Wi, 35:!!-—3.0.15'=\

-~ TMT-2025

WAR DEPARTMENT TECHNICAL MANUAL

NON-CIRCULATING

CARRIER TERMINAL
OA-13/FC,

CARRIER REPEATER
OA-10/FC,

AND CARRIER FILTER
F-36/FC
(TYPE H CARRIER TELEPHONE PACKAGED EQUIPMENT)

WARNING: This manual is the property of the United States Government, and is printed and distributed
solely for the use of the military, naval, and civilian personnel of the War and Navy Departments, and may
not be published or reproduced in whole or in part, or in any manner or form (except by lawful copyright

holders who may reproduce their copyrighted material in its original form) unless specifically approved by author-
ized military public relations agencies.

WAR DEPARTMENT MAY 1945

AUTHENTICATED
U.S. GOVERNMENT
INFORMATION







e B DA EP AR MENT T EGH NT.GAL M AN AL

S N A

CARRIER TERMINAL OA-13/FC,

CARRIER REPEATER OA-10/FC,
AND CARRIER FILTER F-36/FC

(TYPE H CARRIER TELEPHONE PACKAGED EQUIPMENT)

WARNING: This manual is the property of the United States Government, and is printed and distributed
solely for the use of the military, naval, and civilian personnel of the War and Navy Departments, and may
not be published or reproduced in whole or in part, or in any manner or form (except by lawful copyright

holders who may reproduce their copyrighted material in its original form) unless specifically approved by author-
ized military public relations agencies,

W 4 R DEPARTMZENT MAY

United States Government Printing Office

Washington : 1945




WAR DEPARTMENT
Washington 25, D. C., 31 May 1945

TM 11-2025, Carrier Terminal OA-13/FC, Carrier Repeater OA-10/FC, and
Carrier Filter F-36/FC (Type H Carrier Telephone Packaged Equipment), is pub-
lished for the information and guidance of all concerned.

[AG 300.7 (26 Apr 43)]

By ORDER OF THE SECRETARY 0F \WAR:

OFFICIAL : G. C. MARSHALL
J. A. ULIO Chief of Staff
Major General
The Adjutant General

DISTRIBUTION :

AAF (2) ; AGF (2); ASF (2); T of Opn (2) ; Dept (2) ; Def Comd (2) ;
Arm & Sy Bd (1) ; S Div ASF (1) ; Tech Sv (2); SvC (2) ;: PE (2) : Gen
Oversea SOS Dep (Sig Sec) (2); Dep 11 (2); Gen & Sp Sv Sch (2);
USMA (10); WDGS Lib (5); Lab 11 (2); A (2); Three (3) copies to
each of the following T/O & E: 11-107; 11-127; 11-500, (GN), (GO),
(GP), (GQ); 11-587; 11-592 : 11-597.

Refer to FM 21-6 for explanation of distribution formula.




CONTENTS

PART ONE. INTRODUCTION. Paragraphs Page
e W B BT ST (o7 S g e S S o P S e A AP 1-7 1
fE Coe o ol (v (o7 CMDU R R Rl Je, N L D S0 Monu e O 8 L SOl A 8-24 12

ITYI. Unpacking, setting 10, And repaChinE . o s s e s st s e s s et e 25-28 28

PART TWO. OPERATING INSTRUCTIONS.

Section I'V. Equipment connections and preliminary adjustments. c...oooeiiine s e 2042 34
V. Detailed tests, adjustments, and system HE-UD. . . oo o ovvnevnseens sreansanss 43-56 60

L Routing cheoks ol D et o raries 51 o b e ot be s rate o om o e dreharn i rang ity B 57-59 71

II. Operation under unusual conditions..... A B I e R P T Ve P ] S 60-62 74

VIII. Summary of procedure for placing equipment it SErvice...........coveenssns. 63 75

PART THREE. PREVENTIVE MAINTENANCE.

Section IX. Preventive maintenance teChIIGQUES: . .. uremmeoneeonsssnnnsonsomssessonns 64-67 76
I oy o 0 R ) L s Ly o Lot 5o R e S I e e 68 79

.6 S 17515 (1 Yo v Al G s Bl e i sa L L R e R e e D 60 80

XII. Moistureproofing and fungiproofing. . ... ouiins i s i e s ananans 70-74 80

PART FOUR. AUXILIARY EQUIPMENT (NOT USED)

PART FIVE. REPAIR INSTRUCTIONS.

e P O 4 T8 T oY B = T o) e e 1 1) IR S B SR ) D 75-76 01
Xl Detatled foanchonig of GquipmeRT s, s s s s he st At s e i S e 77-90 93

