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DESTRUCTION NOTICE 

WHY —To prevent the enemy from using or salvaging this equipment for his 

benefit. 

WHEN— When ordered by your commander. 

HOW —1. Smash—Use sledges, axes, handaxes, pickaxes, hammers, crowbars, 

heavy tools. 

2. Cut—Use axes, handaxes, machetes. 

3. Burn—Use gasoline, kerosene, oil, flame throwers, incendiary gren- 

ades. 

4. Explosives—Use firearms, grenades, TNT. 

5. Disposal—Bury in slit trenches, fox holes, other holes. Throw in 
streams. «Scatter. . 

USE ANYTHING IMMEDIATELY AVAILABLE FOR DESTRUCTION OF THIS EQUIPMENT 

Ss WHAT—!. Smash—Panels, switches, controls, vacuum tubes, terminal strips. 

2. Cut—Cables, cords, all wiring. 

3. Burn—Resistors, capacitors, coils, technical manuals, equipment 

drawings. 
ts ce : 4, Bend—Mounting plates. 

5. Bury or scatter—All of the above pieces after destroying their use- 

fulness. 

DESTROY EVERYTHING 

SAFETY NOTICE 

Voltages used in this equipment are high enough to endanger life and may be 

fatal if contacted by operating personnel. Attendants must be careful not to contact 

high-voltage plate circuits and the a-c input connections. Do all testing with insul- 

ated test leads. Disconnect a-c powercord when making adjustments and when dis- 
assembling any part of the equipment. 



seansasosstiveons 

SSR pe 

we ox 

Bsa ak 
SBI cis 5 a 

Bo way 

semper 

eC a ee 2 
oe ee Es 

Figure J. Typical installation of type H carrier telephone packaged equipment. 



This manual supersedes TM 11-2025, Type H Carrier Telephone Packaged Equipment, 30 June 1944, and TM 11-2038, Installation Instructions 
for Type H Carrier Telephone Packaged Equipment, 30 June 1944. 

PART ONE 

of INTRODUCTION 

Section |. 

|. Genera! 

a, Carrier Terminal OA-13/FC (Western Elec- 
tric type H carrier terminal panel X-66217A), Car- 
rier Repeater OA-10/FC (Western Electric type H 

carrier repeater panel X-66217B), and Carrier Filter 
F-36/FC (Western Electric type H carrier line panel 
X-66217C) are used to form a carrier system which 
is generally known as type H. Type H carrier tele- 

phone packaged equipment (fig. 1) provides means 
for superposing one additional telephone channel on 

an existing open-wire voice-frequency circuit, or two 
additional telephone channels on a radio circuit. The 

type H carrier channel may be used for a voice-fre- 
quency telegraph system within certain limitations. 

The equipment consists of three panels designated 

H CARR TERM, H CARR REP, and H CARR 
LINE. The equipment is mounted on panels, suit- 
able for installation in apparatus cabinets or on 

standard 19-inch relay racks which must be provided 
separately. Equipment for protection against exces- 

sive line voltages must also be provided separately. 
(1) A complete carrier terminal requires one car- 

rier terminal panel and one carrier line panel. The 

carrier terminal panel may be used either as an East 

or a West?! terminal, and may be terminated on the 

switchboard side either on a two-wire or a four-wire 

basis. Terminal panels may also be used at each end 

of a radio link to permit operation of one or two 

carrier telephone channels in addition to the regular 

radio talking channel. Voice-frequency ringing 

equipment must be provided separately for signaling 

over the H carrier system. 

*The ends of wire circuits and the associated equipment 

are generally designated East and West, depending upon 

their geographical location or local agreement. For lines 

running North and South, the ends are usually designated 

East and West respectively. 

DESCRIPTION : 

(2) A complete carrier repeater requires one car- 

rier repeater panel and two carrier line panels. 

(3) Where it is desired to transfer the carrier 
circuit without being repeatered, two line panels are 

used in tandem. 
b. The arrangement for superposing a type H car- 

rier system on an open-wire pair is shown in figure 
2, which also shows the application of terminal and 

line panels. As illustrated, two telephone channels 
are provided, one voice-frequency circuit and one 
carrier circuit. 

c. No equalization or automatic regulation of the 
circuit net losses is provided to compensate for vari- 

ations in line attenuation with weather. The over-all 

distance over which satisfactory operation is obtain- 
able is limited by the type of open-wire line used and 

by the absence of automatic gain regulation. (See 

table III for specific distances.) With two repeaters 

these distances can be more than doubled but some 

narrowing of the transmission band results due to 

the transmission characteristics of the carrier re- 

peater. For this reason and because no automatic 

regulation is provided with the system, it will gen- 

erally be desirable to limit the number of repeaters in 

any one system to two. 

d. A source of 105- to 125-volt, 50- to 60-cycle a-c 
power is required for the operation of the terminals 
and repeaters. No power is required for the line 

panels. 

e. Type H carrier equipment is moisture-resistant 

and is designed to operate over wide ranges of tem- 

perature and humidity. It uses the same frequency 

bands as the commercial (Western Electric type 
H-1) carrier equipment, and may be interconnected 

with that equipment. However, this commercial 
equipment uses East and West terminals, which 

are not interchangeable, with built-in ringing equip- 
ment. 
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Figure 2. Type H carrier superposed on open-wire pair, block diagram. 

2. Table of Major Components 

The major components of type H carrier telephone 
packaged equipment are listed below. The weights 

and dimensions shown are for the equipment un- 

packed and ready for use. Installing materials and 
spare vacuum tubes furnished with the equipment 

are not shown. See the Signal Corps catalog for 
a complete list of small parts, or appendix I of this 

manual where the list is included for reference. 

Component unpack 2 Dimension’ ‘eines 

- required 

Carrier Terminal OA-13/FC 50 12144 x 19 7 

Carrier Repeater OA-10/FC 35 834 x 19 5 

Carrier Filter F-36/FC 15 34% x 19 2 

3. Physical Description of Panels 

Each panel is made of sheet steel and is arranged 

to be mounted in an apparatus cabinet or on stand- 

ard 19-inch relay rack. Controls for operation, 

jacks for testing and patching, and designation 

card holders are located on the front of the panels. 
The terminal strips for terminating connections to 

other equipments are located on the rear of the 

panel, together with the power cord terminations. 
Shipped with each panel are schematic and wiring 

diagrams, copies of this manual, and four designa- 
tion cards. 

a, CARRIER TERMINAL OA-13/FC (fig. 3). This 

panel contains equipment for changing voice-fre- 
quency signals to carrier-frequency signals in the 

transmitting direction, for reconverting carrier-fre- 

quency signals to voice-frequency signals in the re- 

ceiving direction, and for amplification of the signals 

to the desired strength in both directions of trans- 

mission. The EQPT switch is used for arranging 

the terminal for the type of termination desired, two- 
wire or four-wire. The LINE switch is used to ar- 
range the terminal for the type of line connection 

desired, to an East line, a West line, radio transmis- 

sion, or radio reception. The REC GAIN and TR 
GAIN controls are used to vary the losses of the 
transmitting and receiving gain pads, and thus con- 

trol the signal strength. These pads provide losses 

up to 50 decibels (db) in 2-db steps. One vacuum 
tube is used in each of the amplifier circuits, trans- 

mitting and receiving, and in the oscillator circuit. 

Six spare vacuum tubes are shipped with the equip- 
ment. 

b, CarRIER REPEATER OA-10/FC (fig. 4). This 
panel contains equipment for amplifying the signals 

in both directions of transmission. The strength of 

signals is controlled by the W-E GAIN and E-W 
GAIN switches, which in turn control the amplifier 

gain pads and provide up to 50-db loss in 2-db steps. 

One vacuum tube is used in each amplifier circuit, 
and six spare tubes are shipped with the equipment. 

c. CARRIER FILTER F-36/FC (fig..5). This panel 
contains high-pass and low-pass filters for separating 
the voice and carrier frequencies, and balancing filt- 
ers for use with the balancing networks of voice- 
frequency repeaters. Enough balancing filters are 
provided for balancing purposes when the carrier 
equipment is used on a physical two-wire line or on 
a phantom group. This panel is connected between 
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Figure 3.. Carrier Terminal OA-13/FC, front view. 
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Figure 4. Carrier Repeater OA-10/FC, front view. 



the line and a terminal or a repeater. Two of these 
panels are connected back-to-back when it is neces- 

sary to terminate the voice circuit at an intermediate 

point in the system, to by-pass the carrier system 

HIGH- PASS 
PFILTER 

Figure 5. 

4. General Functioning of Terminal Panel 

a. Two-wiIRE TELEPHONE TRANSMITTING CIR- 
cuit. A terminal arranged for telephone operation 

and terminated on a two-wire basis on the switch- 

board side is shown in figure 6. With switch EQPT 

at 2W, and switch LINE at EAST or WEST, as 

required, the carrier terminal operation is as follows: 

(1) Voice-frequency signals pass through the 

hybrid coil HYB and enter the transmitting portion 

of the low-pass filter LP. The balancing network 
(BAL NET) connected to the hybrid coil is used to 

balance the two-wire side of the hybrid coil. 

(2) The output of the low-pass filter connects to 
balanced varistor modulator MOD. The modulator, 

which raises the voice-frequency signals to carrier 

frequencies, is supplied with a source of 7,150 cycle 
current by vacuum tube oscillator OSC. 

(3) The modulator output is connected to band- 

pass filter BF arranged to pass the upper side band 

(approximately 7,400 to 10,150 cycles) if it is an 
East terminal, or the lower side band (approximately 

4,150 to 6,900 cycles) if it is a West terminal. 

(4) The selected side band passes through the 

transmitting gain potentiometer TR GAIN, which is 
adjusted by control TR GAIN on the front panel, to 
the input of transmitting amplifier TR. 

(5) From the transmitting amplifier the side band 
passes through directional filter DF which provides 

additional suppression for the unwanted frequencies. 
The transmitting portion of the directional filter is 

LOW-PASS: 

» 

around a voice-frequency repeater, ot to transfer 

the carrier circuit from one open-wire line to another 

open-wire line. Connecting wire (205 feet) is ship- 

ped with the panel. 

PHANTOM LINE 
FILTER BENG s 
“NETWORK 

LINE FILTER 
BALANCING NETWORK 

| LINE FILTER. LINE FILTER 
NETWORK BALANCE _ 'TL51556. 

Carrier Filter F-36/FC, front view. 

arranged to pass the same side band as passed by 

transmitting band-pass filter BF. 
(6) From the directional filter the carrier side 

band passes to the open-wire line through the carrier 

line panel high-pass filter and through protector 

equipment. 

b. Two-wirE TELEPHONE RECEIVING CIRCUIT. 

The incoming side-band path is as follows: . 

(1) After passing through the protector equip- 

ment and carrier line panel, the receiving unit of 

directional filter DF selects the lower side band if it 

is an East terminal (the upper side band if it is a 
West terminal) and passes the side-band frequencies 

through gain control potentiometer REC GAIN, 

which is adjusted by the REC GAIN control on the 

front panel. The side-band frequencies then pass 

through band-pass filter BF, arranged to pass the 

lower side band if it is an East terminal, or the 

upper side band if it is a West terminal, and thence 

to demodulator DEM. 

(2) The demodulator is a balanced varistor bridge 

and is supplied with a source of 7,150 cycle current 
from the same vacuum-tube oscillator OSC that sup- 
plies the modulator. The. demodulator lowers the 
carrier frequencies to voice frequencies. 

(3) The voice-frequency output from the demodu- 
lator is connected to the receiving portion of low- 
pass filter LP and thence to receiving amplifier REC. 

(4) From the receiving amplifier the voice-fre- 
quencies pass through a 7.6-db fixed loss pad R2 to 
hybrid coil HYB and then to the two-wire extension. 
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c. Four-wireE Circuit (fig. 7). With the EQPT 
switch at 4W TEL and the LINE switch at EAST 

or WEST, as required, the terminal circuit is similar 

to that described in a and b above except that the 

function of hybrid coil HYB is changed to that of a 

repeating coil, an 8-db pad R1 is inserted at the input 

to transmitting low-pass filter LP, and the 7.6-db 
fixed pad R2 is eliminated from the receiving path. 

The terminal is terminated on a four-wire basis when 

the type H carrier system is extended to another 

adjacent carrier terminal, an adjacent voice-fre- 

quency telephone repeater, or a voice-frequency car- 

rier telegraph terminal. The 4W TLG position of 
switch EQPT is provided for cases where it is de- 
sired to remove the 8-db pad R1 from the transmit- 

ting path. 

d. Rapio Link Circuit. When a type H carrier 
system is operated over a four-wire radio link, two 

terminal panels are required at each end of the link. 
The arrangement at each end of the link is shown in 

figures 8 and 9. For explanatory purposes, the ter- 
minals used at the West end of the radio link have 
been arbitrarily designated 1A and 2A, and those 
at the East end 1B and 2B. Transmission and recep- 
tion are described only for the West-to-East path ; 
Ikast-to-West transmission follows a similar path. 

The arrangement consists essentially of connecting 

the receiving circuits of the carrier terminals to the 

radio receivers, and the transmitting circuits to the 

radio transmitters. 
(1) West End of Radio Link (fig. 8). Voice 

frequencies (250 to 3,000 cycles) from type H tele- 

phone channel 1 enter terminal 1A, are raised by 

modulation to carrier frequencies (7,400 to 10,150 

cycles), and passed by directional filter DF through 

the carrier line panel to the radio transmitter. Voice 

frequencies (250 to 3,000 cycles) from type H tele- 
' phone channel 2 enter terminal 2A, are raised by 
modulation to carrier frequencies (4,150 to 6,900 

cycles), and also. passed by directional filter DF of 

terminal 1A through the carrier line panel to the 

radio transmitter. Note that terminal 1A is called 

the transmitting terminal and that terminal 2A the 
receiving terminal. The LINE switches of the re- 
spective terminals are so positioned. 

(2) East End of Radio Link (fig. 9). Carrier 

frequencies from the radio receiver, after passing 

through the carrier line panel, are separated by direc- 

tional filter DF of terminal 2B. The higher fre- 

quencies (7,400 to 10,150 cycles) are passed to ter- 
minal 1B, lowered by demodulation to voice fre- 

quencies, and transmitted to type H telephone chan- 
nel 1. The lower frequencies (4,150 to 6,900 cycles) 
are passed to terminal 2B, lowered by demodulation 

to voice frequencies, and transmitted to type H tele- 
phone channel 2. Note that terminal 2B is called 
the receiving terminal and that terminal 1B is called 
the transmitting terminal. The LINE switches of 

the respective terminals are so positioned. 

e. TALKING ARRANGEMENTS FROM THE TER- 

MINAL PANEL. If it is desired to talk over the type 
-H carrier system, it is recommended that the ter- 
minating switchboards be used since no facilities are 
provided for talking from the carrier terminal. How- 
ever, if it is necessary to talk between two terminal 

panels, a magneto telephone and a patching cord with 

spade terminals at one end must be available at each 
terminal. Connect the spade terminals to the magneto 

telephone. Remove the system from service, insert 
the plug of the patching cord into jacks 2W HYB 

on the terminal, and set switch EQPT on the 2W 

position. (The hand generator of the magneto tele- 

phone cannot be used to signal over the system from 

the carrier terminal.) After the conversation is com- 
pleted, restore switch EQPT to its original position’ 

and remove the patching cord. Echo or hollowness 

may be noticed when talking over the system in this 

manner, but such echo does not indicate trouble un- 

less echo is noted also when talking between the ter- 
minating switchboards. 

f. Power Suppiy. The carrier terminal requires 

an external source of 105- to 125-volt, 50 to 60-cycle, 

a-c power. Equipment is provided in the panel to’ 

convert this power to 10.5 volts alternating current 

(ac) to operate the heaters of the vacuum tubes and 
approximately 150 volts direct current (dc) for the 
screen and plate circuits. The carrier terminal panel 
provides no fuse or alarm circuits. 

5. General Functioning of Repeater Panel (fig. 10) 

a. TRANSMISSION Circuit. For the West-to- 
Fast direction, side-band frequencies enter direc- 
tional filter W DF which selects the correct fre- 
quency band (4,150 to 6,900 cycles) and passes it to 
gain potentiometer W-E. This potentiometer is ad- 
justed by the W-E GAIN control on the front of the 

panel and controls the strength of the signal passed 

to amplifier W-E, which amplifies the side band to 
the desired level. The amplified side band then 
passes to the open-wire line through directional filter 

E DF, the line panel, and protector equipment. For 

the East-to-West direction, the operation is similar 
to that described above. 

b. TALKING ARRANGEMENTS. It is impractical 

to talk over the carrier channel from a repeater. 

When talking from repeater offices, a voice-fre- 

quency circuit must be used. 
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c. Power Suppty. The repeater power equip- 
ment is similar to that used in the terminal, An ex- 

ternal source of 105- to 125-volt, 50- to 60-cycle, a-c 

power is required. The repeater power supply pro- 

vides 10.5 volts ac for the heaters of the vacuum 

tubes and approximately 150 volts de for the screen 

and plate voltages. The repeater panel provides no 

fuse or alarm circuits. 

Ae i! 105 -125V ee. E ae 
Sales LINE SUPPLY ay ae LINE CARRIER 

LINE PANEL FILT CIRCUIT Fy tallies LINE PANEL 

E-W E-W ‘L51560 

Figure 10. Type H repeater, block diagram. 

6. General Functioning of Line Panel (fig. 5) 

The line panel provides the line filters and balancing 

equipments required for use with terminal and re- 

peater panels and at transfer points. Five separate 
units, which may be connected as desired, are in- 

cluded. 
a. Line filter LF consists of two sections, a low- 

pass and a high-pass filter, for separating the voice 

and carrier frequencies. 

b. For phantom-group operation, it is necessary 

that both side circuits of the phantom group be kept 
electrically identical. Line filter balance LFB is pro- 

vided for this purpose and is connected in series with 

the line wires of the other side circuit, when this 

circuit is not equipped for H carrier operation, to 

balance the line filter on the carrier side circuit. 

c. Line filter network LFN is connected into the 

balancing network of a voice-frequency repeater to 

balance line filter LF. 

d. Line filter balancing network LF BN is con- 

nected into the balancing network of a voice-fre- 

quency repeater to belance line filter balance LFB. 
e. Phantom line filter balancing network PH LF 

BN is connected into the balancing network of a 
phantom voice-frequency repeater to balance line 

filter LF and line filter balance LFB in the side cir- 

cuits. 

7. Electrical Characteristics 

a. FREQUENCY. (1) The frequency range of the 

type H carrier system is from approximately 4 to 

10 kilocycles. 

(2) Frequency bands are obtained by modulating 

a common carrier frequency of 7,150 cycles with the 
frequencies produced by the voice. Single side-band 

transmission is utilized, the carrier frequencies and 

unwanted side bands being suppressed. For trans- 
mission in the East-to-West direction the system 

uses the upper side band (approximately 7,400 to 
10,150 cycles) and in the West-to-East direction it 
uses the lower side band (approximately 4,150 to 

6,900 cycles). . 

b. TRANSMISSION-FREQUENCY CHARACTERISTICS. 

Since equalization is not provided in type H carrier 

Terminal equipment, the transmission-frequency 

characteristics of the system depend largely on the 

terminal equipment and on the attenuation charac- 

teristics of the line over which the system is oper- 

ated. 

(1) Without repeaters. In a system operating 

without repeaters, generally it should be possible to 

obtain transmission bands having losses at 300 and 

3,000 cycles not more than 10 db above the loss at 

1,000 cycles. A representative over-all frequency 



characteristic for a type H carrier system operating 

over a 145-mile line of 104 copper-steel (40 percent) 
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Figure 11, 

(2) With repeaters. When one or more repeat- 

ers are used in the system, some narrowing of the 

over-all transmission band results due to the attenu- 

ation characteristic of the additional line and the 

directional filters in the repeaters. 
(a) Additional losses at upper and lower fre- 

quencies due to one repeater in the system are given 
in table I. This table shows losses referred to the 

loss at 1,000 cycles and is based on the gain-fre- 

quency characteristics for a representative repeater 
but does not include the attenuation effects of addi- 

tional line. 

Table I. Additional losses at edges of bands due to one 

repeater 

Frequency East-to-West loss West-to-East loss 
(cps) — (Glay) hiss (db) 

250 3. 

~ 500 ie 

2,500 0.2 

2,750 0.6 
3,000 28 

open wire without intermediate repeaters is shown in 
figure 11. 
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System transmisswn-frequency characteristics. 

(b) Where more than one repeater is involved, 
the losses given in table I should be increased ac- 

cordingly. Since no equalization is provided with the 
repeater, the attenuation-frequency characteristic of 

the additional line reduces the rounding-off effect at 

the lower edge of the East-to-West bands and the 

upper edge of the West-to-East bands. Correspond- 

ingly, it increases this effect for the lower frequen- 

cies in the West-to-East band, and the upper fre- 

quencies in the East-to-West band. 

c. SysteEM Loap Capacity. The system is de- 

signed to transmit an output power of about +16 

dbm to the line. With the system properly ‘adjusted, 

speech or telegraph currents should not cause appre- 

ciable overloading, When the terminal is arranged 

for two-wire operation on the switchboard side, 

powers up to +2 dbm can be delivered to the switch- 

board without appreciable distortion, and powers up 

to +5 dbm can be used if some distortion is per- 

mitted. When the terminal is arranged for four-wire 



operation on the switchboard side, the system is ar- 

ranged for an input and output of -+-4 dbm on the 

switchboard side. 

d. SIGNALING. 
quires voice-frequency ringing equipment at each 

terminal. Ringing equipment is not part of the type 

H system and must be provided separately. 

e. Power. (1) The 105- to 125-volt, 50- to 60- 

cycle, a-c power source required by a type H carrier 

The type H carrier system re- 

terminal and repeater is used to supply power to the 

vacuum tubes. The terminal uses approximately 20 

Section Il. 

8. System Application 

By utilizing a band of frequencies higher than the 

voice-frequency band, an additional telephone chan- 

nel may be added to the channel already existing 
on a pair of telephone wires. Type H carrier equip- 

ment is designed to provide such a band of carrier 

frequencies for operation over an open-wire-line 

circuit. Operation of the type H system above 
the physical voice circuit has little effect on the 

physical circuit because the filters of the type H line 
panel prevent interference between the voice and 

carrier frequencies. The carrier system may be su- 

perposed on an open-wire pair terminated in voice- 

frequency repeaters, or on a nonrepeatered circuit 

providing it is terminated in repeating coils. Further- 

more, the pair may be simplexed or composited for 

d-c telegraph operation. The type H carrier ter- 
minals may also be arranged for operation over radio 
links. 

Note. In the applications described in the following para- 

graphs the switchboard sides of the carrier terminals are 

terminated on a two-wire basis for connection to a switch- 

board, two-wire extension, or two-wire voice-frequency 

carrier telegraph equipment. If desired, however, either or 

both of the carrier terminals can be terminated on a four- 

wire basis for connection to another carrier system, a voice- 

frequency repeater, or a four-wire voice-frequency carrier 
telegraph terminal. 

9. Application to Two-Wire Physical Circuit (fig. 12) 

This application illustrates the use of type H carrier 

equipment with voice-frequency telephone repeaters 
and d-c composite telegraph sets. Type H carrier 

equipment is inclosed within heavy lines and other 

equipment which must be provided in addition is 
inclosed within dashed lines. Note that voice-fre- 

quency ringing equipment must be provided for the 

watts of power and the repeater uses approximately 

15 watts. 
(2) A testing power, equivalent to one milliwatt 

at the two-wire input, (for circuits having extensions 
with a loss of 0.5 db or less), normally is used in 
setting up and maintaining a type H carrier system. 
All input and output powers in this manual are re- 
ferred to this testing power. Power is expressed in 
dbm, which denotes power in decibels above or below 
1 milliwatt (Odbm), terminated at 600 ohms. A plus 
sign is used to denote powers above 1 milliwatt and a 
minus sign for powers below 1 milliwatt. 

APPLICATION 

carrier telephone circuit, and that protector equip- 
ment must be provided separately. The following 

variations of this application may also be utilized: 

a. WITHOUT A CARRIER REPEATER AT THE INTER- 
MEDIATE Point. In this case the high-pass filters of 
the two carrier line panels at the intermediate point 

are connected together directly. 
b. WitHouT VOICE-FREQUENCY TELEPHONE RE- 

PEATERS. If the line is to be composited for tele- 
graph operation, the voice-frequency ringing equip- 

ment must be retained, the voice-frequency telephone 
repeaters are replaced by repeating coils, and the 

line filter network portion of carrier line panel is 
not used. If the line is to be simplexed for telegraph 

operation, the voice-frequency ringing equipment for 
the voice-frequency telephone circuit and the com- 

posite sets are eliminated, and the voice-frequency 
telephone repeaters are replaced by repeating coils. 

10. Application to Two-Wire Phantom Group (fig. 13) 

Type H carrier operation over each side circuit of 

a phantom group is entirely satisfactory within the 
limitations of an H system provided the pairs are 
transposed for both carrier and phantom operation 
(par. 165). This application illustrates the use of 
type H carrier equipment on the side circuit of a 

phantom group with voice-frequency telephone re- 
peaters. Type H carrier equipment is inclosed within 
heavy lines and other equipment which must be pro- 
vided in addition is inclosed within dashed lines. 
The arrangement of the type H carrier balancing 
network equipment has been omitted from figure 

_ 13 for clarity, but is shown in figure 14. The fol- 
lowing variations of application shown in figure 

13 may also be used: 

a, WitHoutT A CARRIER REPEATER AT THE IN- 

TERMEDIATE Pornt. In this case the high-pass filters 
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of the two carrier line panels at the intermediate 

point are connected together directly. 
b. WirHouT VoICE-FREQUENCY TELEPHONE RE- 

PEATERS. If the line is to be composited for tele- 

graph operation, the voice-frequency ringing equip- 

ment must be retained, the voice-frequency telephone 

repeaters are replaced by repeating coils, and the 
line filter networks are not used. If the line is to 

be simplexed for telegraph operation, the voice-fre- 

quency ringing equipment for the voice-frequency 

telephone circuits and the composite sets are elimi- 

nated and the voice-frequency telephone repeaters 

are replaced by repeating coils. 

c. TypE H Carrier oN BotH SIDE CIRCUITS. 

In this-case each side circuit is arranged in the 
same manner. The line filter balance units are not 

used since the line filters will balance each other. 

d. TypE H CarrigR ON ONE SIDE Circuit, AN- 

OTHER TYPE OF CARRIER ON THE OTHER SIDE 

Circuit. In this case the arrangement of the type 
H carrier side circuit is similar to that shown in 

figure 13 except that a line filter balance unit and 

a line filter network, to balance the other carrier 

line filter, are connected into the line and network 

sides, respectively, of the voice-frequency telephone 

repeater line equipment. An application with type 

H carrier on one side circuit and type C carrier on 

the other side is shown in figure 15. 

1. Application with Radio Link (fig. 16) 

This application illustrates the use of type H carrier 

equipment with a four-wire radio link, providing two 
telephone channels in addition to the existing voice- 
frequency channel on the radio link. The arbitrary 

terminal designation 1A, 2A, 1B, and 2B agree 
with those discussed in paragraph 4d (figs. 8 and 9). 

Any or all of the channels may be used for voice- 
frequency telegraph operation, but if only one chan- 

nel is so used, the original voice-frequency radio 
channel should be used and connected on a four- 

wire basis, as shown. Since two carrier terminals 

are required at each end of the link, full utilization 

is generally obtained by operating two type H chan- 

nels over the link. If voice-frequency telegraph op- 
eration is not desired, the four-wire radio circuit 

either must be terminated on a two-wire basis or 

connected to a voice-frequency telephone repeater 
on a four-wire basis. 

12. System Lay-out 

The operation of a type H carrier system over an 
open-wire line presents transmission problems not 
encountered in voice-frequency transmission due to 
the higher frequencies used by the type H system. 
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type C carrier on the other, 

Preliminary to the establishment of such a system, it 
is desirable that a survey be made of the facilities 
over which the system is intended to work. If the 
system is to be laid out by personnel in the field, 
this survey provides the basis for other considera- 

tions such as attenuation, impedance, noise, cross- 

talk, and operating distances. If the system is not 

to be laid out by personnel in the field, the survey 
data will be submitted to Office of the Chief Signal 
Officer, Army Communication Service, Plant En- 
gineering Agency. This agency will lay out the sys- 
tem and provide the necessary equipment for opera- 
tion of the system. Transposition lay-outs and draw- 
ings, if necessary, will be prepared to retranspose 

existing open-wire lines or for the construction of 
new lines. 

13. Preliminary Survey 

Satisfactory operation of the system will depend to 
a large extent upon the degree of thoroughness with 

which the preliminary survey is made. The data to 
be compiled are listed below. 

a. GEOGRAPHICAL Lay-out. (1) Location of sys- 

tem terminals. 

(2) Location of intermediate points where re- 

peater equipment may be installed and maintained 
conveniently. 

(3) Mileage of the line between each location in 
(1) and (2) above. 

b, Line Faciities. (1) Decide whether a new 
line is required or an existing line will be used. 
Give details of plans in this respect. 

(2) Information concerning gauge and composi- 

tion of wire, and pin locations available for the 
system in each section. 

(3) Length of crossarms, spacing between pins, 
and spacing between crossarms. 

(4) Transposition system, whether existing or 
proposed. 

c. CaBLE. (1) Type, length, gauge, number of 
quads, or pairs. 

(2) Location of all intermediate and entrance 

cables involved. 

(3) Type of loading, if any (loading coil in- 
ductance or type, and spacing). 

d. OTHER CARRIER SysTeMS INVOLVED. Where 
other carrier systems are existing or proposed on 
the line involved, supply information concerning : 
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(1) Type and frequency allocation of systems. 

(2) Location of terminals and repeaters. 

(3) Direction of transmission of frequency bands. 

(4) Pin locations ; gauge and composition of wire 

used by the systems in each section. 

(5) Output power used on other systems. 
¢. VOICE-FREQUENCY TERMINATIONS OF CARRIER 

Circuits. (1) Desired circuit net loss. 

(2) Location of terminating switchboards. State 
whether they are adjacent to carrier terminals or 

reached by a second carrier’ channel or* by voice- 
frequency extensions over cable or open-wire lines 

In the latter case give the length of the extension, 
the gauge of wires and whether the circuit is to be 

extended on a two-wire or four-wire basis. 

(3) Number of voice-frequency ringers required 

and their proposed location. 

(4) If system is to be used for transmission of 

voice-frequency carrier telegraph, state number of 

telegraph channels required in each direction. 

f. VOICE-FREQUENCY CIRCUIT TERMINATING OR 

CARRIER TRANSFER Points. When line terminating 
and carrier transfer equipment is required, supply 

the following information: 

(1) Number and location of transfer points. 

(2) Whether the voice-frequency circuit termi- 
nates or transfers to another line at the transfer 

point. . , 

(3) Whether composite or simplex telegraph cir- 
cuits terminate or transfer to another line at the 

transfer point. 

(4) Whether the carrier circuit transfers to an- 
other line at the transfer point. 

(5) Indicate which pairs are physical and which 
are phantomed. 

(6) If voice-frequency ringers are required on 

the voice-frequency circuits, give the number of 
ringers required. 
_-g. AVAILABILITY OF Power. (1) Estimate wheth- 

er the available power source will carry the addi- 
tional load required by the type H carrier systems. 

(2) Give voltage and frequency of power sources 

available at terminals and possible repeater points. 

Include capacity of generators. 

14. Open-wire Lines 

The characteristics of open-wire lines vary widely, 
depending upon the size and type of wire, spacing 

of wires on the crossarm, and the type of transpo- 

sition system used. Since it is physically impossible 

to present data for all types of lines which may be 
encountered, data given in this manual is for lines 

constructed in accordance with TM 11-2253. Such 
lines are designed to carry normally two 88-inch 

crossarms, each with four pairs of copper or cop- 

per-steel wire and with a spacing of 8 inches be- 
tween the wires of the pairs and 16 inches between 

pairs, which are suitable for carrier operation. The 
distance between poles will usually be approximately 
190 feet; 

a. ATTENUATION. The attenuation of open-wire - 
pairs increases rapidly with frequency, so that 

losses in the carrier-frequency range usually will 
be appreciably greater than losses at voice frequen- 

cies. The attenuation of open-wire lines of the type 
described above is given for a number of repre- 
sentative frequencies in table II. Data are given 

both for dry and wet weather. In laying out a type 
H system, frequencies of 6,000 and 8,000 cycles 
ordinarily are considered, since these frequencies 
roughly represent the modulated 1,000-cycle points 

in the upper and lower transmitted bands, and wet 

weather values should be used in the calculation. 

Table Il. Approximate attenuation of open-wire line facilities 
see 

Attenuation (db/mi) 

Description Dry Wet 
eae a aN Ss ee eae 

3 1ke Sikeo WS G6ilke 8 ke 11 ke ike 3 ke 6 ke 8 ke 11 ke 

080 copper-steel (40%) 0.23 | 0.29 | 030 | 031 | 0.32 0,25.) - 0:30" |s032) 1 0na meno 4s 
104 do. 0:160)20.20- 140.901" |" 020°. None 0.18 © "0.21 0.22 oh Oaee econs 
128 do. 0.12.) 0.13 Jo0.14° | 0.14 >| 0414 1.043212 Oa ode mele oa ele gtae 
080 copper : Ott 8) 0.125 1013" | 043° 0.14 e013 410145 s ee Oem ee 
104 do. 0.074 | 0.077 | 0.084 | 0.089 | 0.099 | 0.083 | 0.087 | 0.096 | 011 | 0.12 
128 do. 0.052 | 0.055 | 0.064 | 0.071 | 0.080 | 0.061 | 0.064 | 0.075 | 0.088 | 010 
165 do. 0.034 | 0.038 | 0.051 | 0.056 | 0.064 | 0.042 | 0.047 | 0.060 | 0.072 | 0.083 
--_e———————————————————— ee 



b. IMPEDANCE. The characteristic impedance of 
open-wire pairs in the type H frequency range is 
about 550 to 650 ohms, and is of approximately 
constant value. Type H carrier equipment on the 

line side has an impedance of approximately 600 

ohms and therefore a satisfactory impedance match 

is obtained. 

15. Intermediate and Entrance Cables 

a. The characteristic impedance of nonloaded cable 

is much lower than that of open-wire pairs in the 

type H frequency range. The characteristic impe- 

dance of the more commonly used gauges of non- 
loaded paper-insulated cable is approximately 120 to 

140 ohms. Occasionally short lengths of intermediate 
or entrance cable may be required for lead-ins to 

offices or for spanning rivers, etc. The large differ- 

ence between the impedance of the open-wire pairs 
(approximately 600 ohms) and of the nonloaded 

cable (approximately 130 ohms) will result in re- 

flections at junction points. Reflections will also 

occur between the carrier equipment (approximately 

600-ohm impedance) and the nonloaded cable. These 
reflections appear as far-end crosstalk between sys- 

tems working on different pairs, and the amount of 

crosstalk will govern the amount of cable which 

can be tolerated. 

b. Figure 17 shows the losses which will be ob- 
tained by introducing short lengths of nonloaded 

paper-insulated cable, having a capacitance of about 

0.062 microfarads per mile, in a 600-ohm open-wire 
line. The mileage shown is that of the length of 
cable inserted. The losses shown include both the 

cable attenuation losses and the reflection losses at 

each end. Where several short. pieces of cable are 
used with only a small amount of open-wire . be- 
tween them, the losses per length of cable may be 

somewhat less than the values shown in the curves. 
If rubber-insulated cable is used, greater losses will 

be obtained. 

c. On lines where only one carrier system is to be 
operated, there will be no crosstalk problem, and 

the length of intermediate or entrance cable which 

can be tolerated is determined largely by the over- 
all transmission loss. On lines where two or more 

carrier systems are to be operated, the amount of 

crosstalk which can be tolerated will limit.the length 

of intermediate or entrance cable. The length of 

nonloaded, paper-insulated cable, having a capaci- 

tance of 0.062 microfarads per mile, should be lim- 

‘ited to about 700 feet per repeater section. If cable 

with higher capacitance is used, the permissible 

length is reduced accordingly. 

19 

LOSS - DB bod 

6 
FREQUENCY -KC 

8 10 

TL 51566 

Figure 17. Insertion losses due to short lengths of non- 

loaded cable, 

16. Noise and Crosstalk 

Crosstalk resulting from the operation of other sys- 
tems on the same pole line depends upon the types 

of systems involved, the relative energy levels, and 
the transposition layout. With the system properly 

lined up, the crosstalk coupling between the carrier 

circuit and the voice-frequency circuit on which the 
carrier is superposed is such that its contribution 

to the noise at the voice termination of either cir- 

cuit should not be important. The type H system 

is designed to operate at high-frequency line powers 
which should* be sufficient to keep the transmission 
relatively free from line noise likely to be encoun- 
tered. The noise contributed by the terminal or 
repeater equipment should likewise be unimportant. 

a. Notst. The type H system has been designed 

to operate at transmission power levels which should 
be sufficient to keep the system above the line noise 

likely to be encountered. Ordinarily, therefore, noise 
trouble should not be experienced unless very long 



systems with high circuit net losses are utilized. 

In general, for a circuit having an over-all loss of 

6 db, the over-all noise limit is 35 db RN (db above 

reference noise as read on a Western Electric Co. 

2B noise measuring set with LINE weighting). 

b. CrosstaLk. All pairs on the same line are 

electrically coupled and therefore any currents trans- 

mitted over one pair will induce currents in all 

other pairs. If the amount of coupling is sufficiently 

great and the current induced in the other pairs is 

sufficiently large, conversation or telegraph signals 

on one pair can be overheard on another pair either 

as noise or in the original form. Crosstalk coupling 

between pairs is greater at carrier frequencies than 

at voice frequencies. To minimize crosstalk, open- 
wire facilities are ordinarily transposed either for 
voice-frequency or for carrier operation. 

(1) When only one type H system is to be oper: 
ated on a line, no crosstalk problem will result when 

either type of transposition system is used. How- 

ever, crosstalk difficulties may arise where more 

than one type H system or type H and type C sys- 

tems are to be operated on the same line. Ordi- 
narily two type H carrier systems or a type H and 

type C system cannot be operated on adjacent hori- 
zontal, vertical, or diagonal pairs unless these pairs 

are carrier-transposed. On the other hand, when 

carrier pairs are widely separated physically, satis- 
factory operation may be possible when the pairs are 

transposed for voice-frequency operation only. 

(2) Satisfactory crosstalk performance on any 

type of line requires that the directions of trans- 
mission of the same frequencies on a line be the 

same. The type H and type C systems have been 
designed with this in mind. Consequently all systems 
should be set up so that the East-to-West and West- 
to-East directions of transmission are the same for 

all systems. In addition, the outputs of all carrier 

systems in each direction of transmission should be 
as nearly equal as possible. Any differences in out- 

put will increase the crosstalk into systems with 

lower outputs by the amount of the difference. 

Where systems terminate at an intermediate point 

in a repeater section or branch off to another line, 

it is desirable that the output power of all systems 

be made equal at that point by adjusting the gain 

pads of adjacent repeaters or terminals. 

(3) Under certain conditions it may be necessary 
to select pairs by actual test to obtain satisfactory 
crosstalk performance. It may also be necessary to 
reduce the repeater spacings. Pole pairs, since the 
crosstalk between them and other pairs on the line is 
high, generally are not suitable for type H operation 
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when more than one carrier system is to be operated 

over the line. 
(4) Since the frequencies used by tactical car- 

rier telephone equipment do not coordinate with the 
type H frequencies, carrier systems using these 

equipments ordinarily cannot be operated on the 
same line with type H systems without excessive 

crosstalk. 

17. Operating Distances 

a. TRANSMISSION RANGE. Since the maximum 

length of line depends so largely upon the attenua- 

tion of the line facility utilized, it is customary to 
express transmission range in terms of the maximum 

line attenuation which can be spanned rather than in 

terms of geographical length. Line attenuation is 
measured in decibels (db), and tables are available 

in TM 11-462, 11-486, and 11-2022 showing losses 

in decibels per mile for various types of wire. The 

carrier repeaters and terminals provide gain (also 
indicated in db) which, within certain limitations, is 
used to offset the line losses. It is desirable that: the 

over-all loss of circuits obtained by use of type H 
carrier equipment be kept to 6 to 12 db. In laying 

out a type H system, therefore, the decibel distance 
between terminals and repeaters will be governed 

by the amount of loss the gain provided by the ter- 
minals and repeaters can overcome to provide a cir- 
cuit between 6 and 12 db loss. The permissible deci- 
bel line losses between terminals or terminals and re- 

peaters represent the maximum attenuation which 

can be spanned. The geographical length in any spe- 

cific case can then be determined from the attenua- 
tion per unit length of the line. Thus the main 

factors involved in. determining the operating dis- 
tance of a type H system are line attenuation, ter- 

minal gains, and repeater gains. In computing line 

attenuation for type H carrier the wet weather at- 
tenuation at 8,000 cycles ordinarily is used. Attenu- 
ation at this frequency for the more usual types of 
lines is given in table II. Based on the values of 
line attenuation, the maximum operating distances 
for the more usual type of open-wire lines which 

can be spanned with circuit net losses of 6 db and 

12 db are given in table III. 

b. CONDITIONS AFFECTING VARIATIONS IN Crr- 
culT Net Loss. The principal variation in the over- 
all circuit net loss will result from variations in 
line attenuation. For a circuit 200 miles in length 
the change between dry and wet weather may be 
as much as 4 db, Additional line changes due to . 
variations of temperature also occur, but since such 
changes are usually gradual, they can be compen- 
sated for by adjustment of the REC GAIN po- 



tentiometers. The adjustment provided should make 
it possible to maintain the circuit net loss to within 

2 db of the desired value. When the carrier system 
is operated over a line less than about 75 miles long, 
no adjustments of the gain controls should ordi- 
narily be required. 

Table III. Maximum operating distances 

Miles 

Line facilities are intermediate intermediate 

6db |12 db} 6db/12db| 6db |12db 

080 Copper-steel (40%); 95 | 110 | 160 | 175 220| 240 

104 Copper-steel (40%) 145 “170° 245 270° 340 ~ 370 

128 Copper-steel (40%)| 200 | 240 | 335 | 375 470 510 

080 Copper “215 | 250 | 360 | 400 | 500| 545 

104 Copper 290 | 340 | 490 | 545 | 690| 740 

128 Copper cor “430° 610 | 680 860 |} 930 

165 Copper “440 | 530 | 750 | 830° 1,050 1,135 

c. TERMINAL GaINsS. For satisfactory circuit 
operation, and to prevent singing difficulties, the 

sum of the transmitting and receiving gains (loop 
gain) for any type H carrier terminal cannot ex- 

ceed 26 db. Usually 16 db of the available 26 db 

are utilized for transmitting gain and up to 10 
db utilized for receiving gain. Therefore to obtain 
a circuit with an over-all circuit loss of 6 db, there 

will be a maximum line loss of 32 db available be- 
tween terminals. The factors governing these fig- 

ures are explained below: 

(1) The carrier terminal ordinarily transmits 

a high-frequency power of +16 dbm to the line, 
which normally results in a transmitting gain of 

16 db (unless the carrier system is extended on a 

two-wire basis). 
(2) The maximum available over-all receiving 

gain is likewise 16 db when the carrier terminal 

is arranged for two-wire operation on the switch- 

board side. The permissible loop gain, however, 

which can be used at a terminal is 26 db. Thus the 
maximum allowable receiving gain, for a transmit- 

ting gain of 16 db, is limited to 10 db. 

