the demodula- 

tor output. It should not exceed —65 dbm. 

(2) 

(b) 

(d) 

(e) 

314. Medem Modulator Tests, Two-wire 

Operation 

a. Refer to paragraph 313a for operating 

procedures and hook up. 

b. Modulate the channel pulse with a 1,000- 

cps tone from the audio test set. The input 

level for +.5 microsecond should be 0 dbm 
+1 dbm. 

315. Modem Demodulator Tests, Four-wire 
Operation 

The following tests are used for reference 
and as test procedures after major repairs. 
Refer to paragraph 313a for operation proce- 
dures for two-wire and four-wire operations. 
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a. Limiting Characteristics (Spot Check). 

(1) Set the OUTPUT AUDIO GAIN con- ‘ 

(2) 

Modulator input 

+4 dbm, 

trol for 0 dbm output with full modu- — 

lation (-.5 microsecond). 

Connect an external audio oscillator 

(Signal Generator SG-71/FCC, or 

_ 
z 

ae 

i 

equivalent) to the 4W TRANS bind- 

ing posts (modulator section) of the © 

modem being tested. Insert a 1,000- 

eps signal at the levels given below, ~ 

and measure the modem demodulator ~ 

output as follows: 

(a) Set the particular modem selectan Ff 

switch to the RR position. 

Push the control monitor REC 

push button. 
(b) 

(c) Push the audio test set F1A push 

button. . 

(d) Rotate the audio test set RE- 

CEIVE-DBM knob until a read- — 
able value is obtained on the © 
audio test set meter. 

(e) The output is the sum of the © 
meter reading and the RECEIVE- — 

DBM knob setting. The demodu- ~ 
lator output should not vary by ~ 

more than the values given be- © 
low. The limiting level normally 

is that which produced +.5 usec — 
pulse duration. 

Demodulator output 

.49 v rms 

+6 dbm, 1.55 v rms 

+16 dbm, 

(3) 

4.9 v rms 

For a three-point curve instead of a 

two-point curve, repeat the procedure — 

given in (2) above, including the ad-. 

ditional point of —24-dbm modulator — 

input giving a +9 +.4 0-dbm demodu- ~ 

lator output. 

b. Frequency Characteristics (Spot Check). — 

Connect the external audio oscillator © 

to the particular modem 4W TRANS . 
(1) 

(2) 

(3) 

binding posts. 

Set the external audio oscillator for — 

—A4 dbm at 1,000 cps, and the modem. 

OUTPUT AUDIO GAIN control for | 
0 dbm. 

Measure the demodulator output at — 
300 cps and 3,500 cps with a constant 



(4) 

signal level of +4 dbm into the modu- 

lator (a (2) above). The demodulator 

output reading should be +2 dbm at 

both frequencies. The modulator input 

should be taken from the external au- 

dio oscillator and the demodulator out- 

put should be measured on the audio 

test set. 

For a six-point curve instead of a 

three-point curve, repeat the proce- 

dure given in (3) above, including the 

additional frequencies of 600, 2,000, 

and 3,000 eps. 

(2) Output 

(3 ) 

then indicate the impedance value 

at the modem terminals. 

impedance, four-wire. To 

measure the output impedance for 

four-wire operation of the modem, fol- 

low the procedure described in (1) 

above, substituting terminals U and 

X for terminals T and W on plug P1. 

Input and output impedances, two- 

wire. To measure the input and out- 

put impedances for two-wire operation 

of the modem, follow the procedure 

described in (1) above, substituting 

terminals U and X for T and W. 

d. Modem Panel Switch Operation. The mo- 

dem panel switch operations can be tested as 

follows: 

(1) Monitor the demodulator output 

c. Input and Output Impedances. The two- 

wire and four-wire input and output impe- 

dances should be 600 ohms +10 per cent at 
1,000 cps. 

(1) Input impedance, four-wire. To find 

the input and output impedance, use 

Signal Generator SG—71/FCC, Elec- 

tronic Multimeter TS-—505/U, and De- 

cade Resistor TS-679/U and follow 

the procedure below: 

(a) Connect the decade resistor in 

series between one output termi- 

nal of the signal generator and 

terminal T on plug P1 of the 

modem under test. 

(four-wire REC terminal) on the 

audio test set. Place the control moni- 

tor switch in the SEND position and 

the test set SEND-DBM at —4 dbm. 

(a) With the modem switch in the 

SR position, the channel pulse 

should be modulated and the 

meter on the audio test set should 

indicate 0 dbm. (It is assumed 

that the OUTPUT AUDIO GAIN 

control is still set for 0 dbm out- 
(b) Connect the other signal genera- put with —4 dbm input.) 

tor terminal directly to terminal (b) With the modem switch in the 

W of plug P1 of the modem under SL position, the channel should 
test. no longer be modulated and the 

(c) Set the decade resistor at 600 audio test set meter should indi- 
ohms and the signal generator at cate —4 dbm. 

1 kilocycle with an output of .25 (2) Connect the audio test set SEND OUT 
volt rms. terminals to the modulator input 

(d) With the vtvm, read the voltage (four-wire TRANS terminals). Place 

across terminals T and W of the the control monitor switch in the REC 

modem under test and the voltage position. 

at the terminals of the decade re- (a) With the modem switch in the 
sistor. If both voltage readings RR position, the pulse should be 

are the same, the impedance at modulated and the valve on the 
modem terminals T and W is 600 test set meter should indicate 0 
ohms. dbm. 

(e) If the voltage readings across the (b) With the modem switch in the 

modem terminals and the decade 

resistor are not the same, change 

the resistance value of the decade 

resistor until identical voltages 

are read. The resistance reading 

of the the decade resistor will 

RL position, the pulse should not 

be modulated and the audio test 

set meter should indicate —4 

dbm. 

e. Ringing Circuits. Inject a 20-cps, 100-volt 

signal into the modulator (with Telephone EE- 
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8-B or by placing the control monitor switch 

in the SEND position, the modem switch in the 

SR position, and pressing the RING switch on 

the control monitor). The channel pulse should 

be blanked out and the demodulator output 

should have ringing voltage across it (20 cps, 

100 volts). A Telephone EE-8-B connected 

across the demodulator output (four-wire 

REC) should ring. 

f. Terminal Balance to Ground (Input and 

Output). Construct a bridge as shown in figure 

284. When constructing the bridge, select re- 

sistors (600 ohms +5 per cent) to give a zero 

reading on meter V with the bridge connected 

to the equipment but the ground connection, 

from junction R1 and R3, open. Reconnecting 

the ground connection should produce a voltage 

reading (V) depending on the unbalance. 

en 
DEMOD 
OUTPUT 
1,000 CPS 

4 14 

: 9 
moo 
INPUT : 

1,000 CPS RisR2=R3=R4 = 600 OHMS 
. i BALANCE = = 

TM 5091-713 

Figure 284. Terminal balance to ground test setup. 

(1) Apply a 1,000-cps signal, from an ex- 

ternal signal generator, to terminals 

1 and 2 of transformer T1. Connect 

the bridge to terminals 9 and 11. Note 

the reading on the voltmeters (V and 

E). The ratio “ should be less than 

1s 

Apply a 1,000-cps signal, from an 

external signal generator or the audio 

test set, to terminals 3 and trans- 

former T1. Connect the bridge net- 

work across terminals 12 and 14. Note 

the readings on the meters (V and E). 

The ratio uf should be less than .01. 

(2) 

g. Output Level. Use a test AN/TCC-13 
with its corresponding channel being modulated 
-+-.5 microsecond and monitor the demodulator 
output on the test channel. Vary the OUTPUT 
AUDIO GAIN control from maximum to mini- 
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mum. The output should vary from +4 dbm to 

+6 dbm. sf 

¥ 
h 

316. Modem Demodulator Tests, Two-wire _ 

Operation a 

a. Input Impedance. Refer to paragraph 315c. 

b. Modem Panel Switch Operation. Monitor — 

the two-wire line terminals on the audio test 

set. Place the control monitor switch in the 

SEND position, and the audio test set SEND- 

DBM control at —4 dbm. (Be sure that the | 

corresponding channel is not being modulated — 

in the other terminal.) 

(1) With the modem switch at SR or RR, — 

modulate the pulse. The audio test set 

should not read. 

(2) With the modem switch at SL or RL, — 

do not modulate the pulse, and the 

audio test set should read +4 dbm. 

c. Transhybrid Loss. Use the accompanying | 
test circuit (fig. 285) and adjust the input — 
source for E to be 0 dbm (.775 volt). Ed will — 
equal approximately 8.5 volts. Measure Em/Ed, 

the transhybrid loss. It should be at least 40 db. — 

The hybrid transformer is tested in the modem. ~ 

Leads to terminals 1 and 2 of T1 must be 
opened and the test circuit inserted as shown — 

in figure 285..Similarly, the lead between C19 — 

and terminal 12 of T1 must be opened and the | 

620-ohm resistor inserted. 

Ri+R2 
30K 

600n 
SOURCE 

1,000 CPs 

TMSO9I-714 

Figure 285. Transhybrid test setup. 



317. Modem Dc Resistance of Transformers, Coils and Relays 

The dc resistance of all transformer windings coils and relays are listed below. 

An asterisk (*) indicates an ohmmeter reading of less than 1 ohm. 

Transformer, coil, Transformer, coil, 
Terminals Ohms 

or relay or relay 

K1 1-5 

K2 T1 

Li, L3 

L2 

Tl 1-2 

3—4 

5-6 Z1 

7-8 

Section VI. TROUBLE SHOOTING DELAY LINES 

318. Delay Line Trouble-shooting Data TRA-10, remove all D&I-THRU and PARTY 
The following data will assist maintenance LINE-PRIV plugs. 

personnel in trouble shooting the delay line. a. Initial Connections. 
(1) Multiplexer Set AN/TCC-13. The mul- 

aad tiplexer set delay line consists of two 
Multiplexer Set AN/TCC-13, delay line, 125-microsecond delay lines; inputs 

schematic diagram. for these lines are through MTPX 

CARRE, eee aac oo td GATE INPUT jack J1 and DEMTPX 
Ine, scnematic lagram. . # ° 

Pulse Form Pisloren Gilt AN/TRA- GATE INPUT jack J3. Connector J6 
10, delay line, schematic diagram. in the multiplexer should be connected 

Multiplexer Set AN/TCC-13, delay line, to either J1 or J3, depending on which 
wiring diagram. line is being tested. Both lines must 

Multiplexer Group AN/TCA-1, delay be tested separately. Refer to figure 
line, wiring diagram. 

Pulse Form Restorer Group AN/TRA- 

10, delay line, wiring diagram. i 

Multiplexer Set AN/TCC-13, delay line, ment of all sections. 

rear view. (2) Multiplexer Group AN/TCA-1. The 

400, the wiring diagram of the delay 

line, for information as to arrange- 

Multiplexer Group AN/TCA-1, delay 

line, rear view, location of parts. 

Pulse Form Restorer Group AN/TRA-— 

multiplexer group delay line consists 

of four 40-usec delay lines, the inputs 

10, delay line, rear view, location of of which are Jl, J2, J3, and J4. 

parts. DEMTPX GATE OUTPUT jack J& 

of the video restorer should be con- 
319. Test Equipment Required for Delay nected to either J1, J2, J3, or J4, de- 

Line pending on which line is being tested. 

Oscilloscope OS-25/G or Oscilloscope AN/ All lines must be tested separately. 

USM-50 is the only test equipment required to Refer to the delay line wiring dia- 
trouble shoot the delay line. gram (fig. 402) for the arrangement 

of all sections. 
320. Delay Line Test Procedure (3) Pulse Form Restorer Group AN/ 

Never attempt repairs on the delay line un- TRA-10. The pulse form restorer de- 

less it is absolutely necessary. Follow the test lay line consists of four 10-microsec- 
procedures below. ond delay lines the inputs of which 

Note. When performing the following con- are J1, J2, J3, and J4. DEMTPX 
_tinuity checks on the AN/TCA-1 and AN/ GATE OUTPUT jack J8 of the video 
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restorer should be conected to either 

J1, J2, J3, or J4, depending on which 

line is being tested. All lines must be 

tested separately. Refer to the delay 

line wiring diagram (fig. 403) for in- 

formation as to the arrangement of all 

sections. 

b. Reflections. The negative gate input to the 

delay line should be observed on a scope which 

is synchronized from the SCOPE SYNC jack. 

There should be no negative reflections at the 

input greater than 10 per cent and no positive 

reflection greater than 20 per cent. A check 

Figure 286. Multiplexer Set AN/TCC-13 delay line, rear view. 
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should be made at each tap to see that there 

are no double pulses. 

as indicated below. 

Note. Timing pips 5.2 microseconds apart 

can be obtained from Oscilloscope OS-—25/G for 

testing purposes. ; 

(1) Multiplexer Set AN/TCC-13. The 

time delay from input pulse to output 
pulse across the 3,900-ohm terminat- 

ing resistor should be 125 +4.0 micro- 



(2) 

cent amplitude points of the leading 

edge. 

Multiplexer Group AN/TCA-1. The 

time delay from input pulse to output 

pulse across terminating resistors R9, 

R18, R27, and R35 should be 41 usec 

minimum and 45 usec maximum, 

(3) 

measured between the 50 per cent am- 
plitude points of the leading edge. 
Pulse. Form Restorer Group AN/ 
TRA-10. The time delay from input 
to output pulse across the 3,000-termi- 
nating resistor (R2 or R11, or 2,700 
resistor R50Y R9) should be 9 micro- 

J2 

Figure 287. Multiplexer Group AN/TCA-1, rear view, location of parts. 
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\ 

seconds minimum and 11 microseconds pear on the multiplexer gate wave 

maximum measured between the 50 form. 

per cent amplitude points of the lead- d. Attenuation. The output pulse of the mul- 

ing edge. tiplexer set should be at least 50 volts in ampli- 

Note. In Electrical Equipment aok tude. The amplitude of the output pulse of the 

MT-1434/TRA-10, the values of R5 multiplexer group and pulse form restorer 

and R9 are 2,700 ohms. This is neces- group should be at least 85 per cent that of the 

sary to reduce the reflections that ap- input pulse. 

321. Delay Line Trouble-shooting Chart 

The following chart will assist maintenance personnel in trouble shooting the delay line. 

Symptom Probable trouble Correction 

1. Bad reflections. 1. Open or shorted coil; check resistance between 1. Replace delay line sections. 

taps of coils (approximately 40 ohms). 
\ 

Open coil or shorted capacitor; check resistance Replace delay line sections. 

to ground from coil junctions (should be greater 

than 4,000 ohms). 

2. No sawtooth. — | 2. Check lead to modem for short. Modem modulator 2. Replace delay line sections. 

is pin C, modem demodulator is pin E of modem 

receptacle on mounting rack or of modem plug 

Pl. 

322. Delay Line Dc Resistance of Coils 

The de resistance of coils L1 through L4 is 1,800 ohms. 

ue 
“ 

+ Figure 288. Pulse Form Restorer Group AN/TRA-10 delay line, rear view, location of parts. 
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Section VII. TROUBLE SHOOTING ELECTRICAL EQUIPMENT RACK 

MT-1165/TCC-13 

323. Mounting Rack MT-1165/TCC-13 

Trouble-shooting Data 

The following data will assist maintenance 

personnel in trouble shooting the mounting 

rack. | 

Description 

Electrical Equipment Rack MT-1165/ 

TCC-13, over-all schematic diagram. 

Electrical Equipment Rack MT —1165/ 

TCC-18, over-all wiring diagram. 

Electrical Equipment Rack MT-1165/ 

TCC-18, front view showing: delay line 

connection jacks. 

Ac power distribution diagram (AN/ 
TCC-13 and AN/TCA-1). 

324. Test Procedure and Test Equipment Re- 

quired for Mounting Rack 

a. Test Equipment. The only test equipment 

required for trouble shooting the mounting 

rack is Multimeter TS-352/U. 

b. Test Procedure. The only test to be made 

in trouble shooting the mounting rack is that 

for continuity. Make the following circuit con- 

tinuity checks as shown: 

Note. Refer to the multiplexer set electrical 

equipment rack wiring diagram, figure 372, for 

location of all terminals, pin connections and 

connectors. When checking continuity, orient 

the wiring diagram so that the blank connector 

for the spare modem (J27) is in the same posi- 

tion as the same blank connector on the equip- 

ment. Terminal board TB3A, T1 and T2 are 

located on the Multiplexer Subassembly MX~— 
1442/TC. 

c. Filament Circuit. 

(1) Check for a short circuit between: 

T2-4 and pin S of J4 through J15. 

T1-4 and pin S of J16 through J26. 

T2-4 and chassis ground. 
T1-4 and chassis ground. 

T2-3 and pin F of J4 through J15. 

T1-3 and pin F of J16 through J26. 

Check for an open circuit between: 

T2-4 and T2-3. 

T2-3 and T1-3; 

T1-38 and T1-4. 

(2) 

d. B+ Circuit. 

(1) Check for a short circuit between: 

J4_-D, J5-D, J6é-D, J6-H, J7-H, J7-D, 

J8—D, J8-H, J9-H, J9-D. 

J10-H, J10—-D, J11-D, J11-H, J12-H, 

J12—-D, J13-D, J13-H, J14-H, J14_D, 

J15—-D, J15-H. 

J16—D, J16-H, J17-H, J17-D, J18-D, 

J18-H, J19-H, J19-D, J20-D, J20-H, 

J21—-H, J21-D. 

J22-D, J22-H, J23-H, J23-D, J24-D, 

J24-H, J25-H, J25-D, J26—-D, J26-H. 

Check for an open circuit between the 

four B+ groups coming respectively 

from terminals TB3A-2, TB3A-3, and 

TB38A-4. If continuity within groups 

exists, then check for an open circuit 

between: J4—D, J10—-D, J16—D, J22-D, 

and no continuity from ground to 

J4—-D, J10-D, J16—D, J22-D. 

e. Two-wire and Four-wire Circutts. 

(1) Check for continuity between the 4W 

TRANS pair of the applicable modem 

channel and pins W and T for J4 

through J26. 

Check for continuity between the ap- 

plicable modem channel 4W REC-2W 

LINE pair and pins U and X for J4 

through J26. 

f. Connector Pin Continuity Checks. Check 
for continuity between: 

J28 and pins V of J4 through J26. 

Pins R of J4 through J15, and J16 through 

J26. 

Pins N of J6 through J15, and J16 through 

J26. 

Pins P of J6 through J15, and J16 through 

J26. 

Pins M of J4 through J15, and J16 through 

J26. 

Pins. L of J4 through J15, and J16 through 

J 26. 

J29 and pins K of J4 through J26. 

Pins J of J6 through J9, J10 through J15, 

J16 through J21, and J22 through J26. 

(2) 

(2) 
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Figure 289. Electrical Equipment Rack MT-1165/TCC-13 front view 

showing delay line connection jacks. 
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325. Electrical Equipment Rack MT-1433/ 
TCA-1 Trouble-shooting Data 

The following data will assist maintenance 

personnel in trouble shooting the mounting 

rack: 

Fig. No. Description 

373 Electrical Equipment Rack TM—1433/ 

TCA-1 over-all schematic diagram. 

398 Electrical Equipment Rack MT-1433/ 

TCA-1, over-all wiring diagram. 

291 Electrical Equipment Rack MT-1433/ 
TCA-1, front view modems removed. 

292 Electrical Equipment Rack MT-—14383/ 
; TCA-1, rear view, doors open. 

: 290 Ac power distribution diagram (AN/ 

TCC-13 and AN/TCA-1). 

326. Test Procedure and Test Equipment 

Required for Mounting Rack MT- 

1433 /TCA-1 

a. Test Equipment. The only test equipment 

required for trouble shooting the mounting rack 

‘is Multimeter TS-352B/U. 
_ 0b. Test Procedure. The only test to be made 
for trouble shooting the mounting rack is that 
for continuity. Make the following circuit con- 

‘tinuity checks: 

Note. Refer to the multiplexer group elec- 

trical equipment rack wiring diagram, figure 

398, for the location of all terminals, pin con- 

‘nections and connectors. When checking con- 

tinuity, orient the wiring diagram so that 

transformers T1 and T2 are in the same posi- 
tion as the same transformers on the rack. 
Refer to figure 393 for external wiring connec- 

tions of T1, T2, J11, J12, J18, J14 and Terminal 

boards E152 and E158. 

 ¢. Filament Circuit. 

(1) Check for a circuit between the fol- 

lowing points: 

E149 and pin F of J15, J19, J23, J27, 

J31, J35, J39 and J43. 

E146 and pin F of J16, J20, J24, J28, 

J32, J36, J40 and J44. 

E147, E148, and chassis ground. 

E148 and pin S of J15, J19, J23, J27, 

J31, J35, J39, and J43. 

Section VIII. TROUBLE SHOOTING ELECTRICAL EQUIPMENT RACK 
_ MT-1433/TCA-1 

E147 and pin S of J16, J20, J24, J28, 

J32, J36, J40, and J44. 

(2) Check for an open circuit between 

E148 and E149 and E146 and E147. 

d. B+ Circuit. 

(1) Check for a short circuit between the 

following points: 

J15D, J19D, J23D, J23H, J27D and 

J27H. 

J31D, J31H, J35D, J35H, J39D, J39H, 

J43D and J43H. 

J16D, J20D, J24D, J24H, J28D and 

J28H. 

J32D, J32H, J36D, J36H, J40D, J40H, 

J44D and J44H. 

(2) Check for an open circuit between the 

four B+ groups. If continuity within 

the above groups exists, then check 

for an open circuit between J15D, 

J31D, J1i6D, J32D, and an open cir- 

cuit from ground to J15D, J31D, J16D, 

J32D. 

e. Two-wire and Four-wire Circuits. 

(1) 4W TRANS. Check for continuity be- 

tween the applicable modem channel 

4W TRANS pair and pins T and W 

for J15, J16, J19, J20, J23, J24, J27, 

J28, J31, J32, J35, J36, J39, J40, J48 

and J44. 

(2) 4W REC-2W LINE. Check for con- 

tinuity between the applicable modem 

channel 4W REC-2W LINE pair and 
pins U and X for J15, J16, J19, J20, 

J23, J24, J27, J28, J31, J32, J35, J36, 

J39, J40, J43, and J44. 

f. PARTY LINE-PRIV Circuit. Check for 

continuity between the following points: 

Pin A of 11 to pin U of J16. 

Pin B of J11 to pin 4 of T1. 

Pin C of J11 to pin W of J15. 

Pin E of J11 to pin X of J16. 

Pin H of J11 to C276. 

Pin J of J11 to pin T of J15. 

Pin L of J11 to pin T of J16. 

Pin P of J11 to pin W of J15. 

Pin S of J11 to pin 2 of T1. 

Pin T of J11 to pin W of J16. 

Pin V of J11 to pin U of J15. 

Pin U of J11 to C277. 
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Pin A of J12 to pin U of J20. 
Pin B of J12 to pin 4 of T2. 

Pin C of J12 to pin W of J19. 

Pin E of J12 to pin X of J20. 

Pin H of J12 to C282. 

Pin J of J12 to pin T of J15. 

Pin L of J12 to pin T of J16. 

Pin P of J12 to pin W of J15. 

Pin S of J12 to pin 2 of T2. 

Pin T of J12 to pin W of J16. 

Pin V of J12 to pin U of J15. 

Pin U of J12 to C283. 

. D&I-THRU Circuits. 

(1) Check for continuity between the fol- 

lowing points: 

Pin A of J13 to chassis ground. 

Pin F of J13 to E4-3 of delay line. 

Pin L. of J13 to chassis ground. 

Pin M of J13 to pin C of J16. 

qi Kw) 

Figure 291. Electrical Equipment Rack M T-1433/TCA-1, 
front view, modems removed. 

Pin R of J13 to E2—4 of delay line. 

Pin A of J14 to chassis ground. H 
Pin F of J14 to E5-8 of delay line. © | 

Pin L of J14 to chassis ground. — | 

Pin M of J14 to pin C of J15. 

Pin P of J14 to J10. 

Pin R of J14 to E1-3 of delay line. 
Pin A of J17 to chassis ground. é 

Pin F of J17 to E4-8 of delay line. 

Pin L of J17 to chassis ground. 

Pin M of J17 to pin C of J20. 

Pin P of J17 to Jd. 

Pin R of J17 to E2-8 of delay line. 

Pin A of J18 to chassis ground. 

Pin F of J18 to E5-8 of delay line. 

Pin L of J18 to chassis ground. 3 

Pin M of J18 to pin C of J19. 
Pin P of J18 to J10. 

Pin P of J18 to J5. j 



Pin R of J18 to E1-7 of delay line. 

Pin A of J21 to chassis ground. 

Pin F of J21 to E413 of delay line. 

Pin L of J21 to chassis ground. 
Pin M of J21 to pin C of J24. 

Pin P of J21 to J5. 
Pin R of J21 to E2-12 of delay line. 

Pin A of J22 to chassis ground. 
Pin F of J22 to E5—13 of delay line. 

Pin L of J22 to chassis ground. 

Pin M of J22 to pin C of J23. 

Pin P of J22 to J10. 
Pin R of J22 to E1-11 of delay line. 

Pin A of J25 to chassis ground. 

Pin F of J25 to E4-18 of delay line. 

Pin L of J25 to chassis ground. ° 

Pin M of J25 to pin C of J28. 

Pin P of J25 to J5. 

Pin R of J25 to E2-16 of delay line. 

Pin A of J26 to chassis ground. 

Pin F of J26 to E5-18 of delay line. 

Pin L of J26 to chassis ground. 

Pin M of J26 to pin C of J27. 

Pin P of J26 to J10. 

Pin R of J26 to E1-15 of delay line. 

Pin A of J29 to chassis ground. 

Pin F of J29 to E4-23 of delay line. 

Pin L of J29 to chassis ground. 

Pin M of J29 to pin C of J32. 

Pin P of J29 to J5. 
Pin R of J29 to E2-20 of delay line. 

Pin A of J30 to chassis ground. 

Pin F of J30 to E5-23 of delay line. 

Pin L of J30 to chassis ground. 

Pin M of J30 to pin C of J31. 

Pin P of J30 to J10. 
Pin R of J30 to E1-19 of delay line. 

Pin A of J33 to chassis ground. 

Pin F of J33 to E4-28 of delay line. 

Pin L of J33 to chassis ground. 

(2) 

Pin M of J37 to pin C of J40. 

Pin P of J37 to J5. 

Pin R of J37 to E2—28 of delay line. 

Pin A of J38 to chassis ground. 

Pin F of J38 to E5-33 of delay line. 

Pin L of J38 to chassis ground. 

Pin M of J38 to pin C of J39. 

Pin P of J38 to J10. 

Pin R of J38 to E1-27 of delay line. 

Pin A of J41 to chassis ground. 

Pin F of J41 to E4-38 of delay line. 

Pin L of J41 to chassis ground. 

Pin M of J41 to pin C of J44. 

Pin P of J41 to J5. 

Pin R of J41 to E2-26 of delay line. 