A g BT (ot [ o o e e b e ) 91-107 110

LR e harrarl (o e e b A TR R A Ll Sodd BOS T B 108-111 125
APPENDIXGL LIST OF (COMPOMENT PARES L it vy lav it s st s SUastars st s i s it s L e NS 128
He MATNTEN AN CE P ARTS & it e et e st salaiars oA e e e S e e s s e e 2 oo R A e 129

L R e R S e sty o e i L A e T e e K O 130

DX S v u s TN T Ty ool et sy Il S e VR e e, O e e BET A L el 133

o
=







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

WHAT—L. Smash—Panels, switches, controls, vacuum tubes, terminal strips.
2. Cut—Cables, cords, all wiring.

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

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.
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Typical installation of type H carrier telephone packaged equipment.

TL50512-S




This manual supersedes TM 11-2025, Type H Carricr Teléphone Packaged Equipment, 30 June 1944, and TM 11-2038, Installation Instructions
for Tape H Carrier Teiephione Packaged Equipment, 30 June 1944,

PART ONE

INTRODUCTION

Section |.

|. General

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 cireuit, 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,

¢. 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.

.l Tt Mounting
Component | u:':}_::?"i':l Dimensions | :JIITI ‘iﬂi.
' {lb.) % I (in.) | spaces
4 | required
Carrier Terminal OA-13/FC [ 50 1214 x 19 |I 7
Carrier Repeater OA-10/FC | 35 8%x19 | 5
Carrier Filter F-36/FC 15 | 31%x19 | 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 RepPEATER 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 Frurer 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 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
ILTER

Figure 5.

4. General Functioning of Terminal Panel

TeLEpHONE TrRANSMITTING CIR-
A terminal arranged for telephone operation

a. TWO-WIRE
CUIT.
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
| FILTER

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
B FILTER BALANCING
| NETWORK

LINE FILTER
BALANGING NETWORK

1)

LINE FILTER
NETWORK

LINE FILTER
BALANGE

[ TL51556]

Carrier Filter F-36/1C, Jront ew,

arranged to pass the same side band as passed by
transmitting band-pass filter BT,

(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
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.

CIrcurr,
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¢. Four-wire Circurr (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. Rapro Link Circuir. 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;
IZast-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.

¢. 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 Suppry. 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. Traxsmission Circurr. For the West-to-
East 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 wvoice-fre-
quency circuit must be used.
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¢. Power SupprLy. 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.
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Figure 10.

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 LEFB 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.

¢. Line filter network LEN is connected into the
balancing network of a voice-frequency repeater to
balance line filter LF.

d. Line filter balancing network LEF BN is con-
nected into the balancing network of a voice-fre-
quency repeater to belance line filter balance LFI.

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.

Type H repeater, block diagram.

7. Electrical Characteristics

a. FReQUENcY. (1) The frequency range of the
type H carrier system is from approximately 4 to
10 kilocyeles.

(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 1 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
A~ representative over-all frequency

1,000 cycles,




characteristic for a type H carrier system operating
over a 145-mile line of 104 copper-steel (40 percent)

open wire without intermediate repeaters is shown in
figure 11.
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Figure 11.

(2) With repeaters.

ers are used in the system, some narrowing of the

When one or more repeat-

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.
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.

This table shows losses referred to the

Table 1. Additional losses at edges of bands due to one

repeater

Frequericy East-to-West loss West-to-East. loss

(cps) (db) (ddb)
250 45 30
500 15 1.1

2,500 02 02

2,750 | 0.8 0.6

3,000 | 15 2.8

2000 2400 2800 3200 3600

TL S1312

System transmission-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-Iast band, and the upper fre-
quencies in the ast-to-West band.

¢. SystEM LoAp Capacrry.  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 45 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.
(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-

2. POWER.

terminal and repeater is used to supply power to the
vacuum tubes, The terminal uses approximately 20

Section |l.

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 or two-wire wvoice-irequency
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.

extension,

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

12

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@. WrrnouT A CARRIER REPEATER AT THE [NTER-
MEDIATE POINT. In this case the high-pass filters of
the two carrier line panels at the intermediate point
are connected together directly.

b. Wirnour 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 cireuit 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. 16b). 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. Witnour A CARRIER REPEATER AT THE IN-
TERMEDIATE PPoINT. 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. WirtaHOUT 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,

¢. TypE H Carrier oN Born Sie Circurrs.
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 Carrier o ONE Sipe CirRcUIT, AN-
OTHER TyreE oF CARRIER ON THE OTHER SIDE
Circurr. In this case the arrangement of the type
H carrier side circuit is similar to that shown m
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.