(3) To obtain the desired circuit figure of —6 
db, a maximum of 32 db can be spanned between 
terminals. A signal transmitted at +-16 db can enter 

the receiving terminal at —16 db and be raised by 
the 10 db gain available in the receiving terminal 

to the desired —6 db. Thus the signal has traveled 

2! 

through a loss of 32 db (starts at +16 db, is re- 

ceived at —16 db). 

d. REPEATER GAINS. (1) For satisfactory cir- 
cuit operation, and to prevent singing difficulties, 

the sum of the East-to-West and West-to-East gains 

(loop gain) for any type H repeater must not ex- 

ceed 45 db. For the most favorable signal-to-noise 
ratio and crosstalk performance the ideal transmit- 
ting power level is +16 dbm. A transmitting level 
of more than +16 dbm may result in crosstalk 
trouble and a transmitting level of less than +16 

dbm may result in less favorable signal-to-noise ra- 

tio. From a practical standpoint, however, often it 

is not possible to lay out the circuit so there will be 
a transmitting level of +16 dbm. From a circuit 
design standpoint it is ideal to so locate the repeater 

that losses of the line sections on each side will be 

equal and that half the loop gain can be used for 

East-to-West amplification and half for West-to- 

East amplification. Because of practical considera- 
tions, such as available office sites, etc., it is seldom 

possible to lay out the circuit in such a way that 
the line losses will be equal in both directions. It is 
stressed therefore that the following discussion of 
repeater gains is for the purpose of illustrating the 

factors involved and is the ideal situation rather 

than one which may be encountered-often in practical 

operation. 

(2) The loop gain for a repeater cannot exceed 

45 db, which permits 22.5 db gain for East-to-West 
amplification and 22.5 gain for West-to-East ampli- 
fication. Since the desired repeater East-to-West 

transmitting output is +16 dbm, if the West-to-East 

receiving gain is to be 22.5 db the incoming signal 
can be no lower than —6.5 db (the difference be- 

tween the output level, +16 dbm, and the available 

gain, 22.5 db). If the incoming signal were —16 
dbm, for instance, a 32 db gain would be required 

to raise it to the transmitting power level of +16 

dbm, leaving a 13 db gain available for the other 

direction of transmission. Thus, between a trans- 

mitting terminal and a repeater, the maximum loss 

which can be spanned is 22.5 db (signal starts at 
+16 dbm, is received at —6.5 dbm). Between a 

repeater and a receiving terminal, however, a loss 

of 32 db can be spanned since the signal which starts 

at +16 dbm can enter the receiving terminal at —16 
dbm and be raised by the 10 db gain available at 

the receiving terminal to the desired —6 dbm. 
e. StncING Limitations. The point of ampli- 

fication at which singing occurs will limit the amount 
of gain which a terminal or repeater can furnish. 
Singing is caused by coupling between the output 

and input circuits of the amplifiers. 
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(1) There is a compromise balance network con- 
nected to the hybrid coil circuit to balance the switch- 
board and/or extension impedance. The better the 
balance the higher will be the loss across the singing 

path of the hybrid coil. (The path between ampli- 
fiers of a repeater or terminal in which currents cir- 

culate and contribute to singing is known as the 

singing path.) 
(2) In practice, however, because of the varying 

types of terminations encountered, a fixed network 

usually does not balance the extension circuit per- 

fectly and thus a certain amount of feed-back is 
present becoming more objectionable as gains are 

increased. 
(3) When the gain provided by the amplifiers is 

greater than the total loss in the circuit (the loss 
across the hybrid coil, and the losses of the filters 

and other circuit components) the feedback circu- 

lating in the terminal or repeater will cause singing. 

(4) The loop gain limits for terminals and _re- 

peaters given in c and d above ordinarily provide 

sufficient margin so that singing will not occur. 

18. Transmission Diagram (fig. 18) 

In laying out a type H system it will be desirable 

to prepare a transmission diagram, assuming the ter- 

minals to be terminated on a two-wire basis on their 

switchboard sides. Such a diagram will enable vis- 

ualization of the output and input powers at vari- 

ous points along the system and permit ready com- 

putation of the terminal and repeater loop gains. 
The diagram can be constructed by plotting, for each 
direction of transmission, the input and output pow- 
ers for each transmitting terminal, repeater, and re- 

ceiving terminal respectively, starting with an input 
of 0 dbm at the transmitting terminal. Ordinarily 
wet weather attenuation at 6,000 cycles is utilized 

for computing losses in the West-to-East direction 
of transmission and at 8,000 cycles for the East-to- 

West direction. 
a. Assume it is desired to operate a type H system 

with a 6-db circuit net loss over a 104 copper-steel 
(40 percent) open-wire line 200 miles in length. 
There is a type C system on the same line with a 
terminal at one end and a repeater 75 miles distant, 
at which point the type C system leaves the line. 

Sufficient pairs are available so that crosstalk is not 
a primary consideration. From table III it is de- 
termined that one repeater will be required. Obvi- 
ously this repeater should be located at the type C 
repeater point. The loss of the line for each re- 
peater section is next computed at 6,000 and 8,000 
cycles (table II). Since the loss for 104 copper- 
steel (40 percent) is the same for each of these 

frequencies, the loss from the first terminal to the 

repeater in either direction of transmission will be 

the product of 0.22 and 75 or 16.5 db and that from 
the repeater to the second terminal the product of 

0.22 and 125 or 27.5 db. The transmission diagram 
can now be prepared. ; | 

b. Starting with transmission in the West-to-East 

direction, a test power input of 0 dbm at the 2W 
HYB jacks of the West terminal is increased to an 

output power of +16 dbm to the line. Between the 
' West terminal and repeater there is a line loss of 

16.5 db (75 miles at 0.22 db loss per mile), which 
produces an input power of —0.5 dbm (+16 dbm 
minus 16.5 db equals —0.5 dbm) at the repeater 

WEST TERMINAL REPEATER EAST TERMINAL 

+ 20— 
+16DBM +16 DBM +16DBM 
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iat Peer 
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Figure 18. Typical transmission diagram. 



where the power is amplified 16.5 db by the repeater 
to +16 dbm. Between the repeater and the Kast 

terminal there is a line loss of 27.5 db (125 miles 

at 0.22 db loss per mile), which produces an input 

power of —11.5 dbm (-+-16 dbm minus 27.5 db 
equals —11.5 dbm) at the East terminal where the 
power is amplified 5.5 db to bring it to the desired 
—6 dbm level (—11.5 dbm plus 5.5 db equals —6 
dbm). In the East-to-West direction, the input 
power is raised from 0 dbm to +16 dbm at the East 

terminal, is attenuated 27.5 db in the line, and en- 

ters the repeater at —11.5 dbm. Here it is raised 
27.5 db to +16 dbm, is attenuated 16.5 db in the line, 

and enters the West terminal at —0.5 dbm. In the 
West terminal the input power is attenuated 5.5 db 
to the desired —6 dbm level. 

c. The loop gains can now be obtained from the 
transmission diagram by adding the gains and losses 

for each terminal and repeater in each direction of 

transmission. Thus the loop gain for the West ter- 
minal is the difference between 16 db and 5.5 db, or 

10.5 db. (The 5.5 db is subtracted since the signal 
was attenuated at the West terminal.) For the re- 

peater the loop gain is the sum of 16.5 and 27.5 db, 
or 44.0 db. For the East terminal the loop gain is 

the sumsotetomebeand 9.5 db, or'21.5. db. “These 

loop gains are within the required limits of 26 db for 

a terminal and 45 db for a repeater, 

19. Transmission Measurement 

a. When the equipment is placed in operation, 
the losses and gains of all components of the circuit 

and the over-all circuit net loss should be measured 

to determine the actual working conditions. An os- 

cillator and a transmission measuring set may be 

used for this purpose. Usually a test power is ap- 

plied to the input of the circuit to be measured, and 
then the output of the circuit is measured. It will 

generally be found that these measurements differ 
from the computed losses and gains. The trans- 

mission diagram and the equipment adjustments 
must then be changed accordingly. If an oscillator 
and a transmission measuring set are not available, 

the over-all circuit operation should be checked by 
conversing over the circuit and comparing its per- 
formance with other circuits. 

b. The frequency of the test power used depends 
upon the circuit being measured. The loss of a line 
section is measured by using a frequency within 
the carrier range, but the over-all, terminal-to-ter- 

minal, loss is measured by using a frequency within 
the voice-frequency range (usually 1,000 cycles). 

Terminal gains are measured by applying voice-fre- 
quency test powers at the switchboard side and car- 
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rier-frequency test powers at the line side. Repeater 

gains are measured by applying carrier-frequency 

test powers. It is also important that the test power 
levels used correspond to the actual working levels 
of the circuits being measured. 

c. When connected to a switchboard on a two- 
wire basis, the test power input to the carrier system 
from the switchboard is 0 dbm (assuming no voice- 

frequency extension) and the test power delivered 

to the switchboard normally is adjusted to —6 dbm 

as measured at the two-wire side of the carrier ter- 

minal. When connected in this manner the 1,000- 

cycle net loss of the circuit is 6 db. When the switch- 

board side of the terminal is connected on a four- 

wire basis the incoming voice-frequency testing 
power from the switchboard side is +-4 dbm and 

the receiving circuit is adjusted to deliver +4 dbm 
to the switchboard side. 

20. Coordination 

a. If type C carrier or another type H system is 
used on another pair of the same open-wire line the 

systems must be coordinated. Such coordination has 

two main factors, power output and direction of 
transmission. 

(1) All systems to be coordinated should be laid 

out in such manner that the power level at a given 

frequency at a given point in the line will be approxi- 

mately equal for all systems. In any given location 

where type H terminals or repeaters of different 

systems are installed, there should be no more than 

6 db difference in power output. (The use of two 
type H systems on adjacent pairs or on another pair 

in the same phantom group is not recommended. 

However, if two such systems are installed, the dif- 

ferences in power levels should be reduced to a mini- 

mum.) In all locations where type H and type C 

carrier equipment are installed, there should be no 

more than 6 db difference in output levels between 

the type H carrier high group of frequencies and the 
8-kilocycle point in the type C carrier low group of 
frequencies. 

(2) Frequencies in the same range should be 

transmitted in the same direction. For instance, if 

two type H systems are to be coordinated, each sys- 

tem should transmit its 7.4- to 10.1-kilocycle band in 

the East-to-West direction and its 4.1 to-6.9-kilocycle 

band in the West-to-East direction. If a.type C sys- 
tem and a type H system are to be coordinated, the 
East-to-West 6.5- to 15.6-kilocycle band of the type 
C carrier and the East-to-West 7.4- to 10.1-kilocycle 

band of the type H carrier should be transmitted in 

the same direction because the two bands contain 
some of the same frequencies. The dissimilar type 



C and type H carrier bands will then be transmitted 

in the West-to-East direction. 
b. Type C carrier cannot be superposed on the 

same pair on which a type H carrier system is super- 
posed because of overlapping of frequencies. The 
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overlapping of frequency bands is shown in figure 
19. The lower side band (4.1 to 6.9 kilocycles) of 
the H carrier system is shown as the W to E block, 

and the upper side band (7.4 to 10.1 kilocycles) as 
the E to W block. 

° 
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Figure 19. Freauency allocation of carrier systems. 

21. Radio Link Lay-out 

a. GENERAL. The radio circuit which is to be 
used as a link between two type H carrier terminals 

must be a high-fidelity, continuous two-way trans- 

mission type, able to handle a reasonably flat fre- 

quency band extending to at least 10 kilocycles. The 

transmitting and receiving radio equipment must be 

terminated separately and must be arranged to have 

an impedance of approximately 600 ohms where con- 
nection is made to the carrier line filters. The carrier 

equipment may be located with the radio equipment, 

or may be separated physically and connected with 
short open-wire lines or cable circuits, provided satis- 
factory crosstalk performance can be obtained. Ordi- 

narily, of the three channels available when type H 

carrier is superposed on a radio link, the two carrier 

channels will be used for telephone and the radio 

(voice) circuit for voice-frequency carrier telegraph. 
No volume limiters are required on the type H tele- 
phone channels. The radio circuit, through the low- 

pass filters of the carrier line panel, connects to the 
voice-frequency carrier telegraph equipment on a 
four-wire basis. Either one or both of the type H 
carrier terminals may be used for voice-frequency 

carrier telegraph by connecting the switchboard sides 
of the terminals to the telegraph equipment on a 
four-wire basis. 

b. DIFFERENCES BETWEEN WIRE AND Rapio 

Linx. The problems of radio link transmission dif- 
fer somewhat from the problems of wire transmis- 

sion, In wire transmission initial amplification is 
provided by the carrier terminal. In radio link trans- 
mission amplification is provided by the radio trans- 
mitter. The design of the radio transmitter permits 

much greater amplification than does the design of 

the carrier terminal, but with this greater capacity of 

the radio transmitter for amplification there 1s a cor- 
respondingly greater problem of interference between 

channels. For this reason the signal must enter the 
radio transmitter at a lower power level than it 
enters the carrier terminal. The degenerative effect 
of intermodulation on telegraph signals is greater 
than on telephone transmission. For this reason, 

when any of the channels of a radio link with type 

H carrier superposed are used for telegraph trans- 

mission, the input level to the radio transmitter is 

adjusted to that level which will be most efficient for 

telegraph transmission. 

c. INPUT AND OuTPpuT Power Levets. Definite 
input and output power levels for telephone and tele- 

graph transmission over a radio link cannot be given 

since the capability of the radio transmitter and re- 

ceiver is the governing factor. Proper input and out- 
put .power levels for satisfactory transmission will 
have to be determined by trial. 

(1) Transmitting power levels. (a) Voice-fre- 
quency power levels for telegraph transmission. 
‘When 12 channels are operated on the voice-fre- 
quency circuit, the power level per channel should 
be approximately —11 dbm transmitted to the radio 
or H carrier equipment. When fewer than 12 chan- 
nels are used, the power level may be raised accord- 
ingly. The power level at the input to the radio 

transmitter cannot be specified definitely because it 
will be limited by overloading and intermodulation 
in the transmitter and thus will depend upon the 
characteristics of the particular transmitter used. 
However, the power level into the radio transmitter 



may be controlled sufficiently by adjusting the input 
potentiometer of the radio transmitter. 

(b) Type H carrier power levels, When the type 
H channels are used for telephone, the suggested 

power level from the switchboard is 0 dbm and the 

suggested level at the line side of the terminal is —10 
dbm. When the type H channels are used for tele- 
graph, the power level at the switchboard side should 
be —11 dbm per channel and the level at the line 

should be —10 dbm. 

(2) Receiving power levels. The received power 
level at the REC LINE of the voice-frequency car- 
rier telegraph terminal should be at least —11 dbm 
per channel. In adjusting the power level of the 

radio receiver ouput, the loss in any line between the 

receiver, carrier terminal, and voice-frequency tele- 

graph equipment must be considered. The output 

power level from the receiver should be sufficient to 

Overcome any such line loss and reach the telegraph 

equipment at a minimum of —11 dbm per channel. 

With the receiver output at this level the input power 

level at the line side of the carrier terminal will be 

satisfactory. The desired power level (generally —6 
dbm) at the carrier terminal switchboard can then 

be reached by adjusting the receiving gain to raise 

the signal to the desired level. 

22. Carrier Terminations and Extensions 

a. GENERAL. Discussions of circuit loss up to 
this point have considered only the carrier terminal- 

to-carrier terminal portion of the circuit. When the 

carrier circuit is terminated at a switchboard adjacent 

to the carrier terminal, only these terminal-to-ter- 

minal considerations need be considered. However, 

if the carrier circuit is extended, either on a two- 

wire or four-wire basis, the over-all circuit (switch- 

board-to-switchboard) must be considered. Though 
it is desirable that the extension terminate at no less 

than a —6-dbm power level, it may often be neces- 
sary to accept a less favorable power level than —6 

dbm at the terminating switchboard. The amount of 

loss greater than_6 db which can be tolerated will de- 
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pend on transmission conditions. Distinction is made 
in this text between extension on a two-wire or four- 

wire basis and termination on a two-wire or four- 

wire basis. Both refer to arrangements on the 

switchboard side of the carrier terminal, but termi- 

nation refers to actual connections and switch 

settings at the carrier terminal whereas extension 

refers to the facilities by which the circuit is ex- 

tended. For example, if the type H system connects 

to a voice-frequency repeater adjacent to the 
terminal, the type H carrier terminal would be ter- 

minated on a four-wire basis for connection to one 

side of the repeater, and the circuit beyond the re- 
peater would be extended either on a two-wire or a 

four-wire basis, depending on whether the extension 
facility were an open-wire pair or two cable pairs. 

The power levels and circuit losses indicated in the 

following paragraphs are examples of conditions 

most favorable to good transmission, but their use 

as examples does not mean that others may not be 

used with good results. 

b. TERMINATIONS. A type H carrier terminal 
may be terminated on the switchboard side on a 

two-wire or a four-wire basis. When the terminal is 

terminated on a two-wire basis the voice currents 

pass through a hybrid coil circuit. When the carrier 

terminates on a four-wire basis, connection is made 

directly to the input and output of the associated 

equipment, thus making it unnecessary to use hybrid 

coil circuits. When talking circuits derived from a 

carrier system connect to a switchboard in the same 

office in which the carrier terminal is located, the 

carrier terminal will be connected to the switchboard 

on a two-wire basis (fig. 20). 

(1) Receiving. The power level ordinarily will 

be adjusted to —6 dbm at the carrier receiving ter- 

minal and will be extended to the switchboard at the 

—6 dbm level. 

(2) Outgoing. The power level transmitted from 

the switchboard to the carrier terminal will be about 

Odbm. (The carrier terminal equipment will modu- 
late and amplify the signal for transmission over the 
line. ) 

fe) +16 =6 
OBM DBM DBN 
_> ea ee 

H H H 

R@oatee oa}: CARR CARR GERAD ie EH 
TERM. SYSTEM TERM. 

—— os —<— 

= +16 O 
DBM OBM OBM 

EQUIP LOCATED 

IN SAME OFFICE 
| EQUIP, LOCATED | 

IN SAME OFFICE 

ve 31268 

Figure 20. Switchboard termination, 



c. Extensions. A type H carrier system may be 

extended either on a two-wire or a four-wire basis, 
depending on the facilities used. If extended on an 

open-wire pair, the type H system is terminated on 

a two-wire basis. On four-wire cable arrangements 

the type H system is terminated on a four-wire basis. 
The amount of loss in the extension and the amount 

of gain available at the carrier terminal will deter- 

mine the design of the extension circuit. If there is 

sufficient receiving gain available at the carrier ter- 

minal so that the loss in the extension circuit can 

be overcome to obtain a satisfactory power level at 

the extension switchboard, the circuit may be de- 

signed without a repeater. Two of the factors which 

will govern the gain available for the extension cir- 

cuit are the maximum permissible transmitting gain 

which a terminal can provide and the amount of gain 

remaining in the terminal after the carrier circuit 

power levels are met. 

(1) Maximum permissible transmitting gain. The 
maximum terminal. loop gain is +26 db and the 

most favorable transmitting level is +16 dbm. To 

these limitations must be added a limitation on the 

maximum amount of transmitting gain which a ter- 

minal can provide. This maximum transmitting gain 

for a type H carrier terminal is +20 db. That is, if 

a signal is to be transmitted at +16 dbm, it can enter 

the 2W HYB jacks of the terminal at a power level 
no lower than —4 dbm (if it enters the carrier ter- 

minal at less than —4 dbm, it will have to be trans- 

mitted at a power level lower than the desired +16 

dbm). In using the maximum transmitting gain of 

+20 db it must be remembered that this will leave 

only 6 db of the 26-db loop gain available for ampli- 

fication in the receiving direction. 

(2) Amount of gain remaining in terminal. If 

the carrier circuit has been so designed that there is 

gain available in the carrier terminal, this gain may 

be utilized to obtain a more favorable power level at 
the extension termination. A circuit which termi- 

nates at —6 dbin at the carrier terminal and which 

has a 4.5-db gain available before the 26-db terminal 

loop gain is exceeded is shown in figure 18. The 
East terminal loop gain is 21.5 db, leaving 4.5 db 
available which may be applied to the extension cir- 

cuit. This should be divided to give a gain of ap- 

proximately 2 db in each direction for the extension 

circuit. Instead of leaving the carrier terminal at —6 
dbm, the 2-db gain will raise the power level toward 

the switchboard to —4 dbm. If the extension circuit 
has a loss of 2 db the signal will arrive at the switch- 

board at the desired —6 dbm level. In the other 
direction of transmission, the signal transmitted from 

the extension switchboard at 0 dbm will lose 2 db 
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_. .6. Two-wirE Basis. 

between the terminating switchboard and the carrier 

terminal, arriving at —2 dbm. A transmitting gain 
of 18 db will be required to raise it to a power level 

of +16 dbm for transmission over the line. The loop 
gain at the carrier East terminal now totals 25.5 db 
(an increase of +2 db receiving and +2 db trans- 

mitting ). 

23. Extensions to Voice-frequency Telephone Repeat- 
ers and Other Carrier Telephone Systems 

a. Four-wirE Basis (fig. 21). All extensions to 

voice-frequency telephone repeater systems and other 

carrier telephone systems should be made on a four- 

wire basis to reduce input and output equipment 

losses and singing paths. The type H carrier system 
is laid out as though it would be terminated on a two- 

wire basis and have a circuit net loss of 6 db. It is 
assumed that each system connected in tandem can 

be operated with a 6-db circuit loss if terminated on 

a two-wire basis. If greater losses are encountered, 

the circuit must be considered from switchboard-to- 

switchboard, and deviations made in the individual 

systems involved as required. After the type H 

carrier system is laid out on a two-wire, 6-db loss 
basis, it is arranged for four-wire termination at the 

point of connection to the other system. The trans- 
mitting path of the type H system is connected to 
the receiving path of the other system, and the other 

system is adjusted to transmit a power level of +4 

dbm to the type H system. The receiving path of 

the type H carrier system is connected to the trans- 
mitting path of the other system, and the type H 

system is adjusted to transmit a power level of +4 
dbm to the other system. If the terminal equipment 

of both systems is not located in the same office and 

the interconnection is made with four-wire cable 

facilities, the connections are arranged as described 

above, but the loss contributed by the cable facilities 

must be considered. The receiving and transmitting 
equipment must be readjusted to compensate for this 
loss and to compensate for deviations from the 
nominal 4-db levels at the input to the transmitting 
path of each system. The desired circuit net loss 
from switchboard-to-switchboard is established by 

adjustment of the receiving equipment of the system 

to which the two-wire connection to the switchboard 

is made. 

, Although two-wire inter- 
connections between two systems are not recom- 

mended and should be avoided, it may at times be 
necessary to use them because the connecting equip- 

ment is not arranged for four-wire termination or the 
equipments are separated and are to be intercon- 

nected with open-wire facilities, However, the num- 
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ber of singing paths and the input and output equip- 
ment losses are increased since hybrid coil circuits 

must be used at the two-wire termination of each 
system. Furthermore, singing problems may be en- 

countered in the type H system since the compromise 

balancing network for the type H carrier hybrid coil 
is designed to balance a switchboard termination. 

When two systems are interconnected on a two-wire 
basis, the over-all (switchboard-to-switchboard) loss 

will be the algebraic sum of the losses of the two 

systems. For example, if the over-all loss in one 

carrier system is —6 db and the over-all loss in the 
second carrier system is —6 db, the received power 
level at each switchboard will be —12 dbm. If the 

—12 dbm level at the switchboards cannot be toler- 

ated, it will be necessary to raise the power levels 

in each carrier section. However, the highest over- 

all system net loss at which the type H carrier system 

should be operated is —3 dbm. Since the impedance 
of the interconnecting circuit and the circuit net 
losses of each system are the determining factors in 
determining the workable power levels at the point 

of interconnection, these levels will vary with indi- 

vidual cases and must finally be determined by actual 

trial. 

24. Extensions to Voice-frequency Carrier Telegraph 
Systems 

A type H channel may be used to provide the trans- 
mission path for a voice-frequency carrier telegraph 
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Four-wire extension to other systems. 

system. The interconnection should be made on a 

four-wire basis. 
a. PACKAGED EQuiIPMENT (fig. 22). 

characteristics of the type H carrier band may pre- 

vent full use of the 6 or 12 two-way telegraph chan- 

nels provided by voice-frequency carrier telegraph 

packaged equipment. The number of voice-frequency 

telegraph channels which can be operated over a type 

H carrier system will depend on the type H fre- 

quency characteristics, the net loss of the intervening 

open-wire line, the stability of the line,.-and the pres- 

ence of type H carrier repeaters (repeaters tend to 

degrade carrier telegraph transmission). Even under 

favorable conditions it will seldom be possible to use 

a low-frequency telegraph channel of about 425 

cycles. Channels in the middle of the voice-frequency 

band will be the best, degrading in quality as the 

lower and upper limits of the frequency band are 

reached. The type H carrier system is lined up in 

the usual manner for four-wire termination. The 

transmitting path of the type H carrier terminal is 

connected to the send path of the telegraph terminal, 

and the receiving path of the type H carrier terminal 

is connected to the receive path of the telegraph 

terminal, The nominal telegraph power output level 

(one channel marking) used is —11 dbm, although 

it may be raised slightly if a reduced number of 

channels (less than 12) is used and satisfactory 

operation is not obtained with the nominal level. 

Frequency 

(+ 40BM) 

TELEPHONE (LINE-UP)LEVELS SHOWN WITHIN PARENTHESES. 

OTHER LEVELS ARE TELEGRAPH. TL Si27¢ 

Figure 22. Extension to voice-frequency carrier telegraph packaged equipment. 



b. TACTICAL CARRIER TELEGRAPH EQUIPMENT. 

Some models of this equipment are not arranged for 

four-wire connections and the connection to the type 

H carrier systems must be made on a two-wire 

basis. In this case the type H carrier system is set 

up to have a 6-db circuit net loss. Later models of 

Section III. 

25. Location of Equipment 

The building in which this equipment is installed 
should be dry, well ventilated, kept at reasonably 

constant temperature, and have solid flooring. Ap- 

paratus cabinets or 19-inch relay racks for mounting 

the type H carrier panels must be provided sep- 
arately. If the equipment is installed with other items 

of packaged equipment, an office layout will have 

been prepared, as described in TM 11-2022. The 
main requirements for locating the equipment in a 

building are that the wiring be as short as possible, 

and that there be ample space for opening cabinet 

doors and working on the equipment. Whenever 

possible associated equipment panels should be 

mounted in the same cabinet with the type H carrier 

panels, and associated cabinets should be adjacent. 

This is extremely important for phantom group op- 

eration where it is desirable to keep the wiring of the 

two side circuits the same length. Since carrier fre- 

quencies are used, the type H carrier equipment 

should be located as close as possible to the open- 

wire or entrance cable terminal. 

26. Unpacking Instructions 

The H carrier terminal panel, repeater panel, and 
line panel are individually packed in waterproof, 

moistureproof, and vaporproof packing cases. 

Spare parts and installing materials are also packed 
within the packing cases. Physical dimensions for 

each of the units packed for export are shown in 
table IV. 

Table IV. Packing data 

es an nae eee 
Carrier Terminal OA-13/FC |25x20x18| 125 | 6.0 
Carrier Repeater OA-10/FC | 24x18x 14 70 4.5 

| 24x18x12 40 2.9 Carrier Filter OF-36/FC 

LS 

a. MetHop oF PackinG (figs. 23, 24, and 25). 
Each of the panels is packed in approximately the 
same manner. Immediately inside the packing case 
(1) a waterproof bag (2), sealed with a rubber 
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this equipment are arranged for two- or four-wire 
connections. The four-wire connection is recom- 

mended, and in this case the type H system is ar- 

ranged as described in a above. If desired, a two- 
wire connection may be made as described for the 

earlier models. 

UNPACKING, SETTING UP, AND REPACKING 

cement, provides protection against water damage 

to the equipment. Next an outer carton (3) of 
fiberboard acts to cushion the equipment from se- 
vere shocks. Inside this carton a paper foil bar- 

rier (4) affords the equipment- protection from 

damage by moisture or vapor, which would cause 
rust and corrosion. The air in this barrier is evacu- 

ated before sealing. The inner carton (5) acts to 
further cushion the equipment from severe shocks, 

and both the inner and outer cartons protect the 

sealed moistureproof and vaporproof barrier from 
damage by sharp corners on the equipment or 

packing case. 

Note. Item (5) in the terminal packing is made of 

wood, and is called a box, while in the repeater and line 

panel packings it is made of fiberboard. 

Various inner details of fiber (6) protect the equip- 
ment from rough handling, and. hold loose parts 

securely in place during shipment. The equipment 

(7) is held rigidly in place within the packing case 
by a wooden rack unit (8). Spare parts, installing 

materials, and bags of silica gel (9) are firmly 

packed around the equipment; spare parts for the 

line panel are inclosed in a separate carton. The 

silica gel provides the equipment with additional 
moisture protection, acting as an absorbent for any 

moisture which may enter the barrier. 
b. UNPACKING. Use care in unpacking the equip- 

ment, so that the packing materials may be re-used 
if the equipment is to be reshipped at a later date. 

Using the packing illustrations as a guide, unpack 

the equipment in the most practicable manner. The 

seams on the waterproof bag and the barrier can be 
broken by prying or pulling apart with the hands. 
These packing materials can also be opened by silit- 
ting along the top seam with a knife. This will allow 
their re-use after repair with tape. Discard the 
silica gel, as its absorbent quality deteriorates with 
age. When unpacking the spare parts and installing 
materials check them against the applicable list in- 
cluded with the equipment. After each unit is un- 
packed, place its packing materials within the pack- 
ing case, nail the cover on again, and store the case 
in a convenient location. 
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Figure 23. Packing details, terminal panel. 
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Figure 24. Packing details, repeater panel. 



9<SPARE PARTS 
CARTON 

4-—MOISTUREPROOF 
AND VAPORPROOF 

BARRIER 

7-LINE 
PANEL 

9-BAGS OF 
SILICA GEL 

2-WATERPROOF 
BAG 

—<S ag &) 

Seer 
VY 

G 
NV 

(— PACKING 
CASE 

t- PACKING 
CASE COVER 

6-FIBER DETAIL 
(TOP AND 
BOTTOM) 

6-RACK UNIT 

S-INNER CARTON 

3-OUTER CARTON 

TL. 51573 

Figure 25. Packing details, line panel. 

27. Setting-up Procedure 

Mount the panels in an apparatus cabinet together 

with associated panel equipment. If no apparatus 

cabinet is available, the panels may be mounted on 

any standard 19-inch relay rack or wooden timbers 

similarly spaced and fastened rigidly to the floor and 

ceiling. Mount the terminal panel above its associ- 

ated line panel (fig. 26). Note that a terminal in- 

stallation requires 9 mounting plate spaces, 7 for the 

terminal panel and 2 for the line panel. Mount the 

repeater panel between its associated line panels (fig. 

27). Note that a repeater installation also requires 9 

mounting plate spaces, 5 for the repeater panel, and 
2 for each of the line panels. At a radio link instal- 
lation, mount the 2 terminal panels together between 
the 2 line panels. Note that this installation requires 
18 mounting plate spaces, 7 for each terminal panel 
and 2 for each line panel. Screws for mounting the 

panels are not furnished with the panels. 

28. Repacking Instructions 

a. Disconnect all connecting wires and the plug to 

the external power supply. 

b. Remove each panel from the cabinet or relay 
rack and place it in its rack unit, securing it firmly 

with the wooden details. 
c. Slide the rack unit into the inner carton. 
d. Collect all spare parts and installing materials 

and pack securely around the panel. 
e. Seal the inner carton with gummed tape, replace 

the outer carton, and seal it with tape also. 

f. Slip the waterproof bag over the outer carton 

and Seal it with tape. 

g. Place the entire unit in the packing case, put 
the remaining packing materials on top, and nail the 

cover on securely. 

h. If the original packing materials have been dis- 
carded, construct a rack unit which will hold the 

panel securely, and place this unit within a suitable 

crate together with the spare parts and installing 
materials. ; 
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Figure 26. Terminal installation. 



33 

OO. % 

exe) 

Repeater installation. Figure 27. 



PART TWO 

OPERATING INSTRUCTIONS 

Note. For information on destroying this equipment to prevent enemy use, see the destruction notice at the front 

of this manual. 

Section IV. EQUIPMENT CONNECTIONS AND PRELIMINARY ADJUSTMENTS 

29. Connections and Adjustments 

The equipment connections and adjustments con- 

tained in this section provide satisfactory operation 
in a minimum of time and are to be followed when- 

ever placing the equipment in service. However, to 

obtain optimum performance, the detailed tests, ad- 

justments, and line-up procedures contained in sec- 
tion V should be performed when time permits. 

a. TERMINAL, WIRE OPERATION. The connec- 

tions, connecting arrangements, and adjustments 

required at a terminal for wire operation are listed 
below with paragraph references. The tests and ad- 

justments should be performed in the order given. 

Terminal connections and adjustments required: 

Ground connections (pars. 30a through d). 

Power connections (par. 31). 

Voltage adjustments (par. 32). 

Vacuum tube checks (par. 33). 

Line switch setting (par. 34a and b). 

Equipment switch setting (par. 35). 
Gain adjustments (par. 36a and Db). 
Connecting arrangements (par. 37). 

Terminating connections (par. 38). 

External balancing network connections, if 

required (par. 39). 

Line connections (par. 40a). 

b. REPEATER, WIRE OPERATION. The connec- 

tions, connecting arrangements, and adjustments re- 

quired at a repeater for wire operation are listed 
below with paragraph references. The tests and ad- 

justments should be performed in the order given. 

Repeater connections and adjustments required: 

Ground connections (par. 30a through c 

and e). : 

Power connections (par. 31). 

Voltage adjustments (par. 32). 
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Vacuum tube checks (par. 33). 
Gain adjustments (par. 36a and c). 
Connecting arrangements (par. 37). 
Line connections (par. 40a). 

c. Rapio LINK OPpeEraTION. The connections, 
connecting arrangements, and adjustments required 

for radio link operation are listed below with para- 

graph references. The tests and adjustments should 

be performed in the order given. 

Connections and adjustments required for radio link 
operation: 

Ground connections 
and f). 

Power connections (par. 31). 
Voltage adjustments (par. 32). 
Vacuum tube checks (par. 33). 
Line switch setting (par. 34c). 
Equipment switch setting (par. 35). 
Gain adjustments (par. 53). 

Connecting arrangements (par. 37). 
Terminating connections (par. 38). 
External balancing network connections, if 

required (par. 39). 

Line connections (par. 40b). 
d. CARRIER TRANSFER EQUIPMENT. The connec- 

tions required at a carrier transfer point are given 
in paragraph 41. 

e. CHECK OF SysTEM PERFORMANCE. After all 
connections and adjustments have been made, check 
the system to insure satisfactory performance (par. 
42). 

f. Testinc Equipment. No equipment for test- 
ing is provided as part of type H carrier equipment. 
The following equipment, usually available at a 
central office or a voice-frequency telephone re- 
peater installation, should be used for installation 
testing purposes. 

(par. 30a through c 
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Signal Corps 
Nomenclature stock No. Mfr’s. No. Description Usage 

Multimeter 3F7127 WECo Volt-ohm- Voltage, current, and 

TS-380/U. D-166852. milliammeter. resistance measure- 

ments. 

Tube Tester 3F5681 Hickok model Vacuum tube Test vacuum tubes. 

‘T-171. 560 (SPL). test set. 

30. Ground Connections 

a. GENERAL. A common ground connection is 
provided in each cabinet and on each relay rack used 

to mount type H carrier equipment. Connection is 

made from the office grounding system to these com- 

mon grounds. In turn, connections are made from 

this ground connection to each panel. 
b. OrFice Grounps. (1) All office equipment 

must be connected to a common grounding system. 

A buried metallic water-supply system is preferable, 
but buried gas pipes or other metallic structures may 

be used. In either case, the neutral wire of the 

power distribution circuit should use the same 

ground. ‘ 

(2) When a suitable existing ground system is 
not available, driven ground rods are used. Ground 
rods are not supplied as part of the type H carrier 

equipment. Five ground rods, at least 3 feet im 
length, should be used. Set the ground rods a mini- 
mum of 6 feet apart. Before installing the ground 

rods, clean the connecting surfaces of the rods and 

the wire to be used. If possible solder the joints. 
Bond the ground rods to the ground used for the 
neutral of the power system with 6- or 8&-gauge 

copper wire. When rods are located in the base- 

ment of a building, drive them to within 6 inches 
of the floor level. Place the rods at least 2 feet 

from any wall. When ground rods are located out- 
doors, set them as near to the building as practicable 

but in no event closer than 2 feet. To set ground 
rods outdoors, dig a trench and drive the rods below 
ground level. After the connections are made, cover 

the trench with boards to permit ready periodic in- 

spection of the ground leads. See TM 11-755 for 
more detailed instructions on the establishment of 

an office ground. 
c. GROUNDING OF CABINETS, TERMINAL OR RE- 

PEATER. Run a 6- or 8-gauge copper wire from the 
common office ground to the nearest cabinet, and 
from that point to the other cabinets. Connections 

are made to lugs in each cabinet. 
d. GROUNDING OF TERMINAL PANELS, WIRE Op- 

ERATION. (1) Clean one end of a 6-foot length of 

single-conductor copper wire and solder it to ter- 
minal 16 of terminal strip A on the terminal panel. 

Terminal strip A is located on the lower right rear 

of the terminal panel (fig. 28). 

(2) Run the wire along the side of the cabinet 

to the line panel and loop the wire so as to make 

connection to terminal 8 of terminal strip A on the 

line panel. Terminal strip A is located on the rear 
of the line panel (fig. 29). 

(3) Solder the loop connection made in (2) 
above. 

(4) Run the wire to the cabinet ground connec- 

tion, and solder. 

(5) Tie the ground wire to the cabinet supports. 

e. GROUNDING OF REPEATER PANELs. (1) Clean 
one end of a 6-foot length of ‘single-conductor cop- 

per wire and solder it to terminal 8 of terminal 

strip A on the upper line panel (fig. 29). 
(2) Run the wire along the side of the cabinet 

to the repeater panel and loop the wire so as to 

make connection to terminal 8 of terminal strip A 
on the repeater panel (fig. 30). 

(3) Solder the loop connection made in (2) 
above. 

(4) Continue running the wire along the side of 

the bay to the lower line panel and loop the wire so 

as to make connection to terminal 8 of terminal strip 
A on the lower line panel (fig. 29). 

(5) Solder the loop connection made in (4) 
above. 

(6) Run the wire to the cabinet ground connec- 
tion, and solder. 

(7) Tie the ground wire to the cabinet supports. 

f. GROUNDING oF TERMINAL PaNELs, Rapio 
Link. (1) Clean one end of a 6-foot length of 

single-conductor copper wire and solder it to ter- 

minal 8 of terminal strip A on the upper line panel. 
Terminal strip A is located on the rear of the line 

panel (fig. 29). 

(2) Run the wire along the side of the bay to 

the upper terminal panel and loop the wire so as to 

make connection to terminal 16 of terminal strip A 

on the terminal panel. Terminal strip A is located 
on the lower right rear of the terminal panel 
(fig. 28). 

(3) Solder the loop connection made in (2) 
above. 
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| TERM. STRIP TERM. 
eo 

Figure 28, Terminal panel, rear view, 

Figure 29, Line panel, rear view, 
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Figure 30. Repeater panel, rear view. 

(4) Repeat the procedure given in (2) and (3) 

above for the lower terminal panel. 

(5) Continue running the wire along the side of 
the bay to the lower line panel and loop the wire so 
as to make connection to terminal 8 of terminal 

strip A on the lower line panel (fig. 29). 
(6) Solder the loop connection made in (5) 

above. ; 
(7) Run the wire to the cabinet ground connec- 

tion, and solder. 

(8) Tie the ground wire to the cabinet supports. 

31. Power Connections 

a. GENERAL. (1) Two methods are used for sup- 
plying 105- to 125-volt, 50- or 60-cycle alternating 
current to the cabinets. Earlier model cabinets used 

the direct-wiring method while later model cabinets 

use the cord and plug method for connection to the 
a-c power. With either method, it is necessary to 
determine which wire of the office supply is the 
grounded or identified lead. Normally, the white 
or identified lead is the grounded power lead and 
the black lead is the ungrounded or live power lead. 
The grounded lead may be determined by measuring 

the voltage between each wire and ground. 

(2) The terminal and repeater panels are pro- 
vided with power cords and plugs that are plugged 
into convenience outlets. These convenience out- 

lets, which are contained on the plug-in strip at the 

rear of the 3-foot 6-inch and 7-foot cabinets, are 

protected with a fuse located at the bottom of the 

cabinet. Appliances should not be connected to the 

plug-in strip since a blown fuse due to a faulty ap- 

pliance will put the terminal or repeater out of serv- 
ice. No plug-in strip is provided on the 2-foot 
4-inch cabinets ; instead the power cord plugs of the 

terminal or repeater panels are inserted into one of 

the UT & T outlets. Since the UT & T outlets are 

not fused, appliances should not be plugged into 

these outlets. 

b. CONNECTING CABINETS, CorD AND PLuc Ar- 

RANGEMENT. (1) Run one pair of power leads 
from the office distribution panel to the near end of 

the cabinet line-up. 

(2) Terminate the pair or power leads at the cabi- 

net, by connecting the short length of power cord 

attached to the polarized twist-lock connector body 

(receptacle) furnished, in the following manner: 
(a) Splice the grounded side of a grounded power 

supply, or the identified side of a nongrounded power 

supply, to the identified lead of the polarized con- 

nector body. 
(b) Splice the other power lead to the remaining 

lead of the polarized connector body. 
(c) Solder and properly tape the splices. 

(3) Run the power cord associated with the first 



cabinet of a line-up along the cable run to the polar- 

ized connector body and insert the polarized plug 

into the polarized connector. Lock the plug by 

turning it to the right. 

(4) Run the power cord associated with the sec- 

ond cabinet along the cable run to the first cabinet 

and insert the power cord plug into one of the PWR 

receptacles of the first cabinet. Lock the plug by 

turning it to the extreme right. This is important 

because accidental removal of the plug disconnects 

power from all succeeding cabinets. 

(5) Repeat the procedure given in (4) above for 

all other cabinets in the line-up. Accidental removal 

of a plug will cut off the power supply to all suc- 

ceeding cabinets in the line-up. 

c. CONNECTING CABINETS, DirEcT WIRING AR- 

RANGEMENT. (1) Run one pair of power leads 

from the office distribution panel to the near end of 

the line-up; continue running the wires in the cable 

run under the cabinets to the far end of the line-up. 