Pin A of J42 to chassis ground. 

Pin F of J42 to E5-38 of delay line. 

Pin L of J42 to chassis ground. 

Pin M of J42 to pin C of J48. 

Pin P of J42 to J10. 

Pin R of J42 to E1-31 of delay line. 

Check for continuity between the fol- 

lowing points: 

Pin E of J15 to E2-2 of delay line. 

Pin E of J16 to E1-1 of delay line. 

Pin E of J1t9 to E2-6 of delay line. 

Pin E of J20 to E1-5 of delay line. 

Pin E of J23 to E2-10 of delay line. 

Pin E of J24 to E1-9 of delay line. 

Pin E of J27 to E2-14 of delay line. 

Pin E of J28 to E1-13 of delay line. 

Pin E of J31 to E2-18 of delay line. 

Pin E of J32 to E1-17 of delay line. 

Pin E of J35 to E2-22 of delay line. 

Pin E of J36 to E1-21 of delay line. 

Pin E of J39 to E2-26 of delay line. 

Pin E of J40 to E1-25 of delay line. 

Pin E of J43 to E2-30 of delay line. 

Pin E of J44 to E1-29 of delay line. 

h. Miscellaneous. Check for continuity be- 

tween the following points: 

J6 and pin V of J15, J19, J23, J27, J31, 

Pin M of J33 to pin C of J36. 

Pin P of J33 to J5. 
Pin R of J33 to E2-24 of delay line. 

Pin A of J34 to chassis ground. J35, J39, J43. 

Pin F of J34 to E5—28 of delay line. J9 and pin V of J16, J20, J24, J28, J32, 

Pin L of J34 to chassis ground. J36, J40, J44. 

Pin M of J34 to pin C of J35. J7 and pin K of J15, J19, J23, J27, J31, 

Pin P of J34 to J10. J35, J39, J43. 

Pin R of J34 to E1-23 of delay line. J8 and pin K of J16, J20, J24, J28, J32, 

Pin A of J37 to chassis ground. J36, J40, J44. 

Pin F of J37 to E4-33 of delay line. 

Pin L of J37 to chassis ground. 

Pin P of J23, J27, J31, J35, J39, J43. 

Pin P of J24, J28, J32, J36, J40, J44. 

281 



Pin N of J23, J27, J31, J35, J39, J43. Pin J of J32, J36, J40, J44. 
Pin N of J24, J28, J32, J36, 540, J44. Pin M of J15, J19, 523, J27, J31, J35, 539, 

MA Ce SL Gann ree J16, 320, J24, J28, 332, 336, J39, 

a rv REO TaN Pin ee J15, J19, J23, J27, J31, 335, 339, 

pat ies ae Sahat J16, J20, J24, J28, J32, J36, 340, 
Pin J of J31, J35, 589, J43. 344, 

Figure 292. Electrical Equipment Rack M T-1483/TCA-1, 
rear view, door open. 
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Section IX. TROUBLE SHOOTING ELECTRICAL EQUIPMENT RACK 
MT-1434/TRA-10 

327. Electrical Equipment Rack MT-1434/ 

TRA-10 Trouble-shooting Data 

The following data will assist maintenance 

personnel in trouble shooting the mounting 

rack. 

Description 

Electrical Equipment Rack MT-1434/ 

TRA-10, over-all. schematic diagram. 

Electrical Equipment Rack MT-1434/ 

TRA-10, over-all wiring diagram. 

Electrical Equipment Rack MT-1434/ 

TRA-10, front view, drawer and 

modems. removed. 

Electrical Equipment Rack MT-—1434/ 
TRA-10, drawer, left side view. 

Electrical Equipment Rack MT-1434/ 

TRA-10, drawer right side view. 

Electrical Equipment Rack MT-1434/ 

TRA-10, rear view, doors open. 

Electrical Equipment Rack MT-1434/ 

TRA-10, tube voltage and resistance 

diagram. 

Remote keying unit, location of parts. 

328. Test Equipment Required 

The test equipment required for trouble 

shooting the mounting rack is listed below. A 

common usage name is indicated after each 

component. 

Nomenclature Common name 

Oscilloscope OS-25/G 

Pulse Form Restorer TD-68/G. 

Oscilloscope 

Pulse form 

restorer 

Multimeter TS-352/U. Multimeter 

Four 47K, 2-watt resistors. 

0 to 180 volts Variac, .5 kva. 

Power supply, 260 volts de 

(PP-691/G, or equivalent). 

Spectrum Analyzer TS—723/U. 

10.6 uf, 300 volts rms capacitor. 

75 v rms, 20-cps. voltage source. 

Frequency Meter FR-67/U. 

Electrical Power Cable Assembly 

CX-2276/U (6 ft 0 in.). 

B+ supply 

Analyzer 

Frequency meter 

Cable 

329. Electrical Equipment Rack MT-1434/ 

TRA-10 Tests 

a. Alarm circuit. 

b. 20-cps multivibrator circuit. 

c. Remote keying circuit. 

d. Continuity checks. Make the following 

continuity checks: 

(1) Filament circuit. 

(2) B+ circuit. 

(8) Four-wire and two-wire circuits. 

(4) PARTY LINE-PRIV circuits. 

(5) D&I-THRU circuits. 

330. Alarm Circuit, Test Procedure. 

a. Set Electrical Equipment Rack MT-1434/ 

TRA-10 on a table so that terminal board 

TBI1A can be reached. 

b. Connect a_ single-pole, single - throw 

(SPST) switch across terminals 3 and 6 of 

TB1A. Place the switch in the open position. 

c. Connect receptacle J3 of Power Supply 

PP-691/G to receptacle J7 of Electrical Equip- 

ment Rack MT-1434/TRA-10 by using Elec- 

trical Power Cable Assembly CX-—2276/U. The 

cable assembly should be approximately 6 feet 

long. 

Note. Electrical Power Cable Assembly CX-— 

2276/U that is supplied with the AN/TRA-10 

is too short. 

d. With circuit breakers CB2 and CB3 in the 

OFF position, connect receptacle J1 of Power 

Supply PP-691/G to a 115-volt, 60-cycle power 

source. 

e. Close CB2; leave CB3 in the OFF position. 

f. Close the external SPST switch. AUDI- 

BLE alarm buzzer I 1 should sound and 

ALARM indicator light I 2 should light. 

g. Press AUDIBLE ALARM DISCONNECT 

switch $1, on the front panel. The buzzer should 

cease sounding but the ALARM indicator light 

should remain on. 

h. Open the external SPST switch; the 

ALARM indicator lamp should go out. 
ra 

331. Twenty-cps Multivibrator Circuit, 

Test Procedure 

a. Set Electrical Equipment Rack MT-1434/ 

TRA-10 on a table so that the various measur- 

ing points can be reached. 

b. Connect receptacle J3 of Power Supply 

PP-691/G to receptacle J7 of Electrical Equip- 
ment Rack MT-1434/TRA-10 by using Elec- 
trical Power Cable Assembly CX-—2276/U. The 
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cable assembly should be 6 feet long; use Elec- 

trical Power Cable Assembly CX-2276/U (6 ft 

4 in.) that is supplied with the Multiplexer 

Set) AN/TCC-13 or Multiplexer Group AN/ 

TCA-1. 

c. Connect the positive lead of Multimeter 

TS-352/U to terminal 2 of transformer T4 and 

the negative test lead to terminal 7 of TB1A, 

mounted on the mounting rack. Set the multi- 

meter switch to the 500-VDC scale. 

d. Connect a 10.6-microfarad, 300-volt ca- 

pacitor between terminals 1 and 2 of TBI1A 

of the mounting rack. 
e. Connect receptacle J1 of Power Supply 

PP-691/G to a 115-volt 60-cycle power source. 

f. Turn circuit breakers CB2 and CB3 to ON. 

There should be a delay of at least 30 seconds 

ae 

before there is a voltage indication on Multi- 

meter TS-352/U (terminal 2 of T4 and 

ground). 

g. Connect Multimeter TS-352/U between 

terminals 1 and 2 of TB1A. Set the multimeter 

to the 250-VAC scale. The ringing voltage meas- 

ured at these points should be not less than 75 

volts. 

h. Use Frequency Meter FR-67/U and meas- 

ure the ringing voltage fundamental. The ring- 

ing voltage fundamental frequency should be 

20 cps +4 cycles. 

i. With Spectrum Analyzer TS—723/U, check 

the harmonic distortion of the ringing supply 

at 60 and 120 cycles. The maximum harmonic 

distortion should not be greater than 20 per 
cent of the fundamental. 

Figure 293. Electrical Equipment Rack MT-1434 TRA-10, front view, drawer and modems removed. 
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J 
_ 332. Remote Keying Circuit 

} Before proceeding with the checks below, 

place the two channel D&I-THRU switches in 

the D&I position, place the applicable channel 

PARTY LINE-PRIV switches in the PARTY 
_ LINE position, and short terminals 1 and 3 and 

e 14 and 16 of TB1A on the video restorer, to 
_ supply voltage disconnected by the alarm relay. 

i> 
es 

a. Normal Operation. 

(1) Place the remote keying units in NOR- 

MAL OPERATION. 

(a) Check for B+ voltage (approxi- 

mately 250 volts) between termi- 

nal H of J14, J15, J18, and J19 

and chassis ground. 

(b) Check for continuity between the 

following terminals: 

E9 to TB1A-1 

E20 to TB1A-1 

E9 to pin P of J15 

E9 to pin P of J14 

E10 to TB1A-2 

E21 to TB1A-2 

E10 to pin N of J14 

E10 to pin N of J15 

E20 to pin P of J18 

E20 to pin P of J19 

E21 to pin N of J18 

E21 to pin N of J19 

Note. Terminals E8 through 

Ell, E32 through E39, E48 

through E54 are located on the 

right-hand door of the electrical 

equipment rack. 

‘©86 CSI C90 K4 

Figure 294. Electrical Equipment Rack MT-1434/TRA-10 drawer, left side view. 
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(2) Remove the 47K, 2-watt resistors 

(3) 

(4) 

from terminal 18 of J8, J9, J10, and 

J11 and check for continuity between 

the following points: 

E9 and junction of C76 and C77 

E10 and T1-9 
E20 and junction of C81 and C82 

E21 and T2-9 

Connect a source of 20 cps (75 volts 

ac) to PARTY LINE, CHAN 1 bind- 

ing posts (E9 and E10). This should 

remove the B+ voltage from terminal 

H of J14 and J15. Remove the 20-cps 

voltage source. 

Connect the 20-cps voltage source to 

PARTY LINE, CHAN 2 binding posts 

E20 and E21. This should remove the 

B+ voltage from terminal H of J18 

and J19. Remove all sources of volt- 

age. 

b. Remote Keying Operation. 

286 

(1) 

(2) 

Place the two remote keying units in 
REMOTE KEYING OPERATION 

position. 

Place a 47K, 2-watt resistor from each 

Figure 295. Electrical Equipment Rack M T-1434/TRA-10 drawer, 
right side view. 

(3) 

(4) 

(5) 

(6) 

terminal 18 of J8, J9, 1 and Jil 
to ground. 

Connect the B+ voltage to teri 

10 of TB1A. (Terminals 1 and 3 and 

14 and 16 of TB1A on the video re- 
storer are still shorted.) 

Place a short circuit between E24 and — 
E238. There should be B+ voltage from 
terminal H of J18 and ground and 

terminal H of J19 and to ground. 

There should be an open circuit be- 

tween E27 and E28. 
Place a short circuit between E12 and 

E13. There should be B+ voltage from 

terminal H of J14 and ground and 
terminal H of J15 and to ground. 

There should be an open circuit be- 
tween E16 and E17. Remove the sho 

circuit between E12 and E13. Bind- 
ing posts E16 and E17 are still open- 
circuited. 

Measure resistances between Termi- 

nals N and P of J8, J9, J10, and J11. 

Each should measure 600 ohms +5 
per cent. 



(7) 

(8) 

#6.3V A-C 

580K 

20 MULTIVIBRATOR 

E2) “E20 p2 JG tz 

DELAY LIN 

ae a TM 2662-766 — 

Figure 296. Electrical Equipment Rack MT-1434/TRA-10, rear view, doors open. 

Remove the 47K, 2-watt resistor from 

terminal 18 of J8 to chassis ground. 

There should be a short circuit be- 

tween E16 and E17. Replace the 47K, 

2-watt resistor to terminal 18 of J8, 

and remove the 47K, 2-watt resistor 

from terminal 18 of J9. There should 

be a short circuit between E16 and 

E17. Replace the 47K, 2-watt resistor. 

Remove the 47K, 2-watt resistor from 

terminal 18 of J10. There should be a 

short circuit between E27 and E238. 

Replace the 47K, 2-watt resistor to 

terminal 18 of J10, and remove the 

47K, 2-watt resistor from terminal 

18 of J11. There should be a short cir- 

cuit between E27 and E28. Restore 

the mounting rack to its original con- 

dition. 
NOTES: 

|}, UNLESS OTHERWISE 

SHOWN VOLTAGES AND 

RESISTANCES ARE 

MEASURED TO GROUND 
WITH A VACUUM TUBE 

VOLTMETER. USE 

HIGHER METER RANGES 
TO PREVENT CIRCUIT 

LOADING. 

. *INDICATES FILAMENT 

READING BETWEEN 
FILAMENT PINS. 

6.3V A-C* 

vi 
6AS7G 

TM 2682-76! 

Figure 297. Electrical Equipment Rack 
MT-1434/TRA-10, tube voltage 

and resistance diagram. 

333. Continuity Checks 

a. Filament Circuit. Measure a short circuit 

between the following points: 

(1) Video restorer. 

(2) 

Terminal 8 of TB1A to terminal 11 of 

TBIA. 

Terminal 9 of TB1A to terminal 5 of 

TBIA. 

Terminal 5 of TB1A to terminal 12 of 

TBIA. 

Terminal 13 of TB1A to terminal 6 of 

TBIA. 

Mounting rack. 

Terminal 5 of TB1A to pin F of J14 

and J18. 

Terminal 9 of TB1A to pin F of J15 

and J19. 

Pin S of J14, J15, J18, and J19 to 

chassis ground. 

b. B+ Circuit. Measure a short circuit be- 

tween the following points: 

(1) Video restorer. 

J7 pin B to terminal 10 of TB1A. 

Terminal 10 of TB1A to terminals 1 

and 16 of TBIA. 

Terminal 11 of TB1A to terminal 15 

of TB1A. 

Terminal 12 of TB1A to terminal 2 

of TB1A. 
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(2) Mounting rack. 

Terminal 11 of TB1A to pin D of 
J15 and J19. 

Terminal 12 of TB1A to pin D of 

J14 and J18. 

c. Two-wire, Four-wire Circuits. Measure a 

short circuit between the following points: 
E33 to pin W of J14. 

E34 to pin T of J14. 

E87 to pin X of J14. 

E38 to pin U of J14. 

E41 to pin T of J15. 

E42 to pin W of J15. 

E45 to pin U of J15. 

E46 to pin X of J15. 

E49 to pin W of J18. 

E50 to pin T of J18. 

E53 to pin X of J18. 

E54 to pin U of J18. 

E57 to pin T of J19. 

E58 to pin W of J19. 

E61 to pin U of J19. 

E62 to pin X of J19. 

d. PARTY LINE-PRIV Circuits. Measure a 

short circuit between the following points: 

Pin A of J5 to pin U of J15. 

Pin B of J5 to pin 4 of T1. 

Pin C of J5 to pin W of J14. 

Pin E of J5 to pin X of J15. 

Pin H of J5 to C73. 

Pin J of J5 to pin T of J14. 

Pin L of J5 to pin T of J15. 

Pin P of J5 to pin X of J14. 

Pin S of J5 to pin 2 of T1. 

Pin T of J5 to pin W of J15. 

Pin V of J5 to pin U of J14. 

Pin U of J5 to C75. 

Pin A of J6 to pin U of J19. 

Pin B of J6 to pin 4 of T2. 

Pin C of J6 to pin W of J18. 

Pin E of J6 to pin X of J19. 

Pin H of J6 to C78 

Pin J of J6 to pin T of J18. 

Pin L of J6 to pin T of J19. 

Pin P of J6 to pin X of J18. 

e. D&I-THRU and Delay Line Circuits. 
Measure a short circuit between the following — 
points : 

f. Miscellaneous. Measure a short circuit be- . 

tween the following points: 

Pin S to J6 to pin 2 of T2. 

Pin T of J6 to pin W of J19. 

Pin V of J6 to pin U of J18. 

Pin U of J6 to C80. 

Pin A of J12 to chassis ground. 
Pin F of J12 to E2-3 of delay line. 

Pin L of J12 to chassis ground. 

Pin M of J12 to pin C of J15. 

Pin P of J12 to J20. 

Pin R of J12 to E7-4 of delay line. 

Pin A of J13 to chassis ground. 
Pin F of J13 to E3-3 of delay line. 

Pin L of J13 to chassis ground. 

Pin M of J13 to pin C of J14. 

Pin P of J13 to J25. 

Pin R of J13 to E6é—4 of delay line. 
Pin E of J14 to E7-2 of delay line. 
Pin E of J15 to E6—2 of delay line. 

Pin A of J16 to chassis ground. 
Pin F of J16 to E2-8 of delay line. 

Pin L of J16 to chassis ground. 

Pin M of J16 to pin C of J19. 

Pin P of J16 to J20. 

Pin R of J16 to E7-8 of delay line. 

Pin A of J17 to chassis ground. 

Pin F of J17 to E3-8 of delay line. 

Pin L of J17 to chassis ground. 

Pin M of J17 to pin C of J18. 

Pin P of J17 to J25. 

Pin R of J17 to E6-8 of delay line. 

Pin E of J18 to E7-6 of delay line. 

Pin E of J19 to E6-6 of delay line. 

J7 pin A to chassis ground. 

J7 pin C to terminal 3 of TB1A. 

J7 pin D to terminal 4 of TB1A. 

J24 to pin K of J19, J15. 

J23 to pin V of J19, J15. 
J20 to pin V of J18, J14. 

J21 to pin K of J18, J14. 



Section X. TROUBLE SHOOTING MULTIPLEXER SUBASSEMBLY MX-1 442/TC 

334. Multiplexer Subassembly MX-1442/ 

TC (Filament Supply) Trouble-shooting 

Data 

The following references will assist mainte- 

nance personnel in trouble shooting the fila- 

ment. 

Fig. No. . Description 

Multiplexer Subassembly MX-1442/TC, 

over-all schematic diagram. 

Multiplexer Subassembly MX~—1442/TC, 

over-all wiring diagram. 

Filament supply, air filter removed, 

interior view. 

Filament supply, back view, rear panel 

and remote keying units removed. 

Filament supply, bottom view. 

Remote keying unit, location of parts. 

Figure 298. 

335. Test Equipment Required for Filament 

Supply 
The test equipment required for trouble 

shooting the filament supply is listed below. A 

common usage name is indicated after each 

component. 

Common 

name 
Nomenclature 

Multimeter TS-—352/U 

45-volt B battery 

Multimeter 

Battery 

Source 

B+ supply 

115-volt, 60-cps source 

+250-volt de (B+) source (Power 

Supply PP-691/G, or equivalent) 

47K, 2-watt resistors (4) 

336. Filament Supply Trouble-shooting Pro- 

cedure 

The filament supply can be checked by taking 

voltage and resistance measurements. 

FS F408 ke Fe 

“TM5091-718 

Filament supply, air filter removed, interior view. 
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337. Filament Supply Trouble-shooting Chart 

The following chart is supplied as an aid in locating trouble in the filament supply. 

Symptom Probable trouble Correction 

1. No 6.8 volts ac on mounting rack. 1. Faulty T1. 1. Replace T1. 

Faulty T2. Replace T2. 

Short to ground on mounting yack. Remove short. 

No 115-volt ac input to Tl and T2. Check input. 

2. Inoperative blower. 2. Faulty blower (R1). 2. Replace Bl. 

No 115 volts ac to blower (terminal Check input. 

lead off). 

3. Faulty alarm operation. 3. Faulty buzzer (I 3). 3. Replace I 3. 

Faulty S81. Replace Sl. 

Faulty K3. Replace K3. 

Faulty K1 or K2. Replace K1 or K2. 

4. Faulty or inoperative remote keying z 18 24) and/or P2 per channel not making 4. Repair or replace. 

operation. good contact in connectors J1 

and/or J2. 

Faulty K4, K5, K6, or K7 relay on Replace K4, K5, 

remote keying units. K6, or K7. 

Figure 299. Filament supply, back view, rear panel and remote keying units removed. 
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Figure 300. Filament supply, bottom view. 

338. Filament Supply Tests 

The following tests are helpful to localize 

trouble to a particular part within the filament 

supply. 

Note. Connect a source of 115 volts ac across 

terminals 2 and 5 of TB4. 

a. Filament Voltage at Full Load. Place the 

variable resistor across the secondary of each 

filament transformer (terminals 3 and 4), and 

vary the resistor until 30 amperes is drawn, 

for exactly 115 volts across the primary. Meas- 

ure the secondary filament voltage with the 

vtvm. It should be 6.3 volts +2 per cent. 

b. Alarm Circuit. Check the alarm buzzer 

and alarm light by placing a short circuit across 

terminals 2 and 10 of TB4. The alarm buzzer 

should sound and the alarm light should light. 

Press the AUDIBLE ALARM DISCONNECT 

switch on the panel. The buzzer should no 

longer sound, but the light should remain on. 

Remove the ac source for further tests. 

Caution: These terminals have 115 volts ac 

across them in series with the buzzer. | 

c. B+ Disconnect Relays. 
(1) Check B+ disconnect relays K1 and 

K2 by placing a short circuit between 

terminal 11 of TB2A and terminal 11 

of TB1A. Put 45 volts de from a Bb 

battery across terminal 7 of TB4A 

and ground (chassis). 

(2) With an ohmmeter, check for a short 

circuit between the following termi- 

nals: 

Terminals 1 and 11 of TB3A 

Terminals 2 and 12 of TB3A 

Terminal 3 of TB38A and terminal 11 

of TB4A 

Terminal 4 of TB3A and terminal 12 

of TB4A 

(3) Remove the voltage from pin 7 of 
TB4A. There should now be open cir- 

cuits between the above terminals. 

d. Remote Keying Circuit. 
Caution: Before making any of the wiring 

changes below, disconnect the power. 

(1) General. Make the following tempor- 

ary connections: 

(a) Ground (to chassis) terminals 5 

of TB2A and TBIA. 

(b) Place a short circuit between 

terminal 11 of TB2A and termi- 

nal 11 of TBIA. 

(c) Place a 47K, 2-watt resistor from 

each of terminals 12 and 13 of 

TB1A to ground. 

(d) Connect a source of B+ (250 

volts dc) to B+ input connector 

J5. 

(2) Normal operation. 

(a) Place the remote keying units in 

NORMAL OPERATION. There 

should be B+ voltage between the 

following terminals and ground 

(chassis). 

Terminal board Terminals 

(b) Reconnect the 45-volt battery be- 

tween terminal 7 of TB4A and 

ground. There should be B+ volt- 

age from both terminals 12 and 

13 of TB2A to ground. 

(c) Remove the ground from termi- 

nal 5, TB1A. This should remove 

the B-++ voltage from both termi- 

nals 2 of TB2A and TBIA. Re- 

place the ground. 
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(d) Remove the ground from termi- 
nal 5 of TB2A. This should re- 

move B+ voltage from both 

terminals 1 of TB2A and TBIA. 

Replace the ground. 

(e) Remove the two 47K resistors 

from terminals 12 and 13 of 

TB1A. There should be a short 

circuit between the folowing 

terminals: 

Terminals ; Terminal board 

7 and 10 

8 and 9 

7 and 10 

8 and 9 
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(f) Reconnect the two 47K-ohm resis- 

tors to terminals 12 and 13 of 

TBIA. 

(g) Connect a 47K, 2-watt resistor 

from each of terminals 12 and 13 

of TB2A to ground. There should 

now be a short circuit between 

the following terminals: 

Terminal 9 of TB3A and terminal 

10 of TB2A. 

Terminal 9 of TB3A and terminal 

10 of TB1A 

Terminal 10 of TB3A and termi- 
nal 9 of TB2A 

Terminal 10 of TB3A and termi- 

nal 9 of TB1A | 

(h) Remove the B+ voltage source 
and the 45-volt source. There 

should be a short circuit between 

the following terminals: . 
Terminal 9 of TB3A and terminal 

3 of TBIA , 

Terminal 9 of TB3A and termini 

3 of TB2A q 
Terminal 10 of TB38A and termi- 

nal 4 of TB1A 

Terminal 10 of TB3A and termig 

nal 4 of TB2A 

(3) Remote keying operation. 

(a) Place the two remote keying units 

in REMOTE KEYING OPERA- 

TION. Reconnect the B+ voltage 
to J5. 

(b) Place a short circuit between E13 — 
and E14. There should be B+ 

Figure 301. Remote keying unit, location of parts. 



voltage from terminal 1 of TB2A 

to ground, and there should be 

an open circuit between E11 and 

E12. Remove the short circuit. 

There should be no B+ on termi- 
nal 1 of TB2A, but E11 and E12 

should still be open-circuited. 

(c) Place a short circuit between E3 

and E4. There should be B+ volt- 
age from terminal 2 of TB2A to 

ground, and there should be an 

open circuit between El and E2. 

Remove the short circuit. There 

should be no B+ on terminal 2 

of TB2A, but El and E2 should 

still be open-circuited. 

(d) Measure the resistance across 

terminals 3 and 4 of TB1A and 

also across terminals 3 and 4 of 

TB2A. They should measure a 

nominal 600 ohms. 

(e) Remove the 47K resistor from 

terminal 12 of TB2A. There 

should be a short circuit across 

Ell and E12. Replace the 47K 

resistor on terminal 12 of TB2A, 

and remove the 47K resistor on 

terminal 12 of TBIA. Again 

there should be a short circuit 

across E11 and E12. Replace the 

resistor. 

(f) Remove the 47K resistor from 

terminal 18 of TB2A. There 

should be a short circuit across 

El and E2. Replace the 47K re- 

sistor on terminal 13 of TB2A, 

and remove the 47K resistor on 

terminal 13 of TB1A. Again there 

should be a short circuit across 

El and E2. Now remove all ex- 

- ternal connections. 

e. Convenience Outlets, Fan, 

Lights. 

(1) With a 115-volt ac source connected 

between terminals 2 and 5 of TB4A, 

the AC POWER pilot lamp should 

and Pilot 

light, and the fan should rotate in the 

direction that blows air upward. 

(2) With B+ voltage (250 volts de) con- 

nected to pin C of J5, the +250V 

pilot lamp should light. 