Keep the power leads as far as possible from other 

wiring in the cable run. 

(2) After removing the cover from the front of 

the outlet box assembly of the first cabinet in the 

line-up, splice the leads in the outlet box to a short 

length of power wire. Splice the identified leads to- 

gether and splice the black leads together. 

(3) Remove a knock-out from the bottom of the 

outlet box of the first cabinet of the line-up and pull 

the short length of power wire through the knock- 

out opening. 

(4) Splice the short length of wire to the power 

leads in the cable run, connecting the identified wire 

to the grounded power lead of a grounded power 

system or to the identified lead of a nongrounded 

power system. Connect the black leads together. 

(5) Repeat the procedure given in (2), (3), and 

(4) above for each cabinet to which power is re- 

quired. 
(6) Solder and properly tape all splices; replace 

the outlet box covers. 
d. Fuse Cuecxs. Check to see that the required 

10-ampere fuses are installed in fuse receptacles of 

the 3-foot 6-inch cabinet or the 7-foot cabinet. If 

fuses are not supplied, unscrew the fuse holder from 

each socket, insert a cartridge-type fuse in the open 

end, and replace the fuse holder in the socket. The 

small hole in the other end of the fuse holder per- 
mits the insertion of a nail, or similar implement, 
to aid in the removal of a blown fuse. 

e. CONNECTING TERMINAL OR REPEATER PANELS. 

Insert the power cord plugs of the terminal or re- 

peater panels into the outlets in the plug-in strip 
at the rear of the 3-foot 6-inch and 7-foot cabinets, 
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or into one of the UT & T outlets of a 2-foot 4-inch 

cabinet, Do not connect appliances to the plug-in 

strip; appliances such as testing instruments, solder- 

ing irons, etc., may be connected to the APPLI- 

ANCE outlets of the outlet box. Do not use the 

spare outlet of the 2-foot 4-inch cabinet for appli- 

ances unless absolutely necessary as no fuse 1s pro- 

vided in the outlet circuit. 

32. Voltage Adjustments (figs. 28 and 30) 

Caution: When power is connected, voltages ex- 
isting on certain terminals of the equipment are 
sufficiently high to be dangerous. Accordingly, at- 

tendants are cautioned against touching any live ter- 

minal and any other terminal or ground at the same 
time. When checking and adjusting the equipment, 

disconnect the a-c power whenever possible. If it 

is necessary to turn on the power for the purpose of 

making measurements, proceed with extreme caution. 

The type H carrier terminal and repeater are de- 

signed to operate from a 50- to 60-cycle, 105- to 
125-volt a-c power source. Taps are provided on 
the primary of power transformer PWR which sup- 
plies alternating current to the heaters of the vacuum 

tubes and the varistor rectifier. At the time of in- 

stallation the line voltage must be measured, the tap 

lead of the transformer primary adjusted, if neces- 
sary, and the d-c output of the varistor rectifier 

measured. 

a. APPARATUS REQguiRED. Multimeter TS-380/U. 

b. ADJUSTMENT OF POWER TRANSFORMER PRI- 

maARY. (1) Disconnect the power cord plug. 

(2) Using the 300V a-c scale of the multimeter, 
measure the a-c supply voltage at the outlet box or 

plug-in strip. 

(3) The tap lead on the primary of transformer 
PWR is connected at the factory to terminal 5. Re- 
connect the tap lead, if necessary, to meet the line 

voltage requirements shown below. 

ie 

Connect tap lead 
A-c line voltage to terminal 

Less than 112 3 

112 to°118 ; |, 4 
Greater than 118 5* 

* Tap lead is connected to this terminal during manufacture. 

(4) Insert the power cord plug into the conve- 

nience outlet. 

c. CHECK OF RECTIFIER OUTPUT. 
sufficient time for the tubes to heat. 

(2) Using the 300V d-c scale of the multimeter, 

measure the rectifier output voltage between ter- 

minal 1 of retardation coil P and ground. 

(1) Allow 



Requirement: The output voltage should be be- 
tween 125 and 190 volts. 

(3) Ii the requirement given above is not met, 
see paragraph 46. 

33. Vacuum Tube Checks 

The terminal and repeater panels aré shipped with 

the vacuum tubes mounted in the sockets. Spare 

vacuum tubes are provided in a separate container. 

Check to see that the tubes are seated properly in 
the sockets. Check the vacuum tubes with a tube 

TESTE! 

34. Line Switch Setting 

The line switch, designated LINE, can be set to any 

one of four positions: WIRE EAST, WIRE 

WES Tae ADi@gseRANS, and - RADIO. REC 
(fig. 3). For radio link operation, switch LINE 
of the upper terminal panel is set to RADIO 

TRANS while switch LINE of the lower terminal 
panel is set to RADIO REC. For wire operation, 

the setting of switch LINE generally is specified. 
If no specifications are given, the correct switch 

setting is determined on the basis of the particular 

operating line conditions. When operating over wire 

facilities, once the direction of transmission and the 

position of switch LINE are determined, neither 

can be changed without interfering with the opera- 

tion of the other carrier systems on the line. 

a. WHEN SeETTING Is SPECIFIED, WIRE OPERA- 

TION. If an East terminal is specified, set switch 

LINE to WIRE EAST; if a West terminal is spe- 

cified, set switch LINE to WIRE WEST. 

b. WHEN SettTinc Is Not SPEcIFIED, WIRE 

OpeRATION. (1) With Another H Carrier System 
or a C Carrier System on Same Open-Wire Line. 
Switch LINE must be set so that the direction of 
transmission of. both systems corresponds. Set 

switch LINE accordingly. 
(2) With Carrier Systems Other Than H or C 

Carrier on Same Open-Wire Line. If the other 
carrier systems have one direction of transmission 

in the frequency range of 7 to 10 kilocycles, switch 

LINE must be set so that the East-to-West direc- 
tion of transmission of the type H carrier system is 

in the same direction as the 7- to 10-kilocycle band 
of the other systems. Set switch LINE accord- 
ingly. If the other carrier systems do not utilize 

the frequency range of 7 to 10 kilocycles, follow 

the procedure given in (3) below. 
(3) With No Other Carrier System on Same 

Open-Wire Line. The setting of switch LINE is 
determined by geographical location. The terminal 
which is at the north or east end of the system is 
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the East terminal; the terminal which is at the south 

or west end of the system is the West terminal. Set 
switch LINE accordingly. 

c. Rapio LINK OPERATION. Set switch LINE 

of the upper terminal panel to RADIO TRANS and 

set switch LINE of the lower terminal panel to 
RADIO REC. 

35. Equipment Switch Setting 

The equipment switch, designated EQPT, has three 
switch positions; 2W, 4W TEL, and 4W TLG. 

The switch is set in accordance with the terminating 

arrangement. For the procedures given, switch po- 

sition 4W TLG is not used. It is provided for cases 

where it is desired to eliminate the 8-db pad from 

the transmitting path. 

a. Two-wirRE TERMINATION. For all conditions 

where the channel is terminated on a two-wire basis, 

set switch EOPT to position 2W. 

b. Four-wirE TERMINATION. Tor all conditions 

where the channel is terminated on a four-wire 

basis, set switch EOPT on position 4W TEL. 

36. Gain Adjustments 

a. GENERAL. (1) The gains of the terminals and 
repeaters should be adjusted in accordance with the 

characteristics of the adjacent open-wire line sec- 

tions. The adjustments given below are to be per- 

formed when the system is first installed. Since 

these adjustments are based on average line char- 

acteristics, optimum performance will not result. 

When time permits, perform the detailed tests and 

adjustments given in section V in order to obtain 
optimum performance. 

(2) The receiving gain adjustments are given in 

tables V and VI for a terminal and repeater, re- 

spectively. The gain adjustments given in both 
tables are based on the characteristics of average 

lines and assume that each line section is composed 

entirely of the same gauge of copper or copper-clad 

steel wire. However, if a line section is composed 

of different gauges of wire, the line facility, so far 

as the gain adjustments are concerned, may be con- 

sidered as composed entirely of the most common 

wire gauge used. Though the settings given in the 

tables assume dry weather line conditions, the tables 

may be used when setting up the system during wet 

weather providing the detailed tests and adjustments 

given in section V are performed as soon as prac- 

ticable. 

(3) These adjustments do not apply for radio 
link operation. Instead, perform the detailed tests 

and adjustments given in section V. 

b. Termtnars. (1) Set control TR GAIN to 44. 



(2) Set control REC GAIN in accordance with 

table V, observing the limitations given in a(2) 

above. 

Note. Do not set control REC GAIN to a po- 

sition greater than 44. 

c. REPEATERS. (1) Set control E-W and W-E 

GAIN in accordance with table VI observing the 

limitations given in a(2) above. 
(2) Add the numerical value of the settings of 

controls E-W GAIN and W-E GAIN. 
Requirement: The sum of the E-W GAIN and 

W-E GAIN settings should not exceed 82. 

(3) If the requirement is not met, reduce the set- 

ting of each gain control an equal amount until the 

requirement is met. 

Table V. REC GAIN Control settings at terminal 

Open-wire facility 
REC GAIN 

Gauge Length of line setting 
Type (mils) section (miles) 

Copper-steel 080 25 to 35 20 

35 to 45 22 

45 to 55 26 

55 to 65 30 

65 to 75 32 

75 to 85 34 

85 to 95 38 

95 to 105 42 

Copper-steel 104 25 to 45 18 
45 to 65 22 

65 to 85 26 

85 to 105 30 

105 to 125 32 

125 to 145 38 

145 to 165 42 

Copper-steel 128 30 to 60 16 

60 to 90 20 

90 to 120 26 

120 to 150 30 

150 to 180 32 

180 to 210 38 

210 to 240 42 

Copper 080 25 to 50 16 

5O0rtOn7/5 18 

75 to 100 20 

100 to 125 26 

125 to 150 28 

150 to 175 30 

175 to 200 34 

200 to 225 38 

225 to 250 40 

Copper 104 20 to 50 12 

50 to 90 16 

90 to 130 20 

130 to 170 24 

170 to 210 26 

2105 tonZ50' 30 

250 to 290 34 

290 to 330 36 

330 to 370 42 

40 

a a 
Length of line 
section (miles) 

Copper 

Open-wire facility 

Gauge 
(mils) 

128 

165 

25) tons 

75 to 125 

125 to 175 

175 to 225 

225 to 275 

275 to 325 

325 to 375 

375 to 425 

ZO tOne 

75 to 125 

125 toa/o 

175 to 225 

225 to 275 

275. tO, 325 

325 to 375 

375 to 425 

425 to 475 

475 to 525 

REC GAIN 
setting 

14 
18 
20 
24 
28 
30 
36 
38 
14 
16 
18 
22 
24 
26 
30 
32 
36 
40 

Table VI. E-W GAIN and W-E GAIN control settings at 

repeater 

Type 

Copper-steel 

Copper-steel 

Copper-steel 

Copper 

Copper 

Open-wire facility 

Gauge 
(mils) 

080 

104 

128 

080 

104 

Length of 
preceding line 
section (miles) 

7as) iKoy Oo 

35 to 45 

45 to 55 

55 to 65 

65 to 75 

75 to 85 

85 to 95 

45 to 65 

65 to 85 

85 to 105 

105 to 125 

125 to 145 

60 to 90 

90 to 120 

120 to 150 

150 to 180 

180 to 210 

25 to 50 

50 to 75 

75 to 100 

100 to 125 

125 to 150 

150 to 175 

175 to 200 

200 to 225 

50 to 90 

90 to 130 

130 to 170 

170 to 210 

210 to 250 

250 to 290 

E-W or W-E 
GAIN settings 

26 

30 

32 

36 

38 

42 

46 

28 

32 

36 

40 
44 

28 

32 

36 

40 
44 

22 

26 

28 

32 

36 

38 

42 

44 

24 

26 

30 

34 

38 

40 



Open-wire facility 
E-W or W-E 

Length of GAIN settings 
Gauge preceding line 

Type (mils) section (miles) 

Copper 128 75 to 125 24 

125 to 175 28 

175 to 225 30 
225 to 275 34 

275 to 325 38 
325 to 375 42 

Copper 165 75 to 125 22 

125 to 175 26 

175104220 28 

2e5etOeL/ 5 32 

275 to 325 34 

325 to 375 38 
375 to 425 40 

425 to 475 44 

37. Connecting Arrangements 

The terminals to which connections are to be made 

at an H carrier terminal installation are shown in 

figure 31, and those to be made at a repeater in- 

stallation in figure 32. These over-all illustrations 

are supplemented by specific terminating and line- 

connection illustrations in the paragraphs which 
follow. , 

a. IDENTIFICATION OF WirREs. The type H car- 
rier equipment is wired internally so that each wire 
of a pair can be readily identified. One wire of a 
pair, designated tip (T), is a solid-colored wire 

while the other wire of the pair, designated ring 

(R), is identified by a tracer-color, The terminal 

strips are wired so that the tip (T) wire of each 

pair is connected to the right-hand (lower-num- 
bered) terminal while the ring (R) wire of the pair 

is connected to the left-hand (higher-numbered) ter- 

minal. The paired connecting wire, supplied with 

the installing materials, is similarly color-coded. To 
facilitate maintenance and trouble location, when- 

ever using the paired connecting wire, connect the 
equipment so as to maintain the system of color- 

coding. 

b. Use oF SHIELDED Wire. It is desirable that 

shielded wire be used for all connections where car- 
rier frequencies are involved because of the greater 

coupling that occurs at the higher frequencies. 

Though a short length of color-coded shielded wire 

is supplied with type H carrier line panels, it may 

be necessary to obtain additional shielded wire lo- 
cally. Whenever shielded wire is used, one end of 
the shield must be connected to the designated 

ground terminal. If the other end of the shield is 

not grounded, it must be taped for protection. Use 
the following procedure to ground the shield in the 
manner shown in figure 33. 

(1) Remove about 2 inches of the cloth outer 
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braid of the shielded wire from the end of the paired 
wire, exposing the braided tinned copper shield. 

(2) Cut the exposed shield back about 11% inches 
from the end of the wire. 

(3) Bunch together the frayed ends of the shield. 
(4) Using about 6 inches of single-conductor 

cross-connecting wire, clean one end and wrap it 

around the bunched ends of the copper shield, mak- 

ing four or five close wraps. 

(5) Solder the joint. 
(6) Pull the cloth outside braid over the exposed 

copper shield and hold it in place by wrapping fric- 

tion tape around the wire, making certain to cover 

the soldered connection. 

(7) After cutting the single-conductor wire to 
the proper length, clean and solder it to the proper 

ground terminal on the terminal strip as indicated. 

38. Terminating Connections 

a. The type H carrier channel may be terminated 
on either a two-wire or a four-wire basis, When 

terminated on a two-wire basis, the channel may be 

connected to an adjacent switchboard, a two-wire 

voice-frequency telegraph system, or a two-wire ex- 

tension. When terminated on a four-wire basis, the 

channel may be connected to a four-wire voice- 

frequency telegraph system or it may be extended 
over a voice-frequency repeatered circuit, a channel 

of a type C carrier system, or another type H car- 
rier system. 

b. The terminating connections required are in- 

dicated by means of illustrations which show the 
terminating connections in diagrammatic and tabu- 

lar form. ‘The illustrations are so arranged that 
either the diagram or the table may be used, as de- 

sired. Connection designations of specific terminals 
are given only for the type H carrier equipment. 

Connection designations of specific terminals on 

other equipment shown may be obtained by seeing 

the Technical Manual of the particular equipment. 

Condition See figure 

Two-wire termination 34 As 

Four-wire termination 34 B. 

c. The connections required to extend one H car- 

rier system to another H carrier system when the 

two terminals are adjacently located are shown in 

figure 35. For operating advantages, the four-wire 
method of operation is used at the point at which the 
interconnection is made. 

39. External Balancing Network Connections 

Occasionally, when the type H carrier system is ex- 
tended by means of extremely long voice-frequency 
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22 GA SB_ WIRE 
SINGLE OR LOOP 
LEAD AS REQUIRED 

Figure 33. 

3AZmzDU-cOMm 

H CARR TERM. 

TO 2-WIRE 
V-F EQUIP. 

A. Connections for two-wire termination. 

Connect from 
SI ae Sn ne ea a 

Step Terminal Strip 

1 7 and 8 A 

Location 

Terminal panel, 

B. Connections for four-wire termination. 

Connect from 
eee 

Step Terminal Strip Location 

1 9 and 10 A Terminal panel. 

2 11 and 12 A Terminal panel. 

Figure 34. Terminating 

OUTER BRAID 

PAPER 

BRAIDED TINNED 
COPPER SHIELDING 

RUBBER COVERING 

CONDUCTOR COVERING 

CONDUCTORS 

SHIELD WIRES FRAYEN 
AND TWISTED TOGETHER 

SOLDERED PIGTAIL 
CONNECTION 

TL5I565 - 

Method of grounding the shield of shielded wire. 

H CARR _ TERM. 

o2-2-= 

TERM. STRIP 

A 

TO 4-WIRE 
V-F EQUIP. 

B 
TL 51274 

To 

Use 

Two-wire v-i tp equip. | Paired wire. 

or two-wire y-f tg term. 

To 

Use 

Send side of four-wire Paired wire. 

v-f tp or tg equip. 

Receive side of four- 
wire v-f tp or tg equip. 

Paired wire. 

connections. 



H CARRIER TERMINAL PANEL 

EQPT 
SWITCH 

CONNECT TERMINALS AQ AND AIO OF EACH PANEL TO TERMINALS 
All AND Ale OF THE OTHER PANEL. 

Figure 35, 

facilities, it may be desirable to use an external bal- 
ancing network. To connect an external balancing 

network, remove the strap between terminals Cl and 

C2 and the strap between terminals C3 and C4 of 
terminal strip C on the terminal panel (fig. 28) 

and connect a suitable external balancing network to 
terminals Cl and C3. 

40. Line Connections 

a. WIRE OPERATION. Though the type H carrier 
equipment can be connected for wire operation in 

many ways, this paragraph is concerned only with 
the line connections required for the more common 

arrangements in a physical circuit. The line con- 

nections required for operation on a voice-frequency 

repeatered physical circuit, a composited physical cir- 
cuit, and a simplexed physical circuit are shown by 
means of figures. Connection designations of specific 
terminals are given only for the type H carrier equip- 
ment. Connection designations of specific terminals 
on other equipment shown may be obtained by seeing 
the Technical Manual of the particular equipment or 
to TM 11-2037. The more common arrangements on 
a physical circuit are listed below together with cor- 

responding references to figures showing the line 

connections required. 

West terminal 

or East side 

East terminal 

or West side 

Condition of repeater of repeater 

Physical circuit with Figure 36 Figure 37 
voice-frequency tele- 
phone repeater and 
composite telegraph. 

Physical circuit with Figure 38 Figure 39 
composite telegraph. 

Physical circuit with Figure 40 Figure 41 
simplex telegraph. 

45 

H CARRIER TERMINAL PANEL 

QPT 
SWITCH 

TLSO510-S 

Connection of two type H carrier terminals on a four-wire basis. 

b. Rapio LINK OPERATION. Various line con- 
nections and interpanel connections are required for 

radio link operation. The line and interpanel con- 

nections required for radio link operation are indi- 

cated by means of an illustration which shows the 
terminating connections in diagrammatic and tabular 
form. The illustration is so arranged that either the 

diagram or the table may be used, as desired (fig. 
42). Connection designations of specific terminals 

are given only for the type H terminal equipment. 

Connection designations of specific terminals of the 

radio equipment may be obtained by seeing the Tech- 

nical Manual of the particular radio equipment used. 

4]. Carrier Transfer Equipment Connections 

If it is necessary to terminate the voice or d-c tele- 

graph circuit, or to transfer the carrier circuit at an 

intermediate point where a carrier repeater is not 

provided, two carrier line panels and associated ter- 

minating equipment are required. The connections 

required for the carrier transfer equipment only are 

given below. No vacuum tubes or power supply is 

required. 

a. GROUND ConneEcTions. (1) Clean one end of 

a 6-foot length of single-conductor copper wire and 

solder it to terminal 8 of terminal strip A on the 

upper line panel (fig. 29). 

(2) Run the wire along the side of the cabinet 

to the lower line panel and loop the wire so as to 

make connection to terminal 8 of terminal strip A 

on the lower line panel. 

(3) Solder the loop connection made in (2) above. 

(4) Run the wire to the cabinet ground connection 

and solder. 

(5) Tie the ground wire to the cabinet supports. 



b. EQUIPMENT CONNECTIONS. 

Condition West side East side 

Physical circuit with Figure 43 Figure 44 

voice-frequency tele- 

phone repeater and 

composite telegraph. 

Physical circuit with Figure 45 Figure 46 

composite telegraph. 

Physical circuit with Figure 47 Figure 48 

simplex telegraph. 

42. Check of System Performance 

A check of system performance is made after com- 

pletion of the equipment connections and adjust- 

ments to insure satisfactory system performance. 

This is done by talking between terminals on a two- 

wire basis and by ringing over the circuit if the 

channel is terminated at an adjacent switchboard or 

in a telephone set. 

a. TALKING. Set switches EQPT at both ter- 

minals on position 2W to permit talking on a two- 

wire basis. A magneto telephone may be patched 

into jacks 2W HYB at each terminal to talk. If 

the type H carrier terminal is located near a type 

C carrier terminal, the telephone set of the C carrier 

terminal may be used. Upon completion of conver- 

sation, restore switch EQPT at each terminal to the 

original position. Before undertaking extensive tests 

or repairs, perform the detailed tests, adjustments, 

and line-up procedure contained in section V. If, 

after these tests and adjustments have been per- 

formed, irregularities in performance persist, see 

section XV. 

b. SIGNALING. If the channel is terminated at an 

adjacent switchboard or in a telephone set, ring over 

the circuit to check the signaling. In the event of 

failure, see section XV. 
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N | 7 7 N N 
8 8 T 

TERM, STRIP IN REPTR AND TERM Bina 
STRIPAIN LINE PANEL TERM STRIP BIN LINE PANEL AND LINE LINE 

TERM. STRIP A IN TERM FUT ae ewri® (w DIR 
H CARR LINE PANEL FILT LINE) 

A2(2)* 

rea 
WEST 

LINE 

vias CERO eee eee, 
i 

i] 1 

ee Y 
\ LINE 1 : 
aie: HYB { 

‘ PONE Ts ' 
aes oe bees - 

| < 

te a ee 7 
( ' LINE@AND 1 

Cx i 
BAL NET., 

! CSS 4 
| ae SS SS eee ESS 

“PARENTHESES INDICATE DESIGNATIONS OF CARRIER REPEATER art 

Connect from To 

Step Terminal Strip Location Terminal Strip Location Use 

1 WEST Through prots to CX (line Shielded wire. 

line pair side). 

2 1 and 2 A Line panel. CX (drop side). Shielded wire. 

3 3 and 4 A Line panel. and2 A Terminal panel. Shielded wire. 
or 1 and 2 ae Repeater panel. 

4 5 and 6 A Line panel. V-f tp reptr (hyb line). Paired wire. 

5 7 A Line panel. Shield of wire in step 3. Insulated wire. 

6 8 A Line panel. Shield of wire in step 2. Insulated wire. 

i 1 and 2 B Line panel. V-f tp reptr (hyb net). Paired wire. 
8 3 and 4 B Line panel. V-f tp reptr (line and cx Paired wire. 

bal net). 

9 3 A Terminal panel. Shield of wire in step 3. Insulated wire. 

or 3 Fst Repeater panel. 

‘tgure 36. Connections for East terminal or West side of repeater, with voice-frequency telephone repeater and composste 

telegraph. 
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* 124 4 Leer i 
H CARR TERM. (OR REP) ¥ 5 5 | Pp e 

E 6 6 MY N 

4 if 7 si 6 

8 8 x 

- TERM. STRIP IN REPTR AND 

TERM. STRIPA INLINE PANEL eau creipg iN LINE PANEL AND TERM 
SSeS) eueu x STRIPA IN TERM. 

\ co (LE LINE FILT 
ee toes = H CARR LINE PANEL 

LOW- 
PASS 

SECTION 

TO 0-c 

pe SAE EAQUAALS cipeyabe Vics 
a 1 reef em ae 
2 pend Lo Ns 

' LINE | : 

! HYB y mek 

: | NET. Z t 

ae eaten 1 

genase sr : 
| LINE AND a ! 
| cx f et 

. HOT 4 
* PARENTHESES INDICATE DESIGNATIONS OF CARRIER REPEATER TS tad 

Connect from To 

Step Terminal Strip Location Terminal Strip Location Use 

1 EAST Through prots to CX (line Shielded wire. 
line pair side). 

2 1 and 2 A Line panel. CX (drop side). Shielded wire. 
3 3 and 4 A Line panel. 1 and 2 A Terminal panel. Shielded wire. 

or 5 and 6 5 Repeater panel. 

4 5 and 6 A Line panel. V-f tp reptr (hyb line). Paired wire. 

5 7 A Line panel. Shield of wire in step 3. Insulated wire. 

6 8 A Line panel. Shield of wire in step 2. Insulated wire. 

Ui 1 and 2 B Line panel. V-f tp reptr (hyb net). Paired wire. 

8 3 and 4 B Line panel. V-f tp reptr (line and cx Paired wire. 

bal net). 

9 3 A Terminal panel. Shield of wire in step 3. Insulated wire. 
or 7 at Repeater panel. 

Figure 37. Connections for West terminal or East side of repeater, with voice-frequency telephone repeater and com- 

posite telegraph. 
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H CARR TERMINAL (OR REP)* 

a2-2-= 
oz-2-<= 

4zmzu-com 

' 

2 
3 
4 

sse- 5 
6 
7 
8 4zZmzZ0-Cor 

OBNHNSUN — 

TERMINAL STRIP IN REPTR TERMINAL STRIP A 

AND TERMINAL STRIP A IN| TERMINAL 

IN LINE PANEL 

SECTION 

ce 
*PARENTHESES INDICATE DESIGNATIONS OF CARRIER REPEATER 

| | A 

TO GNO 

TLSi278 

Connect from OSI) Tie: Oe REE een brs a, 

Terminal Strip Location Terminal Strip Location Use 

WEST Through prots to CX (line Shielded wire. 

line pair side). 

1 and 2 A Line panel. CX (drop side). Shielded wire. 

3 and 4 A Line panel. 1 and 2 A Terminal panel. Shielded wire. 

or 1 and 2 si Repeater panel. 

5 and 6 A Line panel. Rptg coil (line side). Paired wire. 

7 A Line panel. Shield of wire in step 3. Insulated wire. 

8 A Line panel. Shield of wire in step 2. Insulated wire. 

3 A Terminal panel. Shield of wire in step 3. Insulated wire. 

3 Repeater panel. 

Figure 38. Connections for East terminal or West side of repeater, with composite telegraph. 
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H CARR TERM (OR REP)* WIPE Si poe, Mad 
land SOAR ' R 
Pe\a5 ua hy Pp 
Ec} 6 651% A N 
N 7 +7 N G 
T 8 8 T 

LINE 
LINE FILT 

(EoIR —  (ELINE TERM STRIP IN REPTR AND 
Filtt C2] © FIT) TERM STRIP A IN LINE PANEL TERM STRIP A IN TERM 
LINE)* (6) a2* 

(7). a3 ‘es H CARR LINE PANEL 
O) 

i cx * PROT 
ft 

fee (aie | 
k ( t ‘ ‘ 

\ 

fetal (hie gto, iaetane LIN 
t O wo, | O r u an 

' Ovi. ' 
| 1 AF Co 23 

TO O-G 

TG EQUIP 
RPTG 
COIL 

(go tet] 
H 

H t 

TOWV= Fs aug eek a 
: EQUIP. emmerras() O== 

Q | 

’ J 
(bo bed 

TO GND 

* PARENTHESES INDICATE DESIGNATIONS OF CARRIER REPEATER ASM 

" Connect from To 

Step Terminal Strip Location Terminal Strip Location Use 

1 EAST Through prots to CX (line Shielded wire. 
line pair side). 

2 1 and 2 A Line panel. CX (drop side). Shielded wire. 

3 3 and 4 A Line panel. 1 and 2 A Terminal panel. Shielded wire. 

or 5 and 6 na Repeater panel: 

4 5 and 6 A Line panel. Rptg coil (line side). Paired wire. 

5 7 A Line panel. Shield of wire in step 3. Insulated wire. - 

6 8 A Line panel. Shield of wire in step 2. Insulated wire. 

7 3 A Terminal panel. Shield of wire in step 3. Insulated wire. 
or 7 Repeater panel. 

Figure 39. Connections for West terminal or East side of repeater, with composite telegraph. 
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o2z-2-s 

TERM. STRIPIN REPTR AND 
TERM STRIPA INLINE PANEL 

4aZ2meu0u-com 

TERM. STRIP AIN TERM 

5l 

H CARR TERM. (OR REP)”™ 

a2-2-= 

an(1)* 

LINE FILT 

H CARR LINE PANEL 

PROT ee Sed 
1 O 

WEST ! 2 a 4 HIGH— () 43 | 7) 

land © geen hae! eee =| tage | CASS FE Lag ET SECTION taaea ee Cras 
ee O 

# PARENTHESES INDICATE DESIGNATIONS OF CARRIER REPEATER 

Connect from 

Step Terminal Strip Location Terminal 

1 WEST Prots (line side). 
line pair 

2 1 and 2 A Line panel. Prots (drop side). 

3 3 and 4 A Line panel. Peanide2 

or 1 and 2 

4 5 and 6 A Line panel. Rptg coil (line side). 

5 Zs A Line panel. Shield of wire in step 3. 

6 8 A Line panel. Shield of wire in step 2. 

" 3 A Terminal panel. Shield of wire in step 3. 

or 3 Repeater panel. 

(WLINE FILT) 

* 

RPTG COIL 

OIR Fit 

fea Seer 5 q 

‘ hn Rare EE, 
H ! 
i | TO v-F 
t | : Equie. 

Coe) 

TOO-C TG EQuiP. 
OR GND 

TL i260 

To 

Strip Location Use 

A Terminal panel. 

Repeater panel. 

Shielded wire. 

Shielded wire. 

Shielded wire. 

Paired wire. 

Insulated wire. 

Insulated wire. 

Insulated wire 

Figure 40. Connections for East terminal or West side of repeater, with simplex telegraph. 
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1 | E 

6 | 2 2tw og Hy I H CARR TERM. (OR REP)* aps ALG u R 
P { ! MaysD oF ENmeee N 
—E | 6 CHIEG@a . 
N | 7 7 T 
Uf 8 8 : 

LINE FILT TERM STRIPIN REPTR AND TERM. STRIP A IN TERM. 
TERM. STRIP A INLINE PANEL 

OIR Fit 4 CARR LINE PANEL 

ST A3Py HIGH - A) | 
0 PASS 0 ee RST 

| {f aal | | SECTION plamaes( ss te LINE 

v FG O LOW- ene 
PASS 

SECTION 

RPTG Co ~—— 

' 
TO V-F i 
EQuiP. H { 

= po — 
ag A 

TO D-C TG EQuip. | 
OR GNO 

* PARENTHESES INDICATE DESIGNATIONS OF CARRIER REPEATER 1% See! 

Connect from To 

Step Terminal Strip Location Terminal Strip Location Use . 

1 EAST Prots (line side). Shielded wire. 

line pair 

2 1 and 2 A Line panel. Prots (drop side). Shielded wire. 

3 3 and 4 A Line panel. 1 and 2 A Terminal panel. Shielded wire. 

or 5 and 6 ae Repeater panel. 

4 5 and 6 A Line panel. Rptg coil (line side). Paired wire. 

5 i A Line panel. Shield of wire in step 3. Insulated wire. 

6 8 A Line panel. Shield of wire in step 2. Insulated wire. 

7 3 A Terminal panel. Shield of wire in step 3. Insulated wire. 
or 7 Repeater panel. 

Figure 41. Connections for West terminal or East side of repeater, with simplex telegraph. 



TO 2-wiRE 

vee couw = |" 

To2-wirE | 
VF EouIP 

Step Terminal 

1 1 and 2 

2 3 and 4 

3 5 and 6 

4 7 and 8 
5 9 and 10 

6 11 and 12 

i 1 and 2 

8 3 

9 7 and 8 

10mm 16 

11 1 and 2 

12 5 and 6 

13 i 

14 1 and 2 

15 3 

16 7 and 8 

17 ‘16 

18 16 

19 1 and 2 

20 5 and 6 

21 7 

H CARR TERM. 

TERM. #1 (TRANSMIT) 

TERM # 2(RECEIVE) 

H CARR TERM. 

Connect from 

Strip 

Pr FES SrPrrrSr PPP PPPrHOnHBUUwW 

Location 

Terminal (1). 

Terminal (1). 

Terminal (1). 

Terminal (1). 

Terminal (1). 

Terminal (1). 

Terminal (1). 

Terminal (1). 

Terminal (1). 

Terminal (1). 

Line panel (1). 

Line panel (1). 

Line panel (1). 

Terminal (2). 

Terminal (2). 

Terminal (2). 
Terminal (2). 
Terminal (2). 

Line panel (2). 

Line panel (2). 

Line panel (2). 

aAzmMsS0-com 
DNDN SWAN — 

B4 85 686 87 88 B89 B10 BI 
© O © © O O O O 

Terminal 

1 and 2 

3 and 4 

5 and 6 

7 and 8 

9and 10 
11 and 12 

3 and 4 

o2-D-<s 

TO 4-WIRE V-F 

TP OR TG EQUIP. 

Shield of wire in step 7. 

2-wire v-f£ equip. 

8 
Radio xmtr. 

Send side of 4-wire v-f tp 

or tg equip. 

Shield of wire in step 7. 

3 and 4 

Shield of wire in step 14. 

2-wire v-f equip. 

16 
8 

Radio revr. 

Receive side of 4-wire v-f 

or tg equip. 

Shield of wire in step 14. 

4azZmze0-com 

o2-2-€ 

TERM STRIP A ANDB IN TERM. 

H CARR LINE PANEL 

TO RADIC 
PASS 

XMTR 
| SECTION 

Low - 

PASS 

SECTION 

H CARR LINE PANEL 

PASS 
SECTION 

TO RADIO 
RCVR 

Te si288 

To 

Strip> Location Use 

B- Terminal (2). Paired wire. 

B Terminal (2). Paired wire. 

B Terminal (2). Paired wire. 

B Terminal (2). Paired wire. 

B Terminal (2). Paired wire. 

B_ Terminal (2). Paired wire. 
A Line panel (1). Shielded wire. 

Insulated wire. 

Paired wire. 

Paired wire. 

Paired wire. 

Paired wire. 

A Line panel (1). 

Insulated wire. 

Shielded wire. 

Insulated wire. 

Paired wire. 

Insulated wire. 

Insulated wire. 

Paired wire. 

Paired wire. 

A Line panel (2). 

Terminal (1). 

Line panel (2). > > 

Insulated wire. 

Figure 42. Connections for radio link operation. 
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Connect from To 

Step Terminal Strip Location Terminal Strip 

1 WEST Through prots to CX (line 

line pair side). 

2 1 and 2 A Line panel. CX (drop side). 

3 3' and 4 A Line panel 3 and 4 A 

(WEST). 
4 5 and 6 A Line panel. V-f tp reptr (hyb line). 
5 7 A Line panel. Shield of wire in step 3. 
6 7 A Line panel. 4 A 
7 7 A Line panel. 8 A 
8 8 A Line panel. Shield of wire in step 2. 
9 1 and 2 B Line panel. V-f tp reptr (hyb net). 

10 3 and 4 B Line panel. V-f tp reptr (line and cx 

bal net). 

Q2-D—-g 

Location 

Line panel 

(EAST). 

Line panel. 

Line panel. 

Use 

Shielded wire. 

Shielded wire. 

Shielded wire. 

Paired wire. 

Insulated wire. 

Strap wire. 

Strap wire. 

Insulated wire. 

Paired wire. 

Paired wire. 

Figure 43. Connections for West side at transfer point, with voice-frequency telephone repeater and composite telegraph. 
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H CARR LINE PANEL 

<— Y 
nh AT 
> 

A 

TO : 

TERMINALS - o—— oS 

€3 AND AS \ 
OF WEST , PASS 
LINE PANEL 7, 0 SF, SECTION , 

V-F TP REPTR 

Connect from 

LOW — 

Pass 

SECTION 

Step Terminal Strip Location 

1 EAST 

line pair 

2 1 and 2 A Line panel. 

3 3 and 4 A Line panel 

(EAST). 
4 5 and 6 A Line panel. 

5 7 A Line panel. 

6 7 A Line panel. 

2 7 A Line panel. 

8 8 A Line panel. 

9 1 and 2 B Line panel. 
10 3 and 4 B Line panel. 

Terminal 

Through prots to CX (line 

side). 

CX (drop side). 

3 and 4 

V-f{ tp reptr (hyb line). 

Shield of wire in step 3. 
4 

8 

Shield of wire in step 2. 

V-f£ tp reptr (hyb net). 

V-f tp reptr (line and cx 

bal net). 

‘ 
w 

y ) 

p Q 
My N 
7 6 
T 

cx PROT 

TO D-¢ 
TG EQUIP 

Yu B18Oe 

To 

Strip Location Use 

Shielded wire. 

Shielded wire. 

A Line panel Shielded wire. 

(WEST). 

Paired wire. 

Insulated wire. 

A Line panel. Strap wire. 

A Line panel. Strap wire. 

Insulated wire. 

Paired wire. 

Paired wire. 

Figure 44. Connections for East side at transfer point, with voice-frequency telephone repeater and composite telegraph. 
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Connect from To 

Step Terminal Strip Location Terminal Strip Location Use : 

1 WEST Through prots to CX (line Shielded wire. 
line pair side). 

2 1 and 2 A Line panel. CX (drop side). Shielded wire. 

3 3 and 4 A Line panel 3 and 4 A _Line panel Shielded wire. 
(WEST). (EAST). 

4 5 and 6 A Line panel. Rptg coil (line side). Paired wire. 

5 7 A Line panel. Shield of wire in step 3. Insulated wire. 
6 7 A Line panel. 4 A Line panel. Strap wire. 
7 7 A Line panel. 8 A Line panel. Strap wire. 
8 8 A Line panel. Shield of wire in step 2. Insulated wire. 

Figure 45. Connections for West side at transfer point, with composite telegraph. 
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A3 AND A4 OF ‘SECTION | 
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PANEL eae [Sesvers| 

TO D-¢ 
TG EQUIP. 

LOW-PASS 

SECTION 

RPTG 
COIL 
a 

TO VF | : 
€quiP | 

nine e 

aig 

TO GND 
€.-orese 

Connect from To 

Terminal Strip Location Terminal Strip Location 

EAST Through prots to CX (line 
line pair side). 

1 and 2 A Line panel. CX (drop side). 
3 and 4 A Line panel 3 and 4 A Line panel 

, (EAST). : (WEST). 
5 and 6 A Line panel. Rptg coil (line side). 

7 A Line panel. Shield of wire in step 3. 
7 A Line panel. 4 A Line panel. 
7 A Line panel. 8 A Line panel. 
8 - A Line panel. Shield of wire in step 2. 
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Figure 46. Connections for East side at transfer point, with composite telegraph. 

Use 

Shielded wire. 

Shielded wire. 

Shielded wire. 

Paired wire. 

Insulated wire. 

Strap wire. 

Strap wire. 

Insulated wire. 
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e H CARR LINE PANEL 
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PROT r-- 

PS Corny pro Hie TO TERMINALS WES 
PASS LINE | rey, A3 AND A4 OF 

EAST LINE PANEL 

= S| 

Low- 
PASS 
SECTION 

RPTG 

COIL 

(see 
| TO V-F 

| EQUIP 

| 

ee Send 

.TO D-C 
TG EQU.P 

OR GND 

TL 51287 

Connect from To 

Step Terminal Strip Location Terminal Strip Location Use 

1 WEST Prots (line side). Shielded wire. 
line pair 

2 1 and 2 A Line panel. Prots (drop side). Shielded wire. 
3 3 and 4 A Line panel 3 and 4 A Line panel Shielded wire. 

(WEST). (EAST). 
4 5 and 6 A Line panel. Rptg coil (line side). : Paired wire. 
5 7 A Line panel. Shield of wire in step 3. Insulated wire 

6 7 A Line panel. 4 A Line panel. Strap wire. 
il 7) A Line panel. 8 A Line panel. Strap wire. 

8 8 A Line panel. Shield of wire in step 2, Insulated wire 

Figure 47. Connections for Vest side at transfer point, with simplex telegraph. 
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| | 

TO 0-C sect 
TG EQUIP. 
OR GND 

fL-51286 

Connect from To 

Step Terminal Strip Location Terminal Strip Location Use 

1 EAST Prots (line side). Shielded wire. 

line pair 

2 1 and 2 A Line panel. Prots (drop side). Shielded wire. 
3 3 and 4 A Line panel 3 and 4 A Line panel Shielded wire. 

(EAST). : (WEST). 
4 5 and 6 A Line panel. Rptg coil (line side). Paired wire. 

5 7 A Line panel. Shield of wire in step 3. Insulated wire. 
6 7 A Line panel. 4 A Line panel. Strap wire. 
7 7 A Line panel. 8 A Line panel. Strap wire. 
8 8 A Line panel Shield of wire in step 2. Insulated wire. 

Figure 48. Connections for East side at transfer point, with simplex telegraph. 
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Section V. DETAILED TESTS, ADJUSTMENTS, AND SYSTEM LINE-UP 

43. Testing Equipment 

To perform the detailed tests and adjustments given 

in this section, the test equipment listed below (or 

the equivalent) is required. Though the equipment 

listed is not supplied with the type H carrier equip- 

ment, it should be available at locations where voice- 

frequency telephone repeaters are installed. 

apa UT ne eee eee a 

Description - Usage 

Voltage, current, and re- 

sistance measurements 

Volt-ohm-milliammeter 

Re ne YY 

a 
|e a eet | a aE! 

Sig. Corps 
Nomenclature stock No. Mfr’s. No. 

Multimeter TS-380/U. 37127 WECo D-166852 

Audio Oscillator TS- 3F3570-1 WECo 19C(SPL) 

379/U. 

Attenuator TS-402/U. 3F1775 WECo 5A(SPL) 

Decibel Meter TS-399/U. 3F4270- 2 WECo 13A(SPL) 

Tube Tester I-171. 3F5681 

Test Set TS-190/U. 3F 4316.1 WECo 67B(SPL) 

44. Procedures for Transmission Measurements 

Transmission measurements are required in order to 

obtain optimum system performance. Transmission 

measurements are made by sending a test tone of 
suitable frequency and power into the circuit under 

test by means of a test oscillator and then measuring 

the output power of the circuit with a transmission 
measuring set. An attenuator may be required to 
reduce the output power supplied by the oscillator 

to a suitable level or to reduce the input to the trans- 

mission measuring set so that it may be read. The 
frequency and power of the test oscillator required 
for transmission measurements will depend upon 

whether the circuit under test is designed to operate 

at voice or carrier frequencies. 

a. VOICE-FREQUENCY Circuits. All circuits and 

equipment on the switchboard side of an H. carrier 

terminal are designed to operate at voice frequencies. 

Therefore, when transmitting a test tone into the 

switchboard side of an H carrier terminal, a test 

oscillator frequency of 1,000 cycles is used. Since 

the normal average speech level at the switchboard 

side is 1 milliwatt, a test power equivalent to 0 dbm 
is applied at the switchboard side. : 

b. CARRIER-FREQUENCY Circuits. All circuits 

and equipment on the line side of a type H carrier 

terminal or repeater are designed to operate at car- 

rier frequencies. Because of the different frequen- 

cies used for each direction of transmission, a test 

frequency of 6,000 cycles is used for the West-to- 

(Piceok model 560 (SPL) | Vacuum tube test set 

———————— 

Transmission measuring 

set 

Test vacuum tubes 

Test receiver Monitoring 

East direction while a test frequency of 8,000 cycles 

is used for the East-to-West direction of transmis- 

sion. To prevent overloading of the demodulators 

at a terminal, or the amplifiers when transmitting 
test tone into the line side of an H carrier terminal 
or repeater, the output power of the oscillator is 
reduced further by inserting an attenuator between 

the output of the oscillator and the input to the cir- 

cuit under test. 
c. Test INSTRUMENT REQuIREMENTS. (1) Test 

oscillator. The test oscillator required for the trans- 
mission measurements should have an output im- 

pedance of 600 ohms (or impedance-matching fa- 

cilities to provide a 600-ohm impedance) and pro- 
vide a stable output variable to approximately 

+ 6 dbm into a 600-ohm load over a frequency 

range of 200 to 10,000 cycles. 

(2) Transmission measuring set. The transmis- 

sion measuring set required for the transmission 

measurements should have an input impedance of 

600 ohms and be stable over a geet: range of 
200 to 10,000 cycles. 

(3) Attenuator. The attenuator required for the 

transmission measurements should have a 600-ohm 

impedance and be variable from O to approximately 

30 db in 1-db steps. 

d, DETERMINING TRANSMISSION MEASUREMENTS. 
If an attenuator is used when making transmission 
measurements, the reading of the transmission meas- 
uring set is not a true indication of the gain or loss 
of the circuit under test. To correct for the inser- 



\ 

tion of the attenuator, the reading of the transmis- 
sion measuring set is added to the setting of the 
attenuator if the reading of the transmission measur- 

ing set is above 0 dbm. If the reading of the trans- 
mission measuring set is below 0 dbm, the reading 

of the transmission measuring set is subtracted from 

the setting of the attenuator. 

45. Outline of Detailed Tests, Adjustments, and Sys- 
tem Line-up 

To obtain optimum performance, the detailed tests, 

adjustments, and system line-up contained in the fol- 
lowing paragraphs of this section should be made as 
soon after the equipment is installed as practicable. 

a. TERMINAL TESTS AND ADJUSTMENTS. The de- 

tailed tests and adjustments required at a terminal 

are listed below in the order in which they should 
be performed. 

Terminal tests and adjustments required: 

Voltage adjustments (par. 46). 

Vacuum tube test (par. 47). 

. Oscillator output measurement (par. 48). 
Receiving gain measurement (par. 49). 
Transmitting gain measurement (par. 50). 

Transmitting output adjustment (par. 51). 

b. REPEATER TESTS AND ADJUSTMENTS. The de- 
railed tests and adjustments required at a repeater 

are listed below in the order in which they should 

be performed. 

Repeater tests and adjustments required: 

Voltage adjustments (par. 46). 

Vacuum tube test (par. 47). 
Repeater gain measurement (par. 52). 

c. OVER-ALL SYSTEM LINE-UP AND TESTS. 
(1) The over-all system line-up and tests require 

he cooperation of each repeater station and both 
erminal offices. Each test requires that one ter- 
ninal office direct the testing procedure. Gener- 
ally the control terminal coordinates the tests, though 

it may designate either the other terminal or one of 

the repeater stations to assume this duty. 

(2) Each of the over-all tests requires that a 
‘alking circuit be established between each repeater 

and the East and West terminals. Since no talking 

facilities are provided with the type H carrier equip- 
ment, communication must be established over a 

voice circuit or a channel of another carrier system. 

(3) The over-all system line-up and tests listed 
below should be made after the detailed terminal 
and repeater tests and sO usemgnts given in a and b 
above are performed. 

él 

to 125-volt a-c power source. 

Over-all system line-up and tests: 

System line-up (par. 53). 
Loop gain measurement (par. 54). 
Synchronization adjustment (par. 55). 
Channel net loss-frequency test (par. 56). 

46. Voltage Adjustments 

a. GENERAL. (1) The type H carrier equipment 
is designed to operate from a 50- to 60-cycle, 105- 

Depending on the 

supply voltage, connection is made to one of three 

taps provided on the primary winding of power 
transformer PWR (figs. 28 and 30). The primary 

tap lead is adjusted during manufacture for opera- 

tion. from a 120-volt a-c source. 

(2) The secondary of the power transformer has 

two windings. One winding supplies current for the 

heaters of the vacuum tubes. The. other winding 

supplies a varistor-bridge rectifier which furnishes 

direct current for plate and screen voltages. This 

second winding is tapped to provide adjustment to 

compensate for the aging of the varistor units. 

b. APPARATUS ReEQuiRED. 1 Multimeter TS- 

380/U. 

c. ADJUSTMENT OF POWER TRANSFORMER PRI- 

MARY (figs. 28 and 30). (1) Disconnect the power 

cord plug. 

(2) Using the 300V a-c scale of the multimeter, 

measure the a-c supply voltage at the outlet box or 

plug-in strip. 

(3). The tap lead on the primary of transformer 
PWR is connected at the factory to terminal 5. Re- 
connect the tap lead, if necessary, to meet the line 

voltage requirements shown below. 

A-c line voltage Connect tap lead to terminal 

105 to 112 3 

112 to 118 4 
118 to 125 5* 

* Adjustment made during manufacture. 

(4) Insert the power cord plug into the conveni- 

ence outlet. 

d. ADJUSTMENT OF RECTIFIER OUTPUT. 

low sufficient time for the tubes to heat. 

(2) Using the 300V d-c scale of the multimeter, 
measure the rectifier output voltage between ter- 
minal 1 of retardation coil P (figs. 28 and 30) and 

ground. 

Requirement: The output voltage should be be- 
tween 125 and 190 volts. 

(3) If the voltage as measured is less than 125 

volts, change the transformer tap lead, which is con- 

nected to terminal 7, to terminal 8. 

(1) AL 



(4) If the voltage as measured is greater than 

190 volts change the primary tap adjusted in c(3) 
above to the next higher-numbered terminal. 

e. CHECK OF HEATER VottacE. (1) Using the 
15V a-c scale of the multimeter, measure the heater 

voltage between terminals 1 and 6 of each vacuum 

tube socket. 
Requirement: The heater voltage should be be- 

tween 9 and 11 volts. 
(2) If the requirement is not met, see paragraph 

103. 

47. Vacuum Tube Test 

Tubes should be tested with tube tester I-171, or its 

equivalent, for shorts, transconductance, grid emis- 

sion, and filament activity in accordance with TM 
11-2047 which is furnished with the tube tester. In 

order to reduce service interruptions to a minimum, 

tube tests on a given system should be coordinated 

with all offices. 
a. APPARATUS REQUIRED: 1 tube tester I-171. 

b. Procepure. (1) Using the tube tester test all 
vacuum tubes. 

(2) Return the satisfactory tubes to the original 

sockets. If a tube is replaced use only a tested tube. 

Note. If tube OSC is replaced at either terminal, the 
synchronization adjustment test given in paragraph 55 

should be made before placing the system in service. 

48. Oscillator Output Measurement 

Satisfactory performance of the modulator and de- 
modulator circuits is dependent to some extent upon 
the amount of carrier power impressed upon the 

varistor circuits. The amount of power varies with 

differences in the oscillator circuit, line voltage, and 

the varistor elements, 

ak 
PANEL 
GROUND 

REQUIREMENT: 
THE OSCILLATOR OUTPUT SHOULD 

BE BrTWEEY +4.5 AND +13.0 DBM 

Figure 49, 
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a. APPARATUS REQUIRED: 

1 Decibel Meter TS-399/U. 
1 Attenuator TS-402/U. 

Patching cords. 
b. PRoceDuRE (fig. 49). (1) Connect one side 

of the attenuator input to terminal 4 of transformer 

OSC and connect the other side of the attenuator 

input to ground. 

(2) Set the attenuator for a loss of 5 db. 
(3) Connect the output of the attenuator to the 

input of the transmission measuring set. 
(4) -Read the transmission measuring set and de- 

termine the oscillator output. 

Requirement: The oscillator output should be 

between +4.5 and +13.0 dbm. 
(5) If the requirement is not met, replace tube 

OSC and determine the oscillator output as in (4) 
above. If the requirement is not met after tube OSC 
has been replaced with a satisfactory vacuum tube, 

see paragraph 105. 

49. Receiving Gain Measurement 

The measurement of receiving gain provides a means 
of checking the gain of the receiving circuit. The 

gain is measured by sending testing power at a fre- 

quency of 8,000 cycles at a West terminal, or 6,000 

cycles at an East terminal, to jacks DIR FILT 
LINE and measuring the output at the voice-fre- 

quency side of the terminal. First the maximum 
receiving gain is measured and then the positions 
of control REC GAIN are checked. For radio link 

operation this test is performed at both terminal 
panels with switch LINE set to WIRE EAST. 

a. APPARATUS REQUIRED: 

1 Audio Oscillator TS-379/U. 
1 Decibel Meter TS-399/U. 

TRANSFORMER 
osc 

6 7 

5 
4 

3 
2 

8 

IN OUT 

Ke o TRANSMISSION 
© ATTENUATOR o MEASURING 

SET 

5 0B 

TL51289 

Oscillator output measurement. 



1 Attenuator TS-402/U. 

Patching cords. 

b. PRocEDURE (fig. 50). If the line switch is set 
to a radio position, turn the control to the WIRE 

EAST position and use a testing frequency of 6,000 

cycles. 

(1) After noting the settings of the gain controls, 
set control REC GAIN to 50 and control TR GAIN 

to 0. 
(2) Patch the output of the oscillator to the input 

of the attenuator. 

(3) Set the attenuator for a loss of 20 db. 
(4) Patch the output of the attenuator to jacks 

DIR FILT LINE. 

(5) If switch EQPT is on the 2W position, patch 
jacks 2W HYB to the input of the transmission 

measuring set. If switch EOPT is on the 4W TEL 

position, patch jacks DEM OUT to the input of the 
transmission measuring set. 

(6) Adjust the oscillator for an output of 0 dbm 
at 6,000 cycles for a line switch setting of WIRE 
EAST or 8,000 cycles for a line switch setting of 

WIRE WEST. 

(7) Read the transmission measuring set and de- 
termine the receiving gain. 

Requirement: The maximum receiving gain 
should be within +3.5 db of the value as given in 
table VII with control REC GAIN set on 50. 

(8) If the requirement is not met, see paragraphs 

99 and 104. 

(9) Set potentiometer REC GAIN to steps 40, 

2W HYB DIR 
OR FILT 

DEM OUT LINE 

30, 20, and 10 and record the receiving gain on each 
of the steps. It is necessary to reduce the setting of 

the attenuator in order to obtain a reading on the 

transmission measuring set for the lower settings of 

control REC GAIN. 
(10) Note the difference between the receiving 

gain obtained with control REC GAIN set on 50 and 
the receiving gain obtained on each of the other 

steps. 

Requirement: The reduction in receiving gain 

for various settings of potentiometer REC GAIN as 

compared to the gain obtained with potentiometer 
REC GAIN set to 50 should be within +1 db of 

the values given in table VII. 

(11) Remove patching cords, set the controls 

to the operating positions, and restore the circuit 

to normal. 
(12) For radio link operation, repeat the proce- 

dure given in (1) through (11) above at the other 

terminal panel. 

Table VII. Receiving gain for. various settings of control 

REC GAIN. 

Setting of switches | Tontrol set. | with REC GAIN contral set on 

LINE EQPT. 50 40 30 20 10 0 

EAST | 2W 17.0 | 10| 20 | 30 | 39.7 | * 
4W TEL | 27.9 | 10| 20| 30 | 39.7 | * 

WEST | 2W 16.6 | 10| 20| 30| 39.7 | * 

*Readings on this step may vary because of carrier leak and power noise. 

OUT IN OUTPUT 

TRANSMISSION H a 
MEASURING CARRIER ATTENUATOR o OSCILLATOR 

SET TERMINAL : 

20 DB O DBM 

6,000 CYCLES AT 
EAST TERMINAL 

: PATCH TRANSMISSION Se Sets of tht 58 oF £000 cvo.es AT 
VALUES GIVEN BELOW ON TO JACKS WEST TERMINAL 

REC GAIN 
CONTROL 
SET _ON SETTING OF SWITCHES 

LINE EQPT 50 

EAST 2W 17.0 

4W TEL 27.9 

WEST 2W 16.6 

4W TEL 27.5 

| 0 awaes | SE 2W NYE 
WW TEL DEM OUT 

Figure 50, Recewing gain measurement, 

50. Transmitting Gain Measurement 

The measurement of transmitting gain provides a 

means for checking the gain of the transmitting 

circuit and associated equipment. The gain is 
measured by sending testing power at a frequency 
of 1,000 cycles into the voice-frequency side of the 

terminal and measuring the high-frequency output 



at jacks DIR FILT LINE. First the maximum 
transmitting gain is measured and then the positions 

of potentiometer TR GAIN are checked. For radio 

link operation this test is performed on both ter- 

minal panels with switch LINE set to WIRE 

BAST: 

a. APPARATUS REQUIRED: 

1 Audio Oscillator TS-379/U. 

1 Decibel Meter TS-399/U. 

1 Attenuator TS-402/U. 

Patching cords. 
b. PRocEDURE (fig. 51). If the line switch is set 

to a radio position, turn the switch to the WIRE 

EAST position. 
(1) After noting the settings of the gain controls, 

set control TR GAIN to 50 and control REC GAIN 

to 0. 

(2) If switch EQPT is on the 2W position, patch 
the output of the oscillator to jacks 2W HYB. If 

switch EOPT is on the 4W TEL position, patch the 

output of the oscillator to jacks MOD IN. 

(3) Patch jacks DIR FILT LINE to the input of 
the attenuator. 

(4) Set the attenuator for a loss of 20 db. 
(5) Patch the output of the attenuator to the in- 

put of the transmission measuring set. 

(6) Adjust the oscillator to a frequency of 1,000 

cycles at an output of 0 dbm for an equipment switch 

setting of 2W, or +4 dbm for an equipment switch 

setting of 4W TEL. 

(7) Read the transmission measuring set and de- 
termine the transmitting gain. 

Requrement: The maximum transmitting gain 

should be within +3.5 db of the value as given in 
table VIII with control TR GAIN set to 50. 

2w HYB DIR 
OR FILT 

MOD IN LINE 

OUTPUT 

OSCILLATOR ° US CARRIER 
TERMINAL 

PATCH OSCILLATOR | OSCILLATOR 
SWITCH EQPT | OSCILLATOR | OUTPUT LEVEL] FREQUENCY 

ON TO JACKS 
eee OW Sele ew HYB 0 DBM 1,000 CYCLES 

w Tet | woo IN | +# 08M [1,000 cYcLes 

Figure 51. 
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(8) If the requirement is not met, see paragraphs 

99 and 104. 

(9) Set control TR GAIN to steps 40, 30, 20, 
and 10 and record the transmitting gain on each 
of the steps. It is necessary to reduce the setting 
of the attenuator in order to obtain a reading on 

the transmission measuring set for the lower set- 

tings of control TR GAIN. 

(10) Note the differences between the transmit- 
ting gain obtained with control TR GAIN set on 

50 and the transmitting gain obtained on each of 
the other steps. 

Requirement: The reduction in transmitting 

gain for various settings of control TR GAIN as 

compared to the gain obtained with control TR 

GAIN set to 50 should be within + db of the 

values given in table VIII. 

(11) Remove patching cords, set the controls to 
the operating positions, and restore the circuit to 

normal. 

(12) For radio link operation, repeat the pro- 

cedure given in (1) through (11) above at the 

other terminal panel. 

Table VIII. Transmitting gain for various settings of 
control TR GAIN 

TR GAIN]Reduction in transmitting gain with 
Setting of switches control set TR GAIN control set on 

LINE EQPT. 50 40° | 30 | 209 at0 

EAST 2W 21.0 | 9.4 | 17.3 | 29.3 | 39.3 | 49.3 
4W TEL 16.0 | 9.4 | 17.3 | 29.3 | 39.3 | 49.3 

WEST 2W 21.3 | 9.4 | 17.3 | 29.3 | 39.3 | 49.3 
4W TEL 16.3 | 9.4 | 17.3 | 29.3 | 39.3 | 49.3 

IN OUT IN 

ATTENUATOR 

20 DB 

REQUIREMENT: THE MAXIMUM TRANSMITTING GAIN 
Pe BE WITHIN 43.5 DB OF THE VALUES GIVEN 

LOW 

SETTING OF Sat TanES 
LIN EQP 

EAST 

TR GAIN 
CONTROL 
SET_ON 

30 

WEST 

TLSH29S 

Transmitting gain measurement. 



51. Transmitting Output Adjustment 

The transmitting gain is adjusted to meet the speci- 

fied output. The test is performed by applying 1,000- 

cycle testing power to the voice-frequency side of 

the terminal and measuring the high-frequency out- 
put at jacks DIR FILT LINE. The transmitting 

gain then is adjusted to the specified output by means 
of control TR GAIN. For radio link operation the 

transmitting gain is adjusted at both terminal panels 

with switch LINE on the operating position. 

a. APPARATUS REQUIRED: 

1 Audio Oscillator TS-379/U. 

- 1 Decibel Meter TS-399/0U. 
1 Attenuator TS-402/U. 

Patching cords. 

b. PRoceDurE (fig. 52). (1) If switch EQPT 
is on the 2W position, patch the output of the oscil- 

lator to jacks 2W HYB. If switch EQPT is on the 
4W TEL position, patch the output of the oscillator 

to jacks MOD IN. 

(2) Patch jacks DIR FILT. LINE to the input 
of the attenuator. 

Note. For radio link operation, use jacks DIR FILT 

LINE on the upper terminal panel for adjustment of the 

lower terminal panel as well as the upper terminal panel. 

(3) Set the attenuator for a loss of 10 db. 

(4) Patch the output of the attenuator to the in- 

put of the transmission measuring set. 

(5) Adjust the oscillator for a frequency of 1,000 
cycles at an output of 0 dbm for an equipment switch 

setting of 2W, or + 4 dbm for an equipment switch 

setting of 4W TEL. 

(6) Read the transmission measuring set and de- 
termine the transmitting output. 

(7) Adjust control TR GAIN until the transmit- 
ting output is within +1.5 db of the specified output. 

OUTPUT 

OSCILLATOR 6 CARRIER 
TERMINAL 

OSCILLATOR 
OUTPUT LEVEL 

OSCILLATOR 
FREQUENCY 

TO JACKS 
2w HYB 0 DBM Joe 000 CYCLES 

| moo in [ +4 08M —_ [1,000 cYCLES| 

OSCILLATOR SWITCH EQPT 
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IN OUT 

L 

== ATTENUATOR eae je 

(8) If no output is specified, adjust control TR 

GAIN to give a transmitting output as shown below. 

Operating condition Transmitting output (dbm) 

+-14.5 to -+-17.5 

—10* 

ee 

* Values indicated for radio link operation are average levels. 
Final operating levels will depend upon the radio equipment and 
transmission factors. 

(9) Record the setting of control TR GAIN for 
future reference. 

(10) Remove the patching cords. 

(11) For radio link operation repeat the procedure 

given in (1) through (10) above at the other ter- 

minal panel. 

Wire, telephone or telegraph. 

Radio link, telephone. 

Radio link, telegraph. 

52. Repeater Gain Measurement 

The measurement of repeater gain provides a means 

for checking the amplifier gains and associated equip- 
ment. The test is made for each direction of trans- 

mission. For the West-to-East direction of trans- 
mission a testing power of 6,000 cycles is applied to 

jacks W DIR FILT LINE and the output is meas- 
ured at the opposite side of the repeater at jacks E 

DIR FILT LINE. For the East-to-West direction 

of transmission, a testing power of 8,000 cycles is 

applied to jacks E DIR FILT LINE and the output 
is measured at the opposite side of the repeater at 

jacks W DIR FILT LINE. First the maximum 

gain is measured and then the positions of the gain 

control are checked. 

a. APPARATUS REQUIRED: 

1 Audio Oscillator TS-379/U. 
1 Decibel Meter TS-399/U. 

1 Attenuator TS-402/U. 
Patching cords. 

b. ProcepurE (fig. 53). (1) After noting the 

settings of gain controls W-E GAIN and E-W 

TRANSMISSION 
9 MEASURING 

_ SET 

10 DB 

REQUIREMENT: 
TRANSMITTING OUTPUT SHOULD BE 

WITHIN =1.5 DB OF SPECIFIED OUTPUT 

51296 

Figure 52. Transmitting output adjustment. 



GAIN, set the control for the direction under test to 

50 and set the other control to 0. 
(2) Patch the output of the oscillator to the input 

of the attenuator. 

(3) Set the attenuator for a loss of 25 db. 
(4) Patch the output of the attenuator to jacks 

E DIR FILT LINE when testing the E-W direction 
of transmission, or to jacks W DIR FILT LINE 
when testing the W-E direction of transmission. 

(5) Patch W DIR FILT LINE when testing the 
E-W direction of transmission, or jacks E DIR 

FILT LINE when testing the W-E direction of 

transmission, to the input of the transmission meas- 

uring set. 

(6) Adjust the oscillator for an output of 0 dbm 

at 6,000 cycles when testing the W-E direction of 

transmission or at 8,000 cycles when testing the 

E-W direction of transmission. 

(7) Read the transmission measuring set and de- 
termine the gain of the repeater. 

Requirement: The maximum gain of the repeater 

in each direction of transmission should be within 

+:2.5 db of the value as given in table IX with the 
gain control for the direction under test set to 50. 

(8) If the requirement is not met, see paragraphs 

101 and 104. 
(9) Set the gain control for the direction under 

OUTPUT IN OUT 

OSCILLATOR 2 iis 

O DBM 

PATCH INPUT 
PATCH JACKS OUT OF TRANSMISSION 

MEASURING SET 
TO JACKS 

WOIR FILT LINE € OIR FILT LINE 6,000 CYCLES 

E DIR FILT LINE WODIR FILT LINE 8,000 CYCLES 

~ DIRECTION 
OF OF ATTENUATOR 

TO JACKS 
SETTING OF CONTROLS 

E-W GAIN TRANSMISSION WE GAIN 

WEST TO EAST 50 0 

EAST TO WEST ) 50 

test to steps 40, 30, 20, and 10 and record the gain 

of the repeater on each of the steps. It is neces- 

sary to reduce the setting of the attenuator in order 

to obtain a reading on the transmission measuring 

set for the lower settings of the gain control. 

(10) Note the differences between the repeater 

gain obtained with the gain control set on 50 and 

the repeater gain obtained on each of the other steps. 
Requirement: The reduction in repeater gain for 

various settings of the gain control as compared to 

the gain obtained with the gain control set to 50 
should be within +1.0 db of the values given in 

table IX. 
(11) Remove patching cords, set the controls to 

the operating positions, and restore the circuit to 

normal. 
(12) Repeat the procedure given in (1) through 

(11) above for the other direction of transmission. 

Table IX. Repeater gain for various settings of controls 

E-W GAIN or W-E GAIN 

Gain on step| Reduction in gain with control set on 

. Control 

50 40 30 20 10 0 

E-W GAIN 31 10 20 30 40 50 

W-E GAIN 32 10 20 30 40 50 

—€ OR Ww WOR E 
OIR FILT DIR FILT 

LINE LINE 

CARRIER 
REPEATER 

REQUIREMENT: THE 
MAXIMUM REPEATER 
GAIN SHOULD BE WITHIN 
t2.5 DB OF THE VALUES OSCILLATOR GIVEN BELOW FREQUENCY 
CONTROL GAIN ON STEP 

50 

E-W GAIN 31 

WE GAIN 32: 

1.51297 

Figure 53, Repeater gain measurement. 

53. System Line-up 

a. GENERAL. (1) The system line-up provides a 
means for adjusting the outputs of the repeaters and 

the terminals so that maximum performance is ob- 
tained. The system is lined up in each direction of 

transmission from the transmitting terminal through 

each repeater to the receiving terminal. 

(2) For radio link operation, the system line-up 
is made for the transmitting and receiving terminals 

of both carrier channels after the radio transmitters 
and receivers are adjusted. 



b. APPARATUS REQUIRED: 

At each terminal 

1 Audio Oscillator TS-379/U. 

1 Decibel Meter TS-399/U. 

Patching cords. 
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At each repeater 

1 Decibel Meter TS-399/U. 

1 Attenuator TS-402/U. 

Patching cords. 

c. PROCEDURE AT TRANSMITTING TERMINAL (fig. 

54). (1) Check, and if necessary adjust the trans- 
mitting output (par. 51). 

(2) If switch EQPT is on the 2W position, 

patch the output of the oscillator to jacks 2W HYB. 

If switch EQPT is on the 4W TEL position, patch 

the output of the oscillator to jacks MOD IN. 
(3) Adjust the oscillator for a frequency of 1,000 

cycles at an output of O dbm for an equipment 

switch setting of 2W, or +4 dbm for an equipment 

switch setting of 4W TEL. 

d. PRocEDURE AT First REPEATER (fig. 54). 
(1) Patch jacks W DIR FILT LINE for the E-W 
direction of transmission, or jacks E DIR FILT 

LINE for the W-E direction of transmission, to the 

input of the attenuator. 

(2) Set the attenuator for a loss of 10 db. 

(3) Patch the output of the attenuator to the 

input of the transmission measuring set. 
(4) Read the transmission measuring set and de- 

termine the repeater output. 

(5) Adjust the gain control for the direction of 
transmission under test until the repeater output 

toward the receiving terminal is within +1.5 db of 
the specified output. 

(6) If no repeater output is specified, adjust the 

gain control for the direction of transmission under 

test to give a repeater output between + 14.5 and 

+17.5 dbm. 
(7) Record the setting of the gain control for 

future reference. 

(8) Remove patching cords. 
€, PROCEDURE AT SUCCEEDING REPEATER (fig. 

54). Repeat the procedure given in subparagraph 
(d) above for the succeeding repeater. 

f. PROCEDURE AT RECEIVING TERMINAL FoR Two- 
WIRE TERMINATION (fig. 55). (1) Patch jacks 2W 
HYB to the input of the transmission measuring set. 

(2) Read the transmission measuring set and ad- 

just control REC GAIN until the transmission 

measuring set reads within +1.5 db of the specified 

circuit net loss. 
(3) If no circuit net loss is specified, adjust con- 

trol REC GAIN for a reading between —4.5 and 
—7.5 dbm. 

(4) Record the circuit net loss and the setting of 

control REC GAIN for future reference. 

(5) Remove the patching cords. 
g. PROCEDURE AT RECEIVING TERMINAL FOR 

Four-wWiRE TERMINATION (fig. 55). (1) Patch 
jacks. DEM OUT to the input of the transmission 

measuring set. 

(2) Read the transmission measuring set and ad- 
just control REC GAIN to give an output as close 

as possible to +4 dbm as read on the transmission 

measuring set. 

(3) Record the output and the setting of control 

REC GAIN for future reference. 

(4) Remove the patching cords. 

(5) Have the transmitting terminal remove test 

equipment and patching cords, and restore the cir- 

cuit to normal. 
h. PROCEDURE FOR OTHER DIRECTION OF TRANS- 

MISSION. Repeat the procedure given in c through 

g above for the other direction of transmission. 

54. Loop Gain Measurement 

After the system line-up has been completed for both 
directions of transmission, loop gain measurements 
are made at all repeaters and terminals. If the loop 

gain measurements do not meet the requirements, the 

gains are reduced until the requirements are met and 
then the over-all system line-up, as given in para- 

graph 53, is repeated. 
a. APPARATUS REQUIRED: 

1 Audio Oscillator TS-379/U. 
1 Decibel Meter TS-399/U. 

1 Attenuator TS-402/U. 

Patching cords. 

b, PROCEDURE AT REPEATER. (1) Measure the 
actual working repeater gain in each direction of 

transmission by following the procedure given in 

paragraph 526(2) through (7). 
(2) Add the two gains, as measured in (1) above, 

to determine the loop gain of the repeater. 
Requirement: The loop gain of a repeater should 

not exceed 45 db. 
(3) If the requirement given in (2) above is not 

met, decrease the gain in each direction an equal 
amount to meet the requirement. Repeat the system 
line-up for both directions of transmission so as to 
meet the loop gain requirements at each repeater and 
receiving terminal. 

c. PROCEDURE AT TERMINAL. (1) Measure the 
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actual transmitting and receiving gains for the work- 

ing settings of the gain controls by following the 

procedure given in paragraphs 49b(2) through (7) 

and 50b(2) through (7). 
(2) If the circuit is terminated on a four-wire 

basis, record the working transmitting and receiving 

gains for future reference. 

(3) If the circuit is terminated on a two-wire 

basis, add the two gains as measured in (1) above 
to determine the loop gain of the terminal. 

Requirement: The loop gain of a terminal should 

not exceed 26 db. 
(4) If the requirement is not met, decrease the 

receiving gain, thereby increasing the circuit net loss, 

until the requirement is met. 

(5) Record the final setting of control REC 

GAIN and the circuit net loss for future reference. 

(6) Remove the patching cords, 

tLSI293 
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= 
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REQUIREMENT 

REPEATER OUTPUT SHOULD BE WITHIN 

1.5 0B OF SPECIFIED OUTPUT 

55. Synchronization Adjustment 

The synchronization adjustment provides a means 
for synchronizing the carrier supplies of the two ter- 

minals. Since the same oscillator supplies the car- 

rier frequency for both modulation and demodula- 

tion at each terminal, the synchronization adjustment 

is only made at one terminal. 
a, APPARATUS REQUIRED: 

1 Audio Oscillator TS-379/U. 

1.Test Set T.S-190/U. 
Patching cords. 

b. PROCEDURE FOR WIRE OPERATION (fig. 56). 
(1) Distant Terminal. — 

(a) After noting the setting of switch EQPT, set 
the switch to the 2W position. 

(6) Insert a patching cord plug into jacks 2W 
HYB so as to open the circuit. 

(2) Terminal Under Test. (a) After noting the 
setting of switch EQPT, set the switch to the 2W 
position. 

(b) Patch the output of the oscillator to jacks 
EROS BY 

(c) Adjust the output of the oscillator to 0 dbm 
at 1,000 cycles. 

(d) Connect the test receiver to terminals 3T and 
8T of hybrid coil HYB. 

(e) Listen in the receiver for beats between the 

1,000-cycle test tone from the oscillator and the 

GAIN 
CONTROL Dee Gain] 

E OR W DIR FILT 
LINE 

ADJUST 

H 

CARRIER REPEATER OF ATTENUATOR 
TO JACKS 

=z 

“ 
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oO 
= 
= 

eo 
oO 
= 
<= 
a 

DIRECTION 

OF 

WEST TO EAST EAST TO WEST|W DIR FILT LINE | E-W GAIN | TRANSMISSION 

CARRIER TERMINAL FREQUENCY 

A Wileweaie |ec2W KYB 0 DBM 1,000 CYCLES 
4WwTEL | MOD IN | +4 DBM 1,000 CYCLES 

OSCILLATOR 

OSCILLATOR 

: 
5 

demodulated test tone returning from the distant ) eg 
terminal. = Se 

Requirement: The number of beats heard in the ET ee = 
test receiver should not exceed eight’ per second. % ° o 
The number of beats heard per second is twice the 5 2 
difference of the carrier frequencies between the ter- 2 : 

fo-————— TRANSMITTING TERMINAL —————» minals. 

Figure 54. System line-up, repeater. 
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mesa TRANSMITTING TERMINAL —————>} 

OUTPUT 

OSCILLATOR ® hea CARRIER LINE 
TERMINAL see 

PATCH OSCILLATOR | OSCILLATOR 
OSCILLATOR | OUTPUT LEVEL] FREQUENCY 
TO JACKS 

2 1,000, CYCLES 

WITCH EQPT 
On 

Figure 55. 

(f) If the requirement is not met, unscrew the 
fiber tube on transformer OSC one turn (fig. 28). 
With the aid of a screwdriver, adjust the screw in- 

side the fiber tube until the requirement is met. 

Only a small adjustment of the screw normally is 
required. Tighten the fiber tube after the adjustment 

is made. 
(g) If the requirement cannot be met by follow- 

ing the procedure given in (f) above, the oscillator 

frequency at one terminal is out of limits. At the 

distant terminal, adjust the oscillator frequency as 

follows: Loosen the fiber tube on the back of trans- 
former OSC. Turn the screw inside the fiber tube 

in as far as it will go. Then back off the screw 
nine turns. Tighten the fiber tube. When this is 
done, repeat the procedure at the testing terminal as 

given in (a) through (f) above. 
(h) If the requirement cannot be met by follow- 

ing the procedure given in (g) above, trouble is in- 

[+ TERMINAL UNDER SENG Seen peter 

TEST 
RECEIVER 

2W HYB 

OUTPUT ° ° 
ST) 8h 

HYB 

H 
CARRIER 
TERMINAL * 

OSCILLATOR 8 >> = 

1000 CYCLES 
Oo 08M 

Figure 56. 
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On MEASURING SET] GAIN 
TO JACKS —_| CONTROL 
an KYB WITHIN 21,508 

OF SPECIFIED 
CIRCUIT KET 
Loss. 

REC GAIN) ve OUT 
TLSI299 

System line-up, receiving terminal. 

dicated at one or at both terminals. In this event, 

perform the oscillator frequency adjustment at each 
terminal (par. 110) and repeat the procedure given 

in b(1) and (2)(a) through (f) above. 
(7) Remove the test receiver, oscillator, and patch- 

ing cords; restore switches EOPT at both terminals 

to the operating positions, 

c. PROCEDURE FoR Rapio LINK OPERATION (fig. 

57). The voice circuit or the carrier-telegraph sys- 
tem operating over the voice-channel of the radio 

link circuit should be removed from service to avoid 

system interruption, 

(1) Distant terminal. (a) After noting the set- 

ting of switch EQPT of the channel under test, set 
the switch to the 2W position. 

(b) Disconnect the voice circuit connected to ter- 
minals 5 and 6 of terminal strip A on the line panel 
associated with the terminal panel having switch 
LINE set:to the RADIO TRANS position, 

[+ DISTANT TERMINAL ——> 

2W HY¥B: 

H 

CARRIER 
TERMINAL * 

ee ee ee ee oe 

a ee ee 

REQUIREMENT: 
THE NUMBER OF BEATS HEARD 

SHOULD NOT EXCEED 8 PER SECOND 

* SWITCH EQPT OX.POSITION 2W 

FL HSCO 

Synchromezation adjustment, wire operation. 



(c) Connect the output of the oscillator to ter- 

minals 5 and 6 from which the wires were removed 

in (b) above. 

(d) Patch the output of the oscillator to jacks 2W 

HYB of the channel under test. The output of the 

oscillator now is connected to both the type H car- 

rier channel and to the voice-frequency channel. 

(e) Adjust the oscillator to 0 dbm at 1,000 cycles. 

(2) Terminal under test. (a) After noting the 

setting of switch EQPT of channel under test, set 

the switch to the 2W position. 

(b) Disconnect the voice circuit connected to ter- 

minals 5 and 6 of terminal strip A on the line panel 

associated with the terminal panel having switch 

LINE set to RADIO REC. 

(c) Patch jacks 2W HYB of the channel under 

test to terminals 5 and 6 from which the wires were 

removed in (b) above. 

(d) Connect the test receiver to terminals 5 and 

6 patched to 2W HYB in (c) above. 

(e) Listen in the receiver for beats between the 

1,000-cycle test tones of the type H carrier channel 

and the voice-frequency channel. 

Requirement: The number of beats heard in the 
test receiver should not exceed four per second. The 

number of beats heard per second is equal to the 

difference of the carrier frequencies between the 

terminals. 

(f) If the requirement is not met, unscrew the 

fiber tube on transformer OSC one turn. With the 

aid of a screwdriver, adjust the screw inside the 

fiber tube until the requirement is met. Only a small 
adjustment of the screw normally is required. 
Tighten the fiber tube after the adjustment is made. 

(g) If the requirement given in (f) above can- 
not be met, follow the procedure given in b(2)(g) 

and (h) above. . 

(h) Remove the test receiver, oscillator, and 

patching cords; restore switches EQPT at both ter- 
minals to the operating positions, and the wires to 

terminals 5 and 6. 

(1) Repeat the procedure given above in (1) and 
(2)(a) through (h) for the other channel. 

56. Channel Net Loss-frequency Test 

a. GENERAL. (1) The channel net loss-frequency 

test provides a means for checking the characteristics 
of the band filters, the adjustment of the carrier fre- 

quencies, and the effects of line irregularities upon 

the system in order to obtain an accurate indication 
of the quality of the circuit. 

(2) The channel net loss-frequency test, when 
performed on a system operating over a radio link, 
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, ° SS Jo OSCILLATOR 
OUTPUT 

2w HYB 

H 

CARRIER TERMINAL * 

RADIO XMTG LINE PANEL 

-----45 

LINE PANEL RADIO RCVG 

H 

CARRIER TERMINAL * 

2W HYB 

© DBM 

1000 CYCLES 

T5130 

on 

VOICE-FREQUENCY 

CIRCUIT 

TERMINAL STRIP A 

DISCONNECT FROM TERMINALS 5&6 OF TERMINAL STRIP A 

XMTG 

LINE PANEL ON RADIO 

OF TERMINAL STRIP 4 ON RADIO RCVG TERMINALS 5 &6 LINE PANEL DISCONNECT FROM 

Figure 57. Synchronization adjustment, radio link operation. 
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provides data on the quality of the entire channel, 

including the radio equipment. 
b, APPARATUS REQUIRED: 

1 Audio Oscillator TS-379/U. 
1 Decibel Meter TS-399/U. 

Patching cords. 
c. ProcepureE (fig. 58). (1) At the transmitting 

terminal for a 2W position of switch EQPT, patch 
the output of the oscillator to jacks 2W HYB;; for 

a 4W TEL position of switch EQPT, patch the out- 
put of the oscillator to jacks MOD IN. 

(2) At the transmitting terminal for a 2W posi- 
tion of switch EQPT, adjust the oscillator for a fre- 

quency of 1,000 cycles at an output of 0 dbm; for a 
4W TEL position of switch EQPT, adjust the os- 

cillator for a frequency of 1,000 cycles at +4 dbm. 

(3) At the receiving terminal for a 2W position 

of switch EOPT, patch jacks 2W HYPB to the input 

of the transmission measuring set; for a 4W TEL 
position of switch EQPT, patch jacks DEM OUT 
to the input of the transmission measuring set. Ad- 

}+——— TRANSMITTING TERMINAL—————> 

2w HYB 
OR 

MOD IN 

OUTPUT 

OSCILLATOR § CARRIER 
TERMINAL 

FREQUENCY 
IN CYCLES 

200 1,600 
300 2,000 
400 2,500 

4 ae ee PATCH | OSCILLATOR 
SOOO eae ir ar | oto OUTPUT 

ON TO JACKS LEVEL 

| aw S| Sw HYB | 0 DBM 
[| sw tet | MoD IN | +4 DBM 

7\ 

SWITCH EQPT 
On 

4w TEL 

just the transmission measuring set so as to obtain 

a reading and record the reading. 

(4) Measure the channel net loss at the frequen- 

cies listed below by adjusting the oscillator at the 
transmitting terminal and measuring the net loss at 
the receiving terminal at each frequency. 

Frequency in cycles 

200 1,600 

300 2,000 
400 2,500 

500 2,800 
1,000 3,200 

Requirement: The lower frequency at which the 
output is 10 db or more below the 1,000-cycle out- 
put should not be above 400 cycles. The upper fre- 

quency at which the output is 10 db or more below 

the 1,000-cycle output should not be below 2,800 

cycles. 

(5) If the requirements are not met, see para- 

graph 97d(4). 

[+ RECEIVING TERMINAL > 
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TRANSMISSION 
CARRIER 
TERMINAL 
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PATCH INPUT OF 
TRANSMISSION 
MEASURING SET 
WAL THE UPPER FREQUENCY AT WHICH THE OUTPYT 1S 

10 DB OR MORE BELOW THE 1,000-CYCLE OUTPWY/ 
DEM OUT SHOULD NOT BE BELOW 2,800 CYCLES. 

TLSIS02 

Figure 58. Channel net loss-frequency 

Section VI. 

57. Records 

In addition to the designation cards supplied with 

the equipment, records should be kept of the control 
settings at the terminals and repeaters and of all re- 
ported and routine troubles which develop. 

a. DESIGNATION Carps. Designation cards and 
card holders are provided with the equipment. The 
cards are for recording data which will be useful in 
maintaining and operating the equipment. Each card 

ROUTINE CHECKS OF PERFORMANCE 

shoud be filled out completely with a soft lead pencil 

so. that erasures can be made wher necessary. Fig- 

ure 59 shows the designation cards used with the 
type H carrier equipment, properly filled out. 

b. ConTroL SETTING Recorps. Keep records of 
the control settings at the terminals and repeaters on 

improvised forms. Suggested sample record forms 

are shown in figure 60. Whenever any gain control 
setting is changed, record the new setting together 

with the date of the change of setting. 
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PER X if 

TABLE 

PHANTOM CIRCUIT CONNECTION 

PER X 

FABLE 

FILTER F-36/FC 
TLS1316 

Figure 59. Designation cards for type H carrier equipment. 
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~ TERMINAL REPEATER 

Control settings Control Settings 

Date TR GAIN REC GAIN Date W-E GAIN E-W GAIN 

1 Mar 45 44 22 1 Mar 45 40 38 

15 Mar 45 44 23 15 Mar 45 41 39 

22 Mar 45 43 23 22 Mar 45 41 38 
ee Se) eee EEE EEE | dC CU Cer 

i eee OCEeeEEEeEeEeEeeSeSeSEeSESeSESEeS eS A Se ——— 

Figure 60. Typical record of control settings. 

c. TRouBLE Recorps. Records should be kept of 59. Channel Net Loss Measurement 
reported and routine troubles which develop. Such 
records will serve as a basis for scheduling the fre- 

quency of routine checks of performance and pre- 
ventive maintenance. Forms for recording such data 

may be improvised and will vary with the type of 

office, personnel, and organization. Figure 61 is a 

suggested trouble-record form. 