(3) Place the 115-volt ac source across 

pins A and B of J6. ‘I'here situuu ve 

115 volts ac on all the convenience 

outlets. 

f. Continuity Checks. Remove all power from 

the unit. With the multimeter, check for con- 

tinuity between the following points: 

Terminal 5 of TB3A and terminal A of 

jack Jil 

Terminal 6 of TB3A and terminal B of 

jack J11 

Terminal 7 of TB3A and terminal C of 
jack J11 

Terminal 8 of TB38A and terminal D of 

jack J11 : 

Terminal 9 of TB3A and terminal E of 

jack J11 

Terminal 10 of TB3A and terminal F of 

jack J11 

Terminals 1, 2, and 3 of TB4A and termi- 

nal D of jack J6 

Terminals 4, 5, and 6 of TB4A and termi- 

nal C of jack J6 

Terminal 8 of TB4A and terminal C of 

jack J5 

Terminal 9 of TB4A and chassis 

339. Filament Supply Resistance of Trans- 

former and Relays 

The dc resistance of all transformer and 

relay windings are listed below. An asterisk (*) 

indicates an ohmmeter reading that is less than 

1 ohm. 

Transformer or relay Terminals 

K1, K2, K3 
._ K1 through K4* 

T1,°T2 

@ Part of Remote Switching Controls C—1509/TC. 
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Section XI. TROUBLE SHOOTING POWER SUPPLY PP-691/G 

340. Power Supply Trouble-shooting Data 341. Test Equipment Required for Powe r oe 

The following references will assist mainte- Supply ‘ies 

nance personnel in trouble shooting the power The following test equipment is required 

supply. when trouble shooting the power supply: 

Fig. No. Description item Common | 
name 

Power Supply PP-691/G, block diagram. 5 
Ep x Voltmeter ME-30A/U Voltmeter | 

Bower Supply EP ont G; oversalt Electronic Multimeter TS-—505/U Vtvm | 
schematic diagram. | 

Multimeter TS-352B/U Multimeter | 
Power Supply PP-691/G, over-all : ‘ f q 

wiring diagram. Variable resistors (2-ampere rating, 

0 to 600 ohms; 20-ampere rating, 
Power Supply PP-691/G, interior view. 0 to 50 ohms) 

Power Supply PP-691/G, top view. De ammeter, 1.5 to 3 amperes, full 
scale. 

Power Supply PP-691/G, bottom view. 
Ac ammeter, 7.5 to 30 amperes, full 

Power Supply PP-691/G, back view. scale. | 

= pac ait eer Nett hace ada ea sr thle talnali a Te ite 8 BE 8 STE FAA ARENA Cae Fee Press ie 

-TM5091-72 

Figure 302. Power Supply PP-691/G, interior view. 
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TMSO91-723 

Figure 303. Power Supply PP-691/G, top view. 

342. Power Supply Trouble-shooting Pro- 

cedure 

The power supply can be serviced by taking 

voltage and resistance measurements. The 

power supply is a full-wave, bridge rectifier- 

| type with choke-input filter. 

a. General. The tests below are helpful to 

_ localize trouble to a particular part within the 

power supply. Connect the power supply to a 

115-volt regulated ac source. ; 

Caution: Never handle a burned-out selenium 

rectifier with the bare hands. Use either tools 

or gloves to handle the rectifier. 

b. B+ Voltage at Full Load. 

(1) Connect one side of the variable re- 

sistor (0 to 600 ohms) to pin C of 

+250V OUTPUT jack J2. 

(2) Connect the other side of the variable 

resistor to the positive terminal (+) 
of the dc ammeter (1.5 to 3 amperes 

full scale). 

(3) Connect the negative terminal (—) 

of the ammeter to terminal B of 

+250V OUTPUT jack J2. 

Caution: Be sure that the variable 

resistor is set for maximum resistance. 

(4) Apply power to the power supply. 

(5) Decrease the value of the variable re- 

sistor until a reading of 1.6 amperes 

is obtained on the ammeter. (This is 

full load.) 

(6) Measure the B+ voltage across the 
variable resistor with Electronic Mul- 

timeter TS—505/U, or equivalent. The 

reading obtained should be 250 volts 

_. +10 volts. 

c. Ripple Voltage at Full Load. 

(1) Connect the equipment as outlined in 

subparagraph b(1) through (5) 

above. 

(2) Measure the ripple voltage at full load 

(1.6 amperes) with Voltmeter ME- 

30A/U. The average reading should 

not be greater than 40 millivolts. 

d. Regulation. 

(1) Connect the equipment as outlined in 

subparagraph 6b(1) through (4) 

above. 

(2) Decrease the value of the variable re- 

sistor until a reading of .5 ampere is 

obtained on the ammeter. 

(3) Measure the B+ voltage across ‘the 

variable resistor with Electronic Mul- 

timeter TS-—505/U. The reading ob- 

L2 JB a 
TMS091-724 

Figure 304. Power Supply PP-691/G, bottom view. 
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tained should be no greater than +285 

volts. 

Note. A 10 per cent voltage increase 

is available on the plate transformer 

to account for possible selenium recti- 

fier changes caused by aging. 

e. Convenience Outlets, Meters, and Pilot 

Lights. Check all convenience outlets, meters, 

and pilot lights for proper operation. Check for 

115 volts ac between pins A and B of J6 and 

pins C and D of J3. Check for 250 volts dc 

between pins A and B of J3 and pins B and C 

of J2. Pin A of J3 and pin B of J2 should be 

positive. 

f. Circuit Breaker Operation. 
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(1) Main circuit breaker. 

(a) With the input power discon- 

nected, insert a variable resistive 

load (0 to 50 ohms, 20-ampere 

rating) in series with a 30-am- 

pere ac ammeter across terminals 

B and C of J4 or B and C of J5. 

(b) Turn the +250V switch off. Con- 

nect input power and turn on the 

main circuit breaker. 

xC2 XC) XC4 XC3 

JQ 

Ji Js 

TBIA 

(c) Gradually reduce the load resis- 
tance from full resistance until 

circuit breakers CB1l and CB2 

open. . 

(d) The cutout current should be no 

less than 15 amperes and no 

greater than 18.75 amperes. 7 

(e) Remove the load resistor. 

(2) +250-volt circmt breaker: 

J2 

(a) With the input power discon-— 
nected, insert a variable resistive 

load (0 to 600 ohms, 2-ampere — 

rating) across terminals J2B and 

ApA BY ’ 

(b) Insert a 7.5-ampere ac ammeter 

in series with the ac input source. 

(c) Turn on the filament and +250- 

volt switches. 

(d) Gradually reduce the load resis- 

tance from full resistance until 

circuit breaker CB3 opens. . 

(e) The cutoff current should be no 

_less than 6 amperes nor greater 
than 7.5 amperes. 

XCS XC6 XC7 

»XC8 

J3 

TMSOS1-725 

Figure 305. Power Supply PP-691/G, back view. 



343. Power Supply Trouble-shooting Chart 

The following chart is supplied as an aid in locating trouble in the power supply: 

Probable trouble Correction 

1. B+ about 10 per cent low. . Aged CRI. . Change transformer tap. 

2. B+ more than 10 per cent low. 2. Faulty CRI1. . Replace CRI. 

3. No B+ output at terminal 2 of 

TB2A. 

38. Short to ground on pin C of J2. . Remove short. 

CR1 faulty. Replace CRI. 

Faulty T1. Replace T1. 

Open Ll. Replace Lil. 

Open L2. Replace L2. 

Shorted filter capacitors C1 through Replace defective 

C8. capacitor. 

4. Increase in B+. 4, Shorted Ll. . Replace Li. 

Shorted L2. Replace L2. 

5. Increase in output ripple voltage. 5. Open capacitors Cl through C8. . Replace defective 

capacitor. 

Shorted Lil and/or L2. Remove short or replace 

L1 and/or L2. 

344. Power Supply PP-691/G Dc Resistances of Transformer and Coils 

The dc resistances of the transformer and coils are listed below. An asterisk (*) indicates 
an ohmmeter reading of less than 1 ohm. 

Transformer or coil Terminals Ohms Transformer or coil 

6 Tl 

12 “3 

3-4 7 
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Section XII. TROUBLE SHOOTING VOLTAGE REGULATOR CN-236/G 

345. Voltage Regulator Trouble-shooting Data 

The following trouble-shooting data will assist maintenance personnel in trouble shooting the © 

voltage regulator. 

Fig. No. Description Fig. No. Description 

384 Voltage Regulator CN-236/G, over-all 307 Voltage regulator, bottom view. 

schematic diagram. 308 Voltage-regulator control unit, top view.| — 

409 Voltage Regulator CN-236/G, over-all 3809 Voltage-regulator control unit, bottom 

wiring diagram. view. 

306 Voltage regulator, top view, showing 310 Voltage regulator, tube socket voltage} — 

rear of front panel. and resistance diagram. 

346. Voltage Regulator Trouble-shooting Chart 

The following chart is provided to assist maintenance personnel in trouble shooting the — 

voltage regulator. 

Symptom Probable trouble Correction 

. No output voltage. . T4, X1-X2 winding open. . Replace T4. 

Tl primary (1-2) shorted. Remove short or replace 

dis 

. No regulation either way. . Sensing element Z1 open. . Replace Z1. 

Output voltage control R11 open. Replace R11. 

C6 open or shorted. Repair or replace C6. 

Powerstat brush open. Repair or replace 

powerstat. 

. No regulation, in one direction. . Relay K1 or K2 inoperative. . Repair or replace Ki or 

K2. 

Microswitch S1 or S2 open. Repair or replace S1 or 

S2. 

R38 or R4 open. Replace R3 or R4. 

. Output voltage too high. No . Sensing element shorted. . Repair or replace. 

regulation down or output R11 open at one end. ; Repair or replace R11. 

voltage too low. No regulation Half of T2 secondary shorted. Repair or replace T2. 

up. 

- No control of output voltage . R11 variable arm shorted to either . Repair or replace R11. 

setting. end of potentiometer. 

. Hunting. . SENSITIVITY control R12 set too . Reset correctly 

high. (par. 666(3)). 

R12 open. Replace R12. 

CR1 or CR2 open. Replace CR1 or CR2. 

347. Test Equipment Required for Testing 348. Voltage Regulator Trouble-shooting 
Voltage Regulator Procedure 

The following test equipment is required: a. Tests to Be Made. The following tests may 

a. Variac, 0 to 265 volts, 2 kva. be used as a reference, and as a test procedure 
fter major repairs. 

b. Two ac voltmeters, 0 to 250 vol Multi- ° . . . meter TS-352B/U). y volts (Multi (1) Output voltage with varying input 
yn voltage. 

C. AAC bet 0 poy amperes. (2) Output voltage with varying load. 
d. Variable load resistor, 0 to 50 ohms, 20 (3) Range of adjustment of output con- — 

amperes. trol. | 
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(4) 230-volt operation. 

 b. Initial Connections. Connect the variac 
output terminals to input terminals E and D 

of AC POWER INPUT jack J4 of the regulator. 

Connect the ac voltmeter across the same regu- 

lator input terminals. Connect the ac ammeter 

and the variable resistor in series across the 

regulator output terminals (D and E of AC 

POWER OUTPUT jack J3). Connect an ac 

voltmeter across the output terminals. 

Caution: Be sure that all variable resistances 

are set for maximum resistance. Place the volt- 

age-regulator circuit breaker in 230-volt opera- 

tion position. 

349. Voltage Regulator Tests 

The following tests are included as test pro- 

cedures to be used after major repairs. 

a. Output Voltage with Varying Input Volt- 

age (Full Load, 60 Cps). 

(1) Apply 230 volts ac (60 cps) to the 

input of the variac and allow 30 sec- 

onds for warm up. 

(2) Adjust the variac so that there are 

115 volts across the input to the regu- 

lator. 

(3) Throw the 115V AC input switch (on 
the voltage regulator) to the ON posi- 

tion and adjust the variable resistor 

so that the ammeter reads 9 amperes. 

(4) Increase the SENSITIVITY control 

until the regulator motor does not 

cease operating. 

15) Back off the SENSITIVITY control 
until the motor ceases to operate. 

Note. The motor can be heard when 
it rotates. 

(6) Adjust the output voltage control un- 

til the meter on the regulator output 

reads 115 volts. 

(7) Adjust the variac so that the input 

voltage is 98 volts. The output voltage 

should be +1 volt. 

(8) Adjust the variac so that the input 

voltage is 132 volts. The output volt- 

age should be +1 volt. 

| b. Output Voltage with Varying Load (115 

Volts Ac, 60 cps Input). Vary the load resistor 

| so that 17.4 amperes is drawn. The regulator 
| output voltage should be 115 volts +1 volt. 

c. Range of Adjustment Output Control. 

(1) Adjust the variac so that there are 

115 volts into the regulator with a 

load of 9 amperes. 

(2) Vary the output voltage from fully 

clockwise to fully counterclockwise. 

The output voltage should vary from 

110 to 120 volts. 

(3) Return the output to 115 volts. 

d. 230-volt Operation. 

(1) Place the 230V AC POWER INPUT 

switch to ON. Adjust the variac so 

that 230 volts are applied to the regu- 

lator. 

(2) Place a load of 9 amperes on the out- 

put. The output voltage should be 115 

+1 volt. 

(3) Increase the input voltage to 264 volts. 

The output voltage should be 115 +1 

volt. 

(4) Decrease the input voltage to 196 

volts. The output voltage should be 

115 +1 volt. 

350. Voltage Regulator Dc Resistance of 

Transformers and Coils 

The dc resistance of transformers, coils, or 

relays is given below. An asterisk (*) indi- 

cates an ohmmeter reading less than 1 ohm. 

Transformers, coils, 

or relays 
Terminals 

1-2 (blk-red) 

2-3 (blk-grn) 

1-5 

1-5 

1-2 

3-4 

4-5 

5-6 

38G—4F 

* 

» 

* 

u 

* 

2 

* 

* 
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Figure 306. Voltage regulator top view, showing rear of front panel. 

74 

di 

c6 
Bi 

“15 

RIO” 

E1 
TMSGOOI-778 

Figure 307. Voltage regulator, bottom view. 

300 

Co. 

Ke- 

Ci- 

Figure 308. Voltage regulator control unit, 

top view. 



Figure 309. Voltage regulator control unit, bottom view. 

MOTOR DRIVE 
v2 

§727/2D21W 

% 120K,106K %33K, 6,100 

5.75V A-C 

° 

MOTOR DRIVE 
Vv) 

5$727/2021W 

2.76V 
.5V A-C 

% 120K, 106K 

NOTES: 

1. UNLESS OTHERWISE SHOWN VOLTAGES AND RESISTANCES 
ARE MEASURED FROM COMMON CATHODE WITH A VACUUM 
TUBE VOLTMETER. 

2. % INDICATES READING WITH METER LEADS REVERSED 
#% #115 V A-C TO GROUND TM5091-781 

Figure 310. Voltage regulator, tube socket voltage 

and resistance diagram. 

TM5091- 780 
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Section XIII. TROUBLE SHOOTING OSCILLOSCOPE OS-25/G 

351. Oscilloscope Trouble-shooting Data 

The following references will assist mainte- 

nance personnel in trouble shooting the oscillo- 

Oscilloscope OS-25/G, over-all schematic 
diagram. 

scope. 

380 

406 Oscilloscope OS—25/G, over-all wiring 

diagram. 

311 Oscilloscope, left side view. 

312 Oscilloscope, right side view (looking 

down). 

313 Oscilloscope, right side view (looking 

up). 

314 Oscilloscope, rear view. 

Oscilloscope, back of front panel, right 

side view. 

315 

316 

342 

through 

344 

front panel swung down. Oscilloscope, 

Oscilloscope, tube socket voltage and 

resistance diagrams. 

353. Oscilloscope Terminal Socket Voltages 

The normal de voltages (and rms voltages 

where indicated) between the tube socket and 

terminals and the chassis ground as measured 

by a vacuum tube voltmeter are shown in fig- 

ures 342 through 344. Ac line voltage was held 

HOR POSITION 

VERT POSITION 

SWEEP PHASE 

FOCUS 

SYNC SELECTOR 

COARSE 

FINE 

TIMING PIP PHASE 

INTENSITY 

Trace centered 

Trace centered 

Pointer vertical 

Sharpest trace 

MULTIPLEXER 

5 

10 

Fully clockwise 

Maximum 

Note. The values given are typical for an input signal 

giving less than 2-cm peak-to-peak trace and 192-kc 
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352. Test Equipment Required for Oscillo-— 

scope 4 

The following test equipment is required to 
fully test the oscilloscope. 

Technical 
Common name 

manual : 

TM 11-5024 Square Wave Square wave 

Generator generator. 

TS-583/U 4 

Multimeter Multimeter. TM 11-5527A | 

TS-352/U ‘ 

Electronic Electronic TM 11-5511 

Multimeter multimeter. | 
TS-505/U 

Signal Generator | Signal generator. |TM 11-5088 

SG-71/FCC. 

Frequency Meter | Frequency meter. | TM 11-2698 
FR-67/U 

Voltmeter Vtvm. TM 11-5551A 

ME-30A/U 

Signal Generator | Signal generator. 

AN/URM-25B. 

Oscilloscope 

AN/USM-50 

and Resistances 

constant at 115 volts and a 6-volt- peak-to-peak, © 

8-ke signal was applied from the common unit 

or video restorer sync jack. The oscilloscope 

controls are set as follows: 

Position or adjustment 

10 

Sharpest trace 

1:1 

Maximum 

CAL VOLTAGE 

ASTIG 

VERT ATTEN 

VERT GAIN 

STAB Slightly counterclockwise 

from recurrent sweep 

TRIGGER 

PIP LOCKING 

Probe 

Clockwise until triggered 

Clockwise until locked 

Grounded 

timing pips superimposed on the cathode-ray tube face 

and they may vary by 10 per cent, 



354. Oscilloscope Trouble-shooting Chart 

The following chart is supplied as an aid in locating trouble in the oscilloscope. 

1. No power. 

. No trace. 

. Low intensity. 

. No vertical signal. 

. Vertical calibration incorrect. 

. No calibration voltage. 

Shortened trace. 

. None or poor sync of trace. 

. Timing pips will not lock 

and/or phase properly. 

Probable trouble Correction 

Switch off. 

Plug out. 

Fuse blown. 

. T1 open between terminals 7 and 9. 

Open C61. 

Neon tubes on E115 open on both sides. 

Open L7. 

Faulty —140-volt supply. 

Faulty +225-volt or +450-volt supply. 

. Faulty C61. 

Faulty —1,500-volt supply. 

Weak crt. 

Hv, cap off crt. 

Weak crt. 

Faulty 1,800-volt supply. 

. Open attenuator probe. 

Open Ll. 

Open L4. 

Open L3. 

Open L5d. 

Faulty S2. 

Faulty VERT GAIN potentiometer 

R68. 

. Faulty CR1, CR2, or CR3. 

Trimmer capacitor on input attenuator 

misadjusted. 

Faulty R35. 

Faulty L2, L12, or L13. 

. CR2 or CR38 shorted. 

CR1 open. 

Open R35. 

. Open connection between I 3 through 

I 7 or I 8 through I 12. 

Faulty —140-volt supply. 

. Faulty —140-volt supply. 

Faulty autosyn. 

Open L6. 

Open L8. 

Improper ke voltage. 

. No 8-ke syne. 

Faulty —140-volt supply. 

8-ke syne improper voltage 

Open L9. 

Faulty CR4. 

L10 improperly adjusted for correct 

bias and corrected timing. 

L11 open. 

CR5 faulty. 

nS 

me 

. Repair probe. 

Turn on. 

Plug in. 

Replace fuse. 

Replace T1. 

Replace C61. 

Replace neon tubes 

I 3 through I 12. 

Replace L7. 

Check V8 and V11 and 

associated components. 

Refer to paragraph 127. 

Replace C61. 

Check V2 and associated 

components. 

Replace ert. 

Replace cap. 

Check VI and associated 

components. 

Replace Li, 

Replace L4. 

Replace L3. 

Replace Ld. 

Replace S2. 

Replace R68. 

Replace CR1, CR2, or 
CR3. 

Adjust properly. Refer 

to paragraph 3559(6). 

Replace R35. 

Replace L2, L12, or L13. 

Replace CR2 or CR3. 

Replace CRl. 

Replace R35. 

Repair connection. 

Check above. 

Check above. 

Replace autosyn. 

Replace L6. 

Replace L8. 

Check oscillator. 

Check VI. 

Check above. 

Adjust sync voltage. 

Refer to paragraph 

355d(6). 

Replace L9. 

Replace CR4. 

Adjust L10. 

Replace L11. 

Replace CR5. 
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355. Oscilloscope Tests 

The tests in a and j below are included for 

reference and as a test procedure after major 

repair or rebuilding. First, connect a source 

of 60-cycle, 115-volt power to the scope. Allow 

the scope to warm up for 1 minute. 

Note. The oscilloscope requires 300 watts. 

a. Power Supply Voltages. 

(1) Measurements. All the oscilloscope 

power supply voltages (including the 

filament voltages) should be measured. 

The voltages to be measured and tol- 

erances required are given below. 

Note. To achieve the accuracy re- 

quired for the +225-volt and the 

—450-volt adjustments, the multi- 

meter should be calibrated carefully 

against a 1 per cent standard at +225 

volts de and +250 volts de. 

Location Normal voltage Tolerance 

Pin 3 of V9 (note 

adjustment 

procedure (2) 

| below). 

Pin 2 of V4 (note 

adjustment 

procedure (2) 

below). 

Filament voltages 

between pins 2 

and 7 of V12 and 

V17, and pins 3 

and 4 of V10. 

| Ungrounded side of 

C3. 

Cathode-ray tube, 

high-voltage cap 

(cap side of Rd 

or E16). 

Pin 1 of TB1A. 

Junction of R183 

and R182. 

+225 volts de +3 volts de 

+450 volts de | +5 volts de 

6.3 volts ac 

—1,500 volts de | +150 volts de 

+1,800 volts de | +150 volts de 

—140 volts de 

—600 volts de 

+5 volts de 

+50 volts de 

(2) Adjustment of +225-volt supply. The 

+225-volt supply must be set within 

+83 volts. This should be checked and 

adjusted if necessary by varying 

+225V DC ADJ potentiometer R27, 

at the back of the scope (fig. 110). 

This check should be made if voltage 

regulator tube OA2 (V11) is changed. 

The +450-volt supply should always 

be adjusted after making a +225-volt 

adjustment. It is adjustable by vary- 
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ing +450V DC ADJ _ potentiometer 

R16, at the back of the scope (fig. 
110). 

Caution: The -+450-volt supply 

should never be adjusted without first 

adjusting the +225-volt supply. 

b. Timing-marker Generator. 

(1) Connect the output of Signal Genera- 
tor SK-71/FCC to MTPX SYNC IN- 

PUT jack J4. Set the signal generator 

for a 20-volt, 8-ke output. 

(2) Set the panel controls on the oscillo- 

scope as indicated below: 

Control Position 

SYNC. SELECTOR DEMTPX 

COARSE 5 

FINE 2 

INTENSITY Clockwise (normal 

brightness) 

Middle of range 

Middle of range 

Middle of range 

HOR POSITION 

VERT POSITION 

TIMING PIP PHASE 

VERT ATTEN . 1:1 

VERT GAIN Two-thirds clockwise 

TRIGGER Fully counterclockwise 

STAB Fully counterclockwise 

(3) Advance the STAB control until a 

trace appears and then turn it in the 

opposite direction until the sweep just 

disappears. 

(4) Advance the TRIGGER control until 

the trace reappears. This trace may 

not be synchronized, and therefore 

may not remain stationary on the - 

screen. 

(5) Slowly turn the PIP LOCKING con- 

trol until the trace remains stationary. 

If it is not possible to synchronize the 

trace, follow the procedure given in 

(7) below. 

(6) If the trace remains stationary, it 

should consist of timing pips spaced 

5.2 microseconds apart. Vary the TIM- 

ING PIP PHASE slowly. It should be 

possible to move the pips at least 6 

microseconds. 

(7) If it should become impossible to lock 

the pips with the PIP LOCKING con- ~ 

trol, proceed as follows for adjusting 

the timing-marker generator: 

(a) Attach Electronic Multimeter 

TS-505/U to the center tap of 



potentiometer R161. be accurately calibrated. The maximum sweep 

(b) Adjust the PIP LOCKING con- _ speed of .5 microsecond per centimeter is within 

trol until the voltmeter reads the useful range, if sweep speed calibrating 

—2.4 volts dc; then remove the potentiometer R124 is adjusted specifically to 

voltmeter. be sure this speed is available. To make this 

(c) Attach the scope probe to E37 calibration, proceed as follows: 
(near V29). (1) Provide an 8-ke syne from Signal 

(d) Adjust the COARSE and FINE Generator SG-71/FCC and turn on 

controls until two negative pulses the timing markers (previously cali- 

(8-ke repetition rate) appear on brated). 

the screen. The timing pips will (2) Place the COARSE control in'‘the 5- 

be superimposed on these nega- microsecond position and the FINE 

tive 8-kc pulses as shown in fig- control to 1. 

ure 318. (8) Adjust R124 (fig. 311) until two con- 

(e) Loosen the lock nut on L10. Be secutive timing pips are 11 centi- 

sure that the coil mounting nut is meters apart. The maximum speed is 

on tight. now in excess of the desired .5 micro- 

(f) Adjust L10 until the 192-ke pips second per centimeter. 
remain stationary. (4) Retighten the lock nut on R124. Check 

(g) The pips should divide the time 

between the two negative pulses 

into exactly 24 equal intervals. If 

there are more or less than 24 

intervals, readjust L10. 

Note. It is essential that the 

8-kc sync be 8 kc +.01. Frequency 

Meter FR-67/U should be used 

to monitor the output frequency 

of Signal Generator SG—71/FCC. 

Tighten the lock nut without dis- 

turbing the adjustment. 

(1) Recheck the —2.4-volt adjustment 

as follows: Repeat the procedures 

given in (1) through (5) above, 

turn the PIP LOCKING control 

fully counterclockwise and ad- 

vance in the clockwise direction 

very slowly until the pips just 

become synchronous. The voltage 

at the center tap of R161 or from 

R159 to ground should be —2.4 

+.2 volts de. Remove the probe 
from E37. 

(h) 

(8) Turn the SWEEP PHASE control 

(autosyn) in either direction. The 

timing pips should be moved continu- 

ously across the screen as the control 

is turned. 

Sweep time 

Coarse 

to see that the COARSE and FINE 

controls operate in all positions as 

follows: 

(a) Set the COARSE and FINE con- 
trols as shown in the table below. 

Connect the scope probe to the 

output of Signal Generator SG— 

71/FCC. Turn the scope SYNC 

SELECTOR switch to +INT and 

the TIMING PIP PHASE control 
to OFF. 

Adjust the frequency of the oscil- 

lator so that 1 complete cycle 

covers 10 cm on the scope phase. 

This will be the frequency given 

in the Nominal frequency column. 

Normal Sweep 

frequency overlap 

(b) 

(c) 

Fine 

20 cps* 

200 eps* 

1 ke® 

® Equal to or greater than the value listed. 

(d) To insure a complete and continu- 

ous range of sweep speeds, there 

must be an overlap in the sweep 

c. Calibration of Sweep Speed. The oscillo- 

scope has an accurate time base calibration 

consisting of timing pips; therefore, it is not 

necessary that the COARSE and FINE controls 

speed when switching the sweep 
time from one scale to another. 

The amount that the scales should 

overlap is given in the Sweep 
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d. 

overlap column. The scales that 

should overlap are bracketed and 

the overlap should be such that 

the higher sweep time setting 

should have the higher frequency 

(that is, setting 50-1 should have 

a higher frequency than 5-10). To 

make the above procedure clearer, 

assume that the COARSE and 

FINE controls are in positions 

5 and 10, respectively. The oscil- 

lator frequency is adjusted until 

1 complete cycle covers 10 cm. 

Assume that this frequency is 20 

ke. Switch the COARSE and 

FINE controls to 50 and 1, re- 

spectively. The frequency of the 

oscillator is again adjusted so 

that 1 cycle covers 10 cm. This 

new frequency must be at least 

21 ke or greater. 

(e) Connect J3 to the test oscillator 

and place the SYNC SELECTOR 

control in +EXT position. Use 

the STAB and TRIGGER con- 

trols to obtain a stable trace. 

(f) Repeat the procedure given in 

(d) above with the SYNC SE- 

LECTOR control in —EXT posi- 

tion. 

Adjustment of Vertical Amplifier Low- 

frequency Response. To adjust the low-fre- 

quency response of the vertical amplifier, 

proceed as follows: 

306 

(1) Set the VERT ATTEN control to 1:1 

and the SYNC SELECTOR control to 

+INT, the COARSE switch to 5,000 

and the FINE control to 10. 

(2) Apply a 50-cycle, 5-volt square wave 

to the probe, from Square Wave Gen- 
erator TS—583/U. 

(3) Adjust R59 and R71, located on the 

right side chassis (fig. 313), until a 

flattop is obtained (fig. 318). This 

same figure also indicates the effect 

of incorrect adjustment of these po- 

tentiometers. 
(4) Set the VERT ATTEN switch to 

CAL. The wave form should have a 

flattop (fig. 318). 

(5) To check the SYNC SELECTOR con- 

trol, switch it to —INT. The trace 

should be 180° out of phase with the 
+INT trace. 

e. Adjustment of Input Attenuator. To com- 

pensate for the probe on each attenuator set- 

ting, variable capacitors are provided across 

the input to each divider. The most convenient 

way to adjust these capacitors is to observe the 

resulting wave shape on the oscilloscope when 

supplying the input. with a 1,000-cycle square 4 
wave that is adjustable from 1 to 50 volts peak — 

to peak. Proceed as follows: 

(1) Set the COARSE control to 5,000, the 
FINE control to 2, and the SYNC 

SELECTOR switch to +INT. 

(2) Set the VERT ATTEN switch to 1:1 
and the VERT GAIN control two- 
thirds clockwise and, with the probe, 
apply a 5-volt, 1,000-cycle square wave 

to the scope. 

(3) Adjust C22 (located on the vertical 

amplifier chassis, fig. 312) for the best 

wave form on the screen (fig. 220). 

(4) Set the VERT ATTEN switch to 2:1 

and apply a 10-volt, 1,000-cycle square 

wave to the probe. 

(5) Adjust C19 and C21 on VERT AT- 

TEN switch S2 (fig. 316) for best 

wave form (fig. 321 and 322). These 

same figures also indicate the wave 

forms to be expected when C19 and 

C21‘are not properly adjusted. 

(6) Set the VERT ATTEN switch to 10:1 

and apply a 50-volt 1,000-cycle square 

wave to the probe. 

(7) Adjust C16 and C17 as indicated in 

(5) above. 

(8) Set the VERT ATTEN switch to 
100:1 and apply a 50-volt, 1,000-cycle 

or larger square wave to the probe. 

(9) Adjust C11 and C13 as indicated in 

(5) above. 

f. Voltage Calibrator. To check the voltage 

calibrator accuracy, proceed as follows: 

(1) Apply a 100-cycle square wave of 

known voltage to the probe. 

(2) Adjust the VERT GAIN control until 

the square wave is of a size that cor- 

responds to two boxes in amplitude on 

the graticule. Note the VERT ATTEN 

setting. 
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308 

(3) Set the VERT ATTEN switch on CAL 

and adjust the trace with the CAL 

VOLTAGE control until its size cor- 

responds to two boxes on the graticule. 

(4) Multiply the reading on CAL VOLT- 

AGE control by the VERT ATTEN 

setting noted in (2) above. This an- 

swer should give the value of the 

known voltage within 10 per cent. 

(5) Apply this procedure in every setting 

of the VERT ATTEN switch. 

Caution: Do not adjust the FOCUS, 

INTENSITY, or ASTIG control while 

making voltage calibration tests. 

Vertical Amplifier Bandwidth. 

(1) Connect the output terminals of the 

signal generator to the scope probe. 

(2) Connect Voltmeter ME-80A across 

these terminals. 

(8) Rotate the SYNC SELECTOR switch 

to +INT and the VERT ATTEN con- 

trol to 1:1. 

(4) Set the signal generator frequency at 

100 ke and adjust its output to 1.5 

volts. This may be considered as the 

reference or 0 db level. 

CRS ORI C24 Ce6 R62 R33 R350 RIS4 

Li -R53.—s« R54 RET «C25. REG R58 ORES RES REO 

RIBS 

R6I 

(5) 

(6) 

(7) 

(8) 

Evi 

Adjust the VERT, GAIN control for 

either a 1-division or a 2-division sine 
wave, preferably 2, depending on the 

scope sensitivity. If necessary, adjust — 

the vertical position control to bring — 

the top of the sine wave to the top of 

the division mark on the scope scale. 

This can be considered the division 

marker reference level. 

Set the signal generator frequency to 

60 cps and adjust the output to the 

division marker reference level. 

Note the oscillator voltage. The read- 

ing should be from 1.48 to 1.57 volts, 

corresponding to —.4 db and +.4 db, 

with the respect to the reference level. 

Disconnect the signal generator from 

the scope probe and substitute Signal 

Generator AN/URM-25B. Set the sig- 

nal generator frequency to 5MC and 

adjust its output to bring the top of 

the wave to the division marker ref- 

erence level. The signal generator 

reading should be from 1.42 to 2.12 

volts corresponding to .5 db to 3 db 

from the reference level. 

R72 R62 ROS R75 RBS REE 

C28 RIO: = LS. eS RF? RISI 

‘TM5091-7 

Figure $12. Oscilloscope, right side view (looking down). 



Note Other convenience values of 

voltage may be used throughout as 

long as the relative decibel values are 

maintained. 

h. Maximum Deflection Sensitivity. 

(1). Set the VERT ATTEN control 1:1 

and the VERT GAIN control fully 

clockwise. 

(2) Insert a signal to the scope probe 

from the square wave generator. In- 

crease the signal until there is a verti- 

cal deflection of 1 cm on the scope 

face. This signal voltage should be 3 

volts or less. 

i. Fan Operation. With the oscilloscope on, 

the fan should be blowing air upwards and out 

of the top of the scope. 

XV29 xVvI2 

Figure $18. 

C66 LORIGS XVIB R59 RI66 C70 C82. C74 XC27 RI72 C76 XV3I Lil RIT] L4 R78 XVI4_ C30 R76 

j. Wave Forms. If the above test shows that 
the oscilloscope is not operating properly, check 
the wave forms at the points indicated in the 
chart below. Use Oscilloscope AN/USM-50 (or 
another Oscilloscope OS-25/G) for this pur- 
pose. Change the tube of the stage which ap- 
pears defective; if this does not correct the 
fault, place the original tube back in its socket 

and check the circuit components. 

(1) Horizontal amplifier (input 1-ke 

square wave, 10 volts p-p). 

RI70. C7 _-R7I C32. REO 

/ C4 

LS 

C3! 

“Rize 

LIZ 

~ca4 

‘TM5091-728 

Oscilloscope, right side view (looking up). 
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(2) Horizontal amplifier (triggered). 

1 
6 
5,8 

8 
5 

8 
8 

8 

1,5 

(3) Voltage calibration circuit. Observe (4) Time calibration. Observe the cathode- 

the cathode-ray tube display. Check ray tube display. Check the crt display 

the crt display to see that it is similar to see that it is similar to the one 

to the one shown in figure 319. shown in figure 341. 

eier  |sCé2s 

(£124 ——RIB4 XV23 

TMSO91-729_ 

Figure 314. Oscilloscope, rear view. 
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Figure 315. Oscilloscope, back of front panel, right side view. 
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356. Oscilloscope Dc Resistance of Transformer, Coils ; . 

The dc resistances of transformer windings indicates an ohmmeter reading too low to be 

and coils are listed below. An asterisk (*) reliable. 

Transformer, coil, ; Transformer, coil, 
Terminals 

or relay or relay 
Terminals 

Figure 316. Oscilloscope, front panel swung down. 
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fat i 

5 US/CM 

125 US/CM 

\2V BASE LINE TO PEAK 
2V MAX OVERSHOOT 

T™™ 5091-732 

Figure 317. Wave form at pin 6 (plate) of V28B. 

OVERCOMPENSATED 

UNDERCOMPENSATED 

CORRECT 

50 CYCLE SQUARE WAVE 10 V P-P 
VERT ATTN I:1 TM5091-733 

Figure 818. Vertical amplifier adjustment wave form. 

.5 US/CM 

5,000 US/CM 

5V P-P 
VERT ATTEN-CAL 

TM5091-734 

Figure 319. Vertical attenuator adjustment wave form 

and crt display, voltage calibrator wave 

form. 

Bop om 

TOO LARGE 

CORRECT 

| KC SQUARE WAVE IOV P-P 
VERT ATTN 1:1 

4000 US/CM TM5091-735 

Figure 320. Capacitor C22 adjustment wave form. 

TOO SMALL 

TOO LARGE 

CORRECT 

| KC SQUARE WAVE 10 Vv P-P 
VERT ATTN 2:1 
4000 US/CM 

TM5091-736 

Figure $21. Vertical attenuator adjustment 

C19 wave form. 
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TOO SMALL 

TOO LARGE 

CORRECT 

| KC SQUARE WAVE 10 V P-P 
VERT ATTN 2:1 
4000 US/CM TM5091-737 

Figure $22. Vertical attenuator adjustment 

C21 wave form. 

4,000 US/CM 

SEES, ade 
TUTORED BINN 25 coousvcm 
UU UU 
Pisin ase ape va 

1 KC SQUARE WAVE 
\4v PP (lov P-P INTO PROBE) 
VERTICAL ATTENUATION I:1 

TM5091-738 

Figure 823. Wave form at pin 8 (plate) of V12. 

4,000 US/CM 

ee cae 2 
ALaletadeNalaalatatsialatalatatatatatiteitt 
UO D OTE iH UME PAY AgA PAA 20,000 US/CM 

BORIS TSA 

1KC SQUARE WAVE 
9V P-P(IOV P-P INTO PROBE) 
VERTICAL ATTENUATION 1:1 

TM5091-739 

Figure 324. Wave form at pin 8 (plate) of V18. 
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4,000 US/CM 

20,000 US/CM 

1 KC SQUARE WAVE 

28V P-P FOR 2 CM VERT DEFL 

TMS5091-740 

Figure 325. Wave form at pin 8 (plate) of V14. 

4,000 US/CM 

Me 
Areata stata th 

20,000 US/CM UU UO 
| KC SQUARE WAVE 

26V P+P FOR 2CM VERT DEFL TM5091-741 

Figure 326. Wave form at pin 8 (plate) of V15. 

mrt ae 
a ier 
eae ea ol 

25 US/CM 

Ly Ss ee ae 
NATLIVIVACLALD ILA osusven 
VV 
Li ee eae a 

400 Vv P-P 
TM5091-742 

Figure 327. Wave form at tas 1 (plate) of V16A. 7 
j 



25 US/CM 

125 US/CM 

I7V P-P 
TM5091-743 

Figure 328. 

25 US/CM 

125 US/CM 

BV P-P TM5091-744 

Wave form at pin 5 (cathode) and 

pin 8 (plate) of V17. 

Figure 329. 

25US/CM 

125 US/CM 

21v p-P 
SWEEP SPEED |US/CM TMS5091-745 

Figure 330. Wave form at pin 8 (plate) of V18 

and pin 5 (cathode) of V19A. 

25 US/CM 

125US/CM 

185V P-P TMSO9I-746 

Figure 331. Wave form at pin 8 (plate) of V20. 

Wave form at pin 6 (plate) of V16B. 

5 US/CM 

25 US/CM 

| +. 125US/CM 

105V P-P TM5091-747 

Figure 332. Wave form at pin 8 (plate) of V2z. 

5 US/CM 

25 US/CM 

125 US/CM 

33v P-P 
SWEEP SPEED | US/CM 

TM 5091-748 

Figure 383. Wave form at pin 8 (plate) of V22 

and pins 1 and 5 (cathode) of V24. 

3500 US/CM 

260VP-P TM5091-749 

Figure 334. Wave form at pin 5 (plate) of V25. 

3,500 US/CM 

TM5091-750 

Figure 335. Wave form at pin 5 (plate) of V26. 
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PS aie en) 5 uUS/CM KEE oy 
RC he 

25 US/CM 

ONRVGWANiPGTanavarie Lede: 
aus Nae Tete eat 

160V P-P (R657 IN CENTER) 

TM5091-75!1 

Figure 336. 

1US/CM 

5 US/CM 

OVP-P 
(INT ee USED) TM5091-752 

Figure 387. Wave form at pins 1 and 6 (plates) 

of V3. 

1US/CM 

poe Na eed 
AIAN us cm 

Eeriaicen 
AAA AWAY 

las sabia 
'AVANAY 

50v P-P 
(INT SYNC USED) TM 5091-753 

Figure 338. 
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Figure 339. 

Wave form at pin 1 (plate) of V28A. 

Wave form at pin 7 (grid) of V30B. 

1US/CM 

5US/CM 

TM5091-754 

Wave form at pin 6 (plate) of V31A. 

5 US/CM 

25 US/CM 

Ba Le 
VA PE ARICA IN A eo cru 
PVVVVVVVVVYV 
me 

PHINEAS TM5091-755 

Wave form at J4. Figure 340. 

'uS/CM 
(ALONE) 

1US/CM 

(WITH PULSE 
RAIN) 

ES aes 
In An eee 
Cn eed end ous cM 
We fae 

TM5091-756 

Figure 341. Crt display, time calibrator wave form. 



PHASE SPLITTER 
SYNC AMPLIFIER 

VIT 
6AG7 

6.3VA-C# 

MULTIVIBRATOR 

6.3V A-C# 

SYNC AMPLIFIER 

1,000 
6.3VA-C# 

#6.3VA-C 

8KC AMPLIFIER/ 

PHASE SHIFTER 
vié 

12ATTWA 

#6.3VA-C 

Figure 342. Oscilloscope, bottom right section, tube socket voltage and resistance diagram. 

SAWTOOTH SWEEP 

GENERATOR 
v22 
6AG7 

SWEEP 

CONTROL 
v23 

6005/6AQ05 
3IOV 

6.3VA-CH 

95K 

TRIG COUP/ 

BLANK REST 
vig 

5726/6AL5W 

62V 

CRT BLANK 

MULTIVIBRATOR 
v2i 

6AG7 

Vv27 

I2ATTWA 

6.3VA-C# 60V 

O 460 

222V 225V 

NOTES: 

1. 

CF/BUFFER AMPL 

PUSH-PULL HOR 

OUTPUT AMPLIFIER 
v25 

6AU6 

86.3VA-C 6.3VA-CH 

10.3K 

225V,6.3VA-C tH 

HOR OUTPUT 
D-C REST 

v24 
5726/6AL5W 

#6.3VA-C 6.3VACH 

PUSH-PULL HOR 

OUTPUT AMPLIFIER 
v26 

6AU6 

60V #63VA-C 
1OoK O 

63VACH 

6.3VA-CH# 25.5V 

UNLESS OTHERWISE SHOWN, VOLTAGES AND RESISTANCES 
ARE MEASURED TO GROUND WITH A VACUUM TUBE VOLTMETER. 

2. # INDICATES FILAMENT READING BETWEEN FILAMENT PINS 

% INDICATES READING DEPENDS ON SETTING OF RIO2 
HX INDICATES READING DEPENDS ON SETTING OF RIIO 
tINDICATES READING DEPENDS ON SETTING OF RII6 

tT INDICATES READING DEPENDS ON SETTING OF RI30 

TM5091-757 
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VERT INPUT 

DISCR RECT 
v29 

5726/6AL5W 
4.9V 

AMPL/SYNC 
PULSE GEN 

v28 
I2AT7WA 

REACTANCE MOD AND !.75V 
192KC OSCILLATOR 220 

v30 6.7V 

(2AT7TWA 

AMPL/DIFFERENTIATING 

SHAPER 
V3i 

12ATTWA 

PUSH-PULL PUSH-PULL 
VERT OUTPUT VERT OUTPUT 

vi4 vi5 
6AG7 6AG7 

1t27V_ 
TT 435K 

Ov 
12.2K 

6.3VA-Cm 

NOTES: 

|. UNLESS OTHERWISE SHOWN VOLTAGES AND RESISTANCES ARE 
MEASURED TO GROUND WITH A VACUUM TUBE VOLTMETER. 

NC INDICATES NO CONNECTION 

# INDICATES FILAMENT READING BETWEEN FILAMENT PINS 
% INDICATES READING DEPENDS ON SETTING OF RISO. VOLTAGE 

ALSO DEPENDS ON SYNC INPUT: WITHOUT SYNC, VOLTAGE 0-4V; 
WITH SYNC, VOLTAGE O-IOV. 

1 INDICATES READING DEPENDS ON SETTING OF R59 
tt INDICATES READING DEPENDS ON SETTING OF R7| TM5091-758 

Figure 343. Oscilloscope, bottom left section, tube 

socket voltage and resistance diagram. 
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NC NC 
+225V RECT +225V RECT 

35ov,#sva-c | V7 v6 Toke : 
5R4WGY SR4WGY IOV A-C 350V ,#5vV A-C 

IS90V 

3IOV,# 6.3VA-C 

13.2 31K 

220V 3IOV ,# 6.3VA-C 
600K +450V +225V -I40V (3.2 13.2 

225y REG AMPL SERIES REG RECT 
v5 v9 ve 

6A 6AS7 6xX4w 
225V,#6.3VA-C oi she 

10.2K 31K 

-450V 
SERIES REG 450V 

v4 
6005/6AQ5W 

+225V 

REG AMPL 

vio 
450V, #6.3VA- 6AG5 

95K 

450V,#6,3V A-C 
95K 

460VA-C 

#2.5V A-C #2.5VA-C 
1440VA-C I98OVA-C 

#2.5V A-C 
1,980V A-C 

#25VA-C 

9.1MEG 

NC Q2 1.440V AC 

\1MEG 1150 
-I500V RECT +1800V RECT 

v2 vl 
2x2A 2Xx2A 

NOTES: 

|. UNLESS OTHERWISE SHOWN, 
VOLTAGES AND RESISTANCES ARE 
MEASURED TO GROUND WITH A 
VACUUM TUBE VOLTMETER. 

7.5MEG tt CRT 

t -I0V -osoveava-crr |NOICATOR 
2. NC INDICATES NO CONNECTION t LIMEG 7.5MEG Tt v3e 
3. # INDICATES FILAMENT READING t -lov -1.080V tt SCPIA 

BETWEEN FILAMENT PINS 1 1OSMEG 75MEGtt 

t INDICATES READING DEPENDS 
ON SETTINGS OF RI74 AND RI8O NC -1080V tT 

tt INDICATES READING DEPENDS 8.5MEG tt 
ON SETTINGS OF RI86 AND RI87 Ae 

115.4MEG 

TM5091- 759 

Figure $44. Oscilloscope, bottom center section, tube socket voltage and resistance diagram. 
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Figure 345. Control monitor, top view. 

Figure 346. Control monitor, side view. 
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Section XIV. TROUBLE SHOOTING CONTROL MONITOR C-1151/TC 

357. Control Monitor Trouble-shooting Data 

The following data will assist maintenance 

personnel when trouble shooting the’ control 

monitor. 

Fig. No. Description 

382 Control Monitor C-1151/TC, over-all 

schematic diagram. 

405 Control Monitor C-—1151/TC, over-all 
wiring diagram. 

345 Control Monitor, top view. 

346 Control Monitor, side view. 

358. Test Equipment Required for Control 

Monitor 

The following test equipment is required 

fully to check the control monitor. 

Technical 

manual 

Common 
Item aE EON 

TM 11-333 Field 

telephone 

Multimeter 

Spectrum 

Telephone EE-8-B 

Multimeter TS-352B/U TM11-5527A 

Spectrum Analyzer 
TS-723/U analyzer 

Signal Generator Signal TM 11-5088 

SG-71/FCC generator 

Oscilloscope OS-25/G Oscilloscope 

or Oscilloscope 

AN/USM-50 

359. Control Monitor Trouble-shooting Pro- 

cedure 

The test panel is best serviced by taking 

voltage and resistance measurements. The most 

common source of trouble in the test panel is 

the microphone current supply to the telephone. 

Other sources of trouble are the push-button 

switches. The tests below may be made when 

trouble shooting the control monitor. First, 
place a 115-volt ac source across terminals C 

and D of J3. 

a. Ringer Circuit. 

(1) Measure the 20-cps ringing voltage 

across terminals E and F of J2 with 

the wave analyzer. There should be 

100 volts +10 per cent rms of 20-cps 

ringing voltage. This is the open-cir- 
cuited voltage. 

(2) Place a variable resistance of about 

2,000 ohms across J2-E and J2-F. 

Slowly decrease this resistance until 

the output voltage drops to 75 volts 

rms. Measure the resistance and then 

determine the output power. It should 

be at least 7.5 watts. Temporarily 

short the output. Lamp RT1, which 

gives short-circuit protection, should 

begin to glow. 

(3) The maximum 20-cps ringing voltage 

distortion should be 20 per cent. This 
should be checked with the wave an- 

alyzer at 60 cps and 120 cps in particu- 

lar. Compare the values at 60 cps and 

120 cps with the value at 20 cps and 

compute the percentage. 

(4) The ringing voltage fundamental 

should be 20 cps +20 per cent. This 

may be checked by Lissajous patterns 

with the output of Audio Oscillator 

TS-382A/U connected to the horizon- 

tal input of the oscilloscope and the 

ringing voltage connected to the verti- 

cal input terminals. Adjust the fre- 

quency of the audio oscillator until a 

circle is seen on the oscilloscope; the 

frequency of the ringing voltage is 

equal to the value on the audio oscil- 

lator. 

b. Telephone Circuit. 

(1) Place the panel switch in the TEL 

SET position and connect Field Tele- 

phone EE-8-B across terminals A 

and B of J2. Crank the ringing handle 

on the field telephone. This should ring 

the bell in the control monitor. 

(2) Now place the field telephone across 

terminals C and D of J2. It should be 

possible to converse between the field 

telephone and the control monitor 

headset. 

c. Panel Ring Switch. With the field tele- 

phone still connected across terminals C and 

D of J2, press the panel RING switch. The 

field telephone bell should ring. 

d. Panel Selector Switch. Make a de check on 

the panel switch. Do this by using an ohmmeter 
and checking against the schematic diagram to 

be sure that terminals A, B, C, and D of J2 

connect properly through the switch in all the 
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(2) Test Pair (J2-C and J2-D). 

Check for continuity 

Ter- Jack OF Terminal 
minal} switch 

switch positions. This testing can be performed 

readily by following the procedure below. 

(1) Order wire (J2-A and J2-B). 
Switch 

position 
Check for continuity 

ack 

Switch 

position 

2 (TB1A-8) 
5 (TB1A-6) 

2 (TB1A-8) 
5 (TB1A06) 2 (TB1A-8) 6 

5 (TB1A-6) NORMAL| J2 

360. Control Monitor Trouble-shooting Chart 

The following chart is supplied as an aid in locating trouble in the control monitor. 

Probable trouble Correction 

- No 20-caps ringing voltage at pins C . Faulty U1 (20-cps ring- . Replace U1. 

and D (test pair when test switch is ing generator). 

in TEL SET and RING switch S2 Faulty RING switch S2. Replace S82. 
depressed). Faulty test switch S1. Replace S1. 

No ac to ringing gener- Check ac input. 
ator. 

. Order wire inoperative. . Faulty CR1. . Replace CR1. 

Faulty C2 and C8. Replace C2 and C3. 

Faulty T1. Replace T1. 

Faulty HS1 (handset) Replace HS1. 

Faulty L1. Replace L1. 

. Unable to modulate pulse out. . Faulty S1. . Replace S1. 

Faulty test set. Repair test set. 

. Unable to receive tone from demodu- . Faulty Si. - Replace S1. 

lator. Faulty test set. Replace test set. 

361. Control Monitor De Resistance of Transformer and Coils 

The de resistance of transformer and coil windings are listed below. 
An asterisk (*) indicates a reading of less than 1 ohm. 

¥ f Coil or 
Terminals Ohms i 

1,300 1-4 335 
1-2 13 Tt 1-2 12 
2-3 2 3-4 * 

3-4 320 

Coil or 

transformer 
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362. Audio Test Set Trouble-shooting Data 

_ a. General. The following data will aid 

“maintenance personnel in trouble shooting the 
test set. 

Audio Test Set TS—762/TC, schematic 
diagram. 

Audio Test Set TS—762/TC, wiring 

diagram. 

Audio Test Set, top view. 

Audio Test Set, bottom view. 

Audio Test Set, tube socket voltage and 

resistance diagram. 

Note. Figure 349 shows the normal voltages as in- 

dicated by a vacuum-tube voltmeter. The values given 

‘are typical for normal operation and may vary by 
+10 per cent. The B+ supply is +238 volts, +150 volts, 

and +14 volts. The diagram also shows the normal 

resistance between each tube socket terminal and the 
chassis ground as calculated. For long drift capacitive 

circuits, sufficient time was allowed for the readings 

to be stabilized. 

( R36 ATI R2 CHI CRI 

Figure 347. 

me Section XV. TROUBLE SHOOTING AUDIO TEST SET TS-762/TC 

b. Test Equipment Required for the Audio 
Test Set. 

The following test equipment is required to 
trouble shoot the test set: 

Decade Resistor 

TS-—679/U 

Decibel Meter 

ME-22/PCM 

Frequency Meter 

FR-67/U 

Spectrum Analyzer 
Attenuator 

TS-—402/U 

Signal Generator 

SG-71/FCC 

Multimeter 

TS-352B/U 

Voltmeter 

ME-30A/U 

Double-pole, double- 

throw switch 

Resistors, 600 ohms 

Audio test set, top view. 