After the system has been placed in service, measure- 
ments are made to check the channel net loss. The 

channel net loss measurement is made by sending 

1,000-cycle testing power from the transmitting ter- 

minal and measuring the received testing power at 
the receiving terminal. The procedure then is re- 

peated for the other direction of transmission. 

a. APPARATUS REQUIRED: 

; 1 Audio Oscillator TS-379/U. 
Equipment performance checks must be made at 1 Decibel Meter TS-399/U. 

periodic intervals, as shown in table X below, to in- 

sure optimum system performance. 

58. Equipment Performance Checks 

Patching cords. 

| b. PROCEDURE AT TRANSMITTING TERMINAL (fig. 

Table X. Equipment Performance Check List. 62). (1) If switch EQPT is on the 2W position, 

patch the output of the oscillator to jacks 2W HYB. 

Frequency | Paragraph If switch EQPT is on the 4W TEL position, patch 
An f test fer ; 4 

Sa ee eee output of the oscillator to jack MOD IN. 
erminat. . 5 
Voie dimen eee Past 46. (2) Adjust the oscillator to a frequency of 1,000 

are cycles at an output of 0 dbm for an equipment switch 

Vacuum tube test Monthly Par. 47. setting of 2W, or +4 dbm for an equipment switch 
Transmitting output adjustment | Annually Patasl, setting of 4W TEL. 

a | c. PROCEDURE AT RECEIVING TERMINAL FoR Two- 
epeater: ay Se cee Beer a Par. 46. WIRE TERMINATION (fig. 62). ( 1) Patch jacks 2W 

eerie HYB to the input of the transmission measuring set. 

Vacuum tube test Monthly Par. 47. (2) Read the transmission measuring Sets 

Requirement: The reading on the transmission 
Over-all eat ye een Sd measuring set should be within +1.5 db of the speci- 
SS oa rests Shae fied channel net loss. 
Loop gain measurement Annually Par. 54. 3) If th ‘ ; : 

Channel net loss measurement | Weekly Par. 59. (3) If the SOEUG SES met, but the reading 
Synchronization adjustment Annually | Par. 55. of the transmission measuring set is within +4.0 

Channel net loss-frequency test | Annually | Par. 56. db of the specified value, adjust control REC GAIN 

TROUBLE RECORD 

Date Time Reported by Report Disposition Date Time Cleared by 

1 May 45 1000 WWE H carrier system 1. | Loose connection con- | 1 May 45 1015 WWE 
Can’t talk. tact 3 of TR GAIN. 

9 May 45 1610 LH H carrier system 2. | Tube OSC defective. | 9 May 45 1620 LH 

No transmission. 

Figure 61. Typical trouble record. 



until the requirement is met. If the reading of the 
transmission measuring set exceeds the specified 

value of channel net loss by more than +4.0 db, per- 

form the system line-up (par. 53). 
d. PROCEDURE AT RECEIVING TERMINAL FOR 

Four-WiRE TERMINATION (fig. 62). (1) Patch 
jacks DEM OUT to the input of the transmission 

measuring set. 

(2) Read the transmission measuring set. 

Requirement: The output should be between 

42.5 and +5.5 dbm. 

(3) If the requirement is not met, but the output 

OUTPUT 

te} a OSGILLATOR 8 = 

PATCH 
SWITCH EQPT | OSCILLATOR OUTPUT OSCILLATOR 

ON TO JACKS LEVEL FREQUENCY 

CARRIER 
TERMINAL 

OSCILLATOR 
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is between 0 and +8 dbm, adjust control REC 

GAIN until the requirement is met. If the output is 

less than 0 dbm or greater than +8 dbm, perform 

the system line-up (par. 53). . 

(4) Remove the patching cords. 

(5) Have the transmitting terminal remove test 

equipment and patching cords and restore the circuit 

to normal. 

e. PROCEDURE FOR OTHER DIRECTION OF TRANS- 

misston. Repeat the procedure given in b through _ 

d above for the other direction of transmission. 

Sees: RECEIVING TERMINAL —————+ 

2wW HYB 
OR 

DEM OUT 

TRANSMISSION H 
CARRIER 
TERMINAL 

S MEASURING 
SET 

PATCH INPUT OF 
SKITCH EQPT | TRANSMISSION 

ON MEASURING SET REQUIREMENT 
TO JACKS 

2W HYB WITHIN +1.5 DB OF SPECIFIED 
CIRCUIT NET LOSS 

BETWEEN +2.5 AND +6.5 DBM 

TLSISIS 

DEM OUT ' QW TEL 

Figure 62. Channel net loss measurement. 

Section VI]. OPERATION UNDER UNUSUAL CONDITIONS 

60. Operation under Extreme Weather Conditions 

The operation of an H carrier system under extreme 

weather conditions, such as sleet, fog, heavy frost, 

dust or sand storms, and blizzards, generally results 
in poor transmission unless steps are taken to com- 

pensate for the effects of the weather. The effects 

of extreme weather conditions upon system per- 
formance together with suggested remedial measures 

are given below. 

Weather Effect on 
condition system Remedy 

Sleet Increase gain at repeater 

Freezing rain Increased and receiving gain at 

Fog Loss terminals. 

Heavy frost 

Dust storms 

Sand storms 

Blizzards 

Remove telegraph circuit ; 

ground CX or SX tele- 

graph connections. 

Static noise 

61. Operation over Facilities Other Than Open-Wire 

The operation of an H carrier system over facilities 

other than open wire is not recommended except for 

emergency purposes. Since equalization equipment is 

not included, the quality of the circuit is degraded so 

that telegraph transmission normally cannot be used 
over facilities other than open wire. The use of type 

H carrier repeaters is not recommended for opera- 

tion over facilities other than open wire. The maxi- 

mum terminal-to-terminal operating distances for the 

more common facilities other than open wire are 

given below. 

Maximum terminal-to-terminal 
Line facility operating distance 

Wire W-143 10 miles. 

Cable, nonloaded, paper 7 miles. 

insulated* 

Cable, spiral four* 30 miles. 

* Because of crosstalk difficulties, only one carrier system should 
be operated over any one cable. 

62. Operation under Emergency Conditions 

In the event of a major power failure or the demoli- 
tion of a repeater station, the following emergency 
operating methods may be used : 

a 
“sg 



a. In the event that a repeater requires extensive 

repairs, system service can be maintained if another 
type H carrier repeater is available by proceeding as 
follows: 

(1) Using a patching cord, patch jacks W DIR 

FILT LINE of the available repeater to jacks W 

LINE FILT of the inoperative repeater. 

(2) Using a second patching cord, patch jacks E 

DIR FILT LINE of the available repeater to jacks 

Pao LINE FILT of the inoperative repeater. 

(3) Set the gain controls of the available repeater 

to the operating settings of the inoperative repeater. 

b. In the event of a major power failure at a re- 

Section VIII. 

63. Summary of Procedure for Placing Equipment in 
Service 

This summary applies to Carrier Terminal OA- 
13/FC, Carrier Repeater OA-10/FC, and Carrier 

Filter F-36/FC. 

Step — 

1. Mount panels in cabinet or 
improvised rack....... 

2. Make ground connection 

to each panel and power 

connection to terminal 
and repeater panels.... 

Action Text reference 

Parec/, 

Par. 30 through 31. 

peater station, system service can be maintained by 

proceeding as follows: 
(1) Using a patching cord, patch jacks W DIR 

FILD LINE to jacks E DIR FILT LINE. 
(2) Increase the receiving gain at the terminals 

keeping sufficiently below the singing point. 

c. In the event of the demolition of a repeater and 

another type H carrier repeater is not available, sys- 

tem service can be maintained by proceeding as 

follows: 

(1) Connect the East line directly to the West 

line. 

(2) Increase the receiving gain at the terminals 

keeping sufficiently below the singing point. 

SUMMARY OF PROCEDURE FOR PLACING EQUIPMENT IN’ SERVICE 

Step Action Text reference 

3. Make preliminary tests 
and adjustments....... Par. 32 through 36. 

4. Interconnect to associated 

SQUIDMCH ENG. aVaieteis swig 

5. Make check of system per- 
Par. 37 through 41. 

formance ieee eee Par. 42. 

6. Perform detailed tests, ad- 

justments, and system 

line-up at the earliest 

time service conditions 

Section V. 



PART THREE 

PREVENTIVE MAINTENANCE 

Section IX. PREVENTIVE MAINTENANCE TECHNIQUES 

64. Meaning of Preventive Maintenance 

Preventive maintenance is defined as a systematic 

series of operations performed periodically on equip- 
ment in order to maintain top efficiency in perform- 

ance, to minimize unwanted interruptions in service, 

and to eliminate major break-downs. To appreciate 

the meaning of the term preventive maintenance, it 
is necessary to distinguish between preventive main- 

tenance and trouble shooting and repair. The pri- 

mary function of preventive maintenance is to 

prevent break-downs and the consequent necessity 

for repair. The primary function of trouble shoot- 

ing and repair is to locate and correct existing de- 

fects. The importance of preventive maintenance 

cannot be over-emphasized. The usefulness of the 

entire communication system depends upon the 

equipment being ready to operate at peak efficiency 
when needed. Preventive maintenance on most 

parts of this equipment is performed without re- 
moving it from service. Care must be taken not to 

interfere with operation. 

Note. The operations in this section and section X, 

preventive maintenance check list, are second echelon 

(organization repairmen) maintenance. The operations in 

section XII, moistureproofing and fungiproofing, are higher 

echelon maintenance. 

65. Description of Preventive Maintenance Techniques 

a. GENERAL. Most of the electrical parts used in 
this equipment require routine preventive mainte- 
nance. Those requiring maintenance differ in the 

amount and kind required. Because maintenance 

technique cannot be applied indiscriminately, definite 
and specific instructions are needed. This section of 

the manual contains this type of specific instructions 

and serves as a guide for personnel assigned to per- 
form the six basic maintenance operations: namely, 
PREL SINSPECT, TIGHTEN. CLEAN, AD: 

JUST, and LUBRICATE. Throughout this manual 
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the lettering system for the six operations will be 

as follows: 
F}—Feel* 

I —Inspect - 

T—Tighten 

C—Clean — 

A—Adyjust* 

L—Lubricate 

The first two operations establish the need for the 

other four. The selection of operations is based on 
a general knowledge of field requirements. For ex- 

ample, dust filters into the equipment no matter how 

much care is taken to prevent it. Rapid changes in 

climatic conditions (such as heavy rains followed by 

blistering heat) or excessive dampness, snow, and 

ice tend to cause deterioration of exposed surfaces 

and parts. 

b. Inspect (1). Inspection is the most important 
of all the preventive maintenance operations. If 

more than one man is available to do this work, 

choose the most observant, for careful observation 
is required to detect defects in the functioning of 
moving parts and any other abnormal conditions. To 
carry out the inspection operation most effectively, 
make every effort to become thoroughly familiar with 

normal operating conditions and to be able to recog- 
nize and identify abnormal conditions readily. In- 

spection consists of carefully observing all parts in 

the equipment, noticing their color, placement, clean- 
liness, etc. Inspect for the following conditions: 

(1) Overheating. Overheating is indicated by 

discoloration, blistering, or bulging of the part or 

surface of the container ; leakage of insulating com- 
pounds; and oxidation of metal contact surfaces. 

(2) Placement. See that all wires and cabling 

are in their original positions. 

(3) Cleanliness. Examine carefully all recesses 

*The Feel, Adjust, and Lubricate operations are in- 

applicable to this equipment. 

/ 



in the units for accumulated dust, especially between 

connecting terminals and contacts. Parts, connec- 

tions, and joints should be free of dust, corrosion, 

and other foreign matter. In tropical and high-hu- 
midity locations, look for fungus growth and mildew. 

(4) Tightness. Gently test for movement any 

connection or mounting which appears to be loose. 

Feel the lug or tetrminal screw. 

c. TIGHTEN (T). Any movement of the equip- 

ment caused by transportation, by concussion, or by 

vibration from moving machinery may result in loose 

connections and mountings which are likely to impair 

the operation of the equipment. The importance of 
firm mountings and connections cannot be overem- 

phasized ; however, never tighten screws, bolts, and 

nuts unless it is known definitely that they are loose. 

Fittings that are tightened beyond the pressure for 

which they are designed will be damaged or broken. 

When tightening, always be certain to use the correct 
tool of the proper size. If a screw does not turn 

easily, remove it and begin again. 

d. CLEAN (C). (1) When the schedule calls for 
cleaning, it does not mean that every item which 
bears that identifying letter must be cleaned each 

time it is inspected. Clean parts only when inspection 

shows that it 1s necessary. 

(2) Items such as vacuum tubes, capacitors, resis- 

tors, coils, etc., are cleaned by wiping with a clean, 

lint-free, dry cloth or by brushing. It may be neces- 

sary in some cases to use cleaning fluid to remove 

dirt. Apply it with a cloth or brush and wipe dry 

with a clean cloth. Remove corrosion by rubbing 

lightly with fine sandpaper. 

Note. Gasoline will not be used as a cleaning fluid for 

any purpose. Solvent, Dry Cleaning, is available as a clean- 

ing fluid through established supply channels. Oil, Fuel, 

Diesel, may be used for cleaning purposes when dry-clean- 

ing solvent is not at hand. Carbon tetrachloride will be 

used as a cleaning fluid only where specified for cleaning 

contact parts of electrical equipment, or as specified where 

inflammable solvents cannot be used because of the fire 

hazard. Oil, Fuel, Diesel, will not be used for cleaning 

electrical contacts. 

(3) Clean switch contacts and jack spring con- 
tacts by drawing a burnishing blade between two con- 

tacts held together gently with the fingers. If exces- 
sive dirt is present, flush the contacts by dipping a 

toothpick in carbon tetrachloride and applying it be- 
tween the contacts, or dip the burnishing blade in 
carbon tetrachloride and then draw it between the 
contacts. After the application ‘of carbon tetrachlor- 
ide, draw a piece of bond paper between the contacts. 

Clean the burnishing blade with a dry, lint-free cloth 

and burnish the contacts again. 
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66. Preventive Maintenance of Classes of Parts 

This section of the manual does not deal with each 

tube, each resistor, or each capacitor of the equip- 

ment. Rather, it combines all the instiuctional ma- 

terial on the major classes of parts and devices. If 

abnormalities cannot be corrected by following these 
instructions, see the appropriate repair instructions 

for corrective action. 

a. Vacuum TUBES AND SOCKETS. 

Caution: Preventive maintenance on these items 

should be performed only when the tubes are re- 

moved for periodic check. 

Preventive maintenance for vacuum tubes includes 

inspection and cleaning. Preventive maintenance for 

tube sockets and mountings involves inspection, 

tightening, and cleaning. Each of these operations 

will be discussed in detail below. 

Caution: Care must be taken in working on 

tubes. Severe burns may result from contact with the 

envelopes of hot tubes. 

(1) Inspect (1). (a) Examine glass tube en- 

velopes, tube caps, and tube connector clips for the 
accumulation of dirt and for corrosion. Watch for 

tube caps which have broken away from the cement 

that attaches them to the glass envelopes, and for 

tube envelopes that have broken away from the tube 

base. When tubes have loose grid caps or envelopes, 

they should be replaced if possible. If suitable re- 

placements are not available, repair should not be 

attempted; but a record should’ be kept so that re- 

placement will be made at the earliest opportunity. 
(b) Examine the spring clips that make contact 

with the grid caps for corrosion and for loss of ten- 

sion with resulting looseness. Check the condition 

of the wires soldered to the spring clips. The wires 

must be free of frayed insulation and broken strands. 

The removal of connecting clips from loose grid 

caps must be done with great care, particularly if 

signs of corrosion exist. Never turn a clip if it is on 

a loose cap. 

(c) Determine the firmness of tubes in their 

sockets by inspection. Make the inspection by press- 

ing the tubes down in the sockets and testing them 

in that position, and not by partly withdrawing the 

tubes and jiggling them from side to side. Movement 

of a tube tends to weaken the pins in the base and 
unnecessarily spreads the contacts in the socket; 

trouble will occur where it did not exist before. 
(d) Be careful when removing a tube from its 

socket. A warm tube must never be jarred. Connec- 

tions to the grid cap must always be removed. It 

is important to store tubes carefully after they have 



been removed from the sockets. They should not be 
placed on elevated flat surfaces without proper pre- 

cautions to prevent their rolling to the floor, They 

are not to be placed on the floor where they might be 

kicked or stepped upon. 

(e) Inspect tube prongs for dirt and corrosion. 

(2) Tighten (T). Socket mountings must be 

tight at all times. Otherwise, during transit they will 

be loosened, and the tubes in them may become irre- 

parably damaged. When tightening bolts that~ hold 

the sockets to the panel, do not apply excessive pres- 

sure. Too much pressure will crack the insulating 
bushing. Tighten tube connector clips by pressing 

with the fingers. Do not flatten the clips, since flat- 

tened clips do not make adequate contact with the 

surface of the tube cap. 
(3) Clean (C). Clean the tubes, but only if in- 

spection shows cleaning to be necessary. These tubes 

do not require frequent cleaning. The cleaning of 

tubes calls for the removing of dust and dirt from 

the glass envelopes with a cloth, and the removal of 

dirt and corrosion from the tube prongs by rubbing 

lightly with a piece of fine sandpaper. Clean the grid 

caps by wrapping a piece of fine sandpaper around 

the cap, and rubbing gently along the surface. Ex- 

cessive pressure is not needed ; neither is it necessary 
to grip the cap tightly. 

b. CAPACITORS AND Fitters. (1) Inspect (J). 
Inspect the terminals for corrosion. Inspect the 

mountings for loose mounting screws, studs, or 

brackets. The terminals should not be cracked or 
broken. The case of each capacitor must be thor- 

oughly inspected for bulges, discoloration, and dirt. 
(2) Tighten (T). Tighten loose terminals and 

mounting. 

(3) Clean (C). Clean the case and the insulating 
bushings. 

c. Resistors. (1) Inspect (I). Inspect the 

coating of vitreous resistors for signs of cracking 
and chipping, especially at the ends. Examine the 

bodies of all types of resistors for dirt and blistering, 

discoloration, and other indications of overheating. 

Also look for are pits or craters. Check the security 

of all mountings. Do not attempt to move resistors 
with pigtail connections because there is danger of 
breaking the connections at the point where they 
enter the body of the resistor. Such defects cannot 
be repaired. 

(2) Tighten (T). Tighten loose resistor mount- 
ings. If a resistor is allowed to remain loose, vibra- 
tion may break the connection or damage the body. 

(3) Clean (C). Remove all dirt, dust, and corro- 
sion. Resistors with discolored bodies cannot be 
cleaned. Discoloration is indicative of overloading at 
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some time prior to the inspection and is probably 
due to circuit trouble, which requires analysis. 

d. SWITCHES AND CONTROLS. 

Caution: Do not move switches or controls since 
the slightest movement may impair operation and 
service. The gang switch contacts can be examined 

only when the switch panel is disassembled. If it is 
disassembled for repair, inspect mechanical action 

by turning the knobs and noting the freedom of 

movement, spring tension of contacts, and accumu- 

lations of dirt, dust, or corrosion on the contacts. 

Clean exposed parts and contacts if dirty. 
(1) Inspect (I). Inspect for cleanliness and 

looseness of knobs and mounting. 

(2) Tighten (T). Tighten all loose mounting 

screws. 
(3) Clean (C). Clean the exterior surfaces with 

a stiff brush and wipe with a piece of cloth. 
e. JAcKs. Jacks require very little attention, and 

only at infrequent intervals. Since these jacks are 

inaccessible unless the switch panel is disassembled, 
preventive maintenance will be performed only when 

it is necessary to disassemble the switch panel for 
repairs. 

(1) Inspect (I). Inspect for loose mounting, 

dirt, and corrosion. Observe the mechanical action 

of the jack springs by inserting and removing a cord 

plug. 

(2) Tighten (T). Tighten loose mounting and 

spring assembly screws. 

(3) Clean. (C). Remove surface dirt with a 

brush and dry-cleaning fluid, and clean the contacts. 

f. TRANSFORMERS AND Colts. (1) Inspect (I). 

Inspect for general cleanliness and tightness of con- 

necting lugs or terminals, mounting brackets, and 
rivets. Dust, dirt, or moisture between the terminals 
of high-voltage transformers or on coils located at 

high-potential points in the circuit may cause flash- 

overs. . 

(2) Tighten (T). Tighten loose mounting screws. 

(3) Clean (C). Clean the cases of transformers 
and coils. . 

g. WiRING, CABLING, AND Corps. These items 
are regarded as the life lines of the equipment. Their 
condition must be closely observed. 

(1) Inspect (I). (a) Inspect insulation for crack- 
ing, deterioration, fraying, and cutting, especially at 
connecting and supporting points. Check for im- 
proper placement which causes strain, particularly at 
connections. Watch for kinks and improper sup- 
ports. 

(b) Inspect all connections for tightness. The 
ground connections should be observed very closely. 
If any one of the grounded points is open, it may in- 



terfere with operation of the equipment and no pro- 

tection is afforded to the operating personnel. 
Caution: If any loose ground connections are ob- 

served, they should be tightened immediately. If 
practicable, remove the equipment from service and 

disconnect the power supply. 

(2) Tighten (T). (a) Tighten loose 

clamps, wiring rings, and screw connections. 
(b) Resolder all loose or improperly soldered con- 

nections. 

(c) Cut off frayed strands of insulation. 
is exposed, wrap it with friction tape. 

(3) Clean (C). Clean prongs of cord plugs 

and connections when they are dirty or corroded. 
Scrub with a brush dipped in dry-cleaning fluid, 

cable 

If wire 
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and dry thoroughly with a cloth. Remove corrosion 
by rubbing lightly with fine sandpaper. 

h. TERMINAL STRIPS AND PANELS. (1) Inspect 

(I). Inspect for scratches, cracks, breakage, dents, 
excessive dirt or dust conditions, fungus growth, 
and loose mountings. 

(2) Tighten (T). 
screws. 

(3) Clean (C). Clean by brushing or wiping 

with a dry cloth, 

Tighten loose mounting 

67. Preventive Maintenance Tools and Materials 

The tools and materials required for performing 

preventive maintenance are furnished in the office 

tool sets which must be ordered separately, 

Table XI. Preventive maintenance tools and materials 

Signal Corps stock No. 

68. Preventive Maintenance Check List 
(These items are second echelon maintenance. 

Subpar. Semi- Item a Weekly Monthly | . nnually 

Vacuum tubes a i 
and sockets 

Capacitors and b x 
filters 

Resistors c x 

Switches and d x 
controls 

Jacks e x 

Transformers F x 
and coils 

Mfr’s. part No. Nomenclature Usage 

KS-—8740, List 2. | 6R24626 Soldering copper, electric, with KS-8740, List 31B, tip, 23<’’ | Repairing poor or loose 
P-294472 6N7531.2 Solder, rosin core, 0.070” connections. 
R-2120 6R4748-6.5 Pliers, long-nose, 6” 
R-6433 6029928 Pliers, diagonal, V-notch, 5” 

KS-6854 6R40848/1 Screwdriver, 314” Tighten screws. 
90 6R16021 Screwdriver, regular, 5” 

R-1021 6Z1550 Brush, flat, stiff, 144” Removing dirt, dust, and 
oe — Solvent, dry-cleaning corrosion. 

6Z7500-—0000 Sandpaper, 150 grade, #0000 
KS-2423 6N1624 Cloth, lint-free 

RM-591127 6N8583 Tape, friction, 34” Repairing frayed insula- 
tion, 

265C 6R41065C : Burnisher, relay contact Cleaning switch contacts. 
266B 6R41066C Burnisher blade 
KS-7188 6M750 Paper, cleaning 
RM-717053 6Z8666 Toothpicks 
KS-—6815 6G184 Carbon tetrachloride 

— 6R55507 Wrench, socket set, consisting of handle and 6 sockets Tightening nuts and bolts. 

Section X. PREVENTIVE MAINTENANCE CHECK LIST 

; Subpar. 
Item |Opera- Item under | Weekly} Monthly} Semi- 
No. | tions par. 66 annually 

7 | ITC] Wiring, cabling, g x 
and cords 

8 | ITC] Terminal strips h X ; 
and panels 

IThese operations will be performed only when the tubes are remceved 
for periodic check. 

L 

Lubricate* 

e 

Clean 

A 

Adjust? 

F I 

Feel? 

als 

Inspect Tighten 

2The Feel, Adjust, and Lubrication operations are inapplicable to 
this equipment. 



Section XI. 

69. Lubrication 
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LUBRICATION 

Lubrication of this equipment is not required since there are no moving parts, 

Section XIl. 

70. Moistureproofing and Fungiproofing 

a. GENERAL. When operated in tropical areas 

where temperature and relative humidity are ex- 

tremely high, Signal Corps equipment requires spe- 

cial attention. These are the problems met: 

(1) Resistors, capacitors, coils, chokes, trans- 
former windings, etc., fail because of the effects of 

fungus growth and excessive moisture. 

(2) Electrolytic action, often visible in the form 

of corrosion, takes place in resistors, coils, chokes, 

transformers windings, etc., causing eventual break- 

down. 
(3) Connecting wire insulation and cable insula- 

tion break-down. Fungus growth accelerates de- 

terioration. 
(4) Moisture forms electrical leakage paths on 

terminal strips and insulating strips, causing flash- 

overs and crosstalk. 

b. TREATMENT.. A moistureproofing and fungi- 
proofing treatment has been devised which, if prop- 

erly applied, provides a reasonable degree of protec- 

tion against fungus growth, insects, corrosion, salt 
spray, and moisture. The treatment involves the use 
of a moisture- and fungi-resistant varnish applied 
with a spray gun or brush. Refer to TB Sig 13 for 

a detailed description of the varnish-spray method of 
moistureproofing and fungiproofing, and the supplies 
and equipment required in this treatment. 

Caution: Varnish spray may have poisonous ef- 

fects if inhaled. To avoid inhaling spray, use respir- 

ator if available; otherwise, fasten cheesecloth or 

other cloth material over nose and mouth. Never 

spray varnish or lacquer near an open flame. -Do not 

smoke in a room where varnish or lacquer is being 

sprayed. The spray may be highly explosive. 

71. Step-by-Step Instructions for Treating Carrier 
Terminal OA-13 /FC 

a. PREPARATION. Make all maintenance checks, 

MOISTUREPROOFING AND FUNGIPROOFING 

repairs, replacements, and adjustments necessary 

for proper operation of the equipment. 
b. DisAssemBiy. (1) Remove the control knobs 

by first removing the setscrew on each knob (fig. 63). 

(2) CONTROL KNOBS 

ee 

REC 

ak 
RADIC 

(1) SET SCREWS 
2 QROP ae TR ow REG awd fit 

SC0000000 
y 0,0.990000 

HIB! MOD IH DEM our DIR FILT CINE, 

Figure 63. Removal of control knobs. 

(2) Remove designation card and cover (fig. 

64 @)). 

(3) Remove grid leads from vacuum tubes (fig. 
64 @)). . 

(4) Remove positioning pin from each of the con- 
trol knobs (fig. 64 @)). (These pins are not to be 
treated. ) 

(5) Remove four mounting screws holding the 

GAIN controls (fig. 64 ()). 

(6) Remove four panel screws (fig. 64 @). 

Caution: All screws, washers, and nuts should be 

replaced in their original positions after being re- 
moved. This will prevent their loss, and also the 
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Figure 64. Disassembly of terminal subpanel. 

clogging of threads, during spraying or varnishing 

operations. Tighten firmly any screw contacts from 

which it is not necessary to disconnect leads (for ex- 
ample, the power plug). This will prevent lacquer 

from getting on the contact surfaces of terminals. 

(7) Carefully draw the subpanel away from the 
panel (fig. 65 @). Take care not to break any of the 
soldered connections. Handle the subpanel only when 

necessary, aS unnecessary motion may break the 

soldered connections. Resolder broken connections 

immediately. 

(8) Remove the GAIN controls from the sub- 

panel (fig. 65 @)). 

Caution: The wires on these controls are short, 

and are easily broken. 

(9) Remove nut and lockwasher from cover of 

each control (fig. 66 @)). 

(10) Remove cover (fig. 66 @)). 

(11) Remove four screws from cover plate of 

each control (fig. 66 (3)). 

(12) Remove cover plate (fig. 66 @). 

(13). Swing bakelite ring clear of control assembly 

(fig. 66 G)). 
c. CLEANING. Clean all dirt, dust, rust, and 

fungus from the equipment to be processed. Clean 
all oil and grease from the surfaces to be varnished. 

Note. Unless the cleaning is done carefully and thor- 

oughly, the effectiveness of the moistureproofing and fungi- 

proofing treatment will be impaired. 

d. Masxinc. (1) Mask jack field on subpanel 

(hee6/.@)):. 
(2) Mask three grid clips (fig. 67 @)). 

(3) Mask three grid caps (fig. 67 @)). 

(4) Mask prongs of power plug (fig. 67 @). 

(5) Mask tapped holes on GAIN control covet 
plates (fig. 67 @)). 

(6) Mask the rear sections, containing the switch 

arms and contacts, of the two GAIN controls (figs. 

67 @) and 68 @)). 

(7) Completely mask the shaft and gear assem- 
blies of the two controls (figs. 67@ and 68 @)). 

(8) Completely mask the rear of the jack as- 
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Disassembly of terminal panel. 
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~ Figure 66. Disassembly of GAIN controls, 



sembly (fig. 68 @)). Use masking tape and leave no 

openings. 

(9) Completely mask LINE and EQPT switches. 

Stuff tissue paper between wafers and cover entire 

switches with masking tape (fig. 69 @ and @)). 

(10) Mask bottoms of three tube sockets (fig. 69 

aL Mask fiber tube of transformer OSC (fig. 

69 @)). 
e. Dryinc. Place equipment in oven or under 

heat lamps and dry for 4 to 6 hours at 140° F. 

Caution: Do not exceed 140° F. If impregnating 

compounds begin to melt in any of the components, 

decrease the. temperature, and increase the drying 

time 1 hour per each decrease of 10° I. 

f. VarnisHine. (1) Apply three coats of mois- 

tureproofing and fungiproofing varnish (Lacquer, 

Fungus-resistant, spec No, 71-2202 (stock No. 
6G1005.3), or equal). Allow each coat to air-dry for 

15 or 20 minutes before applying the next coat. 

(2) Apply varnish immediately after the equip- 

ment is dried. If varnish is not applied immediately, 

moisture condenses on the equipment. Varnish ap- 
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plied over the moisture peels off readily after the var- _ 

nish has dried. 

(3) Spray all of the equipment. Use a brush to 
apply varnish to those portions not reached by spray. 

Take special care that all wiring is adequately coated 

with varnish. 

g. REASSEMBLY. (1) Remove all masking tape, 
being careful not to peel varnish from near-by areas. 

(2) Apply one coat of varnish with brush to all 

wires which are unvarnished. 

(3) Reassemble the panel and test its operation. 
Note. The electrical characteristics of electronic equip- 

ment are subject to change over a period of approximately 

10 days after the application of varnish. For this reason 

it is desirable to wait until this period has elapsed before 

making the final check. 

h. Marxinc. Mark the letters MFP and the date 
of treatment near the designation H CARR TERM 

on the front of the panel. 

Example: MFP—11 Mar 45. 

72. Step-by-Step Instructions for Treating Carrier Re- 
peater OA-10/FC 

a. PREPARATION. Make all maintenance checks, 

repairs, replacements, and adjustments necessary for 
proper operation of the equipment. 

b. DisassEMBLY. The disassembly of the repeater 
panel is very similar to the disassembly of the ter- 
minal panel. Follow instructions in paragraph 71b 

but see figure 70 instead of figure 64. Before with- 
drawing the subpanel, remove the vacuum tube in the 

upper center of the repeater panel (fig. 70 @). 

c. CLEANING. Clean all dirt, dust, rust, and 

fungus from the equipment to be processed. Clean 

all oil and grease from the surfaces to be varnished. 

Note. Unless the cleaning is done carefully and thor- 

oughly, the effectiveness of the moistureproofing and fungi- 

proofing treatment will be impaired. 

d. Masxinc. (1) Replace vacuum tube in its 
socket in upper center of panel (fig. 71 @). 

(2) Mask jack fields on subpanel (fig. 71 @)). 
(3) Mask two grid clips (fig. 71 @)). 
(4) Mask two grid caps (fig. 71 ®). 
(5) Mask tapped holes on GAIN control cover 

plates (fig. 71 @). 
(6) Mask prongs of power plug (fig. 71 ©). 
(7) Mask the rear sections, containing the switch 

arms and ‘contacts, of the two GAIN controls (figs. 

FAVE se WI FATED 
(8) Completely mask the shaft and gear assem- 

blies of the two controls (figs. 71 and. /2 ee 

(9) Completely mask the rear of the jack as- 
semblies (fig. 72 @)). Use masking tape and leave 

no openings. 
(10) Mask bottoms of two tube sockets (fig. 

EIKO 
e. DRYING. 

graph 7le. 

f. VARNISHING. 

paragraph 71f. 
g. KEASSEMBLY. 

paragraph 71g. 
h. Marxinc. Mark the letters MFP and the date 

of treatment near the designation H CARR REP on 

the front of the panel. 

Example: MFP—11 Mar 45. 

Follow procedure outlined in para- 

Follow procedure outlined in 

Follow procedure outlined in 

73. Step-by-Step Instructions for Treating Carrier 
Filter F-36/FC 

a. PREPARATION. Make all repairs necessary for 

proper operation of the equipment. 

b. DisASSEMBLY. No disassembly is required. 
c. CLEANING. Clean.all dirt, dust, rust, and fun- 

gus from the equipment to be processed. Clean all oil 

and grease from the surfaces to be varnished. 

Note. Unless the cleaning is done carefully and thor- 

oughly, effectiveness of the moistureproofing and fungi- 

proofing treatment will be impaired. 

d. Masxinc. No masking is required. 

e. Dryinc. Place equipment in oven or under 

heat lamps and dry for 4 to 6 hours at 140° F. 

Caution: Do not exceed 140° F. If impregnating 
compounds begin to melt in any of the components, 

decrease the temperature, and increase the drying 
time 1 hour per each decrease of 10° F. 
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Figure 67. Masking of terminal panel, front view. 
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Figure 69. Masking of terminal panel, rear view. 
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Figure 70, Disassembly of repeater panel, 



(8) SHAFT 
AND GEAR 
‘ASSEMBLY 

(4) GRID CAPS) 

H CARR REP 
PLUG PRONGS 

PS8 Fwy AES. AWARE 
SHMDLVNORYTN332 

Figure 71. Masking of repeater panel, front view. 
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Figure 72. Masking of repeater panel, top view. Figure 73. Masking of repeater panel, rear view. 



f. VARNISHING. (1) Apply three coats of mois- 
tureproofing and fungiproofing varnish (Lacquer, 

Fungus-resistant, spec No. 71-2202 (stock No. 6G- 

1005.3), or equal). Allow each coat to air-dry 15 or 
20 minutes before applying the next coat. 

(2) Apply varnish immediately after the equip- 

ment is dried. If varnish is not applied immediately, 
moisture condenses on the equipment. Varnish ap- 

plied over the moisture peels off readily after the 

varnish has dried. 

(3) Spray all of the equipment. Use a brush to 

apply varnish to those portions not reached by spray. 
Take special care that all wiring is adequately 

coated with varnish. 
g. REASSEMBLy. (1) Apply one coat of varnish 

with brush to all wires which are unvarnished. 
(2) No reassembly is required. Test the operation 

of the panel, 
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Note. The electrical characteristics of electronic equip- 

ment are subject to change over a period of approximately 

10 days after the application of varnish. For this reason 

it is desirable to wait until this period has elapsed before 

making the final check. 

h. Marxinc. Mark the letters MFP and the date 

of treatment near the designation H CARR LINE 

on the front of the panel. 

Example: MFP—11 Mar 45. 

74. Moistureproofing and Fungiproofing after Repairs 

If, during repair, the coating of protective varnish 

has been punctured or broken, and if complete treat- 

ment is not needed to reseal the equipment, apply a 

brush coat to the affected part. Be sure the break is 

completely sealed. 
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PART FIVE 

REPAIR INSTRUCTIONS 

Note. Failure or unsatisfactory performance of equipment used by Army Ground Forces and Army Service Forces 

will be reported on WD AGO Form 468 (Unsatisfactory Equipment Report); by Army Air Forces, on Army Air 

Forces Form 54 (Unsatisfactory Report). If either form is not available, prepare the data according to the sample form 

reproduced in figure 74. 

Section XIll. 

75. Outline of Repair Technique 

a. Trouble on the type H carrier system will be 

detected by routine testing or by a trouble report 
from the using or operating personnel, noting either 

faulty operation of the system or a complete failure. 
The first step in clearing this trouble is to isolate it 
to a terminal or repeater installation, a line section, 

or some external portion of the circuit. If the 
trouble is found to be at an installation it can be 
further isolated in either the transmitting or receiv- 
ing branches of the equipment, or in some circuit 
common to both branches, such as the power supply 

or the hybrid coil. Voltage measurements in the 
power supply or amplifiers, or tone tracing in the 
transmitting or receiving branches, will locate the 
source of trouble in a particular circuit or piece of 
equipment. Operational and line-up tests will also 
aid in locating the source of trouble. Substitution of 
parts may be necessary when it is impossible to test 

all the circuits of a component part, a filter, for 

example. 

b. When the trouble is located it may be corrected 
by replacement of a defective part, or by adjustment 
of a circuit or component. The system will be given 
a new over-all circuit line-up, its operation tested 
from end to end, and it will then be restored to 

service. 

c. In order to perform the trouble location pro- 
cedure described above, the maintenance man must 

have a certain amount of knowledge and skill. His 
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GENERAL REPAIR PROCEDURE 

knowledge must include the detailed functioning of 

the equipment. He must know how to read and un- 

derstand wiring and schematic diagrams. He must 
be familiar with the testing apparatus to be used in 
testing the equipment, and know how to apply the 
information. Skill in the use of maintenance tools 
will not only result in more efficient operation of the 
system, but will also reduce the chance of the same 

trouble recurring. The goals to be attained are ac- 
curacy in the location of trouble, skill and efficiency 
in its repair, and speed in returning the system to 
service. If the maintenance man has the qualifica- 

tions listed above, the attainment of these goals is 

simplified. The following repair instructions will be 

based on the assumption that the reader possesses the 
necessary qualifications. 

76. Unsatisfactory Equipment Report 

a. When trouble in equipment used by Army 
Ground Forces or Army Service Forces occurs more 
often than repair personnel feel is normal, War De- 
partment Unsatisfactory Equipment (WD AGO 
Form 468) should be filled out and forwarded 
through channels to the Office of the Chief Signal 

Officer, Washington 25, D. C. 

b. When trouble in equipment used by Army Air 
l‘orces occurs more often than repair personnel feel 

is normal, Army Air Forces Form 54 should be 
filled out and forwarded through channels. 

c. If either form is not available, prepare the data 
according to the sample form reproduced in figure 74. 
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Instructions 

1 Itis imperative that the chief of technical service concerned be advised at the earliest practical moment of any constructional, design, or operationa) defect in matériel 

This form is designed to facilitate such reports and to provide 8 uniform method of submitting the required data. 

2. This form wil) be used for reporting manufacturing, design, or operational defects in matériel, petroleum fuels, tubricants, and preserving materials with 6 view to 
improving and correcting sucb defects, and for use in recommending modifications of matériel. 

3. This form will not be used for reporting failures, isolated material defects or malfunctions of matérie) resulting from fair-wear-and-teay or accidenta) damage nor for the 

replacement, repair or the issue of parts and equipment. It does not replace currently authorized operational or performance records. 

4 Reports of malfunctions and accidents involving ammunition will continue to be submitted as directed in the manner described tp AR 750-10 (change No. 3) 

6. It will not be practicable or desirable in al) cases to fill all blank spaces of the report. However, the report should be as complete as possible in order to expedite neces 

sary corrective action Additiona) pertinent information not provided for in the blank spaces should be submitted as inclosures to the form. Photographs, sketches, 
or other illustrative material are highly desirable. 

6. When cases arise where it is necessary to communicate with 8 chief of service in order to assure safety to personnel, more expeditious means of communication are 

authorized. This form should be used to confirm reports made by more expeditious means, 

7° This form will be made out in triplicate by using or service organization. Two copies will be forwarded direct to the technica) service; one copy wil) be forwarded 
through command channels 

8. Necessity for using this form wil) be determined by the using or service troops. 

wW.D., A. G.O. Form No. 468 This form supersedes W D., A G O Form No. 465, 1 December 
30 August 1944 1943, which may be used anti) existing stocks are exhausted 
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Figure 74. WD AGO Form 468. 
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Section XIV. DETAILED FUNCTIONING OF EQUIPMENT 

77. Outline for Detailed Functioning of Equipment 

Type H carrier equipment is furnished in three 
units: terminal, repeater and line panel. Each unit 

is first discussed generally to describe its purpose, 

and then the component parts and circuits are dis- 

cussed individually. Transmission performance data 
and characteristics are given to further explain the 
function of items such as filters, transmitting circuits, 

and receiving circuits. Simplified schematic diagrams 
have been prepared from the over-all schematic dia- 
grams furnished with the equipment and reproduced 
in the rear of this manual. 

78. Functioning of Type H Carrier Terminal (fig. 75) 

The complete terminal circuit may be divided into 

three portions: transmitting, receiving, and common. 

The transmitting circuit provides facilities for re- 

ceiving voice frequencies, modulating them to carrier 

frequencies, and amplifying the carrier frequencies 

TRANSMITTING 
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RECEIVING 

CARRIER 
LEA 

SUPPRESSION 
CIRCUIT 

5,000 0 
EQPT SWITCH ON 2-W POSITION 
LINE SWITCH ON WIRE-EAST (OR WEST) POSITION 

SYMBOL FOR FIXED CAPACITOR 

OSC 3000MMF 
69 

LS ]o.01644 -Gz) 

ee a 

for transmission to the line. The receiving circuit 

provides facilities for receiving carrier frequencies, 
demodulating them to voice frequencies, and amplify- 
ing the voice- frequencies for transmission to the 

switchboard side of the terminal. The common cir- 

cuits provide facilities for combining the transmit- 
ting and receiving circuits on the switchboard side, 
if required, separating the carrier frequencies on the 

line side, and supplying the modulator and demodu- 

lator circuits with carrier-frequency supply. Al- 
though the terminal may be readily rearranged for 

various conditions by operating the switches and 
controls to various positions and by changing con- 

nections, its operation when arranged for its most 
usual application is first described. In this case, the 
switchboard side is arranged for a two-wire termi- 
nation and the line side is arranged for transmission 
to.an open-wire line. The other arrangements of the 
terminal will be explained immediately following this 

discussion. 
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Figure 75. Type H carrier terminal circuit, simplified schematic diagram. 



79. Terminal Transmitting Circuit (fig. 75, transmitting) 

Voice frequencies from the switchboard side are 

first passed through the hybrid coil to the low-pass 
filter LP which suppresses undesirable speech and 

noise frequencies. In modulator MOD, the voice 

frequencies are combined with carrier frequencies 
and appear at transformer MOD OUT as upper and 

lower side bands. Band-pass filter BF suppresses the 

undesired side band and passes the desired side band 

to gain potentiometer TR GAIN. Here the signal is 

attenuated so that the desired power level on the 
line will be attained after amplification by the fixed- 

gain amplifier. 

a. Low-pass Fitter LP, TRANSMITTING Por- 

TION. This filter suppresses frequencies above the 

useful voice band, thus eliminating undesirable 

speech harmonics and noise. However, the carrier 

frequency of 7,150 cycles, impressed at the midpoints 

of the hybrid- coil and transformer MOD OUT, is 
passed readily. Since equal amounts of carrier cur- 

rent flow through each side of the filter in the same 
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direction, the effects produced by the inductance of — 

each side of the filter are cancelled. 

b. Moputator MOD. This modulator consists 
of copper-oxide varistor elements arranged in a bal- 

anced circuit. Resistors R3 and R4 are shunted 

across the input and output, respectively, to improve 

the modulator impedances. Carrier power at a fre- 

quency of 7,150 cycles is supplied to the modulator 
by the oscillator circuit, and is impressed at the mid- 
points of one winding of the hybrid coil and output 

coil MOD OUT. When supplied with voice and 
carrier frequencies, the modulator produces upper 

and lower carrier side-band frequencies and sup- 

presses the carrier and voice frequencies, and some 

extraneous products of modulation. The modulator 

also introduces a certain amount of volume limiting 

into the circuit to reduce the peaks of speech of loud 

talkers. Reduction of speech peaks is important when 

type H systems are operated over a radio link as it 

prevents overloading, interchannel interference, and 

interference on the telegraph channels. 

c. BaNnp-pass Fitter BF. This filter is comprised 

of two sections, a 4,150- to 6,900-cycle band-pass and 

a 7,400- to 10,150-cycle band-pass. These portions 
may be switched into the receiving or transmitting 
circuits depending upon the arrangement of the ter- 

minal as an East or West terminal. When arranged 

as an East terminal, the 7,400- to 10,150-cycle section 
is used in the transmitting circuit, and when arranged 
as a West terminal, the 4,150- to 6,900-cycle section 

is used in the transmitting circuit. The filter is 

used to suppress the unwanted side band, while pass- 
ing the side band to be transmitted. 

d. TRANSMITTING GAIN ContTroL TR GAIN. 
This control is a variable T-pad which presents a 
constant input and output impedance of 600 ohms 

for all settings. It is arranged to provide losses up to 

50 db in 2-db steps. This pad is adjusted by means 
of a knob on the front of the panel and is used to 

control the transmitting gain of the terminal. Al- 

though the amplifier has a fixed gain, the trans- 

mitting gain is adjusted by attenuating the signal be- 

fore amplification. 
e. TRANSMITTING AMPLIFIER. The transmitting 

amplifier, consisting essentially of input transformer 
TR IN, vacuum tube TR, and output transformer 

TR OUT, provides a flat gain of approximately 33 
db. The amplifier is self-biased and is arranged to 
provide negative feedback through two paths. One 

path is formed by resistor R6 between the grid and 
plate circuits. The other path is through the coupling 

between the grid and plate circuits provided by the 
output transformer. 

proves the stability of the amplifier and reduces dis- 
tortion. Capacitor C3 provides a shunt path from the 
feedback circuit to ground to prevent the amplifier 
from singing at inaudible frequencies when the ter- 
minal is operated without any loss in the transmitting 

gain control. From the transmitting amplifier the 
transmitted frequencies then pass through part of 

directional filter DF (par. 810) to the line, 

80. Terminal Receiving Circuit (fig. 75, receiving) 

Carrier frequencies from the line pass through part 
of directional filter DF (par. 81b) and are attenu- 
ated by gain potentiometer REC GAIN to provide 

the proper input level to the demodulator. Band-pass 
filter BF suppresses undesired frequencies and 

passes the desired frequencies to the demodulator. 

Here the carrier frequencies are demodulated to 

voice frequencies and passed to low-pass filter LP, 
which suppresses frequencies above the voice-fre- 
quency band. Voice frequencies passed by filter LP 
are amplified by receiving amplifier REC, and then - 
fed to the termination of the type H carrier terminal. 

a. RECEIVING Gain ControL REC GAIN. This 
control, identical to control TR GAIN, is used to 

adjust the receiving gain of the terminal to provide 
circuits of a specified net loss and to compensate for 
line attenuation changes due to weather. Although 
the amplifier has a fixed gain, the receiving gain is 
adjusted by attenuating the signal before amplifi- 
cation. ; 

b. Banp-pass Fitter BF. When the terminal is 
arranged as an East terminal, the 4,150- to 6,900- 

This negative feedback im- 



cycle section of this filter is used in the receiving 
circuit. When arranged as a West terminal, the 
7,400- to 10,150-cycle section is used in the receiving 
circuit. 

c. DEMopuLaTtorR DEM. Varistor demodulator 
DEM is similar to modulator MOD, but demodulates 

the incoming carrier side band currents to voice fre- 

quencies. The oscillator circuit which supplies the 
modulator also supplies the demodulator. The car- 

rier frequency is impressed at the midpoints of re- 

peating coil DEM IN and amplifier input trans- 
former REC IN. Retardation coil D is inserted in 

the circuit ahead of repeating coil DEM IN to im- 
prove the impedance looking into the demodulator. 

d. Low-pass Fitter LP, REcEIvING SECTION. 

This section of the filter serves the same purpose as 
the transmitting section, and suppresses undesirable 
frequencies not in the necessary voice-frequency 

range. 
e. RECEIVING AMPLIFIER. This amplifier, similar 

to the transmitting amplifier, consists essentially of 

input transformer REC IN, vacuum tube REC, and 

output transformer REC OUT. The amplifier is a 

negative feedback type with a flat gain of approxi- 
mately 33 db. Grid bias potential is obtained from 
the drop across resistor R8 and the feedback voltage 

is derived from the voltage induced in the third wind- 

ing of transformer REC OUT in addition to the 
drop across resistor R9 and capacitor C4. Resistor 

R10 reduces the voltage of the screen supply, and 

capacitor C5 bypasses the a-c component which ap- 

pears on the screen. 
f. CarrieER LEAK SuppRESSION Circuit. A re- 

tardation coil and capacitor combination, tuned to 

a frequency of 7,150 cycles, is shunted across the 

output of the receiving amplifier to suppress any 

carrier leak from the demodulator. 

g. Pad R2. This is an impedance correcting pad 

having a fixed loss of 7.6 db. One side has an im- 

pedance of 600 ohms to match the output of the re- 
ceiving amplifier, and the other side has an im- 
pedance of 300 ohms to match the input to the hybrid 

coil. 

81. Circuits Common to the Terminal Circuits (fig. 75) 

a. Hyprip Corr HYB anp BAaLAncinG NETWork. 

This combination is used only when the terminal is 
terminated on a two-wire basis. It serves to effec- 
tively prevent the output of the receiving amplifier 
from being transferred to the input of the transmit- 
ting amplifier, and thus decreases the tendency of the 

terminal to sing. Incoming voice currents from the 
switchboard side are equally divided, one-half being 
passed to the transmitting circuit, and the other half 
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being passed to the receiving circuit where it is dissi- 
pated. Voice currents from the receiving amplifier 

are also equally divided, one-half being passed to the 
switchboard side, and the other half to the balancing 

network. The balancing network, consisting of ca- 

pacitors C10 and Cll (each 2.16 mf) in series with 
600-ohm resistor R12, simulates the impedance of 
the 2W HYPB side of the hybrid coil. Capacitor C10 

balances capacitor Cl (also :2.16 mf) and capacitor 
C11 and resistor R12 in series balance the switch- 

board or two-wire extension. The balance across the 
hybrid coil should be at least 13 db in the voice-fre- 

quency range. That is, if a compromise network, 

consisting of a 600-ohm resistor in series with a 2.16- 
mf capacitor, is connected to the drop side of the ter- 
minal, the loss measured across the hybrid coil at 

voice frequencies should be at least 13 ab. When 

the type H system is extended by long voice-fre- 

quency facilities, balance considerations may make 

it desirable to replace capacitor C11 and resistor R12 
with an external line-balancing network. 

DeDIRECTIONAL LIETER OE waa liisnitere: like 

band-pass filter BF, consists of two sections, a 4,150- 

to 6,900-cycle band-pass and a 7,400- to 10,150-cycle 
band-pass. These sections may be switched into the 
receiving or transmitting circuits depending upon the 
arrangement of the terminal as an East or West ter- 

minal. When arranged as an East terminal, the 

7,400- to 10,150-cycle portion is connected to the 
transmitting circuit, and the 4,150- to 6,900-cycle sec- 

tion to the receiving circuit. When arranged as a 

West terminal, the position of these sections is re- 
versed. The filter serves to prevent the output of the 

transmitting amplifier from being fed back to the in- 

put of the receiving amplifier, and thus decreases the 

tendency of the terminal to sing. 
c. OSCILLATOR Circuit. The carrier frequency 

supplied to the modulator and demodulator is derived 
from a common vacuum tube oscillator circuit. The 

oscillator frequency of 7,150 cycles is determined by 
a tuned circuit which consists of the primary winding 
of transformer OSC, in parallel with capacitor C7. 

Feedback of the proper phase to sustain oscillation is 

obtained from the 1-5 section of the OSC secondary, 

and is fed to the grid of the tube through capacitor 
C6. The output of the oscillator is also taken from 

the secondary winding of OSC, between taps 1 

(ground) and 4. The output level across the output 

terminals is about +9 dbm. The oscillator frequen- 

cies are preadjusted and should seldom require 

further adjustment. The frequency of the oscillator 

should not vary appreciably with different tubes or 

changes in the power supply within the limits of +10 

volts. Although some variation will result from 



aging, the oscillator frequencies at the two terminals 

should change more or less together. Accordingly, 

the carrier frequencies at the two terminals should 

ordinarily not be out of synchronism by more than 

about 10 cycles, which is not enough to affect trans- 
mission seriously. However, fine adjustments of fre- 

quency may be made by changing the position of the 

movable permalloy plug which forms the core of, the 

transformer (fig. 28). 

d. JACK ARRANGEMENT. Jacks are provided on 
both sides of the terminal for line-up and mainte- 

nance of the terminal and the type H carrier system. 

82. Terminal Power Supply (fig. 76) 

Voltage for the tubes of the terminal is furnished 

by an external a-c power source through a power 

transformer and associated circuits. The a-c power 

source is connected to the primary winding of trans- 

former PWR. One winding of the secondary pro- 

vides voltage for the heaters of the tubes. The other 

winding feeds voltage to varistors Pl and P2 which 

act as a full-wave rectifier and provides voltage for 

the plates of the tubes. 

a. PowER Source. The power supply operates 

from a 50- to 60-cycle, 105- to 125-volt, a-c power 

source. 
b. PWR TRANSFORMER. (1) Primary winding. 

One lead of the power cord connects to lug 1 and the 

other lead is connected to lugs 3, 4, or 5 depending 

upon the voltage of the a-c power supply. Lug 2 is 

not used. 

(2) Secondary winding. ‘The secondary has two 

windings. The winding which is brought out to lugs 
9 and 10 supplies 10 volts for the heaters of the 

three vacuum tubes. The other winding, which is 

brought out to lug 6 and lugs 7 or 8, connects to 
varistors Pl and P2 which supply between 125 and 

190 volts direct current to the plates of the tubes. 

Normally connection is made to lugs 6 and 7. How- 

ever, the varistor ages with use and after a consid- 
erable period of time will require a higher operating 
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voltage. Connection to lug 8 provides increased volt- 
age for the varistors at such time as the varistor out- 

put falls below the 125-volt limit. 
c. AssocraTteD Circuit. Varistors Pl and P2 

are connected in a bridge circuit and act as a full- 

wave rectifier which supplies voltage across load re- 

sistor R11. A low-pass filter, consisting of retarda- 
tion coil P and capacitors C8 and C9, is connected 
between the varistors and the load resistor to reduce 

a-c hum. One side of R11 is connected to the plates 

of the tubes and the other side to ground. 

83. Terminal Arrangement for Four-wire Termination 

(fig. 77) 

a. DIFFERENCES BETWEEN TWO-WIRE AND Four- 

WIRE TERMINATIONS. When the terminal is termi- 
nated on a four-wire basis on the switchboard side, 

the transmitting and receiving paths are the same as 

for a two-wire termination with the following excep- 

tions : 
(1) Hybrid coil. One winding of the hybrid coil 

is not used and the hybrid coil is connected as a re- 
peating coil in the transmitting branch of the circuit. 

(2) Balancing network. The balancing network 

associated with the hybrid coil is not used. 

(3) Pads. Impedance correcting pad R2 is not 

connected into the receiving circuit since the output 

impedance of the receiving amplifier is 600 ohms and 

is satisfactory to match impedances of connected 

equipments. Pad R1, with a fixed loss of 8 db, is 

connected into the transmitting path in order to at- 

tenuate incoming voice-frequency signals to a level 

favorable to the modulator. The terminal is normally 
operated with this pad in the transmitting path when 
terminated on a four-wire basis, but it may be ar- 
ranged so that the pad is omitted. 

b, TRANSMITTING AND REcEIVING PaTuHs. (1) 
Switch at 4W TEL. Voice currents enter the ter- 

minal through jacks 4W TR and MOD IN and pass 
through 8-db pad R1 to the hybrid repeating coil and 
modulator circuit. In the receiving path the demodu- 

PWR 

To 
105 -125V 

50-60%, 
SUPPLY Ss 

TL 51578 

Figure 76. Terminal power supply circuit. 



lated voice currents pass directly from transformer 

REC OUT through jacks DEM OUT and 4W REC 
to the four-wire line. 

(2) Switch at 4W TLG. Voice currents enter 
the terminal through jacks 4W TR and MOD IN 
and pass directly through the hybrid repeating coil 
to the modulator circuit. In the receiving path the 
demodulated currents pass directly from transformer 

REC OUT through jacks DEM OUT and 4W REC 
to the four-wire line. In normal operation this ar- 

rangement is not used, but is provided for cases 

where disconnection of pad R1 in the transmitting 

path is desired. 

REC OUT 

*— 4w REC__DEM OUT 

Al2 

SWITCH EQPT ON 4W - TEL A 

as 

—+ 4W TR2—MOD IN 

REC OUT 

SWITCH EQPT ON 4W-TLG 
TLSI574 

Figure 77. Four-wire termination. 

84. Terminals Arranged for Radio Link Operation 

When switch LINE is at either of the RADIO posi- 

tions, the function of the two terminals is basically 

the same as that described in preceding paragraphs. 

Two terminals are required, and the directional filters 

DF, controls REC GAIN, and band-pass filters BF 

are so interconnected that the transmitting circuits of 

both terminals are connected to the directional filter 

of one terminal and the receiving circuits of both ter- 

minals to the directional filter of the other terminal 

(see figs. 8 and 9). 

85. Transmission Characteristics of Terminal Filters 

Three combinations of filters are used in the terminal 

circuits: low-pass, band-pass, and directional. Each 

of these filters is comprised of two units, which are 

sealed in a single metal container and designated as 

a single item (LP, BF, and DF). 

a. Low-pass Fitter LP (fig. 78). One portion 
of this filter is used in the transmitting circuit and 

the other in the receiving circuit: Since less suppres- 

sion is required in the receiving circuit for frequen- 

cies above the voice band, the two units have different 

characteristics. A simplified schematic diagram of 
the carrier leak suppression network, housed in the 

same container with filter LP, is also shown in figure 

78. 

b. Banp-pass Fitter BF (fig. 79). Each of 
these units may be switched into either the transmit- 
ting or receiving circuit, depending upon whether 

an East or West terminal arrangement is used. The 

unit which selects the 4,150- to 6,900-cycle band is 

actually a low-pass filter since such a structure gives 
adequate suppression of the unwanted frequencies. 

¢, DIRECTIONAL Fitter «DF (fig. 80). ‘These 

units separate the transmitting and receiving paths 

of the carrier frequency side bands and are arranged 

to provide attenuation in the high frequency singing 

path of the terminal with minimum distortion to the 

transmitted carrier frequency side bands. 

86. Terminal Transmission Performance 

a. MAxIMUM TRANSMITTING AND RECEIVING 

Gains. The maximum gain available at a terminal 
is dependent upon the gain of the amplifiers less the 

losses inserted by the components of the transmitting 
and receiving circuits. Since these components vary 

with the terminating arrangement (two-wire, four- 

wire) the available gain varies also. The maximum 
available gains for the various arrangements are 
shown in table XII. These gains have been computed 
at a frequency of 1,000 cycles applied to the switch- 

board side of the terminal. Though there will be 

slight variations due to manufacturing tolerances, 

differences in tubes, small changes in the voltage sup- 

ply, and aging of the varistor units, these gains can 

be obtained in most cases. The 20-db transmitting 
gain for the two-wire arrangement can be computed 

by subtracting the total loss of the components (13 

db, composed of 12 db in the modulator circuit, in- 

cluding the hybrid coil, transmitting low-pass filter, 

modulator, and modulator output transformer, and 

1 db in the transmitting band-pass and directional 

filters) from the amplifier gain (33 db). The 16-db 

receiving gain can be computed by subtracting the 

total loss of the components (17.1 db, composed of 

2.0 db in the receiving directional and band-pass filt- 

ers, 4.0 db in the demodulator circuit, including the 

demodulator input transformer, demodulator, and 
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Figure 78, Transmission characteristics of low-pass filter LP. 
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receiving low-pass filter, 7.6 db in pad R2, 3.5 db in 
the hybrid coil) from the amplifier gain (33 db). 

Table XII, Transmitting and receiving gains 

EQPT Transmitting Receiving 
switch setting gain (db) gain (db) 

2W 20 16 

4W TEL 17 27 

4W TLG 2 27 

b. LimiraTIons ON USE oF Maximum TRANS- 
MITTING AND REcEIvinNG Gains. Maximum trans- 

mitting and receiving gains cannot be utilized in both 

directions of transmission since the use of gain is 

limited to the permissible loop gain, 26 db in the case 
of a type H carrier terminal. For example, if a gain 

of 20 db is used in the transmitting direction (two- 

wire termination) only 6 db of the approximate 
maximum of 16 db is available for use in the receiv- 
ing direction. When the permissible loop gain is ex- 

ceeded the higher gain may upset the gain-loss 

balance and result in the circulation of singing cur- 
rents in the terminal. When necessary, however, the 

loop gain may be exceeded by about 2 db since a 2-db 

increase over the 26-db loop gain generally will not 
upset the gain-loss balance sufficiently to cause 

singing. 

c. GAIN-FREQUENCY CHARACTERISTICS. Figures 
81 and 82 show representative transmitting and re- 

ceiving gain-frequency characteristics for terminal 

circuits with a two-wire termination, as measured 

between jacks 2W HYB and DIR FILT LINE. 

Curves plotted show the gains at various frequencies 
relative to the gains at 1,000 cycles and are for a 

terminal adjusted to a 26-db loop gain, with 16-db 

100 

gain in the transmitting direction and 10-db gain in 
the receiving direction. Although the currents trans- 

mitted to or received from the line are in the carrier 

band, the graphs show frequencies in the voice band 
since the test transmission from jacks 2W HYB is 

made at voice frequencies. 

d. IMpEDANCE. (1) Two-wire operation. The 

nominal input impedance looking into the switch- 

board at 1,000 cycles is 600 ohms. 
(2) Four-wire operation. The nominal input im- 

pedance on the voice side looking into each of the 
four-wire branches is 600 ohms. On the high-fre- 

quency side looking into the directional filter the 1m- 

pedance is about 600 ohms, matching the impedance 
of the high-pass section of the line filter on the 

carrier line panel. 

87. Terminal Switches 

Two switches are used for changing connections in 
the terminal panel: switch EOPT and switch LINE. 

Switch EOPT controls the circuit arrangements on 

the voice-frequency side of the terminal. In the 

WIRE positions switch LINE switches the band- 
pass and directional filter units so that each selects 
the proper frequency for an East or West terminal 
In the RADIO position switch LINE provides 
proper circuit arrangements when the two terminals 

are interconnected and used with a radio link, 

a. SwitcH EQPT. This is a two-section, three- 
position, rotary circuit-selector switch which is con- 

trolled by the EQPT knob on the front panel; the 
three positions are marked 2W, 4W TEL, and 4W 
TLG. Although each section has 12 terminals on the 

front and 12 on the rear, terminals bearing the same 
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number are metallically connected together and are (1) 2W Position (fig. 83). In this position the 

not insulated from each other (that is, terminal 1, terminal is arranged for a two-wire termination. 
rear, is metallically connected to terminal 1, front, Schematically, the circuit is as shown in figure 75. 

etc.). Rotor blades of various shapes make contact Note that hybrid coil HYB is connected to the 

~with these terminals and set up the desired con- switchboard side of the terminal, the balancing net- 

nections. work, transmitting low-pass filter LP, and pad R2. 
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Figure 83. Switch EQPT in 2W position. 



(2) 4W TEL Position (fig. 84). In this position 
the terminal is arranged for a four-wire termination. 

Schematically, the circuit is as shown in figure 77A. 
Note that pad R1 is connected into the transmitting 

path and that coil HYB is connected as a repeating 

coil. Three of the coil sections are connected in series 

to form one side of the repeating coil and the two 
sections connected to filter LP are unchanged. Note 
also that the output of the receiving amplifier is now 
connected directly to the four-wire line. 

(3) 4W TLG Position (fig. 85). In this position 
the terminal is also arranged for a four-wire termi- 

nation. Schematically, the circuit is as shown in fig- 
ure 77B. The arrangement is the same as that de- 

scribed for the 4W TEL position except that pad 
R1 has been removed from the transmitting path and 

that coil HYB is connected directly to four-wire line. 

b. Switch LINE. This is a three-section, four- 

position switch, similar in construction to switch 
EQPT. It is controlled by the LINE knob on the 
front panel and the four positions are marked WIRE 
EAST 2 WIR ww Eola RADIO ERANS, and 
RADIO REC. In addition to the three sections, 

there is a brass shield plate between each section and 

at the rear of the switch. These 3 shield plates are 
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each equipped with 12 soldering terminals around 
their perimeters. The three plates are all connected 
to the ground and the soldering terminals provide 
convenient ground connections for the various equip- 
ment units. The shield plates are not shown in the 
three figures showing the arrangements for the four 

switch positions. 
(1) WIRE EAST Position (fig. 86). In this 

position the terminal is arranged for operation as an 

East terminal. Schematically, the circuit is as shown 
in figure 6. Filters BF and DF are so connected that 
their high-frequency sections are in the transmitting 

path and their low-frequency sections are in the re- 

ceiving path. 
(2) WIRE WEST Position (fig. 87). In this 

position the terminal is arranged for operation as a 

West terminal. Schematically, the circuit is as shown 
in figure 6 if the frequency values shown in paren- 
theses for filters BF and DF are used. Filters BF 
and DF are now so connected that their low-fre- 
quency sections are in the transmitting path and their 
high-frequency sections are in the receiving path. 

(3) RADIO TRANS and RADIO’ REG Posi- 
tions (fig. 88). Two terminals are shown intercon- 

nected for radio link operation. Switch LINE of the 
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Figure 84. Switch EQPT in 4W TEL position. 
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upper terminal is in position RADIO TRANS and 
switch LINE of the lower terminal is in position 

RADIO REC, Schematically, the circuit is as shown 

in figure 8. Note that the transmitting paths of both 

terminals are connected to filter DF of terminal 1 

and that the receiving paths are connected to filter 

DF of terminal 2. Note also that controls TR GAIN 

and REC GAIN and the sections of filter BF have 
been rearranged. 

88. Functioning of Type 11 Carrier Repeater (fig. 89) 

West-to-East transmission, using the 4,150- to 6,900- 

cycle side band, enters the repeater through the W 

LINE FILT and W DIR FILT LINE jacks and 

passes through the 4,150- to 6,900-cycle unit of direc- 

tional filter W DF. From the filter the side-band fre- 

quencies pass through control W-E GAIN, to and 

through the W-E amplifying circuit, and through the 

4,150- to 6,900-cycle unit of directional filter E DF. 
From filter E DF the side band passes through jacks 

E DIR FILT LINE and E LINE FILT to the high- 
pass unit of the carrier line filter and out to the East 
line. East-to-West transmission, using the 7,400- to 

10,150-cycle side band, follows a similar path through 
the repeater, the transmitted side band being selected 
by the 7,400- to 10,150-cycle units of directional 

filters E DF and W DF and passing through con- 
trol E-W GAIN and the E-W amplifying circuit to 
the West line. 

TL SISCO 

Switch LINE in WIRE WEST position. 

a, DIRECTIONAL Fitters. The two filter units in 

each direction of transmission are arranged to pro- 
vide maximum attenuation to circulating singing cur- 
rents with minimum distortion to the desired trans- 
mitted side bands. The two filter units associated 
with each directional filter are inclosed in metal con- 
tainers designated E DF and W DF respectively. 
The directional filter for the East side is the same as 
the directional filter used in the terminal panel; fig- 
ure 80 shows simplified schematic diagrams and 
transmission characteristics for the E DF filter units. 
Figure 90 shows simplified schematic diagrams and 
transmission characteristics for units of the slightly 
different directional filter used on the West side of 
the repeater. 

b. GAIN Controis. Controls W-E GAIN and 
E-W GAIN are the same as the TR GAIN and REC 
GAIN controls described in paragraphs 79 and 80. 
The repeater gain controls are adjusted by knobs on 
the front panel designated W-E. GAIN and E-W 
GAIN. 

c. AMPLIFIERS. E-W and W-E amplifier circuits 
are the same as the transmitting amplifier circuit 
used in the terminal. The circuit is described in para- 
graph 79e. 

d. Power Suppry (fig. 91). The circuit which 
supplies power to the tubes is the same as that used 
in the carrier terminal (par. 82), with the following 
exceptions : 

| 
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(1) Resistor R6 is connected in series with the 
winding of the secondary which supplies power to 

the heaters of the tubes. In the terminal the heaters 

of three tubes are supplied by this winding of the 
secondary, whereas.in the repeater only two heaters 

are connected to this winding. Resistor R6 is in- 
cluded in the heater power circuit to compensate for 

the reduced load. 

(2) The resistor coded R11 in the terminal is 

coded R5 in the repeater ; capacitors coded C9 and 

C8 for the terminal are coded Cl and C2, respec- 

tively, for the repeater, 

89. Repeater Transmission Performance 

a. GAINS. (1) Maximum gain. The repeater 

will provide a maximum gain of approximately 29 

db in either direction of transmission for carrier side- 

band frequencies equivalent to the 1,000-cycle point 
in the voice-frequency band. This 29-db gain results 
from an amplifier gain of approximately 32 db less 

about 3-db loss across the directional filters. 
(2) Usable gain. The loop gain for a repeater is 

limited to 45 db and thus the maximum repeater gain 
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of approximately 29 db cannot be utilized in both 
directions of transmission at the same time. The sum 

of the gains in the two directions must be held to 45 
db to meet singing margin requirements. 

(3) Gain-frequency characteristics. Figure 92 

shows representative gain-frequency characteristics 
for both directions of transmission. These gains are 
for a repeater adjusted to a loop gain of 30 db, with 

15-db gain in each direction of transmission. As the 
loop gain is increased the transmission-frequency 

characteristics may be expected to become somewhat 
less uniform. 

b. IMPEDANCES. The carrier-frequency imped- 

ances looking into the repeater from either direction 

are approximately 600 ohms, matching the high- 
pass unit of the carrier line filter, 

90. Functioning of Type H Carrier Line Panel Equip- 
ment 

The low- and high-pass filters and voice-frequency 

repeater and phantom balancing equipment required 

for use with the carrier terminal and repeater panels 
are contained on the carrier line panel. One carrier 

TO 
105-125 V 
50-60% 
SUPPLY 

TLSIS77 

FIXED CAPACITOR 

Figure 91. Repeater power supply circutt. 
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Figure 92. Repeater gain-frequency characteristics, 



line panel is required with a terminal panel and two 
with a repeater panel. Two panels are required to 

form a carrier transfer or bypass set. 

a. CARRIER LINE FILTER. The carrier line filter 

consists of three units: a low-pass filter, a high-pass 

filter, and a line filter network. Each of these units 

is inclosed in a separate metal container and al! three 

are assembled on a common base. 
(1) Low- and high-pass filters (fig. 93). The 
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low- and high-pass filter units, which together form 

the line filter and are designated LF, provide fre-- 

quency separation between the voice-frequency cir- 

cuit and the carrier-frequency circuit operating over 

the same pair. The high-pass filter unit is balanced 

on the line side but unbalanced on the drop side. 

The low-pass filter unit is balanced in both directions. 

As viewed from the line side, the low- and high-pass 

filter units in parallel have a nominal impedance of 
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) Figure 93. Transmission characteristics of line filter LF. 



690 ohms at voice frequencies and 600 ohms at type 
-H carrier frequencies. The nominal impedance look- 
ing into the drop side of the low-pass filter unit is 

about 690 ohms and looking into the drop side of the 
high-pass filter unit about 600 ohms. In the follow- 
ing subparagraphs the balance between the nominal 
impedance and the actual impedance for a specific 
frequency range is expressed as a loss across a hybrid 
coil. 

(a) With the high-pass drop side terminated in 

600 ohms and the low-pass drop side terminated in 

690 ohms, the balance between the nominal im- 

pedance of 690 ohms and the actual impedance look- 
ing into the line side of the line filter at frequencies 
between 300 and 2,500 cycles should be not less than 

10 db. 
(b) With the line side terminated in 690 ohms and 

the high-pass drop side terminated in 600 ohms, the 
balance between the nominal impedance of 690 ohms 

TO TESTING 
EQUIPMENT . 

TO TESTING 
EQUIPMENT 

Figure 94. Measurement of balance between LF and LFN. 
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Figure 95. Loss-frequency curve showing balance between 

LF and LFN when connected to hybrid coil. 
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HIGH-PASS 

DROP SIDE 

LOW-PASS 

DROP SIDE 

and the actual impedance looking into the low-pass 

drop terminals of the low-pass unit of the filter at 

frequencies between 300 and 2,500 cycles should be 

not less than 18 db. 

(c) Looking toward the terminal from the open- 

wire line the impedance at carrier frequencies is 
about 600 ohms when control REC GAIN is set for 

O-db loss. This impedance is fairly uniform over the 

two transmission bands. 

(2) Line filter network. Line filter network 
LFN balances the low- and high-pass filter units and 
is connected in the balancing network circuit of a 

voice-frequency repeater when the repeater is used 

on an open-wire pair with a type H carrier system. 

With the LFN network, which is connected on the 

network side of the repeater hybrid, terminated in 
690 ohms on the drop side, and the line filter termi- 

nated in 690 ohms on the line side (fig. 94), the 

balance between the line filter and the line filter net- 

TL-51264 

work, expressed in terms of loss across the hybrid, 

should be as follows: 

(a) At frequencies between 500 and 1,700 cycles 

the loss across the hybrid should be at least 32 db. 

(b) At 300 cycles the loss should be at least 29 db. 
(c) At 3,000 cycles the loss should be at least 

24 db. 
(d) Figure 95 is a graph showing the loss across 

the hybrid coil in figure 94 as a function of fre- 

quency. 
(3) Frequency characteristics. The carrier line 

filter ard the line filter network are shown schemat- 

ically in figure 93, which also shows representative 
loss-frequency characteristics of the low- and high- 

pass filter units. The low-pass unit passes voice fre- 
quencies up to about 3,000 cycles and suppresses the 
carrier frequencies. The high-pass unit passes fre- 

quencies above about 3,800 cycles and suppresses 

voice frequencies. There will be some attenuation 

variation between line filter units, but the variation 



usually will be at the frequencies adjacent to the cut- 

off frequencies rather than in the bands passed. 

Slight changes in attenuation also may appear with 

temperature changes. 

(4) Losses. The low-pass filter unit introduces 

a slight loss into the voice-frequency circuit, gener- 

ally about 0.2 db at 1,000 cycles. The loss to the 

phantom circuit from the low-pass filter unit will be 

about 0.15 db. 

(5) Lightning protection. The line filter is de- 
signed to withstand momentary peak voltages of 

1,000 volts. However, to provide additional protec- 

tion against lightning surges both to the line filter 
and to the directional filters contained on the terminal 

and repeater panels, a varistor is connected across 

the drop side of the high-pass filter unit. This varis- 
tor consists of a thyrite disk so proportioned as to 

present a high shunt resistance to tolerable voltages 
and a low shunt resistance to excessive voltages. It is 

assembled on a small metal bracket which is mounted 

on one of the filter mounting studs. This unit does 

not take the place of the conventional office protector, 

but merely adds to the lightning protection. 

b. BALANCING EQuIPMENT USED FOR PHANTOM 

OPERATION. The line panel contains three _bal- 
ancing units for, use in phantom operation: a line 

filter balance unit designated LFB, a line filter bal- 

ancing network designated LF BN, and a line filter 

balancing network designated PH LF BN for use 

on the phantom circuit. An application of these units 

to a phantom circuit is shown in figure 14. 

(1) Line filter balancing unit LFB. (a) Descrip- 
tion. ‘The insertion of a line filter in one side circuit 

of a phantom group requires that similar impedance 
be added to the other side circuit of the group to 

keep the phantom telephone circuit balanced. Line 

filter balancing unit LFB is used for this purpose. 
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The balance between low- and high-pass filter units 

and the line filter balancing unit is such that existing 
noise on the phantom circuit will not be increased 

appreciably by the insertion of these units on oppo- 

site sides of a phantom group. The line filter bal- 
ancing unit consists of a retardation coil and two re- 
sistors, and the unit is housed in a metal container 

mounted separately on the panel. 

Note. If both side circuits of a phantom group were 

equipped with type H -carrier line filters the line filter 

balancing unit would not be used. However, the LFB 

unit must be used if different types of carrier systems are 

used on the two side circuits of a phantom group. 

(b) Losses. At 1,000 cycles the line filter bal- 

ancing unit introduces a loss of about 0.2 db into the 
voice-frequency circuit and a loss of about 0.15 db 

into the phantom circuit. 
(2) Line filter balancing network LF BN. When 

a voice-frequency repeater is used on a physical cir- 
cuit equipped with line filter balancing unit LFB, a 

resistor, designated LF BN, is required in the net- 

work of the repeater to balance line filter balancing 

unit LFB. The balance between LFB and LF BN is 

at least as good as that provided between the low- 
and high-pass filters and their balancing network 
LFN. Resistor LF BN is mounted separately on the 

carrier line panel. 

(3) Phantom line filter balancing network PH LF 

BN. The resistor designated PH LF BN is con- 

nected in the network of the voice-frequency repeater 
on the phantom circuit to balance line filter LF and 

line filter balancing unit LFB in the side circuits of 
the phantom group. The balance between PH LF 
BN and the LF and LFB units which it balances is 

at least as good as that provided between the low- 
and high-pass filters and their balancing network 

LFN. Resistor PH LF BN is mounted separately on . 
the carrier line panel. 

Section XV, TROUBLE LOCATION 

91. Technique of Trouble Location 

a. Scope. This section of the manual covers 
trouble localization on an H carrier system termi- 

nated on a two- or four-wire basis, operated over 

either wire or radio link. For wire operation, an H 

system consisting of two terminals and a repeater is 
assumed. If the H carrier system is used in tandem 
with other carrier or voice-frequency systems, ref- 

erence should be made to TM 11-2022 for proced- 

ures to localize the trouble in a particular system. 

b. ORGANIZATION. Table XIII lists the trouble 

tests which are covered in this manual. 

(1) Preliminary procedures. 

trouble report. All available data are first assembled 
and an analysis is made. The extension circuits are 

next checked. This procedure is designed to localize 
the trouble either in the H carrier system or in some 
external circuit. 

(2) Systems trouble tests. These tests cover a 
check of the extensions of the H carrier system, fol- 

These procedures - 
outline the course of action on the receipt of a 

—— 



lowed by a check of the system line-up or of the 
system condition, depending upon the type of trouble 

reported. 

(3) Panel trouble tests. These tests cover trouble 
localization procedures on the terminal, repeater, and 

line panel. A quick method is given for checking the 
gain in each direction of transmission, followed by a 
suggested procedure for isolating the trouble in a 
particular circuit or part. 

(4) Apparatus trouble tests. These tests cover 
trouble location procedures on the individual parts 

of the type H carrier panels. Detailed testing pro- 
cedures are given wherever possible, and suggested 

procedures are included where detailed tests are not 

practicable, 

Table XIII. Trouble tests 

Wire Radio 

Paragraphs| Paragraphs 

1. Preliminary. 

a. General procedure............ et 94a 94a 
b. Two-wire extensions and termina- 

CLOTS aI ee ND nek tocar ek byt oan tes | 94b 946 
c. Four-wire extensions and termina- 

ELON Seats Sas cee oni soe nie we 94¢ 94¢ 

2. System. 

BL Senuhbiite< see fo eke © a ae ee eee 95 96 
Re OOMmeLATISMUSSIONL ren yen nic caskets 97a 97b 
CeSineine testSar «ssn os Se an i 98 98a 

3. Panels. 

Bio ANSraaabatel ba tate oh Sie cits ete ane lee ean Fil 100 
DemReneatenc eee met iii se. arae ake _ 
c. Eine ss Ih scl ies cn sf 0S ea 102 102 

4. Components. 

Oy IROMSEUSEIN < So ag dele A OOO 103 103. 

is, SeMERGONCES Malai a cide, PENI Meanie Reap ae 104 104 

CeOscillator were Neen acer Saskia! 105 | 105 

Cigkiilters tamee mentees cs crae tS acct | 106 106 

e. Potentiometers, switches, and jacks. .| 107 107 

c. TROUBLE Reports. Trouble on the H carrier 

system will be reported by either using or operating 

personnel during normal system operation, or by 

maintenance personnel in the performance of initial 

or periodic tests. 

(1) Troubles reported by using or operating per- 

sonnel. Trouble reports from this source some- 

times may be vague or incomplete. While receiving 

the report the repairman should secure sufficient in- 

formation to indicate a trouble such as one of the 

following: 

Failure to ring distant end. 

Failure to hear distant end after receiving ring. 

Inability to talk to distant end although distant 

end can be heard. 

Line is distant, although talking is possible. 
Line is noisy. 

Excessive crosstalk on circuit. 

Quality of transmission is poor. 
Circuit is singing. 

Upon receipt of a trouble report, the repairman will 
verify the report by talking, listening, and ringing on 
the circuit. Note any further symptoms which will 

indicate trouble in a particular piece of equipment, 

such as the ringer, etc. 

(2) Troubles detected by performance of periodic 
tests. In many cases performance of periodic tests 

and adjustments will correct minor troubles on the 

H carrier system such as an incorrect circuit net 

loss, poor synchronization, etc. If trouble is indi- 

cated by any test, the corrective procedures given in 
this section will be followed. 

d. TrousLE Anatysis. Analysis of the trouble 

report and all other symptoms which may be noted 

will indicate the trouble as one of three types: system 

failures or abnormal speech levels; noise and cross- 

talk, which includes power hum, static, unintelligible 

interference, etc., and poor speech quality or singing, 

which also includes echo, hollowness and distortion. 

e. TROUBLE Location. Wherever possible, de- 

tailed tests are given to aid in trouble location. How- 

ever, in some cases detailed tests would be too in- 

volved to be of any value and in these cases general 

tests have been prescribed. The skill of the repair- 

man will be a controlling factor in the length of time 

necessary to locate and clear a trouble. If the re- 

pairman is not familiar with methods of testing the 

equipment, trouble may have to be cleared by sub- 

stituting parts known to be good. This procedure 

requires much time and numerous replacement parts 

must be available. The repairman who is familiar 

with the equipment may develop short-cut methods 

involving tone tracing and continuity testing which 

will immediately isolate the trouble in one piece of 

apparatus. 

92. Test Equipment 

A variety of testing equipment is necessary for the 

installation, operation, maintenance, and repair of the 

carrier panels. This equipment is usually available 

at a voice-frequency telephone repeater or C carrier 

installation. All of the testing equipment required 

for trouble location work is listed in table XIV. 

Equipments equivalent to those listed may be used. 
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Table XIV. Test equipment 

Signal Corps 

Nomenclature stock No. Mfr’s No. Description Usage 

Audio Oscillator 3F3570-1 WECo Oscillator. Supply 

TS-379/U. 19C (SPL). testing power. 

Multimeter 3F7127 WECo Volt-ohm- Electrical 

TS-380/U. D-166852. milliammeter. measurements. 

Decibel Meter 3F 4270-2 WECo Transmission Measure test 

TS-399/U. 138A) (SPL): measuring set power. 

Tube Tester 3F5681 Hickok Model Tube tester. Test vacuum 

1-171. 560 (SPL). tubes. 

Attenuator 3F1775 WECo Attenuator. Insert loss. 

TS-402/U. 5A (SPL). 

Test Set 3F 4316.1 WECo Test receiver. Continuity tests. 

TS-190/U. AS} (CSIRL). 

Magneto Listening and 

telephone or talking. 

handset. 

4C7317D.1 WECo 600-ohm Terminating. 

217D. terminating 

plug. 

Patching cords. Making 
interconnections. 

93. Use of Diagrams and Charts 

a. Drawincs. The drawings furnished with the 

H ‘carrier panels are helpful in shooting trouble, in 

tracing wiring, and in rewiring apparatus which has 

been replaced. Two copies of each schematic and 

wiring diagram listed below are furnished with the 
equipment and are reproduced in the rear of this 

Table XV. Drawings furnished with equipment 

Equipment Schematic Wiring 

Carrier terminal panel B-400044-1 B-400044-2 

Carrier repeater panel B-400045-1 B-400045-2 

Carrier line panel B-400046-1 B-400046-2 

manual. If this equipment is installed in an ap- 

paratus cabinet, reference may be made to the power 

service circuit schematic and wiring diagrams fur- 

nished with the cabinet. 

b. ScHEMATIC DiacramMs. (1) Schematic dia- 

grams generally may be classified as circuit schem- 

atics and application schematics. Use the circuit 

schematics generally when locating trouble in the 

equipment, as they show each circuit completely and 
include the designations and pertinent characteristics 

of each piece of apparatus. An application schematic _ 
drawing shows the arrangement of the circuits which 
form a complete unit. Assignments of terminal 

strip terminals on panels, together with the external — 

wiring connections, are shown. 

(2) All of the type H carrier drawings are in the 
B letter series. These drawings have six digit serial 

numbers. The schematic drawings are identified — 

by —1 after the serial number. When more than 

one sheet is required to show a circuit, this is in- 

dicated on each sheet as 2 sheets, sheet 1; or 2 sheets, 

sheersz 

c. Wirtnc Drawincs. (1) Wiring drawings are” 
generally associated with schematic drawings. They 
show, in a semipictorial manner, the wiring arrange- 
ments as viewed from the wiring side (rear) of the 
panel. The wiring symbols used are explained in 

notes on the drawing. The size of wire, color codes, — 
cabling, and the connections between the terminals 

of each piece of apparatus forming a circuit are — 
shown. Use wiring drawings primarily for trouble 

location work when it is necessary to check the wir- 

ing. For the type H equipment the wiring drawings 
are also assigned in the B letter series. Each draw- 

ing bears a serial number corresponding to the as- 
sociated schematic drawing. The first sheet of a 

wiring drawing is suffixed -2, the second -3, etc. 