Technical 

manual 

Resistance TM 11-5520 

box 

VTVM TM 11-2096 

TM 11-2698 

Analyzer 

Attenuator 

Signal TM 11-5088 
generator 

Multimeter TM 11-5527A 

Electronic 

multimeter 

Switch 

24 
TMS5091-762 
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363. Audio Test Set Trouble-shooting Chart : 

The following chart will assist maintenance personnel in trouble shooting the test set. 

Probable trouble Correction 

1. No 1,000-cycle tone. 1. Faulty TI. 1. Replace T1. 

Faulty J1, J2, and/or J3. Replace J1, J2, and/or J3. 

Open R27. Replace R27. 

Open Ri8. Replace R18. 

Check V1 and V2, voltages 

and resistances. 

2. Replace meter. 

Replace faulty diode. 

Failure to oscillate. 

2. Faulty meter. 
Faulty diodes CR1 

through CR4. 

2. No reading on meter. 

Faulty S1. Replace S1. 

Faulty T2. Replace T2. 

Faulty J4, J5, or J6. Replace J4, J5, or J6. 

Faulty Z1. Replace Z1. 

3. Incorrect or not able to calibrate 3. Faulty S1. 3. Repair or replace S1. 

both send and receive. Faulty R38. Replace R38. 

Faulty R40. Replace R40. 

Faulty M1. Replace M1. 

4. Cannot measure distortion. 4. Faulty 22. 4, Replace Z2. 

S1 faulty. Replace S1. 
M1 faulty. Replace M1. 

CR1 through CR4 faulty. Replace faulty CR1 
through CR4. 

R66 Cl2 R62 RES CIB XC2i JO CE 

R43 T2 XI1 722 XVl 

Figure 348. Audio test set, bottom view. 
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NOTES: 
I. UNLESS OTHERWISE SHOWN: 

VOLTAGES AND RESISTANCES ARE : 
MEASURED TO GROUND WITH A 7 SIOK 
VACUUM TUBE VOLTMETER. 

el PUSH - PULL 
AMPLIFIER 

2. NC INDICATES NO CONNECTION 

3. # INDICATES FILAMENT READING 
BETWEEN FILAMENT PINS 

% READING DEPENDS ON SETTING OF R27 
%% READING DEPENDS ON SETTING OF R2 AND R4 
+t READING DEPENDS ON SETTING OF R53 
tt READING DEPENDS ON SETTING OF AT2 

PHASE 
SOK INVERTER 

RECTIFIER 
v8 

165 SRawGy 
NC 

< AMPLIFIER 

69K 

##6.3V A-C 

"i IK VOLTAGE bee 5IK OSCILLATOR 

v9 920 «6 AGS 
OA2 OV ** 

IS4K % % 

#6.3V A-C 

23K 1.2 120K 

#6.3V A-C A “6.3 A-C #6.3V A-C 
2 

1.13V 
1.2 2,200 1.2 

6.3VA-CH# TOV 84V tt Ov 6.3V A-C # 

1.2 TI6K 53K tt220 

AMPLIFIER AMPLIFIER 
v7 v6 

12AT7 12AT7 

TM 5091-764 

Figure 349. Audio test set, tube socket voltage and resistance diagram. 
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364. Audio Test Set Tests 

The following tests will be used as a refer- 

ence and test procedure after major repairs. 

a. Send Oscillator Frequency Range. 

(1) Connect the audio test set to the fre- 

quency meter as indicated in figure 

350. 

(2) Turn on the audio test set and fre- 

quency meter. 

(3) Depress the MEASURE FIA button. 

(4) Use audio test set chassis FRE- 

QUENCY control R4 (fig. 347) to 

adjust the frequency over the range 

of at least 970 to 1,030 cps. The fre- 

quency range should be continuous 

and the output amplitude should be 

relatively constant. 

(5) After completing the above check, the 

frequency should be readjusted to 

1,000 cps (par. 365). 

Note. Frequencies may be deter- 

mined by reading Frequency Meter 

FR-67/U. 

AUDIO 
TEST SET 
TS-762/TC FREQUENCY 

METER 
FR-67/U 

TMS5O91-765 

Figure 350. Send oscillator frequency range, 

test setup. 

b. Send Oscillator Distortion Control. 

(1) Connect the equipment as indicated 

below and in figure 351. 

(a) Connect a 600-ohm resistor across 

the SEND OUT binding posts of 
the audio test set. 

(b) Connect the audio test set SEND 

OUT terminals to the AF INPUT 

binding posts of Spectrum An- 

alyzer TS-723/U. 

(c) Connect a vtvm (ME-22/PCM or 

equivalent) across AF INPUT 

binding posts of Spectrum An- 

alyzer TS—723/U. 

(2) Turn on the equipment. 
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AUDIO 
TEST SET 
TS-762/TC 

Figure 351. Send oscillator distortion control, 

c. Send Attenuator Calibration Accuracy. 

(10) Any variation from the reference 

(3) Press the audio test set MEASURE 
F1A button. | , 

(4) Adjust the output level of the audio | 
test set for +10 dbm. = 

(5) Measure the distortion with the spec- 
trum analyzer at 1,000 cps, 2,000 eps, 
3,000 cps, and 4,000 eps. ; 

(6) Compute the distortion as follows: 

D = VDA Dee Ds . 

Where: D; = distortion reading at k 
2,000 cps = 

D, = distortion reading ats 

3,000 cps 

D; = distortion reading at 

4,000 cps 

(7) The ratio of the distortion, D, to the 
distortion reading at 1,000 cps should © 
be less than 1 per cent. - : 

SPECTRUM 
ANALYZER 
TS-723/U 

TM 5091-766 

test setup. 

(1) Connect the equipment as shown in — 
figure 352. | 

(2) Turn on the audio test set. 

(3) Calibrate the send section (par. 46). — 

(4) Adjust the SEND-DBM knob for +10 
dbm. g 

(5) Insert 50 db of external attenuation — 
with Attenuator TS-—402/U. } 

(6) Set the RECEIVE-DBM dial to —40. 
(7) Depress the MEASURE F1A button. ~ 
(8) Use the REC ADJ knob, and set the ; 

meter pointer to ware reference mark — 

(red line). 4 

(9) Reduce the SEND-DBM attenuator — 

by 1 db and add 1 db to the external 4 

attenuator. 

mark represents an error. 



(11) Repeat the procedures given in (8) 

and (9) above for each step of the 

attenuator. 

(12) Error should not exceed +.3 db per 

step and .6 db over-all. 

AUDIO 
TEST SET 
TS-762/TC 

RECEIVE 
IN 

ATTENUATOR 
TS-402/U 

TMSO91-767 

Figure 352. Send attenuator calibration accuracy, 

test setup. 

d. Send Output Impedance at 1 Ke. 

(1) Connect the equipment as shown in 

figure 353. 

(2) Turn on the equipment. 

(3) Depress the MEASURE F1A button 

to connect the internal oscillator sec- 

tion to the output jacks. 

(4) Disable the internal oscillator by un- 

screwing the 3-watt bulb (I 1) to 

measure the output impedance alone. 

(5) Switch from position 1 to position 

2 while adjusting the resistance box 

until the meter indicates equal voltage 

for either switch position. 

VOLTMETER 

TEST SET : SIGNAL 
TS762/TC GENERATOR 

SG-71/FCC 
SEND OUT 

DECADE 
RESISTOR 
TS-679/U 

TM5091-768 

Figure 858. Send output impedance at 1 ke, 

test setup. 

(6) The reading of the resistance box is 

equal to the output impedance of the 

audio test set. 

(7) The impedance should be 600 ohms 

+10 per cent. 

Caution; The output of SG-71/FCC 
must be kept below +10 dbm. 

e. Send Output Balance to Ground. 

(1) Connect the equipment as shown in 

figure 354. 

(2) Turn on the equipment. 

(3) Press the MEASURE F1A button and 

adjust the output for a level of +10 

dbm. This value will give the poorest 

condition of output balance to ground. 

(4) Read the voltage on the vtvm. 

(5) The meter reading indicates longi- 

tudinal unbalance and should not ex- 

ceed 40 db down from +10 dbm. The 

vtvm reading should be 24 millivolts 

or less. 

VTVM 

ME-22/PCM AUDIO 
TEST SET 
TS-762/TC 

U 

SEND OUT 
O 

R*600N 2.5% TM5O9I-769 

Figure 354. Send output balance to ground, 

test setup. 

f. Receive Attenuator Accuracy. 

(1) Connect the equipment as shown in 

figure 355. 

(2) Turn on the equipment. 

(3) Depress the MEASURE F1A button 

to connect the internal oscillator sec- 

tion to the output jacks. 

(4) Adjust the oscillator for a level of 

+10 dbm. 

(5) Insert 70 db of external attenuation 

with Attenuator TS—402/U. 

(6) Set the RECEKIVE-DBM dial to the 

—60 position (minimum attenuation). 

(7) Use the REC ADJ knob, and set a 
convenient reference point (the red 

line). 

(8) Rotate the RECEIVE-DBM dial to the 
—50 position and decrease the exter- 
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nal attenuation by 10 db. 

(9) Any variation from the reference 

point determined in (7) above rep- 

resents a deviation from the standard. 

(10) Repeat the procedure in (8) above for 

all positions of the RECEIVE-DBM 

dial. 

(11) The error should not exceed +.3 db 

per step and +.6 db over-all. 

SIGNAL 
GENERATOR © 

AUDIO eh SET 
aTS-7162 Tc 

ATTENUATOR 

e 

— = TM5091-770 

SG-TI/FCC 

Figure 355. Receive attenuator accuracy, 

test setup. 

g. Meter Calibration Accuracy. 

(1) Connect the equipment as shown in 

figure 352. 

Turn on the audio test set. 

Calibrate the send section (par. 46). 

Depress the MEASURE FI1A button. 

Place the SEND-DBM dial at +10. 

Place the RECEIVE-DBM dial at 

+10. 

Set the meter to the 0 position; use 

the REC ADJ control. 

Add 1 db of attenuation; use Attenu- 

ator TS-—402/U. 

Note the reading on the meter scale. 

Repeat the procedure given in (8) 

and (9) above for the values of atten- 

uation listed below: 

Attenuation Limit (db) 

(2) 
(3) 
(4) 
(5) 
(6) 

(7) 

(8) 

(9) 
(10) 

(11) The meter scale readings should be 

within the limits indicated above. 
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h. Receive Input Impedance at 1 Ke. 

(1) 

(2) 
(3) 
(4) 

(5) 

(6) 

(7) 

SIGNAL 

Figure 356. 

GENERATOR 
SG-7I/FCC 

Connect the equipment as shown in 

figure 356. 

Turn on the equipment. 

Press the MEASURE FIA button. 

Adjust the oscillator to +10 dbm, 

with the SEND-DBM knob. 

Switch from position 1 to position 2 

while adjusting the resistance box un- _ 
til equal voltage readings are indicated 

on the vtvm. 

The value of R as read from the re- 

sistance box is equal to the receive 

input impedance of the test set. 

The impedance should be 600 ohms — 

+10 per cent. 

VOLTMETER 

ME-30A/U 

‘AUDIO TEST SET 

TS-762/TC 

RECEIVE IN 

UO e 

DECADE 
RESISTOR 

TS-679/U 
TM5091-772 

Receive input impedance at 1 ke, 

test setup. 

i. Receive Input Balance to Ground. 

(1) 

(2) 
(3) 
(4) 

(5) 

(6) 

(7) 

Connect the equipment as shown in 
figure 357. 

Turn on the equipment. 

Press the MEASURE F1A button. 

Adjust Signal Generator SG—71/FCC 
for an output of +10 dbm. 

Rotate the RECEIVE-DBM dial until 

a readable indication is noted on the 
meter. 

The degree of receive longitudinal in- 

put unbalance is equal to the sum of 

the meter reading plus the ge 

DBM dial setting. 

Input unbalance should not exceed 40 

db down from +10 dbm. The meter 

reading should be —30 dbm, or less. 

j. F1A Network Response. 

(1) Connect Signal Generator SG—71/FCC 
output binding posts to the RE- — 



AUDIO 
TEST SET 
TS-762/TC 

e 

RECEIVE 
IN 

SIGNAL 
GENERATOR 
SG-7I/FCC ~ 

= R= 600N TO.1% ™5091-773 

Figure 357. Receive input balance to ground 
test setup. 

CEIVE-IN binding posts of the audio 

test set. Connect Decibel Meter ME- 

22/PCM across the RECEIVE IN 

binding posts of the audio test set 

(fig. 358). 

(2) Turn on the equipment. 

(3) Depress the MEASURE F1A button. 

(4) Adjust the signal generator for an 

output of approximately +10 dbm 

at 1 kc. 

(5) Set the RECEIVE-DBM dial to the 
+10 position. 

(6) Use the REC ADJ control to set a 

convenient reference point (red line). 

(7) Maintain the voltage from the signal 

generator at the level indicated in (4) 

above (at vtvm ME-22/PCM), then 

adjust the signal generator to the fre- 

quencies indicated in the chart below. 

Response should be within the limits 

indicated. 

Attenuation (db down) 

—24.0 

—7.5 

Reference 

—7.0 

—26 or greater 

Note. Read the values of attenua- 

tion on the audio test set meter. Use 

the RECEIVE-DBM knob. Turn the 

knob until a readable value is ob- 

tained. The total value is the sum of 

the meter reading and knob setting. 

VOLTMETER 

ME-30A/U 

AUDIO 
TEST SET 

TS-762/TC 

SIGNAL 
GENERATOR 
SG-7I/FCG 

RECEIVE IN 

TM5091-774 

Figure 358. F1A network response test setup. 

k. F1A Noise Reading. Perform the test as 

indicated in paragraph j above. Use the follow- 

ing chart in place of the one indicated. 

Attenuation (db down) 
Frequency 

—27 —33 

—7.5 —11.5 

Reference Reference 

—T —13 

—26 or greater 

—25 or greater 

l. Distortion Network Reading at 970 and 

1,030 Cycles. 

(1) Connect the audio oscillator to the 

audio test set as shown in figure 359. 

Connect the vtvm (ME-22/PCM) 

across the RECEIVE IN binding posts 
of the test set. 

(2) Turn on the equipment. 

(3) Press the MEASURE F1A button. 

(4) Adjust the audio oscillator for an out- 

put of +10 dbm at 1 ke. 

(5) Set the RECEIVE-DBM dial to +10. 

(6) Vary the REC ADJ knob until the 

meter reads 0. 

(7) Push the DIST AT 1,000 \ button. 

Turn the RECEIVE-DBM knob until 

a readable value is obtained. Total dis- 

tortion is the sum of the meter read- 

ing and the RECEIVE-DBM dial. 

VOLTMETER 

ME-30A/U 

AuDIO 
TEST SET AUDIO 
TS-762/TC OSCILLATOR 

TS-382A/uU 

RECEIVE IN 

TM5091-776 

Distortion network reading at 970 and 

1,030 cycles, test setup. 
Figure 359. 
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(8) Adjust the audio oscillator for the 

same voltage output as indicated in 

(4) above at a frequency of 970 cps, 

and measure the distortion. 

(9) Repeat the procedure given in (8) 

above at a frequency of 1,030 cps. 

(10) The distortion reading should be at 

least 40 dbm down at all three above 

frequencies. 

365. Adjustment of Internal Controls 

Normally, these adjustments are set at the 

factory and need no readjustment. However, if 

the tests given in paragraph 364 indicate that 

these controls are not set properly, proceed as 

follows: 

a. FREQUENCY Potentiometer (R4A and 

R4B). Adjustment of potentiometer R4 varies 

the frequency of oscillator V1. The output fre- 

quency of the oscillator should be 1,000 cps 

+8 cycles. 
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(1) Connect the audio test set to Fre- 

quency Meter FR-67/U (fig. 350), 
and turn on the equipment. 

(2) Depress the MEASURE FIA button, 

on the front panel of the audio test set. 

(3) Turn FREQUENCY control poten- 

tiometers R4A and R4B so that the 

frequency meter indicates 1,000 cps 

+83 eps. 

. BRIDGE BALANCE Potentiometer R2. 

(1) Connect the audio test set to the fre- 

quency meter as indicated in figure 

350. 

(2) Turn on the equipment. 

(3) Depress the MEASURE F1A button 

on the audio test set. 

(4) Adjust the FREQUENCY control po- 

tentiometer to approximately 1,000 

cycles. 

(5) Turn off the equipment. 

(6) With Multimeter TS-352/U, measure 

the resistance between the junction of 

R4A and R8 and the junction of R5 

and C1. Record this reading. 

(7) Transfer the multimeter leads to 
ground and pin 1 of V1. 

(8) Adjust BRIDGE BALANCE potenti- 

ometer R2 so that the resistance meas- 

ured in (7) above is the same as that 

recorded in (6) above. 

Caution: Always check the oscillator 

frequency after adjusting BRIDGE © | 

BALANCE potentiometer R2. The 

oscillator output frequency may have 

been disturbed. 

ce. DISTORTION Potentiometer R6 and 

OUTPUT BALANCE R27. 

(1) Connect the equipment as indicated 

below and in figure 351. 

(a) Connect a 600-ohm resistor to the 

SEND OUT binding posts of 

Audio Test Set TS-762/TC. 

(b) Connect the SEND OUT binding 

posts of the audio test set to the 

AF INPUT binding posts of Spec- 

trum Analyzer TS—723/U. 

(c) Connect a vtvm (ME-22/PCM, 

or equivalent) across the AF IN- 

PUT binding post of the spectrum 

analyzer. 

(2) Turn on the equipment. 

(3) Press the MEASURE F1A button on 

the audio test set. 

(4) Place the SEND-DBM attenuator to 
+10. 

(5) Use the ADJ SEND control (R18 of 

the audio test set) and set the output 

level to approximately +10 dbm. 

(6) Adjust OUTPUT BALANCE poten- 

tiometer R27 for lowest distortion out- 
put as read on the spectrum analyzer. 

(7) Adjust the DISTORTION control, R6, 

until the level of distortion has 

reached the minimum value consistent 

with the requirements given in (10) 

below. 

(8) Repeat procedure given in (6) above. 

(9) Rotate ADJ SEND control R18 to its 

maximum clockwise position. 

(10) Measure the total output; it should 

be at least +18 dbm. 

(11) Set. the output level of the audio test 

set to +10 dbm. Use ADJ SEND con- 

trol R18. 

(12) The total distortion as read on the 

spectrum analyzer should not exceed 

1 per cent. . 



Note. To measure distortion, refer 

to c above. 

d. HUM ADJ Potentiometer R66. 

(1) 
(2) 

(3) 

(4) 

(5) 
(6) 

(7) 

Turn on Audio Test Set TS—762/TC. 

Calibrate the receive and send sections 

(par. 46). 

Terminate the SEND OUT and the 

RECEIVE IN terminals in 600-ohm 

resistance. 

Place SEND-DBM attenuator AT1 in 

the +10 dbm position. 

Press the MEASURE FIA button. 

Rotate RECEIVE-DBM attenuator 

AT2 until a readable indication is ob- 

served on the test set meter. 

Rotate HUM ADJ control R66 for 

minimum reading on the meter. 

e. RECEIVE MTR ADJ R38. 

(1) 

(2) 
(3) 
(4) 

(5) 

(6) 
(7) 

(8) 

(9) 

(10) 

Connect Signal Generator SG-71/FCC 

to the RECEIVE IN binding posts of 
Audio Test Set TS—-762/TC. The sig- 

nal generator should be set for an 

output of 1,000 cycles at 2.45 volts. 

Turn on the equipment. 

Calibrate the test set receive section. 

Adjust the output of the test set to 

+10 dbm. 

Turn the RECEIVE-DBM attenua- 

tor, AT2, to the +10 dbm position. 

Depress the MEASURE F1A button. 

Rotate the ADJ REC control, R53, 

until the meter pointer reaches the 

red line at the meter zero db position. © 

Depress the CALIBRATE-REC but- 

ton. 

Rotate the RECEIVE MTR ADJ, R33, 

until the meter pointer reaches the 

red line at the meter zero db position. 

Depress the MEASURE F1A button 

and make sure that the meter pointer 

is at the red line. 

f. SEND MTR ADJ Potentiometer R40. 

(1) 

(2) 
(3) 
(4) 

(5) 

(6) 

(7) 

(8) 

Connect a 600-ohm resistor to the 

SEND OUT terminals of the audio 

test set, and connect a vtvm across 

the resistor. 

Turn on the audio test set. 

Calibrate the send section (par. 46). 

Place the SEND-DBM 

AT1, to the +10 position. 

Adjust the output to a level of +10 

dbm by pressing the MEASURE F1A 

and using the SEND ADJ control, 
R18. 

Depress the MEASURE FIA button 

and rotate the ADJ SEND control, 

R18, for a reading of 2.45 volts on the 

vtvm. 

Press the CALIBRATE-SEND button 

and adjust the SEND MTR ADJ, R40, 

until the meter pointer reaches the red 

line at the meter zero db position. 

Depress the MEASURE F1A button 

and be sure the output is still 2.45 

volts. 

attenuator, 

366. Audio Test Set Dc Resistances of Trans- 

formers and Coils 

The dc resistance of transformers and coil 
windings are given below. An asterisk (*) 
indicates a reading of less than 1 ohm. 
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Section XVI. TROUBLE SHOOTING SWITCH BOX 

367. Switch Box Trouble-shooting Data 

The following trouble-shooting data will 

assist maintenance personnel in trouble shoot- 

ing the switch box. 

Switch box, schematic diagram. 

an 

368. Test Equipment Required and Trouble- 

shooting Procedure 

a. Test Equipment. The only test equipment 

required to trouble shoot the switch box is a 

Multimeter TS-352/U. 

b. Tests To Be Made. The following tests 

must be made to trouble shoot the switch box. 

(1) Visual mechanical inspection. 

(2) Continuity check. 

c. Visual Mechanical Inspection. Remove the 

switch box cover. Be sure that all solder con- 

nections on J1, J2, J3, and J4 are properly 

made and that all nuts are on tight. 

d. Continuity Check. 

(1) With the INPUT SELECTOR 

SWITCH in position 1, the following 

points should have short circuits be- 

tween them: 

(a) Pin B on J1, J2, J3, J4 to GND 

CONN terminal... 

(b) Pin E on J1 to pin E on J3. 

(c) Pin D on J1 to pin D on J3. 

(d) Pin D on J1 to pin D on J2. 

(ec) Pin E on J1 to pin E on J2. 

Switch box, front and rear view. 

332 

(2) With the INPUT SELECTOR 

SWITCH in position 1, the following 

points should have open circuits be- 

tween them: 

(a) Pin E on J2 to pin E on J4. 

(b) Pin D on J2 to pin D on J4. 

(3) With the INPUT SELECTOR 
SWITCH in position 2, the following — 
points should have short circuits be- 

tween them: 

(a) Pin B on Jl, J2, J3, J4 to GND © 
CONN terminal. | 

(b) Pin E on J2 to pin E on J4. 

(c) Pin D on J2 to pin D on J4. 

(d) Pin E on J1 to pin E on J2. 

(e) Pin D on J1 to pin D on J2. 

(4) With the INPUT SELECTOR 

SWITCH in position 2, the following 

points should have open circuits be- 

tween them: 

(a) Pin E on J1 to pin E on J3. 

(b) Pin D on J1 to pin E on J3. 

369. Switch Box Trouble-shooting Chart 

The foHowing chart will assist mainte- _ 

nance personnel in trouble shooting the switch 
box. 

Replace. . 
ac output. 

2. No 115/230 v Check power] — 
ac input. source. : 

3. Faulty connectors. | Replace. 



Section XVII. 

370. General 

Most of the parts in the AN/TCC-13, AN/ 

TCA-1, and AN/TRA-10 can be reached and 
replaced easily if found to be faulty. If the 

part requires replacement, carefully mark the 

wires connected to it with tags or other devices 

to avoid misconnection when the new part is in- 

stalled. Follow this practice whenever replace- 

ment requires the disconnection of numerous 

wires. Where identification of capacitors ‘or 

resistors is required, the capacitor and resistor 

color code charts (fig. 361 and 362) will pro- 

vide the color code identification. 

371. Replacement of Parts and Removal of 

Units 

a. Common Unit. The common unit multi- 

plexer is mounted on a sliding drawer (fig. 40), 

which pulls out from the front of the rack. All 

parts can be unsoldered and removed easily. All 

parts are readily available and no special pre- 

cautions are necessary. 

b. Video Restorer. The video restorer is 

mounted in a sliding drawer, which pulls out 

from the front of the rack, similar to the com- 

mon unit. All parts can be unsoldered and re- 

moved. All parts can be easily reached and no 

special precautions are necessary. 

c. Modem. Each modem slides out from the 

mounting rack completely, and all parts are 

available. 
d. Power Supply. The power supply may be 

removed from the rack by removing the screws 

that hold it in the rack, and pulling it out from 

the front. When it is out, all of the parts may 

be removed. An access door is also provided at 

the top front of the unit through which most 

of the smaller components may be reached. 

This is held closely by three captive screws. 

Fuses may be replaced from the front of the 

panel. 

e. Multiplexer Subassembly. The multiplexer 

REPAIRS 

subassembly is removed by unscrewing the 

panel mounting screws, which hold it in the 

rack, and sliding it out. Wiring between the 

rack and the terminal boards on the sub- 

assembly must be removed. However, filters for 

the blower may be replaced by removing the 

filter panel held on with captive screws. Some 

of the smaller parts also may be reached 

through this panel. Major repairs or overhaul 

necessitates removal of the complete subassem- 

bly from the rack. 

f. Voltage Regulator. The voltage regulator 

is removed by unscrewing the panel mounting 

screws. The cover over the control amplifier 

also must be removed to permit servicing. 

g. Oscilloscope. All parts in the oscilloscope, 

with the exception of those mounted on the 

rear of the front panel, can be reached after 

the unit is removed from the rack. The front 

panel must be removed to service the units be- 

hind the panel. This can be done after removing 

knobs and mounting nuts on the various 

switches and the crt mask and four screws 

that hold the ert shield. The switches remain 

on the chassis, while all other components re- 

main on the panel. All parts are then available 

for removal (fig. 316). 

h. Control Monitor. The control monitor is 

mounted on slides and may be pulled forward 

in the rack. When this is done, all parts are 

available for removal. 

1. Audio Test Set. The test set may be re- 

moved from the rack by disconnecting all cables 

at the front and rear of the unit, loosening the 

four captive screws that hold the audio test set 

in place, and pulling the unit forward by the 

handles. When this is done, all parts are avail- 

able for inspection, testing, or replacement. 

jy. Delay Line. The delay line is available 

from the rear of the rack. The delay line is 

serviced only in extremely rare cases, and then 

in a place where it may be completely dis- 

assembled. 
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CHAPTER 11 

ALIGNMENT, ADJUSTMENT, AND FINAL TESTING 

Section |. ALIGNMENT, ADJUSTMENT AND FINAL TESTING OF 

MULTIPLEXER SET AN/TCC-13 

372. Reference Data 

The following reference may assist mainte- 

nance personnel during alignment, adjustment, 

and final testing. 

Description 

Multiplexer Set AN/TCC-13, over-all 

schematic diagram. 