(2) Wiring drawings covering the H equipment 

use the so-called “airline” system of showing con- 
nections. In the airline system, each individual © 

piece of apparatus, or each group in some cases, is | 

| 



numbered, and the lines representing the individual 
wires from each piece of apparatus are carried a 

short distance and terminated in a base line. These 
individual lines between the apparatus and’ base line 
are called feed lines. Each feed line is numbered 
to correspond with the identification number of the 
piece of apparatus at which the other end terminates. 
It is not necessary to follow a connection through 

the base line and no provision is made for doing so. 
By observing the color and identification number in- 

cluded with the feed line it is possible to trace di- 
rectly between pieces of apparatus. 

94. Preliminary Procedures 

After a circuit utilizing an H carrier system has 
been reported in trouble, immediate performance of 
the preliminary procedures in this paragraph will 

serve two purposes: localization of trouble will be 

speeded by analysis of symptoms and conditions ; the 

extensions will either be eliminated or indicated as 
the source of trouble. If the extensions are found 
to be free of trouble, turn to the proper paragraph 
following for directions on localizing the trouble 

within the H system. 
a. GENERAL STEPS, (1) Gather all possible in- 

formation from the person reporting the trouble and 
also from circuit records, trouble records, etc. Data 

on how the trouble appeared, whether or not it -ap- 
pears intermittently, its presence in one or both 
directions of transmission, the condition of power 

and associated equipment, condition of other cir- 
cuits on the same line, weather conditions, recent 

performance of the circuit, maintenance checks or 

repairs on the circuit, and other data, will all be of 

use to the repairman charged with locating and clear- 

ing the trouble. 
(2) If the voice-frequency circuit on the same 

line has not been reported in trouble, check its per- 

formance by ringing, talking, and listening on it. 

The appearance of a trouble similar to that re- 

ported on the carrier circuit will locate the trouble 

in a line section or in some piece of equipment 

common to both circuits. Notify the operators or 

other using personnel to take the voice-frequency cir- 

cuit out of service, and clear its trouble first. This 

may also clear the trouble on the H carrier system. 

It is advisable at this time to check other circuits 

on the same line or radio link system. External 

troubles, such as induction from a power line, or 

atmospheric disturbances, will eliminate the H car- 

rier system as the primary source of trouble. If no 

trouble is found on any of the other systems, trouble 

probably exists in the H carrier system or its ex- 

tensions and terminations. 
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(3) Analyze the assembled information concern- 

ing the trouble symptoms. If they indicate a trouble 
peculiar to one part of the system, many of the 

recommended tests may be eliminated. This analysis, 
if done properly, will save much time and labor. 

If the analysis shows that a line section, or equip- 

ment common to both the H and voice-frequency 

circuits, or equipment common to one direction of 

transmission, is in trouble, proceed to the proper 

paragraph following for localization tests. If the 

extensions of the H system are not eliminated by 

analysis, check their condition first. 

Note. Check of the extensions, either two-wire or four- 

wire, should be made at both ends of the system at the 

same time. 

b. CHECK OF Two-wIRE EXTENSIONS AND TERMI- 

NATIONS. (1) Insert 600-ohm plug in jacks 2W 
HYB. (This will isolate the extension from the rest 

of the system.) 
(2) Establish contact with the switchboard or 

telephone at the end of the extension by connecting 

a magneto telephone to jacks DROP at the terminal. 

(3) Check the extension for ringing from the 
switchboard, talk with the switchboard, and listen 

for the presence of noise and crosstalk. 

(4) If no trouble is encountered proceed with the 

localization tests. 
(5) If trouble is found in the extension, notify 

other installations and clear the trouble. 

(6) When the trouble has been cleared, turn to 
paragraph 111 for instructions on returning the 

system to service. 

c. CHECK oF Four-wirE Extensions. The check 
of a four-wire extension, used either for telephone 
or telegraph, can be made in several ways. Follow 

the general suggestions given below. 

(1) Check one pair at a time, by first blocking 
off equipment connected at both ends of the exten- 
sion. Insert 600-ohm plugs in the jacks of the equip- 

ments both ways from the extension under test. 

(2) Test the pair by talking or by making trans- 

mission measurements between the output jacks of 
the connected equipments. Listen on the pair for 

noise or crosstalk. 

(3) Repeat the tests on the other pair. 

(4) If no trouble is encountered proceed with 

the localization tests. 
(5) If trouble is localized in extension, notify 

other installations. Clear the trouble in any prac- 

ticable manner. 
(6) When the trouble has been cleared, turn to 

paragraph 111 for instructions on returning the 

system to service. 



95. Procedure for Localization of System Failure, Wire 

Operation 

This test covers the localization of trouble in a type 

H system, where no communication is possible in one 

or both directions between the two H terminals of 

the circuii, or where the voice levels are excessively 

high or low. The test is actually a check of system 

line-up, and the following test equipment is required 

at each terminal and repeater installation: 

1 Audio Oscillator TS-379/U (not required 

at repeater). 

1 Attenuator TS-402/U. 

1 Decibel Meter TS-399/U. 

The test will be performed after the extensions at 

each end of the system have been checked and found 

to be free of trouble. It will consist of checking 

input and output levels at each installation. Minor 

deviations from specified levels will be tolerated at 
intermediate points, as long as total deviation at 

the distant terminal is not greater than 4 db. Sharp 
deviations from specified levels will indicate trouble. 

Information on proper levels should be shown on 

the circuit record cards. 

Note. All testing will be done under the direct super- 

vision of the control terminal. If trouble is suspected in 
the receiving direction, viewing the system from the control 

terminal, make the test in this direction first. 

a. CONTROL TERMINAL Tests (fig. 96). (1) 
Patch the test oscillator to the 2W HYB or to MOD 

IN jacks depending upon the position of switch 

EQPT. Adjust the oscillator for 1,000 cycles at 

the output listed below: 

Setting of | Patch to Output of 
switch EQPT jacks oscillator 

2W 2W HYB 0 dbm 

4W TEL MOD IN +4 dbm 

2W HYB * DIR 
OR FILT 

MOD IN * LINE 

H 

CARRIER 
TERMINAL 

| OSCILLATOR ° 

1,000 CYCLES *® 

INPUT CONNECTIONS* 

TERM. EQPT | PATCH OSCILLATOR 
SWITCH ON OUTPUT LEVEL TO 

2w 2W HYB 0 DBM 

MEASUREMENT OF TERMINAL OUTPUT 

Figure 96. System failure, control terminal test. 
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SET FOR LOSS EQUAL TO TERMINAL 

OUTPUT LEVEL. THIS LOSS WILL USUALLY 

(2) Connect the OUT terminals of the attenuator 

to the input of the transmission measuring set. Set 

the attenuator for a loss equal to the level of the 

terminal output. (If specified output is +-16, set 

attenuator to 16 db.) Patch the input of the at- 

tenuator to jacks DIR FILT LINE. 
Requirement: Measuring set indicates 0 dbm. 
(3) If the requirement is met, remove patch to 

jacks DIR FILT LINE, and instruct the repeater 
to proceed with the tests outlined in 0b above. 

(4) If the requirement is not met, notify other 

installations that trouble has been localized, then pro- 

ceed with terminal tests. 
b. REPEATER TESTS (fig. 97). (1) Connect the 

output of the attenuator to the input of the trans- 

mission meauring set. Set the attenuator for a loss 

equal to the output level of the repeater in the direc- 

tion of testing. When notified by the control termi- 

nal, patch the input of the attenuator to jacks DIR 
TILT LINE on the side away from the terminal 

sending the testing power. 
Requirement: Measuring set indicates 0 dbm. 

(2) If requirement is met, remove patch from 

jacks DIR FILT LINE and notify control terminal 

that no trouble has been found at repeater. 

(3) If requirement is not met, remove the patch 
from the jacks DIR -FILT “LINE: and® patchsthe 

transmission measuring set directly to jacks LINE 
FILT on the side of the repeater toward the termi- 

nal sending the testing power. 

(4) If an abnormally low power level is measured, 

trouble exists in connected equipment at the re- 

peater or terminal installation (protectors, com- 

posite set, carrier line panel, etc.) or in the preceding 

line section. Remove the patch to jacks LINE 
FILT and notify the control terminal that trouble 

exists between the repeater panel and the terminal 

sending testing power. 

OUT 

TRANSMISSION 

MEASURING 
SET 

ATTENUATOR 

; 
INDICATION 

BE 16 DB. 

TL 51275 



115 

W(E) # 
DIR FILT 

LINE IN OUT 

LINE 
To TRANSMISSION 

CONTROL CARRIER ATTENUATOR 

TERMINAL REPEATER 

SET FOR LOSS EQUAL TO 
REPEATER OUTPUT LEVEL. 
THIS LOSS WILL USUALLY 

BE I6DB. 

MEASUREMENT OF REPEATER OUTPUT 

E (W)* 
LINE 

EAty: NOTES: 
LINE TRANSMISSION % JACKS ON SIDE OF REPEATER TOWARD TERMINAL 

SENDING TESTING POWER. 

+ JACKS ON SIDE OF REPEATER AWAY FROM 

TERMINAL SENDING TESTING POWER, 

O MEASURING 

SE 

To ea ake . 
CONTROL GS Sear eey. =e 
TERMINAL 

INDICATION 

NORMAL INPUT LEVEL 

MEASUREMENT OF INPUT TO REPEATER y TL 51992 

Figure 97, System failure, repeater tests. 

(5) If a normal power level is measured, trouble etc.) or in the precedin® line section. Remove the 

exists in the H carrier repeater panel. Remove the patch to jacks LINE FILT and notify the control 

patch to jacks LINE FILT and notify the control terminal that trouble exists between the previous 

‘terminal that trouble exists in the repeater. Pro- repeater panel and the receiving terminal panel. 

ceed with repeater tests. (5) If a normal power level is measured, trouble 

c. Distant TERMINAL Tests (fig. 98). (1) exists in the receiving terminal panel. Remove the 

When notified by the control terminal, patch the patch to jacks LINE FILT, and notify the control 

transmission measuring set to jacks 2W HYB or _ terminal that trouble exists in the receiving terminal 

DEM OUT, depending upon the setting of switch panel. Proceed with terminal tests. 

EQPT. The output level should be as follows: 

——5 DEM OUT* 

2w HYB* 
OR 

Indication of 
Setting of Patch to transmission TRANSMISSION 

switch EQPT jacks measuring set es eee =O © MEASURING : 

2W 2W HYB Specified ckt net REPEATER Vaal lee Sek a 

4W TEL DEM OUT loss +4 dbm 
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. a TERM. EQPT 

(2) If requirement is met, remove the patch and ae ro a 

notify the control terminal that the test has been NET LOSS 
. | wre. [oem out|+s oem B 

completed. The above tests are then made in the eee 
a ee MEASUREMENT OF TERMINAL OUTPUT 

opposite direction. 

(3) If requirement is not met, remove the patch LINE 

from the terminal, and patch the transmission meas- LINE en, cy |p TRANSMISSION 
. ° TO sete Kel |o MEASURING 

uring set to jacks LINE FILT. REPEATER : \ SET 
INDICATION 

NORMAL INPUT LEVEL (4) If an abnormally low power level is measured, 

trouble exists in connected equipment at the re- 

ceiving terminal or at the previous repeater installa- obs 

tion (protectors, composite set, carrier line panel, . Figure 98. System failure, distant terminal tests. 

MEASUREMENT OF INPUT TO DISTANT TERMINAL 



d. Test oF SYSTEM IN OPPOSITE DIRECTION OF 

TRANSMISSION. (1) If the preceding tests are 

completed and the trouble is not located, the oppo- 

site direction of transmission must be tested in the 

same manner. In this case the distant terminal takes 

over the functions of the control terminal and sends 

testing power to the line. 
(2) If this test is completed and trouble is not 

located, the trouble may be intermittent or may have 

cleared itself. Check the circuit again by listening, 
ringing, and talking, and if performance is satisfac- 
tory, return the circuit to service. However, keep a 

close check on the circuit for a few days to detect 

recurrence of the same trouble. 

96. Procedure for Localization of System Failure, 
Radio Link Operation 

If communication should fail on a circuit operating 
over a radio link section, failure of the two other 

circuits would indicate trouble in the radio link 
equipment or power supply. Before making any 

other tests on the H carrier system be certain that 
the radio apparatus is operating satisfactorily in 

both directions: If trouble appears to be in the H 

carrier equipment, a localization test similar to that 
described in the previous paragraph should be per- 

formed. Proper testing levels for radio link opera- 
tion should be substituted for those listed. These 

levels will be found on the circuit record cards. If 

the trouble is localized in either terminal, turn to 

paragraph 100 for directions on locating and clear- 

ing the trouble. Line troubles, if found, should be 

cleared according to directions in the applicable 

technical manual. 

97. Procedure for Localization of Transmission Troubles 

This paragraph covers the localization of noise, 
crosstalk, poor quality, singing, and other troubles 

on the H carrier system. Localization will be at- 

tempted first by successively terminating line sections 
and installations as described below. If this pro- 
cedure is not successful in indicating the trouble, 
further tests are provided for troubles which may be 
caused by singing, near-singing, or poor synchroni- 

zation. 

a. SECTIONALIZATION TESTS, WIRE OPERATION. 

This test is performed under the direction of the 
control terminal. It is used to locate the source of 

crosstalk, noise, power hum, singing, and other 

troubles which appear on the circuit. 
(1) Control terminal tests. (a) Set switch EOPT 

on 2W. 
(b) Connect from jacks 2W HYB to Test Set 

TS-190/U or a magneto telephone. 

(c) Insert 600-ohm plug in jacks DIR FILT 

LINE. Note any change in circuit condition. Re- 

move plug. : 

(d) If trouble was heard with plug in jacks, 

source of trouble is the terminal. (See c(1) be- 

low.) If trouble disappears, notify repeater to be- 

gin repeater test. 

(2) Repeater test. (a) While monitoring the cir- 

cuit, the control terminal should direct the repeater 

to terminate the adjacent line section with 600 ohms 

in jacks LINE FILT toward the control terminal. 

Note any change in circuit condition. Instruct re- 

peater to remove plug. 

(b) If trouble was heard at control terminal with 
plug in jacks, its source is the connected equipment 

at the repeater or terminal installation (protectors, 

composite sets, line panels, etc.) or the line section. — 

(See c(2) below.) If trouble disappears, continue 
with repeater test. 

(c) While monitoring the circuit, the control 

terminal should direct the repeater to terminate the 
output to the distant terminal at jacks DIR FILT 
LINE with 600 ohms. Note any change in circuit 
condition. Instruct repeater to remove ‘plug. 

(d) If trouble was heard at control terminal with 

plug in jacks, its source is the repeater. (See c(1) 

below.) If trouble disappears, notify the distant 

terminal to begin distant terminal tests. 
(3) Distant terminal test. (a) While monitoring 

the circuit, the control terminal should direct the 

distant terminal to terminate the line section with 600 

ohms in jacks LINE FILT. Note any change in 
circuit condition. Instruct the distant terminal to 

remove plug. 

(b) If trouble was heard with plug in jacks, its 

source is the connected equipment at the repeater 

or distant terminal installation (protectors, com- 

posite sets, line panels, etc.), or in the line section. 

(See c(2) below.) If trouble disappeared, its 

source is the distant terminal, since the distant exten- 

sion has already been checked. (See c(1) below.) 

b. SECTIONALIZATION TEStT—Rapio LINK OPERA- 

TION. If excessive noise or crosstalk exists on H 
channels operated over a radio link, it 1s advisable 
to check the radio link section of the system first. 
A majority of troubles encountered will be caused by 
lack of synchronization between the radio link term- 

inals, or by atmospheric conditions. Once the radio 
link section of the system is eliminated as a source 

of trouble, the wire sections may be checked by a 
procedure similar to that given in subparagraph a 

above. It should be rembered that coordination be- 
tween the channels of H carrier and voice-frequency 
carrier telegraph, if used, is extremely critical, and 



much crosstalk and noise may exist between these 

channels. 
c. ANALYSIS OF PossIBLE TROUBLES. (1) Termi- 

nal and repeater. (a) Noise and power hum. ‘These 

conditions may be caused by a defective vacuum 

tube or rectifier. If replacement of the vacuum 

tubes does not improve the particular condition, 

check the power supply (par. 103). Noise or power 
hum originating in the power supply will usually be 

cleared by replacement of a leaky capacitor or 
varistor. If trouble still persists after performance 
of the above checks, the trouble may originate in the 

amplifier. Check the wiring and circuit components 

of the amplifier (par. 104). 

(b) Singing. li the terminal or repeater is sing- 

ing, check to see that the gain controls are on their 

normal operating settings. If these settings are 

correct, singing may be caused by a defective feed- 
back circuit in an amplifier, or a defective directional 
filter. Check these circuits according to directions 

in paragraphs 104 and 106. If all equipment is in 

satisfactory condition, see paragraph 98 to determine 

operating point which will eliminate singing. 
(2) Line section, line equipment, and line filter. 

(a) Noise and crosstalk: These troubles may be 
caused by lack of coordination between various car- 

rier systems on the same line. Check that the East- 

to-West direction of transmission of the system in 

trouble corresponds to the East-to-West direction 

of transmission of the other systems on the line. 

Coordinate the outputs of the various systems so 
that the power at any point on the line will be ap- 

proximately the same for all systems. If ringing 

crosstalk or cross rings are detected, trouble may 

lie in the incorrect range setting of a_voice-fre- 
quency ringer. When operating on radio link, if 

interference is detected between the H carrier chan- 
nels and the voice-frequency channel, the trouble 
may be due to poor coordination of outputs on the 

three. channels. 
(b) Power noise, static, and other noise. Static 
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caused by atmospheric or weather conditions will be » 
observed on all lines of the telephone system at the 
same time. It is impossible to clear this type of 

trouble completely, but its-effect may be reduced by 

keeping the output of each terminal and repeater as 

high as possible. Other types of static caused by 

faulty outside plant construction can be cleared by 

proper policing and maintenance of the line. Power 

hum may be caused by power exposures within an 
installation, but a more common source will be an 

outside power line running parallel to the carrier 

line. Its effect may be minimized in the same man- 
ner as that described for static. Single frequency 

tones of objectionable magnitude may be caused by 
singing in an adjacent circuit, by crosstalk paths into 

an adjacent circuit, or by voice-frequency telegraph 

or pilot currents in an adjacent circuit. Clearing 

these troubles is a matter of adjusting levels and 
remedying troubles which exist in the adjacent cir- 

cuit. When operating an H system on radio link, 

some static and noise will be picked up on the radio 
channels. 

d. PROCEDURE FOR CLEARING Poor Quatity. (1) 
Poor quality of transmission over the system will 

usually indicate a lack of synchronization between 
the carrier oscillators at the two terminals. Per- 

form the oscillator synchronization test and adjust- 
ment (par. 55) to check whether or not poor syn- 
chronization is the cause of poor quality. If it is 

not, perform the oscillator-frequency adjustment 
test (par. 110). 

(2) Poor quality may result from a _ repeater 

which is singing. The singing frequency may be 
outside the audible range. Perform the singing 

point test of the repeater (par. 98) to determine its 

singing point. If the requirement of this test is met, 

and the operating loop gain of the repeater does not 

exceed 45 db, it is probable that this repeater is not 
the cause of the trouble. 

(3) Poor quality may result if the system is not 
operated at a sufficiently high net loss. First check 

tc see that the circuit is operating at its specified 
net loss. If the circuit net loss is correct, poor qual- 
ity may be the result of a faulty directional filter, or 

poor balance between the compromise network and 

the two-wire extension. If the filter has been tested 

(par. 106) and found to be good, and the best pos- 
sible balance has been obtained between the balancing 

network and the two-wire extension, perform the 

terminal singing margin test (par. 98) to determine 

the highest circuit net loss at which the system may 

be operated. 

(4) Poor quality may indicate that the loss-fre- 

quency characteristic of the system does not meet 

the requirements specified in paragraph 56. This 
condition may be caused by a faulty line section, 

amplifier, or filter. The attenuation of the open-wire 

line should be measured for each line section, using 

frequencies between 3,000 and 11,000 cycles. If the 

line attenuation is correct at the testing frequencies, 

it can be plotted to form a curve which rises as the 
frequency is increased. Excessive humps or peaks 

in the curve. of any line section will indicate that 

section to be the probable cause of trouble. If the 

attenuation requirements of the line are met in all 
line sections, check the amplifiers and filters at each 



terminal and repeater as described in paragraphs 

104 and 106. 

98. Singing Tests 

a. TERMINAL SincInGc Marcin Test. An 8-db 
singing margin should be observed at the terminal to 

insure good quality of transmission, and also to pre- 

vent the system from singing if the circuit net loss 

should change appreciably with changes. in weather 

conditions. If the terminal sings, it usually will 
do so at some frequency in the audible range. For 

this reason the singing margin test of the terminal 

may be performed with a telephone instead of a 

measuring set. The procedure for making the test 1s 

as follows: 

(1) Terminate both ends of the circuit in tele- 

phone sets with the receivers off the hooks. In 

switchboard-terminated circuits connect the H car- 

rier circuit to a local extension and remove the tele- 

phone receiver from its hook. 
(2) Test first one terminal, then the other. Note 

the settings of the TR GAIN and REC GAIN con- 

trols in their normal operating conditions. Advance 

the REC GAIN control four steps (8 db). If no 

singing is heard, there is a sufficient singing margin. 
Return the REC GAIN control to its normal setting, 

and then test the other terminal in the same manner. 

If the circuit net loss is increased at one terminal 

to maintain an adequate singing margin, increase it 

by the same amount at the other terminal in order 

to keep the same circuit net loss in both directions. 
(3) Note the reading of the control where singing 

appears, if singing is heard as the REC GAIN set- 
ting is advanced. Back the control off four steps 

(8 db) from this setting. The new setting will 

give the highest possible circuit net loss at which the 

system can be operated without reducing the sing- 

ing margin. If a lower circuit net loss is desired 

with an 8 db singing margin still maintained, it can 
be achieved by improving the balance between the 

balancing network, and the two-wire extension. Do 

this by replacing it with a network which is designed 

to balance the type of extension used. If it is abso- 
lutely necessary to obtain a lower circuit net loss 

than is possible with the balance obtained, the singing 

margin may be slightly decreased. If this sacrifice 
is made, the quality of the circuit will be impaired, 

and it is liable to be unusable at times because of 
variations in line attenuation. 

b. REPEATER SINGING-PoINT Test. Singing will 
occur unless the losses in the repeater loop equal or 

exceed the gain of its amplifiers. The repeater sing- 
ing point is found by advancing the settings of the 
repeater gain controls until singing takes place or 

118 

maximum gain is reached. If singing takes place at 

too low a point, there is insufficient loss indicated 

across one or both of the directional filters. 
(1) Method. The test is made by watching for 

an indication on a transmission measuring set of any 
singing currents which may appear in the repeater 

when the gain is increased by setting both gain con- 
trols near the maximum step. If the repeater does 

not sing, no appreciable reading should be obtained 
on the measuring set since no power is fed into the 
repeater. A slight reading may be ignored for the 

purposes of this test since such a reading may be 
due to noise in the repeater or measuring set. A 
singing condition is not always audible since the 

singing may occur above the voice-frequency range 

and, therefore, a measuring set is useful to detect the 

condition. A singing condition is indicated when 
an appreciable reading is obtained on the measuring 

Set 

Caution: At the singing point, the increase in 
gain may be great enough to damage the measuring 

set unless an attenuator is used and the measuring 

set is adjusted to indicate maximum input. 

(2) Apparatus required: 

1 600-ohm plug. 

1 Decibel Meter TS-399/U. 

1 Attenuator TS-402/U. 

Patching cords. 

(3) Procedure. (a) Insert a 600-ohm plug in 
jacks W DIR FILT LINE. . 

(b) Patch from jacks E DIR FILT LINE to 
the input jacks of the attenuator. Set the attenuator 
for 20 db loss. 

(c) Connect from the output jacks of the attenu- 

ator to the input jacks of the measuring set. Adjust 

the measuring set to indicate maximum input. 
(d) Note the setting of controls E-W and W-E 

GAIN, so that they may be returned to their work- 
ing settings when the test is completed. Then set 
both gain controls on 40. 

(e) Advance control E-W GAIN one step. Then, 

while watching the meter of the measuring set, in- 

crease the sensitivity of the measuring set one step 
at a time until an appreciable reading is obtained, or 

until maximum sensitivity is reached. If no read- 
ing is obtained, readjust the measuring set to in- 

dicate maximum input. Then advance control E-W 
GAIN another step, and repeat the measuring set 
procedure. Continue the above procedure until a 
reading is obtained, or step 501 reached on control 

E-W GAIN. If no reading is obtained after com- 
pleting the above procedure, leave the E-W GAIN 
control on step 50, and advance the W-E GAIN 
control one step at a time by following the same pro- 
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cedure until an appreciable reading is obtained. Add 

gain control settings at which singing began. 

Caution: Always adjust the measuring set to in- 

dicate maximum input before advancing the repeater 

gain control another step. | 

(f) Interchange the 600-ohm plug and the measur- 
ing set. Repeat the test. Add the gain control set- 

tings at which singing began. Compare this sum 

with the sum previously obtained, and use the lower 

of the two as the sum of the gain control settings at 

which the repeater will sing, 

Requirement: ‘The sum of the gain control set- 

tings should equal at least 84 before the repeater be- 
gins to sing. 

Note. If the requirements are not met, trouble exists in 

the amplifiers or directional filters. Check these components 

according to directions in paragraphs 104 and 106. 

(g) Reset controls E-W GAIN and W-E GAIN 
on operating settings; remove’ patching cords and 

plugs and restore the circuit to normal. 
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99. Trouble Test on Terminal Panel: Wire Operation 

The following test equipment is required for local- 
izing trouble on the terminal panel: 

1 Audio Oscillator TS-379/U. 

1 Decibel Meter TS-399/U. 

1 Attenuator TS-402/U. 
1 Multimeter TS-380/U. 

Patching cords. 

a. CHECK OF TRANSMITTING AND RECEIVING CiR- 

cuirs. When trouble is known to exist in either 
the transmitting or receiving circuit, make a test 

of the other direction of transmission to determine 

the condition of equipment common to both cir- 

cuits. See figure 99 for arrangement of testing 

equipment. If this test definitely locates the trouble 

in only one circuit, proceed to c or d below. 
(1) Note the settings of both gain controls, then 

set the contro] of the circuit being tested on 50, and 
the other control on 0. 
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(2) Adjust the frequency and input level of the 
oscillator as specified under INPUT. Patch this 

testing power to the proper jacks. 

(3) Measure the output of the terminal at the 

jacks specified under OUTPUT. 
Requirement: The measured gain will be within 

+3.5 db of the specified gain. 
(4) Remove the patching cords and restore the 

gain controls to their normal settings. 
(5) If the requirements are not met for both 

directions of transmission, trouble is indicated in 

equipment common to both circuits. Proceed to b 

below. 

(6) If the requirements are met in one direction 

of transmission and not in the other, proceed to c 
or d below for tests of the circuit which is in trouble. 

b. TRouBLE IN BotH TRANSMITTING AND RE- 

CEIVING Circuits. (1) Check power supply volt- 

ages (fig. 100). If output voltages do not meet re- 

quirements, see paragraph 103. If voltages meet re- 

quirements, proceed with (2). 
(2) Check the oscillator output (par. 48). If re- 
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120 

8.0 

Vv AG 

quirements are not met, see paragraph 105. If 

requirements are met, proceed with (3). 
(3) Check the wiring, connections. and the re- 

maining common equipment, consisting of jacks, 
switches, directional filter, and hybrid coil. 

(4) If these tests do not disclose the trouble, 
perform tests described in c and d below. Tests 
should be performed both for the transmitting and 
receiving circuits since there may be trouble in both 

circuits. 
c. TROUBLE IN TRANSMITTING CIRCUIT’. 

Replace vacuum tube TR and check circuit. 

(2) Check TR tube socket voltages (fig. 100). 
(3) Check the transmitting amplifier (par. 104). 

(4) Check the oscillator output as described in 
paragraph 48 but note that the output measurement 

is made between the center tap of transformer MOD 
OUT and ground. / 

(5) Check wiring, connections, and all equip 
ment not previously checked. 

d. TROUBLE IN RECEIVING Circuit, (1) Replace 

vacuum tube REC and recheck circuit, 

(1) 

REC 
HEATER 
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Figure 100. Tube socket and power supply voltages, terminal panel. 



(2) Check REC tube socket voltages (fig. 100). 
(3) Check the receiving amplifier (par. 104). 
(4) Check the oscillator output as described in 

paragraph 48 but note that the output measurement 

is made between the center tap of transformer DEM 

IN and ground. 

(5) Check wiring, connections, and all equipment 
not previously checked. 

100. Trouble Tests on Terminal Panel: Radio Link 

Operation 

Trouble localization on two terminals connected for 

radio link should be preceded by an analysis of 
trouble symptoms. If one terminal only is in trouble, 

set its LINE switch on one of the WIRE positions, 

and perform the terminal tests described in para- 

graph 99. If both circuits of the terminal meet 
test requirements, trouble lies in the switches, inter- 
panel connections, or in the BF or DF filters of the 

other terminal panel. Perform the terminal tests on 

the other terminal. If the other terminal also meets 

test requirements, the trouble lies in the interpanel 

connections or in the RADIO setting of the LINE 
switch on the terminal in trouble. If both terminals 

are reported in trouble at the same time, the com- 

mon equipment which may be suspected includes 

the directional filters, jacks, LINE switches, line 
connections, and the external source of power. 

101. Trouble Tests on Repeater Panel 

The following test equipment is required for local- 
izing trouble on the repeater panel : 
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Figure 101. 
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1 Audio Oscillator TS-379/U. 

1 Decibel Meter TS-399/U. 

1 Attenuator TS-402/U. 

1 Multimeter TS-380/U. 

Patching cords. 
a. CHECK OF Circuits IN BotH DIRECTIONS OF 

TRANSMISSION. When trouble is known to exist in 

either the East-to-West or the West-to-East circuit, 
make a test of the other direction of transmission 

to determine the condition of equipment common to 

both circuits. See figure 101 for arrangement of 
testing apparatus. If this test definitely locates the 

trouble in only one circuit, proceed to c below. 
(1) Note the settings of both gain controls, then 

set the control of the circuit being tested on 50, and 

the other control on 0. 

(2) Adjust the frequency and input level of the 
oscillator as specified under INPUT. Patch this 
testing power to the proper jacks. 

(3) Measure the output of the repeater at the 

jacks specified under OUTPUT. 
Requirement: The measured gain will be with- 

in +2.5 db of the specified gain. 

(4) Remove the patching cords and restore the 
gain controls to their normal settings. 

(5) If the requirements are not met for both 
directions of transmission, trouble is indicated in 

equipment common to both circuits. Proceed to b 
below. 

(6) If the requirements are met in one direction 
of transmission and not in the other, proceed to ¢ 

below for tests of the circuit which is in trouble. 
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b. TRouBLE 1N BotH Directions. (1) Check 
the power supply voltages (fig. 102). If output volt- 
ages do not meet requirements, see paragraph 103. 

If voltages meet the requirements, proceed with (2). 

(2) Check the wiring, connections, and the re- 

maining common equipment, consisting of the jacks 

and directional filters. 
(3) If these tests do not disclose the trouble, fol- 

low the directions in c below for testing each direc- 

tion of tranmission individually. 
c. TROUBLE IN ONE DiREcTION ONLy. (1) Re- 

place the vacuum tube and recheck the circuit. 

(2) Check the tube socket voltages (fig. 102). 

(3) Check the amplifier (par. 104). 
(4) Check wiring, connections, and all equipment 

not previously checked. 

102. Trouble Tests on Line Panel 

a. Check wiring and connections. 
b. Check characteristics of line filter LF (par. 

106). 
c. The balancing networks and varistor may be 

checked by substitution of parts known to be good. 
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103. Trouble in Power Supply 

The information in this paragraph is applicable to the 
power supply at either the terminal or repeater. 

a. Check the output voltages (fig. 100 or 102): 
b. If requirements are met, check wiring between 

measuring point and tube sockets. 

c. Perform power supply adjustment if voltages 
measured do not meet requirements (par. 46). 

d. If no output is measured from the filament 

winding and the d-c supply, trouble is indicated on 
the primary side of the PWR transformer. Check 

or replace the power cord and the transformer. 

e. If no output is measured from the filament 

winding, the winding may be defective, or may be 
open at the repeater resistor R6. Replace the defec- 
tive part. 

f. If the d-c output is low or no output is meas- 
ured between terminal 4 of coil P and ground, check 

the capacitors and replace if necessary. If one var- 
istor is found to be defective both varistors should 
be replaced in order to preserve the electrical char- 
acteristics of the varistor bridge. 
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104. Trouble in Amplifiers 

This paragraph covers trouble location procedures 
for a defective amplifier at a terminal or repeater, 

and also includes a test of the amplifier gain. 

Note. When making tests of the amplifier other than 

voltage measurements or the amplifier gain test, be sure 

to disconnect the wires running to the external source of 

power. 

a, TROUBLE LOCATION. 

of the amplifier tube. 

(2) Recheck all socket voltages. 
(a) Incorrect filament voltage may be caused by 

wiring defects. 

(b) Incorrect plate or screen voltages may be 

caused by defective resistors or capacitors in the am- 
plifier, defective wiring, or by a defect in the wind- 
ings of the OUT transformer. Examine all wiring 

and connections carefully, and check or replace all 

components of the amplifier. 
b, AMPLIFIER GAIN Test (fig. 103). This test 

is used to check the amplifier gain after a defective 

part has been replaced, or it may be used as a further 

trouble location test after the socket voltages have 

been checked and found. to be within limits. 

(1) The test is made by first removing existing 
connections from the primary of transformer IN 
and secondary of transformer OUT. Testing power 

at the proper level is then connected to the primary 

of transformer IN and the amplifier gain is measured 

by connecting a measuring set to the secondary of 

transformer OUT. Oscillator output level and fre- 

quency, and attenuator setting are specified on fig- 

ure 103. 
(2) The following test equipment is required: 

1 Audio Oscillator TS-379/U. 

1 Attenuator TS-402/U. 

OSCILLATOR § 

OSCILLATOR ATTEN- 
AMPLIFIER loUTBUTT FREQ] VATOR 

(DBM) |(CYcLes) |SETTING 

TERM RCVG 

REPTR E€-W 

REPTR W-E 

ra foe Te 
eo ie Ba 
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(1) Check the condition 

A HamPLR INPUT | Pp T GAIN HamPLR INPUT | (NPU AMPLR OUTPUT REQUIRE- 

Figure 103, Amplifier gain test. 

1 Decibel Meter TS-399/U. 

Patching cords. 

(3) Make the test in the following manner: 

(a) Set the attenuator for the specified loss. 

(b) Connect the test equipment to the amplifier. 

(c) Adjust the oscillator as specified. 

(d) Determine the gain of the amplifier. 

Requirement: The measured gain will be within 

+2.0 db of the specified gain. 

(4) If the gain is too high and the power supply 

is adjusted properly, it is probable that there is 
trouble in the feedback circuit. If the gain is too 

low and the power supply is adjusted properly, 

loose connections or defective coupling transformers 

may be the cause of the trouble. 

105. Trouble in Oscillator 

This paragraph covers trouble location in the oscil- 

lator when no output is measured or when the out. 

put is outside limits specified previously. 

a. TROUBLE  Procrepure. (1) Be sure that a 
good tube has been placed in the socket. 

(2) Check the tube socket voltages (fig. 100). 

(a) Incorrect filament voltage may be caused by 

wiring defects. 

(b) Incorrect plate or screen voltages may be 

caused by defective resistors or capacitors in the 
oscillator circuit, defective wiring, or by a defect in 

the windings of the OSC transformer. Examine all 
wiring and connections carefully, and check or re- 

place all circuit components. 

(3) Adjust the oscillator frequency (par. 

when the trouble has been remedied. 
110) 

106. Trouble in Filters 

If any of the localization tests indicate that a filter 
may be in trouble, its condition may be checked by 

TRANS- 

MISSION 

““<E|O MEASURING 

SET 

MENT 
(DB) 

vi #129) 



the tests listed in this paragraph. The following 

test equipment is necessary: 

1 Audio Oscillator TS-379/U. 

1 Decibel Meter TS-399/U. 

1 Multimeter TS-380/U. 

Patching cords. 

a. Disconnect all wiring to the terminals of the 

filter under test (table XVI). 

b. Using the lowest ohms scale of the multimeter, 

measure between each of the terminals mentioned in 

table XVI and ground. 

(1) On any filter except the carrier section of 
line filter LF continuity between any terminal and 

ground indicates that the filter should be replaced. 
A ground will seriously affect the characteristics of 

the filter. 

(2) The carrier or high-pass section of line filter 

LF is unbalanced to ground. The grounded side is 

brought out to terminal 4 of terminal strip A. 

c. Check the frequency characteristic of the filter 

in the following manner: 

(1) Connect the oscillator and measuring set to 
the terminals indicated in table XVI. as shown in 

figure 104. 

(2) Measure the loss of the filter for each of 
the frequencies specified. 

Note. The calibrations of both the oscillator and the 
measuring set must be accurate at all times during the test. 

Check them frequently. 

(3) If the filter does not meet any one of the 
minimum requirements in the table, it is defective. 

Replace it. 

(4) Turn to paragraph 111 for directions on re- 
turning the system to service after a filter is re- 
placed. 
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107. Troubles in Potentiometers, Switches, and Jacks 

All tests specified in this paragraph may be made 

with Multimeter TS-380/U. 
a. PoOTENTIOMETERS. The potentiometers at the 

terminal and repeater are identical. They are con- 

stant impedance, adjustable T-type pads, with the 

bottom of the T grounded. The condition of any 
potentiometer may be checked by performing the 

applicable gain measurement test described in sec- 
tion V. The measurement should change approxi- 

mately 2-db per step as the potentiometer is rotated. 

If this requirement is not met, first check the ex- 
ternal wiring of the potentiometer, and if no trouble 
is found, remove the potentiometer from the sub- 

panel and repair or replace it. 
b. SwitcHeEs. If a switch is suspected of causing 

trouble, determine its condition by repeating the 
gain checks of the terminal transmitting and receiv- 

ing circuits with the two switches on the following 

settings : 

EQPT. LINE 

2W WIRE EAST 

2W WIRE WEST 

4W TEL WIRE EASH 

If the terminal is set for radio link operation, the 

switches are tested in the prescribed wire positions. - 

If the gain requirement for any switch setting is 
not met, check the setting for continuity. If the 

requirement is not met, check the switch for dirty 

or open contacts or mechanical failure. If the 
requirement is met, wiring connections to the switch 
may be defective. 

c. Jacks. To check the condition of the jac 

perform a continuity test between the two connected 
jack terminals located at the rear of the panel. Con- 
tinuity through the jacks should be broken and made 

by inserting and removing a plug. 

FILTER 

UNDER 

TES 

OSCILLATOR 

OTRANSMISSION 
MEASURING 

SET 

TL 3/293 

Figure 104. Filter test. 
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Table XVI. Filter characteristics 

Test connections 

Input frequency 
Filter test Oscillator to Measuring set to 

Equip. Term. Equip. Term. (ke) 

Terminal panel 

aD: 
(Xmtg side) LP 3 and 4 ibe 1 and 21 1.0 

3.0 
4.0 

: 10.0 
(Revg side) 1? 9 and 10 Wye 11 and 12 1.0 

15.0 

BF: 
(High-pass) BF 1 and 2 BF 3 and 4 6.5 

(section) 8.0 
10.0 
15.0 

(Low-pass) BF | 9 and 10 BF 11 and 12 6.0 
(section) 8.0 

12.0 

)9F (E DF)? 
(High-pass) DF 5 and 6 DF 1 and 2 6.5 

(section) (E DF) (E DF) 7.0 
9.0 
13.0 

‘(Low-pass) DF 3 and 4 DF fand.2 3.0 
(section) (E DF) (E DF) Sal 

6.5 
ipa 

1255 

Repeater panel 

. DF 2 (See test on DF of 
terminal panel): 
DF 

(High-pass) W DF 3 and 4 W DF 1 and 2 6.5 
7.0 
9.0 
15.0 

W DF 5 and 6 W DF 1 and 2 3.6 
520 
pe) 
9.0 

Line panel 

F; 
(Carrier section) Term. Strip A 3 and 4 Term. Strip A 1 and 2 3.4 

4.0 
5.0 

(Voice section) Term. Strip A 5 and 6 Term. Strip A 1.and 2 1.0 
3.0 
4.0 

1 Remove resistor between these terminals before making test. i i 
2? Directional filter E DF at the repeater is identical to directional filter DF provided at the terminal. 

Section XVI. REPAIRS 

08. Replacement of Parts 

Vith the exception of jacks, gain controls, and = yyy 
witches, no particular difficulty should be encount- 

red in the removal and replacement of parts con- 109. Use of Tools and Repair Equipment 

uined in H carrier equipment. The replacement of a. GENERAL. Important items in the clearing of 

Loss requirement 

(db) 

4.0 or less 
3.0 or less 

12.0 or more 
30.0 or more 
2.0 or less 

24.0 or more 

18.0 or more 
2.0 or less 
2.0 or less 

18.5 or more 
1.5 or less 

25.0 or more 
18.0 or more 

45.0 or more 
7.0 or more 
2.5 or less 

45.0 or more 
15.0 or more 
2.0 or less 
3.0 or less 

20.0 or more 
45.0 or more 

24.0 or more 
6.0 or more 
2.0 or less 

35.0 or more 
9.0 or more 
2.0 or less 

12.0 or more 
38.0 or more 

18.0 or more 
4.5 or less 
1.5 or less 
1.0 or less 
4.5 or less 

40.0 or more 

jacks, gain controls, and switches involves the re- 

moval of the bakelite subpanel, described in section 



trouble are maintaining cleanliness in the equipment. 

care in the use of tools, accuracy when making ad- 

justments, and care in handling equipment. 
b. CLEANLINESS. (1) Keep the apparatus clean. 

Contact trouble is caused mainly by dust and lint 

lodging between the contact surfaces of the multiple 

contact switches and jacks. 

(2) Take care not to break the wires connected 

to the multiple contact switches when working on the 
terminal and repeater panels. These are the GAIN 
potentiometers at the repeater and terminal and also 
the LINE and EQPT switches at the terminal. Since 
these switches are in the transmission path, a loose 

connection or a collection of dirt and lint on any 

of them will cause noise in the circuit or may cause 

an open in the transmission circuit. 