Multiplexer Set AN/TCC-13, over-all 

wiring diagram. 

373. Test Equipment Required 

The following test equipment is required for 

alignment, adjustment, and final testing: 

a. Multiplexer Set AN/TCC-13 (a terminal 

that has already been checked). 

b. Electronic Multimeter TS-505/U. 

c. Telephone EE-8-B (two). 

d. Multimeter TS-352/U. 

e. Telephone terminal to test set adapter. 

374. Test Procedure 

a. General. It is assumed that all components 

have been tested separately and that they have 

been interconnected to form a complete termi- 

nal. The complete terminal is now ready for 

alignment and system checks. Do this by con- 

necting the terminal to be tested back to back 

with a test terminal with all modems set for 

four-wire operation and the remote keying 

units in NORMAL position. 

b. Initial Connections. 

(1) Connect the test terminal and the 

terminal to be tested back to back 

(par. 44). 
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(2) 

(3) 

(4) 

(5) 

(6) 

(1) 
(2) 
(3) 
(4) 
(5) 
(6) 
(7) 
(8) 
(9) 

(10) 
(11) 
(12) 
(13) 
(14) 
(15) 
(16) 
(17) 
(18) 
(19) 

Bypass the multiplexer and demulti- — 
plexer filters in both terminals. 

Set all modem 2W-4W switches to 4W — 
position. : 

Place. both remote keying units in — 
NORMAL position. 

Switch on the filament voltage of 
the test terminal. . 

Wait a few minutes, and then turn on 
the B+-. Do the same for the terminal — 

to be tested. 

Caution: If there is any smoke or — 

burning smell when the filaments or 

B+ is switched on, quickly switch 
them off. a 

. Tests to be Made. 

B+ voltage. 

Filament voltage, 

Fan rotation. 

Multiplexer test point wave forms. 

PPM test point wave forms. 

Pulse train alignment. 

Modulator delay line integration. 

Demultiplexer test point wave forms. — 

PWM test point waveforms. 

Demodulator delay line integration. 

Switching functions. 

Telephone circuits. 

Ringing circuits. 
Alarm circuit. 

Remote keying circuit. 

Signal to noise. 

Cross talk. , 

45-channel operation. 

Power consumption, 



375. Preliminary Tests 

a. B+ Voltage. With a vtvm, check B-+ volt- 

age on the multiplexer and demultiplexer. The 

voltage from both sides of the fuse to ground . 

should be 250 +10 volts de. 
b. Filament Voltage. With a vtvm, measure 

the filament voltage on the multiplexer (at 

TB1A-1 and TB1A-2) and the demultiplexer 
(at TB1A-3 and TB1A-4) filament fuses. It 

should be 6.3 +.3 volts ac. 
c. Fan Rotation. Check the fan in the multi- 

plexer subassembly. It should be turning to 

blow air up into the modem rack. 

376. Common Unit Multiplexer Test Points 

The wave forms available at the front panel 

of the common unit and modems should be ob- 

served on the oscilloscope and should not vary 

by more than 20 per cent in width and ampli- 
tude from the figures listed. 

Test nse Fig. 

PULSE TRAIN OUTPUT 
MIXED PULSE TRAIN 
MODEM CHAN PULSES 
MTPX GATE OUTPUT 
45 CHAN SYNC 
8KC OSC 
PPM: 

aTest each modem. 

377. Pulse Train Alignment 

Follow the procedure below to align the pulse 

train: 
qa. Observe the pulse train at the PULSE 
TRAIN OUTPUT (on the multiplexer panel) 

with the oscilloscope. 

b. Adjust the sweep speed so that there is 

one complete pulse train (that is, 1 marker 

pulse and 23 channel pulses) across 10 cm on 

the oscilloscope. 

c. Switch on the timing pips and adjust the 

TIMING PIP PHASE control until the leading 

edge of the second marker pulse is aligned with 

a timing pip. 

d. Adjust each modem PULSE POSITION 

control until each channel pulse is aligned with 

its respective timing pip. 

378. Modulator Delay Line Intergration 

To insure proper modem modulation sensitiv- 

ity, adjust the delay line as follows: 

a. Set the oscilloscope so that 2 cm (two 

boxes) are equal to 20 volts in amplitude. 

b. Observe the sawtooth input to each modu- 

lator on the oscilloscope by removing the delay 

line cover and placing the probe on the proper 

variable integrating capacitor (fig. 289 and 

400). The sawtooth should be 20 volts in am- 

plitude. 

Note. Be sure that the delay line input meets 

specified requirements. 

c. If correction is necessary, turn the capaci- 

tor trimmers on the delay line until each saw- 

tooth is 20 volts in amplitude (that is, two 

boxes on the oscilloscope). 

d. If any adjustments were made (c above), 

realign the pulse train as described in para- 

graph 376. 

e. Use the scope timing pips and adjust the 

COARSE and FINE controls so that the sweep 

is 1 microsecond per cm. 

f. Observe the modulator sawtooth on the 

scope and adjust the vertical gain so that the 

center of the sawtooth slope crosses the center 

of the graticule. 

g. Observe the channel pulse at the OUT- 

PUT PULSE TRAIN test point. The channel 

pulse leading edge should fall within .3 micro- 

second ahead (in time) or .8 microsecond be- 

hind the center of the sawtooth slope for mini- 

mum distortion. If the pulse does not fall as 

specified above, proceed as instructed in h 

below. 

h. If the pulse occurs sooner than .3 micro- 

second in time with respect to the sawtooth 

center, the tap from the delay line to the delay 

line integrating circuit should be moved up the 

delay line one coil section (14 a delay line sec- 

tion) (fig. 168 and 400). This will make the 

sawtooth occur approximately 1 microsecond 

earlier than it did. If the pulse occurs later 

in time than .8 microsecond, the tap should be 

moved down the line. 

Note. After the tap has been moved, realign 

the pulse in the pulse train and repeat the pro- 

cedures in e through g above. 

379. Common Unit Demultiplexer Test 

Points 

The wave forms available at the front panel 
of the common unit demultiplexer and modems 

should be observed on the oscilloscope and 
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should not vary by more than 20 per cent in 

width and amplitude from the figures listed. 

PULSE TRAIN INPUT 

MODEM PULSE TRAIN 

DEMTPX GATE 

PWM test point 
is variable, 

integrate 

the de- 

modulator 

delay line 

(par. 379). 

380. Demodulator Delay Line Integration 

Follow the procedure below to integrate the 

demodulator delay line: 
a. Be sure that the pulse train coming into 

the demultiplexer is aligned correctly (par. 

376). 

b. Be sure that the delay line input is within 

its tolerance. Compare the wave form at the 

DEMTPX GATE test point with that in figure 

93. 

c. Observe the sawtooth input to the demodu- 

lator on each channel (this is conveniently ob- 

served on the back of the delay line on the 

integrating capacitors). This pulse should be 

at least 30 volts in amplitude and may be as 

high as 80 volts. 

d. Now observe each modem PWM test point. 

Adjust each respective trimmer on the delay 

demodulator line until each pwm wave shape is 

1.8 +.8 microseconds across the flattop. If this 

tolerance cannot be obtained with the trimmer, 

the lead connecting the delay line to the inte- 

grating network on the back of the delay line 

will have to be moved. If the pwm is too nar- 
row, the lead should be moved one tap up the 
delay line. The leading edge of the pwm will 
now occur at approximately 1 microsecond 
earlier. If the pwm is too wide, the lead should 
be moved down one tap. 

Note. Before continuing with the following 
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tests, reconnect both multiplexers and: demulti- 

- plexers through their filters. 

381. Power Consumption 

Switch off the audio test set, the oscilloscope, 

and anything plugged into the convenience out- 

lets, and connect the terminal to the ac source 

through Electronic Multimeter TS—505/U. The 
current drawn by the unit, with the audio test 

set and oscilloscope off, should not be greater 

than 7.4 amperes (850 watts) at 115 volts ac. 

The power taken by the audio test set and the 

oscilloscope may be measured separately in the 

same way. The audio test set should take no 

more than .85 +.087 ampere (40 watts) and 

the oscilloscope should take no more than 2.6 

+.2 amperes (300 watts) at 115 volts ac. 

Note. Power consumption in watts can be 

calculated by using the formula P = EI, where 

E is the input voltage (115 volts) and I is 

the current as measured with Multimeter 
TS-352/U. 

382. Miscellaneous Circuits 

a. Switching Functions. The switching func- 

tions should be checked as described in para- 

graph 118a. | : 
b. Telephone Circuit. The telephone circuit 

should be checked as described in paragraph 
118). 

c. Ringing Circuits. Each modem should be 

checked for ringing as described in paragraph 
119. 

d. Alarm Circuit. Remove the pulse train in- 

put cable from the demultiplexer. The alarm 

should sound and the ALARM indicator on the 

multiplexer subassembly should light. 

e. Remote Keying Circuits. The remote key- 

ing circuits should be checked as described in 

paragraph 120. 

f. Signal to Noise. The signal-to-noise ratio 

should be checked as described in paragraph 
1214. 

g. Cross Talk. Cross talk should be checked 

as described in paragraph 121b. 

h. 45-channel Operation. 45-channel opera- 

tion should be checked as described in para- 
graph 122. 



Section Il. ALIGNMENT, ADJUSTMENT AND FINAL TESTING 

OF MULTIPLEXER GROUP AN/TCA-1 

AND PULSE FORM RESTORER GROUP AN/TRA-10 

Note. The alignment, adjustment, and final 

testing instructions for Multiplexer Group AN/ 

TCA-1 and Pulse Form Restorer Group AN/ 

TRA-10 are similar. Therefore, only the multi- 

plexer group will be covered unless otherwise 

specified. When checking the pulse form re- 

storer group, disregard all procedures for chan- 

nels 3 through 8 at a repeater. 

383. Reference Data 

The following reference may assist mainte- 

nance personnel during alignment, adjustment, 

and final testing. 

a. Multiplexer Group. 

Multiplexer Group AN/TCA-1, over-all 

schematic diagram. 

Multiplexer Group AN/TCA-1, over-all 

wiring diagram. 

b. Pulse Form Restorer Group. 

: Description 

Pulse Form Restorer Group 

AN/TRA-10, over-all schematic 

diagram. 

Pulse Form Restorer Group 

AN/TRA-10, over-all wiring diagram. 

384. Test Equipment Required 

_ The following test equipment is required for 

alignment, adjustment, and final testing: 

a. Four Multiplexer Sets AN/TCC-13 (ter- 

minals which have been checked and can be 

used as test equipment). 

b. One Electronic Multimeter TS-505/U. 

c. Three field Telephones EE-8-B. 

d. One Multimeter TS-352/U. 

e. Decade Resistor TS—679/U. 

385. Tests Required 

a. 23-channel Operation. 

(1) Fan rotation. 

(2) Filament voltage. 

(3) B+ voltage. 

(4) Power consumption. 

(5) Pulse form restorer wave forms. 

(6) PPM wave forms. 

(7) Blanking gate alignment. 

(8) PWM test point wave form. 

(9) Demodulator (DEMTPX) delay line 

integration. 

(10) Modulator, (MTPX) delay line inte- 

gration. 

(11) Pulse train alignment. 

(12) Switching circuits. 

(13) Impedance of party-line terminals. 

(14) Telephone circuit and order-wire cir- 

cuits. 

(15) Ringing circuit. 

(16) Remote keying circuits. 

(17) Audio levels. 

(18) Alarm circuit. 

(19) Signal-to-noise ratio. 

(20) Channel cross talk. 

b. 45-channel Operation. 

(1) Symmetry control. 

(2) Channel cross talk. 

(3) Channel signal-to-noise ratio. 

386. Test Procedure 

It is assumed that all components have been 

tested separately and that they have been inter- 

connected to form a complete terminal. Align 

and check the complete terminal by connecting 

the terminal to be tested back to back with a 

test terminal, with all modems set for four- 

wire operation and the remote keying units in 

the normal position. 

a. Preliminary Adjustments. Connect the 

AN/TCA-1 or AN/TRA-10 to the two AN/ 

TCC-13 terminals as shown in figure 275 or 
276 respectively. Switch on the power to the 

terminals. Align the output pulse train of each 

terminal and set the output pulse train ampli- 

tude of each to .5 volt from base line to peak. 

The pulse width should be a maximum of .8 
usec at 50 per cent amplitude. Set the 23 
CHAN-45 CHAN switch on the video restorer 

to the 23 CHAN position and the P.T. OUT 

AMPL switch to the LOW position. Whenever 

an alignment or integration of the delay lines 

is to be made, check the AN/TCA-1 for any 

obvious defects which could throw the align- 

ment of integration off. 
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Note. When observing a wave form in a video 

restorer, be sure the oscilloscope is being syn- 

chronized from the associated video sync jack. 

b. Fan Rotation. Turn on the power supply 

FILAMENT switch of the AN/TCA-1. The 

fan in the video restorer should start turning 

immediately. If it does not, quickly throw the 

FILAMENT switch to OFF. The fan should be 

rotating in the direction that sucks air into 

the front and out of the rear of the video 

restorer.’ 

Note. The fan on the filament supply of mul- 

tiplexer group should also operate. If it does 

not, turn off power immediately. 

c. Filament Voltage. With a vtvm, measure 

the filament voltage between E51 and E53 

(ground) in both video restorers. It should be 

6.3 +.4 volts. 

d. B+. Voltage. Switch on the power supply 

+250V circuit breaker of the AN/TCA-1. With 

a vtvm, measure the B+ voltage at the B+ 

fuse of both video restorers on the reshaper 

side of the fuse. It should be 250 +10 volts. 

When B+ has been turned on, the video re- 

storer ALARM light on both reshapers should 

go out. 

387. Power Consumption 

a. Multiplexer Group AN/TCA-1. Switch the 

Description 

INPUT FROM EASTFACING REC 
INPUT FROM WESTFACING REC 

DEMTPX GATE (eastgoing) 

DEMTPX GATE (westgoing) 

Blanking GATE (eastgoing) 

Blanking GATE (westgoing) 

MTPX GATE (eastgoing) 

MTPX GATE (westgoing) 

MODEM CHAN PULSES (eastgoing) 
(westgoing) 

OUTPUT TO EASTFACING XMTR 
OUTPUT TO WESTFACING XMTR 

389. PPM Test Point Wave Forms 
The PPM test point wave form should be 

measured at each modem. It should not vary by 
more than 20 per cent in width and amplitude 
from that shown in figure 87, 
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power supply +250V and the FILAMENT cir- 

cuit breakers to OFF. Connect the AN/TCA-1 

to the ac source through Multimeter TS-352/U. 

The current drawn by the AN/TCA-1 with 

Oscilloscope OS—-25/G and Audio Test Set TS-— 

762/TC off should not be greater than 6.74 
amperes (775 watts) and not less than 6.3 

amperes (725 watts) at 115 volts ac. The oscil- 

loscope should take no more than 2.6 +.2 am- 

peres (300 +25 watts) at 115 volts ac. The 
audio test set should take no more than .35 

+.087 amperes (40 +10 watts) at 115 volts ac. 

Note. Power consumption in watts can be 

calculated by using the formula P = EI, where 

E is the input voltage (115 volts ac) and | is 

the current as measured with the Multimeter 

TS-352/U. 

b. Pulse Form Restorer Group AN/TRA-10. 

The pulse form restorer group with the oscillo- 

scope off should not be greater than 4.44 am- 

peres (510 watts) and not less than 4 amperes 

(460 watts) at 115 volts ac. 

388. Pulse Form Restorer Wave Forms 

The wave forms available at the front panel 

of the video restorer should be observed on the 

oscilloscope and should not vary by more than 

20 per cent in width and amplitude from the 

figures listed, except as indicated. 

Figure 

reference 

.25 v. p-p, .8 usec max at 50 per cent ampli- 

tude (.56 v p-p with P.T. OUT AMPL 

switch in HIGH). 

125 to 155 v p-p, 3.8 to 4.3 usec at 50 per cent 

amplitude. 

24 to 55 v p-p, 8-12 v p-p pulses, 4.8 +1.2 

usec at 50 per cent amplitude. 

102 to 112 v p-p, 8 +1 usec at 50 per cent 

amplitude. 

3.5 to 7.5 v p-p, .2 to .4 usec at 50 per cent 

amplitude. 

Set SYM ADJ to .25 volt base line to peak, 

.48 to .58 usec at 50 per cent amplitude. 

390. Blanking Gate Alignment 

_ Follow the procedure below to align the 
blanking gates at both video restorers. 

Note. Be sure that there are no obvious de- 

fects that might throw the alignment off. 



a. Have all modems plugged in. 

b. Have all remote keying units in NORMAL 

OPERATION position. 

c. Place all D&I-THRU switches 

position. 

d. Observe DEMTPX GATE and MTPX 

GATE test points E5 and E6 on the oscillo- 

scope. The DEMTPX GATE should be 125 to 

155 volts and 3.8 to 4.3 usec at the 50 per cent 

amplitude point. The MTPX GATE should be 

102 to 112 volts in amplitude and 8 +1 usec 

wide at 50 per cent amplitude. 

e. Place channel 1 in D&I and the remaining 

channels in the THRU position. 

Note. The D&I-THRU plugs and the asso- 

ciated video restorer are on the same side otf 

the rack. Observe the wave form at pin 7 of 

V13. The amplitude should be between 6.8 and 

8.5 volts peak to peak. Repeat the procedure in 

a through e above with channel 2 in the D&l 

position and all others in the THRU position. 

f. Repeat the procedure in e above until all 

eight channels have been measured individually. 

g. When all the blanking gates at pin 7 of 

V13 are the proper amplitude, the blanking 

gate timing may be aligned as follows: 

(1) Align the incoming train at the termi- 

nal. 

(2) Observe the blanking gates at 

BLANKING GATE test point E4. 

(3) Place channel 1 in the D&I position, 

channel 2 in the THRU position, and 

channels 3 through 8 in the D&l 

position. 

(4) ‘Center the channel 1 blanking gate on 

the scope face; place channel 1 in the 

THRU position. The channel 1 pulse 

of the incoming pulse train will be 

seen. Record the time in usec from 

the center of channel 1 pulse to the 

50 per cent amplitude point of the 

leading and trailing edges (two read- 

ings) of the channel 1 blanking gate. 

(The leading edge of the blanking 

gate should occur before the channel 

pulse.) If there is a difference be- 

tween the two readings of greater 

than 1 usec, then move the lead on 

the DEMTPX delay line connecting 
the blanking pulse to channel 1 so that 

the difference is 1 usec or less. 

in D&l 

Note. The associated video restorer 

and the DEMTPX delay line are on 

the same side. 

h. Place channel 2 in the D&I position and 

channel 1 in the THRU position. Place channel 

3 in the THRU position and the remainder in 

the D&I position. Repeat the same measurement 

as described in g(4) above 

1. Repeat the procedure in a through h above 

for all eight channels. In each case, leave the 

two channels adjacent to the one under test in 

the THRU position, and all others in the D&l 

position. When doing channel 8, only channel 7 

need be in the THRU position. 

j. When properly aligned, all blanking gates 

should be between 3.1 and 5.5 usec at 50 per 

cent amplitude and the amplitudes may vary 

from 28 to 55 volts peak to peak. 

391. PWM Test Point Wave Forms 

The pulse-width modulated wave form as 

seen at the PWM test point should not vary 

more than 20 per cent in amplitude from that 

shown in figure 104. Check each modem. The 

pwm wave form widths will be variable until 

the demodulator delay line is integrated 

properly. 

392. Demultiplexer Delay Line Integration 

Follow the procedure below to integrate the 

demultiplexer lines. 

Note. The associated modem, demodulator de- 

lay line, and video restorer for this test are on 

the same side of the rack. 

a. At the terminals, be sure the incoming 

pulse train is at the terminal. 

b. Place all D&I-THRU plugs in D&I position 

and the remote keying units in NORMAL 

OPERATION position. 

c. Observe the demultiplexer gate at Ed. It 

should be 125 to 155 volts and 4.0 +.5 usec at 

50 per cent amplitude. 

d. Observe the sawtooth input to the de- 

modulator on each channel (on the back of the 

delay line). 

e. Observe each modem PWM test point and 

adjust each respective trimmer on the demodu- 

lator delay line until each pwm wave form is 

1.8 +.8 usec across the flattop (fig. 104). If 

the tolerance given in c above cannot be ob- 

tained with the trimmer, the lead that connects 

the delay line to the integrating network on the 
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side of the line should be moved. If the pwm 

pulse is too narrow, the lead should be moved 

up the delay line, and if the pwm pulse is too 

wide the lead should be moved down the line. 

Moving this lead one tap will cause a change 

of 1 microsecond in the pwm pulse. 

393. Multiplexer Delay Line Integration 

Follow the procedure below to integrate the 

two multiplexer delay lines. 

Note. For this procedure, the associated video 

restorer and multiplexer delay line are on the 

same side but the modem is on the opposite 

side. 

a. Place all D&I-THRU plugs in the D&l 

position. 

b. Place the remote keying units in NOR- 

MAL OPERATION position. 

c. Observe the inserted channel pulse at the 

MODEM CHAN PULSES test point, E3. These 

should be eight channel pulses, and they may 

vary from 3.5 to 7.5 volts peak to peak. 

Note. If any of the inserted pulses do not 

appear, the modem, remote keying unit, D&l- 

THRU switches and/or delay line connections 

may be faulty. 

d. Observe the pulse train at OUTPUT TO 

WESTFACING (EASTFACING) XMTR test 

point E2. The inserted pulses, channel 1 

through 8, should appear in the pulse train. 

To be sure that channels 1 through 8 are the 

inserted pulses and not the terminal pulses, 

vary the PULSE POSITION control of each 

modem. The respective channel pulse should 

move. 

Note. The associated modems and video re- 

storer are on opposite sides for this test. 

e. Now observe the multiplexer gate on the 

same video restorer as the output pulse train 

was observed in d above. It should be 102 to 

112 volts in amplitude and 8+1 usec wide at 

the 50 per cent amplitude point. 

f. Set the oscilloscope so that 2 cm (two 

boxes) are equal to 20 volts in amplitude. 

g. Observe the sawtooth input to each modem 

on the oscilloscope (on the back of the multi- 

plexer delay line trimmers). 

h. Adjust the respective capacitor trimmers 

on the multiplexer delay line until each saw- 

tooth is 20 +2 volts in amplitude (that i; two 

boxes on the oscilloscope). 
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i. Observe the pulse train at OUTPUT TO 

EASTFACING (WESTFACING) XMTR test 

point E2 and align channels 1, 2, and 3 through 

8. This is done as follows: 

(1) Adjust the sweep speed so that there 

is one complete pulse train across 10 

cm of the scope face (that is, 2 marker 

pulses and 23 channel pulses). 

(2) Switch on the timing pips and adjust ~ 
the TIMING PIP PHASE control un- 

til the leading edge of the second 

marker pulse is aligned with a timing 

pip. 
(3) Adjust the PULSE POSITION con- 

trol of each modem until the respec- 

tive channel pulse is aligned with 

leading edge of its respective timing 

pip. 
j. Use the timing pips (5.2 usec apart) and 

adjust the scope sweep so that 1 cm equals 

1 usec (that is, 1 usec per centimeter). 
k. Observe each modulator sawtooth on the 

scope and adjust the vertical gain for a deflec- — 
tion of 2 centimeters. With the SWEEP 

PHASE control, move the sawtooth so that the 

center of the leading edge crosses the center of 

the graticule of the oscilloscope. 

1. Without touching the SWEEP PHASE — 
control, observe the respective channel pulse 

at the MODEM CHAN PULSES test point, E3. 

. Adjust the VERTICAL GAIN until a channel 

pulse can be readily seen. The point where the 

channel pulse leading edge leaves the base line 

should fall within .5 usec before or .8 usec 

later than the center of the sawtooth slope. 

If the pulse does not fall within the above — 

specification, proceed to m below. If it does, 

consider that channel completed. 

m. If the pulse occurs sooner than .5 usec 

with respect to the sawtooth center, the lead 

from the delay line to the integrating circuit 
should be moved up the line. If the pulse occurs 

later than .8 usec, the lead should be moved 
down the line. One tap will move the sawtooth 

1 usec. 

Note. After a lead has been moved as above, 
the procedures outlined in 7 through m above 

should be repeated. 

394. Pulse Train Alignment 

Align the output pulse train as directed in 

paragraphs 70 and 7 1. 



395. Switching Functions (AN/TCA-1 Only) 

Both directions of the AN/TCA-1 are similar 

in operation; therefore, this procedure may be 

used to check both directions. Check the switch- 

ing functions as follows: 

a. Place the D&I-THRU switches in the D&l 

position, 2W-4W switches in the 4W position, 

and the PARTY LINE-PRIV switches in the 

PRIV position. 

b. Turn on the audio test set and allow it to 

warm up. 

c. Calibrate the audio test set (par. 46). 

d. Set the SEND-DBM for —4 dbm output 

and RECEIVE-DBM for 0 dbm. 

, e. Adjust the sweep speed on the oscilloscope 

for 1 usec per cm. 

f. Observe OUTPUT TO EASTFACING 

(WESTFACING) XMTR test point E2 with 

the oscilloscope. 

g. Place the control monitor panel switch in 

the SEND position. 

h. Turn each modem selector switch to SR, 

one at a time, and with the scope, check to see 

that each channel pulse is modulating approx1- 

mately +.5 usec. 

7. Connect the 4W REC terminals to the 

audio test set REC jacks and place the modem 

selector switch in the SL position. The test set 

should read —4 dbm (same as it is sending 

out), and the channel pulse that is associated 

with the 4W REC terminals should not be 

modulated. Each channel in both directions 

should be tested similarly. 

j- Modulate the channel pulses from one 

of the test terminals, one at a time, with a 

—4 dbm input (a through h above). Place the 

control monitor switch on the AN/TCA-1 in 

the REC position. Turn the modem selector 

switch of each respective channel in the AN/ 

TCA-1 being tested to the RR position and 

adjust the AUDIO OUTPUT GAIN control on 

the modem until the audio test set reads zero 

dbm output. The same procedure applies for. 

the other test terminal and its associated 

modems. 

k. Connect an adapter from the 4W SEND 

terminals to the audio test set SEND jacks 

and place the modem selector switch in the RL 

position. The test set should read —4 dbm and 

the channel pulse associated with the 4W SEND 

terminals should not be modulated. 

396. Impedance of Party-line Terminals 
a. Place the 2W-4W switches in 4W on chan- 

nels 1 and 2 (both directions). 
b. Turn the OUTPUT AUDIO GAIN control 

fully counterclockwise on channels 1 and 2 
modems (both directions). 

c. Place the PARTY LINE-PRIV ewitehes 
in PARTY LINE operation. 

d. Connect the test equipment as shown in 
figure 360. 

e. Connect channel 1 PARTY LINE termi- 
nals E9 and E10 to the test equipment. 

f. Set the decade box to 300 ohms. 
g. Adjust the audio oscillator to 1,000 eps 

and its output for a .2-volt ac reading on the 
vtvm with the switch in position 1. 

h. Adjust the decade box so that the vtvm 
reads the same in switch positions 1 and 2. 

1. Record the decade box reading. The read- 
ing should be 320 to 400 ohms. 

j. Disconnect the input terminals from chan- 
nel 1 PARTY LINE terminals and connect 
them to channel 2 PARTY LINE terminals. 

k. Repeat the procedures in a through i 
above for channel 2. 

1. Disconnect the test equipment. 

DECADE 
BOX 

TM 5091-784 

REAR OF MOUNTING RACK 

PARTY LINE PARTY LINE 
CHAN 2 CHAN | 

(o} fe} O O 

AuDIO 
OSCILLATOR 

Figure 360. Impedance of party-line terminals, 

test setup. 

397. Telephone, Order-wire, and Ringing 

Circuits 

a. Telephone and Order-wire Circuits (AN/ 

TCA-1 Only). 

(1) Place the control monitor switches S1 

of both east and west terminals and 

the AN/TCA-1 being tested in NOR- 

MAL position. 
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(2) Place channel 1 of both terminals in | 

two-wire operation. 

(3) Place the D&I-THRU switch in D&l, 

the PARTY LINE-PRIV switch in 

PARTY LINE, the 2W-4W switch in 

4W, and the remote keying units in 

NORMAL OPERATION positions. 

(4) Press the RING switch at each termi- 

nal separately. The bell at both termi- 

nals and at the AN/TCA-1 should 

ring. 

(5) Press the RING switch at the AN/ 

TCA-1. Its own bell and the bell at 

each terminal should ring. 

It should be possible to converse be- 

tween terminal and terminal, and be- 

tween either terminal and the AN/ 

TCA-1 over channel 1 by using the 

handset provided with the control 

monitor. 

(7) Place channels 3 through 8 of both 

terminals and the AN/TCA-1 in two- 
wire operation. Place the control moni- 

tor switches S1 of both terminals and 

the AN/TCA-1 in TEL SET position. 

(8) Place the east terminal modem selec- 

tor switch in either the RR or SR 

position. Place the eastfacing modem 

selector switch at the AN/TCA-1 in 

either the SR or RR position. By using 

the handset, it should be possible to 

conserve between the east terminal 

and AN/TCA-1, but not the west 

terminal. Do each channel 3 through 

8 individually. 

(9) Repeat the procedures in (7) and (8) 

above for the west terminal modems 

and the westfacing modem at the AN/ 

TCA-~1. 

(10) Return channels 1 through 8 of both 

terminals and the AN/TCA-1 to four- 

wire operation, and push ali control 

monitor NORMAL switches. 

b. Ringing Circuits 

(1) Private-line connection. 

(a) Place all remote keying units in 

NORMAL OPERATION position. 

(b) Place all D&I-THRU switches in 

(6 
— 

CARTER wWHYOH 

Terminal 

West terminal modem 

channels 

East terminal modem Eastfacing modem 

channels ase 

OANA NR WN 

switches in the AN/TCA-1 and 
both AN/TCC-13 terminals in 
the 2W position. j 

(e) By using field Telephone EE-8-b, — 

it should be possible to ring be- — 
tween the following modem two- q 

wire lines of each channel: 4 

Repeater 

Westfacing modem 

channels 

ao 
(2) Party-line connection. 

(a) Place all 4W-2W modem switches 

at the repeater in 4W position. _ 
(b) Place all PARTY LINE-PRIV — 

switches in PARTY LINE posi- — 

tion. 

(c) Place an EE-8-B on the party- — 

line connection of mounting rack © 

terminals E9 and E10. | 

(d) Ringing at the repeater local line — 
should ring the corresponding — 

channel at both terminals. . 
(e) Ringing at a terminal should — 

cause ringing at the repeater local 

line and also at the far terminal. — 

(f) Repeat the procedures in @ 

through e above for channel 2; 

use party-line terminals E141 and 

E142. j 

D&I position. 398. Remote Keying Circuits 
(c) Place all PARTY LINE-PRIV Check both remote keying circuits as follows: 

switches in PRIV position. a. Place channels 1 and 2 of the repeater and — 

(d) Place all the 4W-2W modem both terminals in remote keying operation. At_ 
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the repeater, all channels should be set for drop 

and insert and party line operation. 

(1) There should be no channel 1 and 2 

pulses arriving at the repeater from 

the terminals. This can be checked at 

the INPUT FROM EASTFACING 

(WESTFACING) REC test point 1 

of both video restorers. 

(2) There should be no ringing at the re- 

peater. This can be checked by plac- 

ing a field telephone on the local 

PARTY LINE terminals of both 

channels. 

(3) There should be no repeater inserted 

pulses. This can be checked at MO- 

DEM CHAN PULSES test point K3 

of both video restorers. 

(4) At the AN/TCA-1, there should be 

an open circuit across E1 and E2 and 

also across E11 and E12 on the mount- 

ing rack. At the AN/TRA-10, there 

should be an open circuit across 116 

and E17 also across E27 and E28 on 

the mounting rack. 

b. At the repeater, place a short circuit 

across £13 and E14 (E12 and E13 of the 

AN/TRA-10). 

Caution: There are 40 volts dc on these termi- 

nals. 
(1) This should insert channel 1 in both 

directions. This can be checked 

at OUTPUT TO EASTFACING 

(WESTFACING) XMTR test point 

E2 of both video restorers. 

(2) At the multiplexer group, terminals 

E11 and E12 should still be open-cir- 

cuited. At the pulse form restorer 

group, terminals E16 and E17 should 

still be open-circuited. 

c. At the repeater. place a short circuit 

across E38 and E4 (E23 and E24 of the 

AN/TRA-10). 

(1) This should insert channel 2 in both 

directions. 

(2) There should still be an open circuit 

across El and E2 (E27 and E28 of the 

AN/TRA-10) at the repeater. 

d. Place a short circuit across E13 and E14 
of either terminal. Do both, one at a time. This 

should short-circuit Ell and E12 (E16 and 

E17 of the AN/TRA-~10) at the repeater. 

Caution: There are 40 volts de on these 
terminals. 

e. Place a short circuit across E38 and E4 of 

the west terminal. This should short circuit E1 

and E2 (E27 and E28 of the AN/TRA-10) at 

the repeater. Repeat the procedure for the east 

terminal. 

Caution: There are 40 volts de on these 
terminals. 

f. Place the remote keying units in the NOR- 

MAL OPERATION position at both terminals 

and at the repeater. Channels 1 and 2 should 

now be present at the terminals and at the 

repeater. 

398. Audio Levels 

a. Bypass the repeater by switching off the 

power supply +250V circuit breaker. The ter- 

minals should be in four-wire operation. 

b. Set the terminal audio levels as follows: 

(1) Inject —4 dbm into the 4W TRANS 
terminals of the west terminal chan- 

nels. 

(2) Set the modem OUTPUT AUDIO 

GAIN control of the corresponding 

demodulator in the east terminal for 

zero dbm output. 

(3) Repeat this procedure on all channels, 

then modulate the east terminal and 

adjust the OUTPUT AUDIO GAIN of 

the west terminal modem demodu- 

lators. 

c. Switch on B+ at the repeater and place 

the PARTY LINE-PRIV switches in PRIV 

position. The repeater modems should still be 
in four-wire operation. 

d. Modulate channel 1 of the west terminal 

with —4 dbm, and monitor the westfacing 

channel 1 of the repeater at the 4W REC termi- 

nals. Adjust the modem OUTPUT AUDIO 

GAIN for zero dbm (.78 volts rms) output. 

Repeat for channel 2 of the pulse form restorer 

group and for channels 2 through 8 of the mul- 

tiplexer groups. 

e. Repeat the procedure in d above for the 

east terminal and the eastfacing modems of the 

repeater. 

f. Place channels 1 and 2 PARTY LINE- 

PRIV switches in PARTY LINE position. 

g. Modulate channel 1 at the east terminal 

with —4 dbm. Monitor the output at the chan- 

nel 1 PARTY LINE terminals at the repeater. 
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There should be —8 +1 dbm across 600 ohms. 

Also monitor the channel 1 4W REC terminals 

at the west terminal. This should be zero dbm. 

Note. Repeat the procedure in g above for 

channel 2. 

h. Now repeat the procedure in g above, 
modulating at the west terminal and listening 

at the east terminal and the repeater. 

i. Modulate channel 1 at the repeater with 
zero dbm into the PARTY LINE terminals. 
Monitor the output of channel 1 of both termi- 

nals. This should be —8 +1 dbm. Repeat for 

channel 2. 

j. At the AN/TCA-1 only, place the east 

and west terminals and channels 3 through & 

at the repeater in two-wire operation. 

k. Place an EE-8-B on the channel 1 2W 

terminals of both the east and west terminals 

and also on the PARTY LINE connections of 

channel 1 at the repeater. It should be possible 

to converse between all three phones simultan- 

eously. Repeat for channel 2. 

lL. Place channels 1 and 2 PARTY LINE- 

PRIV switches in PRIV, and 2W-4W switches 

in 2W operation. 

m. Place an EE-8-B on the 2W LINE termi- 
nals of the eastfacing channel 1. modem. It 

should be possible to converse with the east 

terminal channel 1 but not the west terminal. 

n. Place an EE-8-B on the 2W LINE termi- 
nals of the westfacing channel 1 modem. It 

should be possible to converse with the west 

terminal channel 1 but not the east terminal. 

o. Connect an EE-8-B on the channel 2 2W 

LINE terminals at the east terminal and the 

2W LINE terminals of the eastfacing channel 
2. It should be possible to converse between 

the east terminal and the repeater, but not the 

west terminal. 

p. At the AN/TCA-1, repeat the procedure 

in o for channels 3 through 8. 

q. Repeat the procedure in e above for the 

west terminal and the westfacing channels at 

the repeater. 

400. Alarm Circuit 

The alarm circuit should permit ringing dis- 
abling and should bypass the input pulse train 
to the output terminal if any of the following 
conditions take place: the input pulse train at 
E1 falling below an amplitude of .22 volt peak; 
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failure of any tube in the positive pulse trai 

section of the video restorer (V6 through V12) ; 
failure of any tube in the marker separator- 

shaping section of the video restorer (V1 
through V26); high noise input to the video 

restorer. 

Note. The output pulse train at E2 will be 

attenuated by a 6-db pad. 

a. Place the D&I-THRU switches in D&l 

position, 2W-4W switches in 4W position, and 

PARTY LINE-PRIV switches in PARTY 
LINE position. 

b. Connect a field Telephone EE-8-B across 

terminals at E9 and E10, PARTY LINE, chan- 
nel 1. 

c. Simulate all four conditions listed above. 

The telephone should not, ring. 

d. In simulating the four conditions above, 
the ALARM indicator located on both the video 

restorer and the multiplexer subassembly 

should light. The ALARM buzzer should sound. 

Press the AUDIBLE ALARM DISCONNECT 

switch on the multiplexer subassembly front 

panel. The ALARM buzzer should no longer 

sound but the alarm indicator lights remain on. 

When everything is connected normally, the 

ALARM lights should extinguish. 

401. Signal-to-noise Ratio, Two-wire 

a. Place all the PARTY LINE-PRIV 

switches in PRIV position. 

b. Measure the signal-to-noise ratio at the 
2W LINE terminals of channels 1 through 10, 

17, and 22 of both terminals and at the 2W 

LINE terminals of repeater channels 1 and 2 
(1 through 8 for the AN/TCA-1), under the 
following conditions: 

(1) All channels in THRU operation. (Do 

not measure the channels at the re- 

peater in this condition.) 

(2) All channels in D&I operation. 

Note. No reading should be greater 
than —55 dbm. 

402. Cross Talk, 23-channel 

Terminate channels 1-3, 5, 6, 8-11, 17, 18, 
22, and 23 with 600 ohms at the east and ‘ae 
terminals. 

a. Be sure that all D&I-THRU switches are 
in THRU position. All modems at the repeaters 
should be connected for two-wire operation. 



b. At the west AN/TCC-13 terminal, press 

SEND button on control monitor, adjust 

SEND-DBM on the test set to 0. 

c. At the west terminal, turn the channel 1 

modem selector switches to SR. 

d. At the east AN/TCC-13 terminal, press 

the REC button on the control monitor and F1A 

button on the test set. 

e. Turn the channel 2 modem selector switch 

to RR at the east terminal and read meter on 

the audio test set. The allowable cross-talk 

reading is —48 dbm. 

f. Return the selector switches on both mo- 

dems to OPER. 

g. Repeat the procedures in e through / 

above for the following channels (the allowable 

cross-talk reading is —48 dbm maximum) : 

Modulate (0 dbm) Receive 

West terminal channel East terminal channel 

into 

h. Set all repeater channels for D&I opera- 
tion. PARTY LINE-PRIV switches should be 

in PRIV operation. 

i. On AN/TCC-13 terminals and AN/TCA-1 
repeater, modulate by pressing SEND button 

on control monitor, adjusting SEND-DBM to 

0, and turning the modem selector switch to 

SR. Receive by pressing REC button on con- 

trol monitor, pushing F1A button on the audio 

test set, and turning modem selector switch 
to RR. 

j. Terminate channels 1, 2, 3, 5, 6, 8, and 9 

with 600 ohms at both terminals and repeater. 

Take the following cross-talk readings (allow- 

able cross talk is —48 dbm maximum) : 

Receive (by turning modem switch to RR) 
Modulate 
(0 dbm) 

West East 
terminal | terminal 
channel channel 

Westfacing 

repeater 

channel 

Eastfacing 

repeater 
channel 

East { Eastfacing 

terminal repeater 

channel channel 

Westfacing 

repeater 

channel 

Westfacing 

repeater 

channel 

Eastfacing East 

repeater terminal 

channel channel 
terminal 
channe] 

2 

3 

6 

9 

Eastfacing East 
repeater terminal 

channel channe] 

2 

3 

6 

9 

403. Operation, 45-channel 

Connect the terminals for 45-channel opera- 

tion. Connect the MASTER OUTPUTS TO RF 

(J5) of the master terminals to each of the 

pulse train inputs of the video restorer as in 

the 23-channel connection. The input pulse train 

consists of a positive 23-channel pulse train and 

a negative 23-channel pulse train, each being 

.5 volt from base line to peak, or 1 volt over-all 

peak to peak. The width of the pulses should be 
a maximum of .8 usec measured at the 50 per 

cent amplitude point. The spacing between the 

second positive marker pulse and the second 

negative marker pulse should be 2.6 +.1 usec. 

Switches S1 of the video restorers should be 

placed in the 45 CHAN position. This will ener- 

gize the filaments of V1 through V5 and permit 

the video. restorer to accept the 45-channel 

pulse train. 

a. Symmetry Control. Observe OUTPUT TO 

EASTFACING (WESTFACING) XMTR test 

point E2 with the oscilloscope. Adjust the 

SYM ADJ control until both positive and nega- 

tive pulse trains are of equal amplitude. Meas- 

1,2 
2,3 

5, 6 

8,9 

Westfacing West 
repeater terminal 
channel channel 

AN/TCA-1 

1 

2 
5 

8 
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ure the output pulse train. It shall be .4 to .6 

volt peak to peak. 

b. Channel Signal-to-noise Ratio. 

(1) Bypass the repeater by turning off 

the +250V circuit breaker on the 

power supply. 

Set up correct audio levels by placing 

all 2W-4W switches of the test chan- 

nels on the terminals in 2W. Modulate 

the 2W LINE terminals of both direc- 

tions, one at a time, with 0 dbm. Ad- 

just the corresponding modem OUT- 
PUT AUDIO GAIN controls for —3 

dbm output. 

Place all PARTY LINE-PRIV 

switches in PRIV position. 

Turn on the +250 volts at the re- 

peaters. 

Measure the signal-to-noise ratio at 

the 4W REC terminals of channels 1 

through 9 of all terminals (master and 

slave AN/TCC-13’s), and at the 4W 

REC terminals of all channels at the 

repeater under the following condi- 

tions: 

_ (a) All channels in THRU operation. 
(Do not measure channels 1 

through 8 at the robe ate in this 

condition. ) 

(b) All channels in D&I operation. 

No reading should be greater than 

—48 dbm. 

(2) 

(3) 

(4) 

(5) 

(6) 

404. Channel Cross Talk (Two-wire 

45-channel) 

a. At the terminals and AN/TCA-1, press 

the SEND button on the control monitor, ad- 

just the SEND-DBM switch on the audio test 

set to 0, and turn the modem selector switch to 

SR. To receive, press the REC button on the 

control monitor, press the F1A button on the 

audio test set, and turn the modem selector 

switch to RR. 

Note. After each check, return the modem 

selector switch to OPER. 

b. Place all repeater D&I-THRU switches 

in THRU. Allowable cross talk in all cases is 

—38 dbm maximum. 

(1) Terminate channels 1, 2, 3, 5, 6, 8, 9, 

10,10 807,180.22, vend ucor0re. DOU! 

master terminals with 600 ohms. Take 

the following cross-talk readings: 
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Modulate (0 dbm) Receive 

East master terminal | 
channel a 

West master terminal 

channel into 

(2) Terminate channels 1, 2, 3, 5, 6, 8, 9, 
10, 11, 17, 18, 22, and 23 of the west 
master and east slave terminals with 

600 ohms. Take the following cross- | 
talk readings: 

West master terminal 

channel into 

Afoautate (@ abm) 
_ East slave terminal 

channel i 

il 

(3) Terminate chanels 1-3, 5, 6, 8-11, 1% 

18, 21, and 22 at the west slave and 
- east master terminals with 600 ohms. 

Take the following cross-talk read-— 
ings: 

Modulate (0 dbm) 

West slave terminal 

channel into 

Receive Fa 

East master terminal i 
channel 

2 ie 
3 ‘ 

(4) Terminate channels 1-3, 5, 6, 8-11, 18, 

21, 22 at both slave terminals with — 
600 ohms. Take the following cross-_ 2 

talk readings: 

Modulate (0 dbm) 

West slave terminal 

channel into 

East master terminal | 

channel 

a | 

a 



c. Repeat the procedures described in (b) 
above by modulating the east terminal and re- 

ceiving on the west terminal. No reading should 

be greater than —38 dbm. 

‘d. Place all D&I THRU switches in each 

channel of the AN/TCA-1 in D&I position. 
(1) Terminate channels 1-3, 5, 6, 8, and 

9 with 600 ohms at the west master, 

east master, east slave terminals and 

at the repeater. Take the following 
cross-talk readings (no reading should 
be greater than —38 dbm): 

East East 

master | slave 
ter- ter- 

minal | minal 

Eastfacing 
repeater 

channel 

Westfacing 
repeater 

channel 

AN/TCA-1] AN/TRA-10 | AN/TCA-1 | AN/TRA-1( 

2 

3 

6 

(2) Terminate channels 1-3, 5, 6, 8, and 

9 with 600 ohms at the west slave, 

east master and slave terminals and 

at the repeater. Take the following 

cross-talk readings (no reading should 

be greater than —38 dbm): 

East East 

master | slave 

ter- ter- 

minal | minal 

West Westfacing 
repeater 

channel 

Eastfacing 

repeater 
channel 

(3) Terminate channels 1-3, 5, 6, 8, and 

9 with 600 ohms at the east master, 

west master and slave terminals and 

at the repeater. Take the following 

cross-talk readings (no reading should 

be greater than —38 dbm): 

West West 
Westfacing 

repeater 

channel 

East Eastfacing 
repeater 
channel 

AN/TCA-1| AN/TRA- 
2 
3 
6 

10] AN/TCA-1 | AN/TRA-10 

(4) Terminate channels 1-3, 5, 6, 8, and 

9 with 600 ohms at the east slave 

west master and slave terminals and 

at the repeater. Take the following 

cross-talk readings (no reading should 

be greater than —38 dbm): 

Modulate 

(0 dbm) Receive 

West West 
master | slave 

ter- ter- 
minal | minal 

East 
slave 

terminal 

Eastfacing 
repeater 

channel 

Westfacing 

repeater 
channel 

(5) Terminate channels 1-3, 5, 6, 8, and 

9 with 600 ohms at the west master 

and slave and east master and slave 

terminals and at the repeaters. Take 

the following cross-talk readings (no 

reading. should be greater than —38 

dbm) : 

Modulate 
(0 dbm) He oe. YS 

West West East 
master | slave }| master 

ter- ter- ter- 

minal | minal minal 

Westfacing 
repeater 

channel 

Eastfacing 

repeater 

channel 

AN/ 
TRA-10 

(6) Terminate channels 1-3, 5, 6, 8, and 

9 with 600 ohms at the east master 

and slave and west master and slave 

terminals and at the repeaters. Take 

the following cross-talk readings (no 

reading should be greater than —33& 

dbm) : 

lati ra 
East East West West 

Hastfacing master| slave | master } slave Westfacing 
ter- ter- ter- ter- repeater 

minal | minal | minal } minal channel 

/ 

repeater 
channel 

12 

2,3 

5, 6 

8,9 oar wr co om ht ee 
ees | 



CHAPTER 12 

SHIPMENT AND LIMITED STORAGE AND DEMOLITION 

TO PREVENT ENEMY USE 

en 

405. Disassembly of Equipment 

The following disassembly instructions are 

supplied as a guide for preparing the multi- 

plexer set, multiplexer group, and pulse form 

restorer group for shipment. The instructions 

apply to each of the equipments. 

a. Be sure all power switches are in the OFF 

position. 

b. Disconnect all telephone lines from the 

binding posts alongside the delay line. 

c. Disconnect all interconnecting power and 

signal cables, coil the cords and cables, and 

store them in their respective chests. 

d. Replace all protective caps. 

e. Disconnect the oscilloscope probe and store 

it in the oscilloscope probe compartment. 

f. Store the multiplexer set and multiplexer 

group handsets in the control monitor TEL 

SET compartment. Disconnect and store the 

pulse form restorer group operators handset. 

g. Tighten all captive screws securely with 

a screw driver 

h. Tighten all rack mounting screws se- 

curely. . 
1. Attach the front and rear covers of the 

transit case to the rack. 

j. Attach the front cover of the voltage regu- 
lator to its transit case. 

k. Wind up the 150-foot length of Electrical 

Power Cable Assembly CX-2440/U on Reel 

RC-—405/TR. 

406. Repackaging 

Package the multiplexer set as follows: 

a. Technical Literature. Package each man- 

ual within a close-fitting bag fabricated of 

waterproof barrier material. Seal seams with 
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water-resistant, pressure-sensitive taps. Place 

the packaged manuals in the pouches on the 

inside of the accessories case cover. 

b. Electrical Spare Part Items and Acces- — 

sories. Package each item individually. Follow — 

the procedures in b above. ; 

c. Chest CY-250/U, With Components. Stow i 

the items, as specified in a and b above, within — 1 

the applicable compartments of each Chest r 

CY-250/U. Fill all the voids with flexible cor- — 
rugated paper to prevent shifting. Close the 

lid of the case and secure all fastenings. Place — 
the case, with the contents, within a snug con- — 
forming wrap of single-faced, flexible corru- — 

gated paper. Secure all closures by means of — 

water-resistant, pressure-sensitive tape. i 
d. Multiplexer Rack or Pulse Form Restouaae 4 

Rack. Package the multiplexer rack as follows: 

(1) Block and brace components withing 5 

the rack by means of suitably cush- — 

ioned wood bloclis or pads fabricated — 

of single-faced, flexible corrugated — 

paper. | 

(2) Close the front and rear access covers — 

and properly secure them in place. : 

(3) Construct the components of:a wooden ~ 

box (fig. 26), modified to include a 

skid-type base and interior diagonal 

bracing. The sheathing, parallel to 
the skids, should run vertically to per- 

mit nailing into the skids. Maintain a 

minimum of 2-inch clearance between — 

the barrier and side ends of the box. 

(4) Construct a wooden mounting base 

with a minimum of six bolt holes to 

receive the mounting bolts. 

(5) Secure the rack to the mounting base 
with metal strapping. 



(6) Drill matching bolt holes through the 
skids and base of the box to match the 

bolts of the mounting base. 
(7) Insert suitable style and size bolts 

through the box skids and base. 

(8) Assemble in order (over the mount- 

ing base) a pad of single-faced, flex- 

ible corrugated paper to extend be- 

neath all points of contact between 

the item and boxbase, a waterproot 

barrier, and a cushioning shroud of 

flexible corrugated paper. 

(9) Place a suitable waterproof cement 

around the bolts at each application. 

(10) Position the mounted items over the 

mounting bolts. 

(11) Place lock washers and nuts over the 

bolts and turn down bolt nuts firmly. 

(12) Close the waterproof barrier and seal 

with pressure-sensitive tape. 

e. Test Equipment Rack. Package the test 

equipment rack as described in d above. 

f. Reel RC-405/TR and Electrical Power 

Cable Assembly CX-2440/U. 
(1) Wind the power cable evenly on the 

reel provided. Secure the free end of 

the cable, either by tying or taping, to 

prevent movement. 

(2) Apply a sheet of flexible corrugated 

paper between the inside flanges of 

the reel and secure it in place by 

means of two metal straps equidis- 

tantly spaced. 

g. Voltage Regulator CN-236/G. 

(1) Block and brace components within 

the voltage regulator by means of 

wooden blocking or pads fabricated 
of single-faced, flexible corrugated 
fiberboard to prevent movement and 

shearing stress on the mountings. 
(2) Close the access doors and secure the 

fastenings. 

(3) Cushion all sharp edges and corners 

of the units by means of pads, fab- 

ricated of single-faced, flexible cor- 

rugated fiberboard. 
(4) Secure the cushioning with gummed 

paper tape. 

407. Field Repacking, Strapping, and 
Marking 

a. Repacking. 

(1) Place each packaged unit on a skid; 

fit the unit with a sealed waterproof 

liner, 

(2) Nail the two ends to the bottom and 

skid. 

(8) Nail the two sides to the bottom and 

skid. 

(4) Nail the top to the ends and bottom. 

b. Strapping. Strap the shipping box for 

intertheater shipment only. The strapping 
should run parallel to the skids. 

c. Marking. Mark the shipping containers in 

accordance with the requirements of SR-55- 
720-1, Section II, Transportation and Travel, 

Preparation for Ovearsea Movement of Units 

(POM). 

408. Authority for Demolition 

The demolition procedures outlined in para- 

graph 409 will be used to prevent the enemy 

from using or salvaging this equipment. Demo- 

lition of the equipment will be accomplished 

only upon order of the commander. 

409. Methods of Destruction 

Use any of the following methods to destroy 

the equipment. 

a. Smash. Smash the crystal, controls, tubes, 

coils, switches, capacitors, transformers, and 

headsets; use sledges, axes, handaxes, pickaxes, 

hammers, crowbars, or heavy tools. 

b. Cut. Cut cords, headsets, and wiring; use 

axes, handaxes, or machetes. 

c. Burn. Burn cords, resistors, capacitors, 

coils, wiring, and technical manuals; use gaso- 

line, kerosene, oil, flame throwers, or incendi- 

ary grenades. 

d. Bend. Bend panels, cabinet, and chassis. 

e. Explosives. If explosives are necessary, use 

firearms, grenades, or TNT. 

f. Disposal. Bury or scatter the destroyed 

parts in slit trenches, fox holes, or other holes, 

or throw them into streams. 
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APPENDIX | 

TABLE OF COMPONENTS 

1. Multiplexer Set AN/TCC-13 

a. Multiplexer Rack. 