(3) The multiple contact switches and jacks are 

not provided with covers. Take care not to allow 
dust and lint to fall on the spring contacts of the 
jacks nor on the contacts of the switches when work- 

ing on equipment. 
(4) Keep the doors on the front and rear of the 

equipment cabinets closed except when working on 
the equipment, in order to reduce as much as possible 

the chance for trouble from dirt and lint. 
c. SOLDERING. Use care in making. wiring 

changes, or in the clearing of troubles such as wir- 

ing crosses or opens, and when removing or replac- 

ing a piece of apparatus, in order to avoid introduc- 

ing potential wiring troubles. Properly soldered 
connections are important. A properly soldered joint 
should be sound with not too much solder. Adequate 
clearance should be provided between adjacent ter- 
minals so that vibration will not cause crosses. Take 
extreme care to see that no loose bits of wire ‘or 

solder are left between the wiring terminals, among 
the wires, or in the apparatus housings after solder- 

ing operations. Protect the apparatus immediately 

below from solder particles or bits of wire during 

the above operations. Use a piece of cotton duck or 

similar material for protection. Always use a solder- 

ing iron holder to avoid a possible fire hazard. 
d. Reparr Equipment. No special repair equip- 

ment is required to aid in the replacement of any of 

the H carrier equipment. If the tools supplied with 

the office tool set are used properly and carefully 

it will be possible to perform all repairs necessary. 

110. Oscillator Frequency Adjustment (fig. 105) 

This adjustment is used to set the oscillator fre- 

quency after a defective oscillator component has 
been replaced, or after performance of the synchroni- 

zation test has indicated that the terminal oscillators 

are out of adjustment. Make the test by unbalancing 
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transformer MOD OUT to increase the carrier 
leak, then measure this leak on the receiving side of 
the terminal at the low-pass output side of band filter 

BF. The following test equipment is required: 

1 decibel meter TS-399/U. 

600-ohm plug. 

Patching cords. 

a. Note the setting of switch LINE and set it on — 
RADIO TRANS. 

b. Note the setting of controls TR GAIN and 
REC GAIN. Set TR GAIN on 50.and REC GAIN © 

on 44, : 
c. Strap between terminals 5 and 6 of transformer 

MOD OUT at the back of the panel. This trans- 
former is located at the top right of the panel. 

d. Connect terminal 5 to 7 and 9 to 11 on terminal 
strip B. : 

e. Terminate jacks DIR FILT LINE with a 600- 

ohm plug. | 
f. Connect the terminals of the measuring set to 

terminals 3 and 4 of terminal strip B. 

g. Adjust the measuring set to obtain an indi- 
cation. 

h. Loosen the fiber tube on the back of the OSC 
transformer, located on the rear of the panel in the 

upper left corner. Using a screwdriver, adjust the 

screw inside the fiber tube until the highest possible 
output reading is obtained on the measuring set. The 

oscillator is generating the correct carrier frequency 

when the screw is set for maximum output. If no 
peak reading can be obtained, some part of the oscil- 
lator circuit is in trouble; follow the procedure given 

in paragraph 105. 
1. After the oscillator frequency has been adjusted 

properly, tighten the fiber tube, and disconnect the 
measuring set. Remove straps on terminal strip B 
and on MOD OUT transformer. Restore the LINE 

switch and the GAIN controls to normal operating 
positions. 

j. Perform synchronization test (par. 55). 

[1 1. Procedure for Returning System to Service 

a. After repairs, replacement of parts, or adjust- 
ments have been made on H carrier equipment which 
may affect the over-all system line-up, check the en- 
tire system before it is returned to service. 

b. Ascertain that all switches and controls are on 
their proper operating settings. 

c. Perform the power supply adjustment if the 

output voltages of the power supply have been af- 

fected (par. 46). 

d. Check the voltages at all tube sockets (figs. 100 
and 102). 

ce. If any tubes have been replaced that satisfac- 
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TR GAIN 
| | 

| | (50) 

l Pennie : DIR 
| FILT 

: | te LINE 
: = 

| OF =| 
| | 600 

| PLUG 
| | 1 
| | 
| | * 

4,150 \ REC GAIN 
6900 % l (44) 

Ries ca ee aeraesae | 

feels ie + LP TERM: stRIe A ot Jee] 
eee re EN ie ee RPP OUT al BR eee Meal (ae Ed 

REC GAIN TR GAIN 
INSTRUCTIONS ° 30 

|. NOTE SETTINGS OF LINE SwITCH AND GAIN CONTROLS, THEN RESET AS SHOWN. 

TRANSMISSION 2. STRAP THE TERMINALS ON TERMINAL STRIP B AND TRANSFORMER MOD OUT AS . 
MEASURING s 2 SHOWN. 

SET 50 
3. INSERT 600-OHM PLUG IN JACKS DIR FILT LIWE. oleh WIRE a pliiy3 RADIO 

4. CONNECT TRANSMISSION MEASURING SET TO TERMINAL STRIP B AS SHOWN. 

5. ADJUST MEASURING SET FOR READING. 

6. LOOSEN FIBER TUBE ON REAR OF TRANSFORMER OSC. 
7. ADJUST OSC ADJUSTMENT SCREW UNTIL HIGHEST POSSIBLE OUTPUT READING IS 

OBTAINED ON MEASURING SET. 

TIGHTEN FIBER TUBE. 

Figure 105. 

torily passed test requirements, retain these tubes as 

spares. 
f. Perform the oscillator synchronization test if 

the output of the oscillators has been affected (par. 

D)2 
g. Make a circuit net loss measurement in ‘each 

direction. 

h, Perform a detailed system line-up if the above 

LINE SWITCH AND GAIN 
CONTROL SETTINGS 

REMOVE STRAPS AND MEASURING SET CONNECTIONS, AND RESTORE LIWE SWITCH 

AND GAIN CONTROLS TO NORMAL OPERATING SETTINGS. TLSI292 

Oscillator frequency adjustment. 

measurement indicates that the system is lined up 

incorrectly. 

i. Perform the channel frequency net loss test if 

any filters have been replaced. 

j. Ring, talk, and listen on the system from its 
terminations. 

k. If system performance is satisfactory return it 

to service. 



APPENDIX | 

LIST OF COMPONENT PARTS 

as 

Note. This list is for general information only. See appropriate publications for information pertaining to requisition of 
spare parts. 

1. Component Parts of Carrier Terminal OA-13/FC 

Quantity Component part Z 

1 Carrier Terminal OA-13/FC (Western Elec- 

tric Co X-66217A). 

4 Designation cards. 

6 Vacuum Tube JAN-310A (spares). 

1 TM 11-2025. 

2 sets Drawings : 

B-400044-1, sheet 1, carrier terminal panel 

schematic diagram. 

B-400044-1, sheet 2, carrier terminal panel 

schematic diagram. 

B-400044-2, carrier terminal panel wiring 

diagram. 

2. Component Parts of Carrier Repeater OA-10/FC 

Quantity Component part 

1 Carrier Repeater OA-10/FC (Western Elec- 

tric Co X-66217B). 
4 Designation cards. 

6 Vacuum tube JAN-310A (spares). 

2 sets Drawings: 

B-400045-1, repeater panel schematic dia- 

gram. 

B-400045-2, repeater panel wiring diagram. 

3. Component Parts of Carrier Filter F-36 /FC 

Quantity Component part 

1 Carrier Filter F-36/FC (Western Electric 

Co X-66217C). 
200 ft 20-ga wire, black and black-red. 

Batt 22-ga wire, shielded slate and slate-red. 
4 Designation cards. 

1 TM 11-2025. 
2 sets | Drawings: 

B-400046-1, line filter and balance network 

panel schematic diagram. 

B-400046-2, line filter and balance network 

panel wiring diagram. 
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APPENDIX II 

MAINTENANCE PARTS 

|. Maintenance Parts for Carrier Terminal OA-13 /FC 

The following information was compiled on 30 
March 1945. The appropriate section of the ASF 
Signal Supply Catalog for Carrier Terminal OA- 

1370 Cis: 

Fixed Plant Maintenance List: 

Carrier Terminal OA-13/FC. 
For the latest index of available catalog sections, see 

ASF Signal Supply Catalog SIG 2. 

Note. The following list covers station stock main- 

tenance parts. 

SIG 10-840.38, 

Ref. Signal Corps 
symbol stock No. Name 

GUC SCH 3DB2-958 CAPACITOR 
C264 3DB1.962-1 CAPACITOR 
G3 3DA10-158 CAPACITOR 
C6 3DA3-34 CAPACITOR 
C8, C9 3DB5-12.1 CAPACITOR 
Pi, P2 3H4956-54 RECTIFIER 
R3 3Z6580-26 RESISTOR 
R4, R5, R10 3Z6500-87 RESISTOR 
R6 3Z6065-4 RESISTOR 
R7, Rll 3Z6801-80 RESISTOR 
R8 3Z6050-133 RESISTOR 
R9 3Z6100-162 RESISTOR 
R12 3Z6060-36 RESISTOR 
OSG VRECYTR 2J310A TUBE, vacuum 

DEM, MOD 4Z9715 VARISTOR 

2. Maintenance Parts for Carrier Repeater OA-10/FC 

The following information was compiled on 30 
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March 1945. The appropriate section of the ASF 
Signal Supply Catalog for Carrier Repeater OA- 

10/FC is: 

Fixed Plant Maintenance List: 

Carrier Repeater OA-10/FC. 

For the latest index of available catalog sections, see 

ASF Signal Supply Catalog SIG 2. 

Note. The following .list covers station stock main- 

tenance parts. 

SIG 10-840.39, 

Ref. Signal Corps 
symbol stock No. Name 

(Gil Ker 3DB5-12.1 CAPACITOR 

E3GC5 3DA10-158 CAPACITOR 

C4, C6 3DB1.962-1 CAPACITOR 

PAM PZ 3H4956-54 RECTIFIER 

R1, R3 3Z6500-87 RESISTOR 

R2, R4 3Z6065-4 RESISTOR 

RS 3Z6801-80 RESISTOR 

R6 3Z5985-4 RESISTOR 

E-W, W-E 2J310A TUBE, vacuum 

3. Maintenance Parts for Carrier Filter F-36/FC 

The following information was compiled on 30 
March 1945, The appropriate section of the ASF 

Signal Supply Catalog for Carrier Filter F-36/FC is: 

Fixed Plant Maintenance List: SIG 10-840.40, 

Carrier Filter F-36/FC. 

For the latest index of available catalog sections, see 

ASF Signal Supply Catalog SIG 2. 



APPENDIX Ill 

REFERENCES 

: General Specification for Packaging and 

1. Parts List Packing for Overseas Shipment. 

SIG 1, Introduction to ASF Signal Supply 
Catalog. 4. Decontamination 

SIG 2, Complete Index to ASF Signal Supply TM 3-220, Decontamination. 

Catalog. 

SIG 3, List of Items for Troop Issue. 
SIG 4-1, Allowances of Expendable Supplies. 

SIG 5, Stock List of All Items. 

SIG 10, Fixed Plant Maintenance List. 

SB 11-10, Signal Corps Kit and Materials for 
Moisture- and Fungi-resistant Treatment. 

2. Technical Manuals on Associated Equipment and 

Test Equipment 

TM 11-2021, Ringers TA-38/FC and TA- 
39/FC (Voice-frequency Ringer Packaged 

Equipment). 

TM 11-2026, Type C Carrier Telephone Pack- 
aged Equipment, Moisture-resistant (Car- 

rier Terminals OA-11/FC and OA-12/FC, 

Carrier Repeater OA-9/FC, and Carrier 
Filter F-37/FC). 

TM 11-2028, Voice-Frequency Telephone Re- 

peater Packaged Equipment, Moisture-re- 

sistant (Telephone Repeaters OA-7/FC 
and OA-8/FC). 

TM 11-2029, Voice-frequency Carrier Tele- 
graph Packaged: Equipment (Carrier Ter- 

minals OA-4/FC and OA-5/FC). 
TM11-2039,,T9C (SPL)* Oscillator (CAudio 

Oscillator TS-379/U). 

TM 11-2042, Volt-ohm-milliammeter per D- 
166852 (Multimeter TS-390/U). 

TM 11-2044, 5A (SPL) Attenuator (Attenu- 
ator TS-402/U). 

TM 11-2045, 13A (SPL) Transmission 
Measuring Set (Decibel Meter TS-399/U). 

TM 11-2046, 67B and 68B (SPL) Test Sets 
(Test Set TS-190/U). 

TM 11-2047, Hickok Model 560 (SPL) Tube 
Tester (Tube Tester I-171). 

3. Shipping Instructions 

U. S. Army spec No. 100-14A Army-Navy 
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5. Demolition 

FM 5-25, Explosives and Demolitions. 

6. Other Publications 

FM 21-6, List of Publications for Training. 

FM 21-7, List of War Department Films, 
Film Strips, and Recognition Film Slides. 

FM 21-8, Military Training Aids. 

FM 21-40, Defense Against Chemical Attack. 

TB SIG 13, Moistureproofing and Fungi- 

proofing Signal Corps Equipment. 

TM 1-455, Electrical Fundamentals. 

TM 11-473, Central Office Maintenance. 

TM 11-475, Principles of Long Distance Tele- 
phone and Telegraph Transmission. 

TM 11-486, Electrical Communication Sys- 
tems Engineering. 

TM 11-487, Electrical Communication Sys- 

tems Equipment. 

TM 11-755, Grounds and Grounding for 
Wire Equipment. 

TM 11-2022, Application of Fixed Plant 
Packaged Equipment to Open-Wire Lines. 

TM 11-2037, Installation, Operation, and 
Maintenance of Open-Wire Offices Pack- 

aged Equipment. 
TM 37-250, Basic Maintenance Manual. 

7. Forms 

WD AGO Form 468, Unsatisfactory Equip- 
ment Report. 

Army Air Forces Form 54, Unsatisfactory 
Report. 

8. Abbreviations 

SIRS RS Ne ges oe ss alternating current (noun) 

sitpiel nuetokesrerote alternating-current (adjective) 

RR BAS OO ampere(s) 

ee ee: amplifier 



13] 

APDLOR ee alc iteeies .approximately Teteeags seasons chee -network 

PANN. Gy Bese s assess ee American Wire Gauge IN Omar welts chr ccoeee .number 

Wal eitiocucue ct alasi . balancing OSC to chee aa oscillator 

CAD ah eee cheiotete capacitor Dit amet he eine oe phantom 

ORT anne aie nds) rhe ks carrier DO tye tee aie ak potentiometer 

Cireuiiame Ack je cnacnadete channel(s) DLOt weer tes oe protector (s) 

beret Aum Gera ra ee Be a circuit DW Tole cere ae ares power 
GEEL Pees tice 8 control TEA 

; EN ey PCV Ope ee Mare receiving 
(og Wu tg 10 are rele composite telegraph circuit or set : 

ECVINE Ts ence receiver 

Gl pacts ek, OR ee an decibel (s) HOD time wae eae a repeater 

EDIE RS Mote. Sete e. fc power in decibels referred to 1 milliwatt 1aters (6 | eee a aE required 

ORR Nee Ry A tes direct current (noun) TES ure he tre een resistor 

GaChen Wty aaltartae a: direct-current (adjective) Aber 2c, Cee mitre yee repeating 

ee RENAL st eet ue ENO: Sh pe ean de emia: switchboard 
[hinge tA ae ree directional ; 
ey vide SOCraiterave tn viet vere sis section 

EAs era SICn Bethe: Rano signal 

EAR Sat ramets 3 ena 3 East SOmtehgetiscie eerie socket 

COLI peer es ae equipment SW dts eee: switch 

Bene ae nk Gree SX lees ert erent simplex telegraph circuit 

ITU cee See tee An filter tern Wore scare .terminal 

IRSA} fs gettin Set frequency Ree oy hid Gort ge ae telegraph 

Bee ie ars Ba Perea tp tee ...telephone 

transience sere transformer 
(crate WES Setter ene Sic ground 

Ti eee a a hybrid Wee ose ee AE ron) Rie? 
Woh Sears pte ees voice-frequency (adjective) 

Le nel: Beiars aiere kilocycle(s) vt tale suet ae ek vacuum tube 

Wass Cue ee ene eee thousand Wide s tes ey Le West 

THC OMI are reas fone siete 5 megohm(s) Wace nae eee watt (s) 

snl ie reccten ikea epee microfarad (s) Beek 
; XIMTOEe tise cack fees transmitting 

SOF ig eo A ge ee case mile(s) f 
SLTVET aca ctor iek operates transmitter 

TOC ant cise siete ...-modulator 

Hite oust ky save ne LOUNLING LAP aS BM ete impedance 
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EtbpreviatiOnSmumneimriiic.- cc xcs ease Oos App. III 

Adjustments : 

CraninitaDicsmVrancde yl)... key hee. cas seas 36 

Oscitlatorstrequency” (fig. 105). 76. ca. 110 

Syuchromizations aivs., 50) atid) o/s ose te 55 

bransmittingnoutpiite ChigesOZ) . serene eer 51 

Voltage: 

AW GIES ISON. ¢ 3s aaa AAD cre ea 46 

A CUIND AT Vern ta, Cot eee lice ae obs 32 

Amplifiers : 

Procedure for locating trouble............. 104 

Receiving gain measurement................ 49 

Receivinesampliner REG), 5225+. s-6.- 80e 

Repeater gaineimeasurement,. 2 2.0. +. 52 

Mransmittiies ampliner “CR i205... 56) 6 ns 79e 

Transmitting gain measurément............. 50 

Webnandme-VWecatiplitiersemarccs ss 4s 5a, 88c 

Application : 

@ peuawikes palit (io ee eae cance. cise «sche 1b 

Phantonw eroup.-(figs. 13, to.15) 2... 3... 12s. 10 

Physicamcrrenite (Me: \b2)co a. ad ee ase a eee 9 

Raging DK ene 16 ine cc hoe Non eso oes ae es 11 

SVSUCHMe weiss se aera Seman care we aichety ce 8 

blkelegira plumper: sac sts soto SS og ah ee ae 9b, 106 

IASSociated eqmipmeniteas wc... wisce es oes vie la, 25 

Attenuation of open-wire lines (table II)...14a, 17a 

Attenuation of open-wire lines, measuring...... 97d 

Auxiliary equipment (not used). 

BalanctigenetwOtkGur ni ates ae ae acres sr .. .6, 90b 

extents eemeeeetr he is ewe ce cle ciere ds 39 

Band-pass filter BF (fig. 79).......... 79c, 80b, 85b 
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65 Circuit descriptions, terminal : 

Four wit@eron ieee teas ae tr allen eee 4c 
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65 Carrier Repeater OA=10/FG. sin. es 5 App. I 

e Carrier erminal"OA=13/ F Cae, Scans App. I 
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owe Dass att tetae le ley peters uch ray ieee 85a 

Procedure for locating trouble............. 106 

Transmission characteristics of terminal 

filters (fess, (Sato OO) Mcsy aad. ctl ts aan 85 

FITCAL. (See Preventive maintenance.) 

IBPedueNCyy TANS acer Brae ae ei. h he hinee leh oR givig oer 7a 

Fungiproofing. (See Moistureproofing and 

fungiproofing. ) 
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Treatment of : 
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Oscillator : 

Frequency adjustment (fig. 105)........... 110 

Output measurement (fig. 49)..........5.... 48 
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Performance checks. (See checks.) 

Phantom line filter balancing network PH 
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Phaniomeg Cir sa loetalel ass. ccakiieiciodick feats 10 

Potentiometers. (See gain controls.) 
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Power supply: 
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Repeate rig irs scicsscicnicieeermote eran ie aie tiesto 89 

“Tertnina lessee och comnal aemeeper thera won: sue gspateatore ys 86 

Transmission, | poor» quality mame ae tie ee fe. 97d 

Transmission troubles, procedure for locali- 

TALON FR ea rcs Sigh eae ak Nn ce een 97 

Transmitting and receiving gains, maxi- 

mitts (Ctablercl) seein eee ete aeratec te tae 86a 

Transmitting gain measurement (table VIII, 

fig C51) ae ec ie ke, SRG a Re ea orate aioe ee OU 

Transmitting output adjustment (fig. 52)........ St 

Trouble location : 

PAaripliftensi: (Ofte = 003) aacenqetetetainientre tcleteies oraere 104 

Bilters) (Gables xs Vilyehie el O04) enon ee reer: 106 

Jacks PAS te later tte aot eee eras te. cree 107c 

eine *paneletroublestestaam eect e cre 102 

Localization of system failure: 

Radio ninkss oe cece tome cee a eles 96 

Page 

104 

23, 60 

107 

7, 

116 



Paragraph 

Trouble location—Continued 

Localization of transmission troubles........ 97 

Gleanings poormmquality.. sss scl... .naae we. 97d 

Weise andtcrosstallsdn. .'.. sci osc bite etre 97¢ 

INoIseranidanowersitiin jcc camena. nse. 97c 

Sectionalization tests : 

Radionl inser ae ces. 0 heat eeiecs 97b 

NVI Coenee Pree Rate one c cision cic ire at 97a 

ISI est MAE « vig ge 5s Sasha 97¢ 
OScillet one ete te ess sos Ste el 105 

Btelinaiiaiy e prOCedurestan. css sue tase tease 94 

Check: . 

Hout=wiremextensions ©... a... 94c 

Two-wire extensions and ter- 

AINE ALLORMS MME <tc «se hse tes 946 

GeneralesstepSmnroray i. sac a. oat ons 94a 

IR OLEIICIONIC LEI MMseetraetnet as cielo sse  ciesdeod es 107a 

OW CLaESUD pl vam etienyeenle folate sis ole Sede bers 103 

Repeater panel trouble tests (fig. 101)..... 101 

Check of both directions of trans- 

TUSSICID  Slsio:8 RSE OE Re ae 101la 

Trouble: 

Both ia@trections: <i. 1. een: aces 1016 

One CinectiOnyecssecih whe ass 101c 

Liao mee EM Mali ohe aes ato 4 yeah sin geese 98 

Swvitcliecume eerie Eaton Sala ssiceis< csv ote avateeis 107b 

pe Clinit {Ui CeeeRe It hel at is thw ecsieaic eackeuestae: * 91 

Terminal panel trouble tests: 

Wasaga 5 ghd 2s ot i Pe 99 

Check of transmitting and re- 

ceiving circuits (fig, 99)........ 99a 

Page 

116 
Ws 

Li7 
117 

116 

116 

117 

123 

113 

113 

113 

113 

124 

122 

121 

121 

122 

122 

118 

124 

110 

119 

119 

Paragraph 

Trouble location—Continued : 
Wire—Continued : 

Trouble : 
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Voltage adjustment. (See adjustments. ) 

Voltages, tube socket and power supply: 

Repeater (fig. 102). 

Terminal (fig. 100). 

WD AGO Form 468 (Unsatisfactory Equip- 

ment Report) (fig. 74). 
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TR OUT CIRCUIT NOTES: 

10! TERMINALS 3,4, AND $ ON THE POWER TRANSFORMER ARE o ™ ouTP . : UT TRANSF sealant a USE WITH DIFFERENT POWER SUPPLY TR IN JAN- 310A 1 
. NOMINAL VOLTA) 2 Tap 

FOLLOWS: CERES ene INPUT TRANSF 
TERMINAL 2 IS NOT USED 
TERMINAL 3-NlOVOLTS 
TERMINAL 4-NS VOLTS 
TERMINAL 5-120 VOLTS 

Aa 

rs 

CONNECT TO THE TERMINAL HAVING DESIGNAT T NEAREST TO THE MEAN LINE VOLTAGE bina 

i 

aw 102 TERMINAL 8 ON THE POWER TRANSFORMER IS AN 

; | bs 

AGING TAP WHICH IS CONNECTED TO THE RECTIFIER IN PLACE OF 
MOD OUT 

f 
TERMINAL 7 WHEN THE RECTIFIER HaS AGED SUFFICIENTLY 

ie 
TO REQUIRE ADDITIONAL APPLIED VOLTAGE 

cote VARISTOR 103 REMOVE STRAPS AND CONNECT REQUIRED NETWORK WHEN OTHER HYBRID BALANCING ARRANGEMENTS ARE REQUIRED. 

PaRT OF 104 SIX OF TWELVE POSSIBLE CIRCUIT ARRANGEMENTS ARE 

Germs, 

SMOWN IN FIGS 101 TO 105 INCLUSIVE. THE OTHER © a LP 
INATIONS ARE SIMILAR TO THOSE SHOWN IN FICS me FILTER 

-3000~ AND 10S, EXCEPT THAT THE VOICE-FREQUENCY FOUR-WiRE vip aes THE SWITCH CONTACT CAMS 
(1) ANO (2) ARE SHOWN IN 

CONDITIONS OF FIGS 103 AND 104 ARE USEO IN PLacE OF 
THE TWO-WIRE CONDITIONS SKOWN FIG IOS COVERS Two 

THE 2W POSITION 

Ciyeccu 

- CONDITIONS OF THE(LINE) SwiTcH 

105. Sen SWITCHES ARE VIEWEO FROM THE FRONT OR SHAFT 

iy 
—_— Eee — 

ose ~—— =. = Se ee 
wor ee eee ee INPUT TRANSF 4 

7 
Ly 
' 
' 

' 
' 

v 
' 
: 
A 

Ri2 

cl ¢2 600n 

° 
TO SIGNALING ANO 

SWITCHBOARD EQUIPMENT c3 c4 

OR AS SPECIFIED LINE 
216MF cee Nore 216MF {FRONT 

103 1 cil SEE NOTE cio 105 

2 FRONT 

SEE NOTE 
105 

TRANSFORMER 

SEE NOTE 
101 CONNECTING CORD 

LINE LINE 600 300n 

MOD IN siidlihood =PaD —* 
7608 Zien REAR 2:REAR 

R2 POLARIZ! Pinole Ae os: ; ba 18GA 2:COND ae 
yO"LONG 

CORD 

pvr caren TeLecrarn, } ga 3 REC OUT 
OR ANOTHER CARRIER 4 TREAR 
TELEPHONE SYSTEM OR SEE NOTE 10S OUT PUT 

TRANSF AS SPECIFIED 

(may a tf 

DEM 
| 5 | VARISTOR 

| aw Dem ! EQPT 
P SEC our ° 2 REAR 

Fs Se SEE NOTE 105 S 
< 

Rg AI2 

PART OF 

BF 
FILTER 

4150~4- 6900 
12 

) Grud 

P. p 

) O' 
REC GAIN 

PoT 

SODBIN 2DBSTEPS ~ 
oO 

_wOTE #s SYMBOL FOR FIXED CaPaciTOA 

rut vue 

OBS Bb O87 O88 O83 O84 OBI OBe- Bo Bes Bie 
; 1 

CONNECT TO SIMILARLY NUMBELRCO TERMINALS ON OTHC(R CARRIER TERMINAL 
SEE FIGS 105 & 106 

Drawing B-400044-1, Sheet 1. Type H carrier telephone terminal, schematic diagram. 
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B-400044-1 ISSUE 34 2 SHEETS, SHEET: 

PACKAGED EQUIPMENT 
TYPE H CARRIER TELEPHONE 

UNIVERSAL TERMINAL 
FOR TWO-wiRE AND FOUR-wiRE ON 

OROP SIOE AND wiRE-TO-RADIO CONVERSION 
ON LINE SIDE,USING MOISTURE RCSISTANT 

AND WIDE TEMPERATURE RANCE APPARATUS 

B-400044-| 

Ref. symbol 

Capacitors 

Cl, Cidy Cll 

C2, C4 

C3 

cs 

C6 

C7 

C8, C9 

Coils 

DEM IN 

HYB 

MOD OUT 

wo 

Resistors 

Rl 

R3 
R4, RS, R1O 

R6 
R7, Ril 

R8 

R9 

R12 

Transformers 

OSC 

TR IN 

TR OUT 

Value 

2.16 mf 

1 mf 

10,000 mmf 

2 mf 

3,000 mf 

16,440 mmf 

4 mf 

(1-2) 8.9 ohms 

(34) 12 ohms 

(5-6) 12 ohms 

(1-2) 25.5 ohms 

(3-4) 15 ohms 

(5-6) 25.5 ohms 

(7-8) 15 ohms 

(1-2) 8.4 ohms 

(3-4) 19.5 ohms 
(5-6) 19.5 ohms 

1.45 ohms 

(1-2) 44 ohms 

(3-4) 44 ohms 

(1) 317 ohms 

2) 317 ohms 

(3) 1,394 ohms 

(4) 1,394 ohms 

(1-3) 212 ohms 

(1-2) 425 ohms 

(2-4) 212 ohms 

8,000 ohms 

5,000 ohms 

650 ohms 

1 meg 

500 ohms 

1,000 ohms 

600 ohms 

(1-6) 5.9 ohms 

(7-8) 51 ohms 

(pri) 1,600 ohms z 

(sec) 500,000 ohms z 

(1-2) 17 ohms 

(3-4) 13.4 ohms 

(7-8) 835 ohms 

(9-10) 88 ohms 

(1-2) 25.2 ohms 

(3-4) 4,190 ohms 

(1-2) 4 ohms 

(3-4) 11.6 ohms 

(5-6) 284 ohms 

* Impedance. 

Rating 

200 v 

200 v 

400 v 

200 v 

400 v 

500 v 

500 v 
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iw 
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Aw 

ow 
Aw 
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FIG. 101 a 
LINE SWITCH ON WIRE EAST 

£QPT SWITCH ON 2w 
SEE NOTE 104 

LP BP oF 
FILTER 3 g FILTER FILTER 

0-3,000%. 7400-10150 7,400 -10,50°U) 

LP BP 
FILTER a 3 FILTER FILTER 

0-3,000™ 4350-6900, 4150-6900, 

FIG. 102 
LINE SWITCH ON WIRE WEST 

EQPT SWITCH ON 2W 
SEE NOTE 104 

UP BF 
FILTER g g FILTER 

0-3,000% 4,150-6,900% 

TO 2w 
v-F EQUIP HYBRID 

TO LINE FILTER 
7.608 

LP 8F 
FILTER g g FILTER FILTER 

0-3,000% 7,400-10,150U 7,400-10,50° 

FIG. 103 
LINE SWITCH ON WIRE EAST 
EQPT SWITCH ON 4W TEL 

SEE NOTE 104 

ge 
LP 

FILTER 

0-3,000%™ 

BF 
FILTER 

7,400-10,150% 

oF 
FILTER 

7,400-10,150°U 
~ Pa 

To aw F ee TO UNE FETER 

up BF oF 
PEN FILTER 3 g FILTER FILTER 

0-3,000~% 4150-6900°y 4,150-6,900% 

FIG. 104 
LINE SWITCH ON WIRE EAST 
EQPT SWITCH ON 4W TLG 

SEE NOTE 104 

LP 8F 
yer g 3 g FILTER g g FILTER ve FILTER 

0-3,000% 7400-10507 

vie te TO LINE FILTER 

4 uP BF 
Ae FILTER g g FILTER FILTER 

0-3,000% 4350-6900 4180-6900. 

FIG. 105 
SEE NOTE 104 

LINE SWITCH ON 
RADIO-TRANS, EQPY 

up BF oF SWITCH ON 2W 
FILTER | g FILTER . FILTER 

0-3,000%, 7,400-10)50% 7,400-10)50% 

EA Ro, TO LINE FILTER 

LP 
FILTER 

0-3,000% 

BF 
3 g FILTER 
i 3} |4150-6,900U | |, [ 1 F 

' 

FILTER 
4150-6,900% 

INTERCONNECTED BETWEEN TWO 
UNITS USED ON RADIO CKT 

LINE SWITCH ON 
RADIO-REC, EQPT 

ae 2S SWITCH ON 2W FILTER 3 g FILTER FILTER 
0-3,000% 4,150-6,900% 7400-10150 

uP 
FILTER 

0-3,000% 
FULTER 

7,400-10,50A, 
FILTER 

4,150-6,900, 

PACKAGED EQUIPMENT 
TYPE H CARRIER TELEPHONE 
UNIVERSAL TERMINAL 

B-400044-1 nso 
BHEET? ISSUE 30 

Drawing B-400044-1. Sheet 2. Type H carrier telephone terminal, schematic diagram, 



RITA Wa 0 

ag 
WAT 

MONE 08s 

“Stat Bs OF 



osc 
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StE NOTE UI 

6 
TERM, STRIP 

4AN-310A VT 
(N VT SO. 

28t-R__ 48, 

NOTES 
«. WIRES NOT OTHERWISE DESIGNATED ARE 22 GA. 

2. 

3 LEADS DESIGNATED “U" ARE 22GA SHIELDED wiht 

4. C2ie-- DENOTES SHIELD CONNECTION. 

5. 

6. "KI" DENOTES -YOP OR LEFT TERM. ON STRIP. 

z ”“ PY,” Pple,"P2", & "Pps" OENOTE PAIA 

8."PT" DENOTES LEADS FURNISHED AS PART 
OF APPARATUS. 

9. —#— DENOTES SPLICE. 

10. 
if. ON PWR TRANSFORMER RECONNECT LEAD ON 

TERM. 7 TO TERM. 8 AND RECONNECT LEAD 
ON TERM. § TO TERM. 4 OR 3 AS REQUIRED 

THIS DRAWING 
ISSUE AGREES 
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B-400044-1 

8-400044-2 ISSUE 5A 

TYPE H CARRIER TELEPHONE 
TERMINAL PANEL 
WIRING DIAGRAM 

B-400044-2 

1. S1e9 
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Drawing B-400044-2. Type H carrier telephone terminal, wiring diagram. 
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NOTES 

L WIRES NOT OTHERWISE DESIGNATED ARE 22 GA. 

2. 

3 LEADS DESIGNATED “U" ARE 226A SHIELOED wiht 

4 ClZ-- DENOTES SHIELD CONNECTION. 

5. 

6 “KI" DENOTES YOP OR LEFT TERM. ON STRIP. 

«p»*p."p2", A "PZ" DENOTE PAIA 

“pT” DENOTES LEADS FURNISHED AS PART 
OF APPARATUS. 

7 
é. 

@. —%— DENOTES SPLICE. 

10. 
it N PWR TRANSFORMER RECONNECT LEAD ON 

firm 7 TO TERM. & AND RECONNECT LEAO 

ON TERM. 5 TO TERM. 4 OR 3 AS REQUIRED 

NOTES: 
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ER SEE LINE PANEL CKT , Ww G&o W 

page 
LINE 

»---e----@ 

ak baat hoe 1S SYMBOL POR FIXED CAPACITOR 

CIRCUIT NOTES: 
to}. 

102. 

TERMINALS 3,4,8 3 ON POWER TRANSFORMER ARE 
PRIMARY TAPS FOR USE WITH DIFFERENT POWER 
SUPPLY VOLTAGES AS FOLLOWS: 
TERM. 3-0 VOLTS TERM. 2 1S NOT USED 
TERM. 4-11SVOLTS 
TERM. S-120VOLTS 
CONNECT TO TERMINAL HAVING DESIGNATED 
VOLTAGE NEAREST TO THE MEAN LINE VOLTAGE. 

TERMINAL 8 ON THE POWER TRANSFORMER JS 
AN AGING TAP WHICH IS CONNECTED TO THE 
RECTIFIER IN PLACE OF TERMINAL 7 WHEN TRE 
RECTIFIER HAS AGED SUFFICIENTLY TO REQUIRE 
ADDITIONAL APPLIED VOLTAGE. 

Ww 
OIRECTIONAL 

FIG. 

W-E CAIN 
Por 
$008 

2DB-STEPS 

2 
O 

OF 

FILTER 

Co1 

Drawing B-400045-1. 
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ER SEE LINE 

WEST LINE FILT 

TOUTE & BAL NEL PANEL CKT , 

4 

D2 

~ tla ii ~ 
a > , 

po ae a ay i. r 
' ; ’ ' | 
' ij’ Ww && Ww ; : 

ue | LINE DIR 
Poe a SRT Gorin eee 

' ele LINE 1 ‘ 
' 

Bee wat td ae 1 x 

f. 

aes 
NOTE. + 1S SYMBOL POR FIXED CAPACITOR 

ciR 

'0l. TERMINALS 3,4,8 5 ON POWER TRANSFORMER ARE 
CUIT NOTES: 

PRIMARY TAPS FOR USE WITH DIFFERENT POWER 
SUPPLY VOLTAGES AS FOLLOWS: 
TERM. 3-1i0 VOLTS TERM. 2 IS NOT USED 
TERM. 4-1ISVOLTS 
TERM. S-120VOLTS 
CONNECT TO TERMINAL HAVING DESIGNATED 
VOLTAGE NEAREST TO THE MEAN LINE VOLTAGE, 

TERMINAL 8 ON THE POWER TRANSFORMER 3S 
AN AGING TAP WHICH IS CONNECTED TO THE 
RECTIFIER IN PLACE OF TERMINAL 7 WHEN THE 
RECTIFIER HAS AGED SUFFICIENTLY TQ REQUIRE 
ADDITIONAL APPLIED VOLTAGE. 

FIG. 1 

W-E OUT 
OUTPUT TRANSF 

E OF 
DIRECTIONAL 

FILTER 

---c--- 

v 

»---c--- 

E-w OUT E-W IN 
INPUT TRANS? 

VARISTOR 

Ref. symbol 

Capacitors 

CLAGe 
C305 
C4 
C6 

Coil 

ohms 

Resistors 

Rl, R3 ohms 

R2, R4 ohms 

R5 meg 

R6 0.5 ohm 

Transformers 

E-W IN (1-2) 25.2 ohms va 
W-E IN (3-4) 4,190 ohms 

E-W OUT (1-2) 4.4 ohms a 
E-W OUT (3-4) 11.6 ohms 

(5-6) 284 ohms 

Drawing B-400045-1. Type H carrier telephone repeater, schematic diagram. 
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VARISTOR VT IN 
93 V-T so. 
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47 

SEE NOTE 10 

POWER PLUG 
43 

4i 8°70 6020 

PWR -: p 
TRANSF TERM. ON RETARD COIL 

H STUD OF r ; 
99 59 40 30 PWR TRANSF red Loan 5 

CC ____})*" 18 GA, 2 CONDUCTOR 
1 R6-RES 3 CORD | 

x} x 
3 @ [+r] 

18GA, 3°, 2 CONDUCTOR 
; CORD 

’ Drawing B-400045-2. Type H carrier telephone repeater, wiring diagram. 
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a - 

TERM. STRIP 

GNO TERM. 

NOTES: 
4. WIRES NOT OTHERWISE DESIGNATED ARE 22 GA. 
2."KI" DENOTES TOP TERMINAL ON STRIP 
3."P" DENOTES PAIR 
4."PT" DENOTES LEADS FURNISHED AS PART OF 
APPARATUS 

5.LEADS DESIGNATED “U" ARE 22 GA. SHIELDED wikt 
6. CrtD--- DENOTES SHIELDED CONNECTION 
7. >< DENOTES SPLICE 
10. ON POWER TRANSFORMER DISCONNECT LEAD FRCIA 

TERM.7 AND RECONNECT TO TERM.S AND DISCON - 
NECT LEAD FROM TERM. 5 AND RECONNECT TO 
TERM. 3 OR4AS REQUIRED 

"| THIS DRAWING 
AGREES WITH 

B-400045-2 ISSUE SA 

TYPE H CARRIER TELEPHONE 

REPEATER PANEL 
WIRING DIAGRAM 

8-400045 -2 

Be $1307 
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1G.1 
LINE FILTER 

TO TYPE H : 
CARR a aldara 1 HIGH-PASS TO LINE 

TERM U SECTION 
OR TOSECOND |. Equip 
FiG.1 aS REQD |R_A 

LEce 
LOW-PASS 

TO LINE SIDE OF 

FIG.4 
BALANCING NETWORK 

FOR SIDE CIRCUIT 
VOICE - FREQUENCY TP REPEATER 

TO BALANCE LF B 
NETWORK 89 BI 

TO v-F IP | #1% ISAtI% > RETR HYB ; BON 21% 15. fe 

R_BI0 LF EN BI2 

x 

TO V-F TP REPTR LINE 
ANO CX BAL NET. OR TO 

LINE F 

FIG 
RPTG COIL OR SECTION BALANCING NETWORK 
nyYB CON 4 2 FOR NTOM 

VOICE- FREQUENCY TP REPEATER 
TO BALANCE LINE FILTERS 
(OR LINE FILTER AND 

LF B NETWORK) 
T a PH LF BN BI5 

5+ % tT -F TO PH V-F TP REPTR 
te REPTR Pp LINE AND CX BAL NET 

FIG 2 HYB R BI4 ats CARR PH LF 

BALANCING NETWORK 
FOR SIDE CKT 

VOICE-FREQUENCY TP REPEATER 
TO BALANCE LOW-PASS SECTION OF 

LINE FIL CIRCUIT NOTES: 
{01 PROVIDE FIG 3 IN SIDE CIRCUIT 2 OF A PHANTOM GROUP, TO 

BALANCE THE PHANTOM IMPEDANCE OF THE LOW-PASS SECTION 
LFN OF A FIG! IN SIDE CIRCUIT 1,WHEN SIDE CIRCUIT 2 IS NOT 

NETWORK TO.v-F TP REPTA EQUIPPED WITH TYPE H CARRIER. 
TO v-F TP LINE AND cx. pal 102 WHEN FIG.I 1S USED AS A CARRIER TRANSFER CIRCUIT, “x” WIRING 
REPTR HYB NET. OR TO C WILL BE PROVIDED BY THE INSTALLER. 
NET. CARRIER LF BN 

NET, 

FIG. 3 
INE Lahn bu Les 
FOR NON H R SIDE OF 

PHANTOM OUP 
SEE NOT e 101 

LFB 

TO LINE SIDE OF NETWORK 
RPTG COL OR TO LINE 
HYB CO EQuiP 

8- 400046 -! SSUE 34 3 SHEETS SHEET | 

PACKAGED EQUIPMENT 

TYPE H CARRIER TELEPHONE 
LINE FILTER AND BALANCING NETWORK PANEL 

USING MOISTURE -RESISTANT AND WIDE 
TEMPERATURE RANGE APPARATUS 

8-400046-! Te 91304 

Ref. symbol Value Rating 

Network 

LF B 8.5 ohms* Be 

Resistors 

PH LF BN 15 ohms 5w 

LF BN 15 ohms, 5 w 

* Effective resistance. 

30 ohms 

Drawing B-400046-1. Type H carrier telephone line panel, schematic diagram. 
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BL-R 10 

10 me NOTES: 
1.WIRES NOT OTHERWISE DESIGNATEO 22 GA 
2.“Ki" DENOTES TOP TERMINAL ON STRIP. 
3."P" DENOTES PAIR. 
4. LEADS DESIGNATED “U" ARE 22 GA 
SHIELDED WIRE. 
5. CrID-— DENOTES SHIELD CONNECTION. 

SoER FILTER 

PANEL GND 

TERM, st 

THIS DRAWING ISSUE 
AGREES WITH 

B-400046-1 fests] {|} [| 

B-400046-2 ISSUE 4A 
KI 

TYPE H CARRIER TELEPHONE 
LINE FILTER & BALANCING 

NETWORK PANEL 
WIRING DIAGRAM 

B-400046-2 

LFB TERM. STRIP 

NETWORK 
LFN 

FILTER 

Ve 6503 

Drawing B-400046-2. Type H carrier telephone line panel, wiring diagram. 
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