Electrical Standardized Components 

Case CY-1280/U containing: 

Multiplexer TD-60/TCC-13 

Electrical Equipment Rack MT-1165/TCC-13 

Delay line 

Telephone Modem MD-179/TC 

Multiplexer Subassembly MX—1442/TC 

containing: 

Remote Switching Control C-1509/TC 

Required 

No. 

aThere are 24 modems installed in the multiplexer rack; one is supplied as a spare. 

R Width Height Volume Weight | 
(in.) (in. ) (cu ft) (db) | 

uh
} 

g 

b. Test Equipment Rack. 

Component 

Electrical Standardized Components 

Case CY-1280/U containing: 

Oscilloscope OS-25/G 

Audio Test Set TS—762/TC 

Control Monitor C—1151/TC 

Accessories Case CY—1334/G 
containing: 

Tube puller 

Pin straightener 

Wrenches 

Power Supply PP-691/G 

c. Accessories. 

Component 

Voltage Regulator CN-236/G 

Reel RC-—405/TR with Electrical Power Cable 
Assembly CX—2440/U (150 ft 0 in.) 



d. Running Spares and Accessories Case I. 

Component Required Depth Width Height Volume Weight 
No. (in. ) (in. ) (in. ) (cu ft) (1b) 

Chest CY-250B/U, containing: 21% 6.56 

Manual 

Electron tube OA2 

Electron tube OA3 

Electron tube OB2 

Electron tube 2X2A 

Electron tube 5CP1A 

Electron tube 5RAWGY 

Electron tube 6AG5 

Electron tube 6AG7 

Electron tube 6AS7G 

Electron tube 6AU6 

Electron tube 6X4W 

Electron tube 12AT7 

Electron tube 12ATTWA 

Electron tube 5726/6AL5W 

Electron tube 5727/2D21W 

Electron tube 6005/6AQ5W 

Incandescent lamp, G. E. #356—-125 (3 watt) 

Thermal resistor 

Book of schematics 

Technical order file case 

Electron tube extractor 

—" 

Bee PEEP WANE HENNA ONHBP EP E NN E 

e. Running Spares and Accessories Case II. 

Component Steere Depth Width Height Volume Weight 

ae (in.) (in.) (in.) (cu ft) (ib) 

Chest CY-250B/U, containing: 21% 6.56 126 

Switch Box SA-357/G a 11 rs 

Electrical Connector Assembly J—535/G : 30% 8% 9 

Spare parts box containing: 7% 13% 270 

Electrical Contact Brush Assembly 

Type S373P 1 

Crystal rectifier 1N34A 7 

Crystal rectifier 1N38A 14 

Cartridge fuse, 1/10 amp, 125 volts 6 

Cartridge fuse, 3/10 amp, 125 volts 6 

Cartridge fuse, 3/10 amp, 250 volts 42 

Cartridge fuse, 1 amp, 125 volts 6 

Cartridge fuse 1.5 amp, 125 volts 6 

Cartridge fuse, 2 amp, 125 volts 30 

Cartridge fuse, 3 amp, 125 volts 12 

Cartridge fuse, 4 amp, 125 volts 12 

Cartridge fuse, 5 amp, 125 volts 12 

Cartridge fuse, 8 amp, 125 volts 6 

Cartridge fuse, 10 amp, 32 volts 12 

Glow lamp, type NE-51 8 

Cord CG—409C/U (25 ft 0 in.) 2 800 

Radio Frequency Cable Assembly 2 183 

CG-1040A/U (15 ft 3 in.) F 

Radio Frequency Cable Assembly ‘4 303 

CG-1040A/U (25 ft 3 in.) 

Electrical Power Cable Assembly 1 41 

CX-2272/U (3 ft 5 in.) 

Electrical Power Cable Assembly 1 124 

CX-2273/U (10 ft 4 in.) 
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Electrical Power Cable Assembly 
CX-—2275/U (8 ft 4 in.) 

Electrical Power Cable Assembly 

CX~2276/U (6 ft 4 in.) 

Electrical Power Cable Assembly 

CX-2277/U (8 ft 4 in.) 

Electrical Power Cable Assembly 
CX-2240/U (15 ft 0 in.) 

Electrical Power Cable Assembly 

CX-2441/U (8 ft 4 in.) 

Electrical Power Cable Assembly 
CX-2242/U (10 ft 0 in.) 

Electrical Power Cable Assembly 

.CX-2682/U (3 ft 3 in.) 

Electrical Lead CZ—2683/U 

(20 ft 0 in.) 

. Required Depth Width Height Volume | Weight | 
Component No. (in.) (in. ) (in.) (cu ft) (Qb) | 

4 

2. Multiplexer Group AN/TCA-1 
a. Multiplexer Rack. 

Required Depth Width Height 

(in. ) 

Electrical Standardized Components Case 

CY—1280/U, containing: 

Pulse Form Restorer TD-68/G 

Electrical Equipment Rack MT-14383/TCA-1 

Delay line 

Telephone Modem MD-179/TC 

Multiplexer Subassembly MX-—1442/TC including: 

Remote Switching Control C—1509/TC 

b. Test Equipment Rack. 

- Required Depth Width Height Volume Weight 
Co 

i Electrical Standardized Components Case 26% 27 

CY-1280/U, containing: 

Oscilloscope OS—25/G 

Audio Test SET TS-762/TC 

Control Monitor C-1151/TC 

Accessories Case CY-—1334/G which includes: 

Tube puller 

Pin straightener 

Wrench 

Power Supply PP-691/G EPNNNHHE HE 

c. Accessories. 

Golabonent Required Depth Width Height Volume 

No. (in.) (in. ) (in. ) (cu ft) 

Voltage Regulator CN-—236/G 1 23 17% 19% 5.31 
Reel RC-405/TR with Electrical Power Cable 28 dia 12 4.27 
Assembly CX-2440/U (150 ft) 
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d. Running Spares and Accessories Case I. 

Manual 

Electron tube 

Electron tube 

Electron tube 

Chest CY-250/U, 

Component 

containing: 

OA2 

OA3 
OA2 

Electron tube 2X2A 

Electron tube 5CP1A 

Electron tube 5RA4WGY 

Electron tube 6AG5 

Electron tube 6AG7 

Electron tube 6AS7G 

Electron tube 6AU6 

Electron tube 6X4W 

Electron tube 12AT7 

Electron tube 12ATTWA 

Electron tube 5726/6AL5W 

Electron tube 5727/2D21W 

Electron tube 6005/6AQ5W 

Incandescent lamp, 3 watts, GE No. 356-125 

(3 watt) 

Thermal resistor 

Electron tube extractor 

Book of schematics 

Technical order file case 

[eae Depth Width 

[eae (in.) (in.) 
Height Volume aa 

(in.) (cu ft) aa 

1 21% 
2 

2 

1 
1 

1 
1 
2 

A 

9 
1 

1 

i 

2 
12 

5 

1 
1 

a! 

1 

1 

nf 

1 

e. Running Spares and Accessories Case II. 

Ser nowert Required Depth Width Height Volume Weight 

Po No (in.) (in.) (in.) (cu ft) (ib) 

Chest CY-—250/U, containing: 

Switch Box SA-357/G 
Electrical Connector Assembly J—535/G 

Spare parts box containing: 

Electrical contact brush assembly 

type $373P 

Crystal rectifier, JAN 1N34A 

Crystal rectifier, JAN 1N38A 
Cartridge fuse, 1/10 amp, 125 volts 

Cartridge fuse, 1/10 amp, 250 volts 

Cartridge fuse, 3/10 amp, 125 volts 

Cartridge fuse, 3/10 amp, 250 volts 

Cartridge fuse, 6/10 amp, 250 volts 

Cartridge fuse, 1 amp, 125 volts 

Cartridge fuse, 14% amp, 125 volts 

Cartridge fuse, 2 amp, 125 volts 

Cartridge fuse, 3 amp, 125 volts 
Cartridge fuse, 4 amp, 125 volts 

Cartridge fuse, 5 amp, 125 volts 

Cartridge fuse, 8 amp, 125 volts 

Glow lamp, type NE-51 

Lightning arrestor 

Cord CG—409C/U 
Radio Frequency Cable Assembly 

CG-1040A/U (15 ft 3 in.) 
Electrical Power Cable Assembly 

CX-—2272/U (8 ft 5 in.) 
Electrical Power Cable Assembly 
CX-2273/U (10 ft 4 in.) 

21% 

: a igh - 

1 30% 834 9 

TH.) 13% 2i%e 

1 

ul 

12 

6 

6 

6 

24 

12 

6 

6 

30 

12 

12 

12 

6 

8 

4 

4 300 

2 183 

a 41 

1 124 
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Required Depth Width Height Volume 

Component No. (in.) (in.) (in.) (cu ft) 

Electrical Power Cable Assembly 

CX-2275/U (8 ft 4 in.) 
Electrical Power Cable Assembly 1 

CX-2276/U (6 ft 4 in.) 
Electrical Power Cable Assembly ui 

CX-2277/U (8 ft 4 in.) 
Electrical Power Cable Assembly vi 

CX-—2440/U (15 ft 0 in.) 
Electrical Power Cable Assembly 2 

CX-2441/U (8 ft 4 in.) 
Electrical Power Cable Assembly 2 

CX-—2442/U (10 ft 0 in.) 
Electrical Power Cable Assembly 1 

CX-2682/U (3 ft 3 in.) 
Electrical Lead CX-2683/U (20 ft 0 in.) 1 

3. Pulse Form Restorer Group AN/TRA-10 
a. Pulse Form Restorer Rack. 

Cc onent Required Depth Width Height Volume Weigh ] 

ah No. (in.) (in.) (in.) (cu ft) (ib) 

Electrical Standardized Component Case 1 

CY-1719/G containing: 

Oscilloscope OS-25/G 
Pulse Form Restorer TD-68/G 

Electrical Equipment Rack MT-1434/TRA-10 

Telephone Modem MD-179/TC 

Delay line 

Remote Switching Control C—1509/TC 

Power Supply PP-691/G ae oe a a a 

b. Accessories. 

Required Depth Width Height Volume Weight 
C t 

Voltage Regulator CN—236/G 1 23% 22% 
Reel RC—405/TR with Electrical Power Cable 

Assembly CX-—2440-U (150 ft 0 in.) 

c. Running Spares and Accessories Case I. 

Component Required Depth Width Height Volume Weight 
No. (in.) (in.) (in.) (cu ft) (Ib) — 

27 Chest CY-250/U, containing: 6.56 12 
Manual 

Electron tube OA2 

Electron tube OA3 

Electron tube OB2 

Electron tube 2X2A 

Electron tube 5CP1A 

Electron tube 5RA4WGY 

Electron tube 6AG5 

Electron tube 6AG7 

Electron tube 6AS7G 

Electron tube 6AU6 

Electron tube 6X4W BPENOAHHHEHEHENNH 
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Component 
Required Depth Width Height Volume Weight 

No. cin.) (in.) (in.) (cu ft) (db) 

Electron tube 12AT7TWA 

Electron tube 5726/6AL5W 
Electron tube 5727/2D21W 

Electron tube 6005/6AQ5W 

Incandescent lamp, G. E. #365-125 (3 watt) 

Thermal resistor 

Book of schematics 

Tube extractor ee a) 

d. Running Spares and Accessories Case II. 

C a Required Depth Width Height Volume Weight 

ODO No. (in.) (in.) (in.) (cu ft) (Ib) 

1 27 Chest CY-—250/U, containing: 21% 20 6.56 126 

Switch Box SA-357/G 1 6 11 5 

Electrical Connector Assembly J—535/G 1 30% 8% 9 
Spare parts case containing: TiH%6 13% 2%2 

Electrical Contact Brush Assembly | 

type S373P 

Crystal rectifier 1N34A 1 

Crystal rectifier 1N38A 5 

Cartridge fuse, 1/10 amp, 250 volts 18 

Cartridge fuse, 3/10 amp, 125 volts 6 

Cartridge fuse, 6/10 amp, 250 volts 12 

Cartridge fuse, 15/100 amp, 250 volts 6 

Cartridge fuse, 2 amp, 125 volts 12 

Cartridge fuse, 3 amp, 250 volts 12, 

Cartridge fuse, 4 amp, 250 volts 12 

Cartridge fuse, 5 amp, 250 volts 12 

Cartridge fuse, 8 amp, 250 volts 6 
Glow lamp, Type NE-51 7 

Lightning arrestor 2 

Cord CG-409C/U (25 ft 0 in.) 4 300 

Radio Frequency Cable Assembly 78 183 

CG-1040A/U (15 ft 3 in.) 

Electrical Power Cable Assembly a | 12 

CX-2276/U (2 ft 0 in.) 
Electrical Power Cable Assembly 1 180 

CX-—2440/U (15 ft 0 in.) 
Electrical Power Cable Assembly 2 100 

CX-2241/U (8 ft 4 in.) 
Electrical Power Cable Assembly 2 120 

CX-—2242/U (10 ft 0 in.) 
Electrical Power Cable Assembly 1 39 
CX-2682/U (3 ft 3 in.) 

Electrical Lead CX-—2683/U (20 ft 0 in.) 1 240 
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CAPACITOR COLOR CODE MARKING 

(MIL-STD CAPACITORS) 

TYPE INDICATOR * 

FIRST SIGNIFICANT FIGURE 

SECOND SIGNIFICANT FIGURE 

INDICATOR 
(READING DIRECTION) 

cS 

DECIMAL MULTIPLIER * * 
TOLERANCE 
CHARACTERISTIC 

% BLACK DOT: MICA DIELECTRIC 
SILVER DOT: PAPER DIELECTRIC 

#HHiNDICATES NUMBER OF ZEROS ON PAPER TYPE. 
MICA (CM) AND PAPER (CN) 

SECOND SIGNIFICANT FIGURE 
FIRST SIGNIFICANT FIGURE 
TEMPERATURE 
COEFFICIENT 
INNER-. ——ec 

ELECTRODE TERMINAL 
SECOND SIGNIFICANT FIGURE 
FIRST SIGNIFICANT FIGURE 
TEMPERATURE 
COEFFICIENT 

OECIMAL MULTIPLIER 

CAPACITANCE TOLERANCE 

DECIMAL MULTIPLIER 

CAPACITANCE TOLERANCE 

INNER- ELECTRODE 
TERMINAL 

0 0 
NOTE: 

SPOTS MAY BE USED INSTEAD OF BANDS, TEMPERATURE 
COEFFICIENT MARKING IS LARGER. 

CERAMIC-TEMPERATURE COMPENSATING (CC) 

MiL BUTTON-MICA FIRST SIGNIFICANT FIGURE 
IDENTIFIER (BLACK) 

SECOND SIGNIFICANT FIGURE 

DECIMAL MULTIPLIER 

CHARACTERISTIC CAPACITANCE TOLERANCE 

BUTTON-MICA (CB) 

SECOND SIGNIFICANT FIGURE 

DECIMAL MULTIPLIER 

CAPACITANCE TOLERANCE 

FIRST SIGNIFICANT FIGURE 

CHARACTERISTIC 

MIL IDENTIFIER 
“BLACK DOT) 

INNER-ELECTRODE 
TERMINAL ita | l 

CHARACTERISTIC FIRST SIGNIFICANT FIGURE 

,- SECOND SIGNIFICANT FIGURE 

OECIMAL MULTIPLIER 

CAPACITANCE TOLERANCE 
MIL IDENTIFIER 

(BLACK SPOT) 

NOTES: 
1. SPOTS MAY BE USED ON TUBULAR CAPACITORS, 

CHARACTERISTIC SPOT IS LARGER AND MIL IDENTIFIER 
is ON SIDE DIAMETRICALLY OPPOSITE COLOR SPOTS. 

2. MIL IDENTIFIER OF DISK TYPE IS ON REVERSE SIDE; 
CHARACTERISTIC SPOT IS LARGER OR SPACE BETWEEN 
CHARACTERISTIC AND TOLERANCE SPOTS !S THREE 
TIMES SPACE BETWEEN ADJACENT SPOTS. ’ 

3. TOLERANCE: YELLOW, +100%,—-20%. 

CERAMIC-GENERAL PURPOSE (CK) 

CAPACITOR COLOR CODE 

TEMPERATURE 
COEFFICIENT 

(UUF/UF/°C) 

TOLERANCE 2 

enanon fia | P heos |e so fa | oo] S| | soe | 
eveitow shell trooce SP ace e [ie [0 ae eee eee 

Ga OE HE 
PURPLE (Moet) Hid PR de 
CN CSN 
FE Ea ee Ee 
Ce eee PR ee ed ee 
PC a WE 
|. LETTERS ARE IN TYPE DESIGNATIONS GIVEN IN MIL-C SPECIFICATIONS. 
2. IN. PERCENT, EXCEPT IN UUF FOR CC-TYPE CAPACITORS OF IO UUF OR LESS. 
3. INTENDED FOR USE IN CIRCUITS NOT REQUIRING COMPENSATION. 

STO-Cl 

Figure 361. MIL-—STD capacitor color codes. 
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356 

CAPACITOR COLOR CODE MARKING 

(MIL-STD CAPACITORS) 

* MiL BUTTON-MICA FIRST SIGNIFICANT FIGURE 
Udita Teans sacha IDENTIFIER (BLACK) 
FIRST SIGNIFICANT FIGURE SECOND SIGNIFICANT FIGURE 

SECOND SIGNIFICANT FIGURE Seiten lumiieeres 

INDICATOR 
(READING DIRECTION) CHARACTERISTIC CAPACITANCE TOLERANCE 

SSS BUTTON-MICA (CB) 

DECIMAL MULTIPLIER * * FIRST SIGNIFICANT FIGURE SECOND SIGNIFICANT FIGURE 

TOLERANCE DECIMAL MULTIPLIER 

CHARACTERISTIC CHARACTERISTIC CAPACITANCE TOLERANCE 

* BLACK DOT: MICA DIELECTRIC MIL IDENTIFIER 
SILVER DOT: PAPER DIELECTRIC “BLACK DOT) 

INDICATES NUMBER OF ZEROS ON PAPER TYPE. IMHERME ECT RODE 

MICA (CM) AND PAPER (CN) TERMINAL || (} 

SECOND SIGNIFICANT FIGURE 
FIRST SIGNIFICANT FIGURE DECIMAL MULTIPLIER CHARACTERISTIC FIRST SIGNIFICANT FIGURE 

TEMPERATURE CAPACITANCE TOLERANCE SECOND SIGNIFICANT FIGURE 
COEFFICIENT 
INNER-. ———ee 5 

ELECTRODE TERMINAL 

SECOND SIGNIFICANT FIGURE Mi DENS 

FIRST SIGNIFICANT FIGURE DECIMAL MULTIPLIER (BLACK SPOT) 
Ae 

TEMPERATURE CAPACITANCE TOLERANCE 
COEFFICIENT . SPOTS MAY BE USED ON TUBULAR CAPACITORS; 

CHARACTERISTIC SPOT IS LARGER ANDO MIL IDENTIFIER 
INNER-ELECTRODE iS OM. SIDE DIAMETRICALLY OPPOSITE COLOR SPOTS. 
TERMINAL . MIL IDENTIFIER OF DISK TYPE IS ON REVERSE SIDE; 

CHARACTERISTIC SPOT IS LARGER OR SPACE BETWEEN 

0 0 CHARACTERISTIC AND TOLERANCE SPOTS !S THREE 
NOTE: TIMES SPACE BETWEEN ADJACENT SPOTS. 

SPOTS MAY BE USEO INSTEAD OF BANDS; TEMPERATURE 3. TOLERANCE: YELLOW, +100%,-20%. 
COEFFICIENT MARKING IS LARGER. 

-DECIMAL MULTIPLIER 

CAPACITANCE TOLERANCE 

CAPACITOR COLOR CODE 

TEMPERATURE 
COEFFICIENT 

CERAMIC-TEMPERATURE COMPENSATING (CC) CERAMIC-GENERAL PURPOSE (CK) 

(UUF/UF/°C) COLOR NUMBER 
DECIMAL OF z 

ZEROS fiouurloruess} | 
ce ee ee 

[ ireuow [4h rooce a ee ee | |. ae eae 

oLue Ce DE 
PURPLE 
(VIOLET) 

TOLERANCE 2 

a Ge ER 
i RC 
a Ce 

. LETTERS ARE IN TYPE DESIGNATIONS GIVEN IN MIL-G SPECIFICATIONS. 
“ IN. PERCENT, EXCEPT IN UUF FOR CC-TYPE CAPACITORS OF 10 UUF OR LESS. STO-CI 
3. INTENDED FOR USE IN CIRCUITS NOT REQUIRING COMPENSATION. 

Figure 361. MIL—STD capacitor color codes. 
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Figure 363. Multiplexer Set AN/TCC-13, multiplexer rack, over-all schematic diagram. 
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Figure 364. Multiplexer Group AN/TCA-1, multiplexer rack, over-all schematic diagram. 
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Figure 365. Pulse Form Restorer Group AN/TRA-10, over-all schematic diagram. 
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Figure 376. Multiplexer Group AN/TCA-1, delay line, schematic diagram. 
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RESISTOR COLOR CODE MARKING 

(MIL-STD RESISTORS) 

AXIAL-LEAD RESISTORS ; RADIAL-LEAD RESISTORS 

(INSULATED) (UNINSULATED) 

(ENO) (Booy) 
TOLERANCE YF 

(END) 

S 

TOLERANCE 
4 SECOND 

' 

MULTIPLIER 
apa peel 

MULTIPLIER 
SECOND SIGNIFICANT FIGURE (OOT OR BAND) 
FIRST SIGNIFICANT FIGURE 

IRST 
SIGNIFICANT 
FIGURE 

RZ-COMPOSITION | RC-COMPOSITION 

(END) 
TOLERANCE 

SECOND 
SIGNIFICANT 
FIGURE 

TOLERANCE 

MULTIPLIER 

SECOND SIGNIFICANT 
FIGURE 

FIRST SIGNIFICANT FIGURE 
(DOUBLE WIOTH SIGNIFIES 
FIXED WIRE-WOUND 
RESISTORS) 

RU-WIRE- WOUND 

MULTIPLIER 
(O0T OR BAND) FIRST 

SIGNIFICANT 
FIGURE 

RZ-COMPOSITION 

RESISTOR COLOR CODE 

BAND AOR BODY* BAND B OR END* BAND C OR DOT OR BANO* BAND 0 OR ENO* 

"FIRST SECOND RESISTANCE 

SIGNIFICANT COLOR SIGNIFICANT COLOR MULTIPLIER COLOR TOLERANCE 

FIGURE FIGURE 
(PERCENT) 

raneaseeaieie ag eeo 9 | camera [rants amnion Deters: tee a 
)RANGE 

fELLOW 

SURPLE 
/1OLET) (VIOLET) 

R WIRE-WOUND-TYPE RESISTORS, BAND A SHALL BE DOUBLE-WIOTH. 

4E% BOOY COLOR IS THE SAME AS THE DOT (OR BAND) OR END COLOR, 

1E COLORS ARE DIFFERENTIATED BY SHADE, GLOSS, OR OTHER MEANS. 

MPLES (BAND MARKING): 
EXAMPLES (BODY MARKING): 

oums +20 PERCENT: BROWN BAND A, BLACK BAND 8, 10 OHMS ¢20 PERCENT: BROWN BODY, BLACK END; BLACK DOT 

ACK BANO C; NO BAND D. 
OR BAND, BODY COLOR ON TOLERANCE END. 

7 OHMS +5 PERCENT: YELLOW BAND A, PURPLE BANO B; 3,000 OHMS +10 PERCENT: ORANGE BODY, BLACK END; RED DOT 

LD BAND C; GOLD BAND D. 
OR BAND, SILVER END. STO-RI 

Figure 362. MIL-STD resistor color codes. 
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Figure 377. Pulse Form Restorer Group AN/TRA-10, delay line, schematic diagram. 
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NOTES 
|. UNLESS OTHERWISE SHOWN 

CAPACITORS ARE IN UF. 

2. NUMBERS NEXT TO SQUARES ON Ji,J2,J3 ANO J4 
ARE FOR REFERENCE ONLY, AND DO NOT 
EXIST PHYSICALLY. 

A.FOR REMOTE OPERATION, TERMINAL 
NUMBERS NEXT TO CIRCLES ON J, J2,J3 AND 
J4 MATE WITH CORRESPONDING TERMINAL 
NUMBERS OF Pi AND PZ ON THE SCHEMATIC 
DIAGRAM OF CONTROL, REMOTE SWITCHING 
C-1509/TC 

B. FOR NORMAL OPERATION, TERMINAL NUMBERS NEXT 
TO CIRCLES ON Ji, J2,J3 AND J4 MATE WITH 

NUMBERS OF PI,ANDP2, WHICH ARE REFERENCED 
CORRESPONDINGLY NEXT TO SQUARES 
ALONGSIDE THE CIRCLES ON Ji,J2,J3, AND J4 

FOR EXAMPLE 

Ol O32 ON Ji INDICATES THAT FOR REMOTE 
OPERATION TERMINAL | OF JI MATES WITH 
TERMINAL 32 OF Pi OR P2 

©. FOR REMOTE OPERATION 
ULMATES WITH P2 
JolMATEs WITHpr } CHANNEL 2 
J3 MATES WITH P2 
Ja MATES wiTH pit CHANNEL | 

FOR NORMAL OPERATION 
JLMATES WITH PI 
JoMaaties Wit pat CHANNEL 2 
J3 MATES WITH PI] CHANNEL | 
J4 MATES WITH P: 

3. % TBIA IS TERMINAL BOARD ON MULTIPLEXER 

TD-60/TCC-13 (PART OF AN/TCC-13) 
% % TBIA [S TERMINAL BOARD ON PULSE 
FORM RESTORER T0-68/G (PART OF AN/TCA-I) 

+ REFERS TO RACK,ELEC EQUIP MT-lI65/TCC-I3 

(PART OF AN/TCC-I3) 
tt REFERS TO RACK,ELEC EQUIP MT-1433/TCA-I 
(PART OF AN/TCA-I) 
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Figure 384. Voltage Regulator CN-236/G, schematic diagram. 
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Figure 390. Multiplexer TD-60/TCC-13, multiplexer section filter, wiring diagram. 
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Figure 390. Multiplexer TD-60/TCC-13, multiplexer section filter, wiring diagram. 
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Figure 395. Video restorer, wiring diagram. 
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Figure 396. Telephone Modem MD-179/TC, wiring diagram. 
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Figure 398. Electrical Equipment Rack MT-1433/TCA-1, over-all wiring diagram. 
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