I'l. 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 comnected 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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Figure 15.

Arrangement of balancing network
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cquipment for phantom group operation, type H carrier on one side circuit,

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. 1f 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 retransposc
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 LaAv-ouT,
tem terminals,

(1) Location of sys-

(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 Faciuiries. (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

o
tel

system in each section.

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

(4) Transposition system, whether existing or
proposed.

c. CasLe. (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. Orner CARRIER SySTEMS Invorvep, 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.
(Z2) 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
Crrcurrs. (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-rregueNcy Circvir TERMINATING OR
CargiER 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 ftransfer 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
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the voice-frequency circuits, give the number of
ringers required.

g. AvanLapinity 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.

I4. 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
150 feet.

a. ATTENUATION. The attenuation of open-wire
rapidly with frequency, so that
losses in the carrier-frequency range usually will

pairs increases

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 TI. 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 II. Approximale attenuation of open-wire line facilities

Attenuation (db/mi)
Description Dry Wet
Pl l_l':c 3 ke 6 ke 8 ke 11 ke 1 ke 3 ke 6 ke 8 ke | 11 ke
080 copper-steel (407,) 023 - | 029 (a0 |03 o3z | ezs' ]| 00 |62 | oek oa
104 do. ' 016 | 020 | 020" | 020 | 020 | 018 | 021 |02 | 022 os
128 do. 02 |0t | @ik | 63k | oiid ol oas. oti o liois 016
080 copper 001 1042 | 045 | 043 |0 4 0ia | 0iel ses | vias g
104 do. = 0074 | 0077 | 0084 | 0089 | 009 | 0083 | 0.087 | 00% | o1t | oiz
98do.. . 0052 | 0055 | 0064 | 0071 | 0.080 | 0061 | 006t | 0075 | 008 | 010
165 do. 0.034 | 0.038 | 0.051 | 0056 | 0.06¢ | 0042 | 0.047 | 0.060 | 0072 | 0083




b. TmpepANCE. 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,

I5. 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.

¢. 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-

Il transmission loss. On lines where two or more
carrier systems are to be operated, the amount of
crosstalle 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.
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Iigure 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 Il system
is designied 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. Noise. The type H systeny has been designed
to operate at transmission power levels which should

be sufficient fo 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 frequencics 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-Fast 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,

I7. Operating Distances

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 maximun
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

a. TRANSMISSION RANGE.

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 af-
tenuation at 8,000 cycles ordinarily is used. Aftenu-
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 I1T.

b. CONDITIONS AFFECTING VARIATIONS 1N Crx-
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 I1l. Maximum operating distances

Miles
re One Two
Line facilitics :‘;:;:{2; intermediate | intermediate
¥ repeater repeaters

T =
6db | 12.db

6db [12dbh| 6db |1?_¢ib

080 Copper-steel (40%) 1)5-;-110 |! 160 | 175 2zb| 240
104 Copper-steel (10%)| 145 | 170 | 245 !_2r0_ 340 370
Es_(.'uppv;:s[cvl (LO‘(_}[_ZUE :Z-H) _|l3£_1}}i_ _‘_JT_? _SIL;
080 Copper 215 | 250 j 360 | 400 | 500 | 545
S T 50 |90 535 | 00| 710
128Copper | 360 | 430 | 610 | 680 | 60| 930
ic;s—(_‘nppvr I 44(5'| 530 | 750 _8,-36"_1 ,_IJS(I !T]h

¢. TerminaAL Gains. 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 416 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
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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 416 dbm. A transmitting level
of more than 416 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 416 dbm. IFrom 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
Fast-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. Tt 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 Ilast-to-West
amplification and 22.5 gain for West-to-East ampli-
fication.
transmitting output is --16 dbm, if the West-to-Fast
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
Thus, between a trans-

Since the desired repeater East-to-West

direction of transmission.
mitting terminal and a repeater, the maximum loss
which can be spanned is 22.5 db (signal starts at
-+16 dbm, 1s 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. SINGING Limirations. 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,




(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 cireu-
lating in the terminal or repeater will cause singing.

(4) The loop gain limits for terminals and re-
peaters given in ¢ 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 fransmission 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-
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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 ITT it is de-
termined that one repeater will be required. Obvi-
ously this repeater should be located at the type C
repeater point.
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

The loss of the line for each re-

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 (-4-16 dbm
minus 16.5 db equals —0.5 dbm) at the repeater

WEST TERMINAL REPEATER EAST TERMINAL
+ 20—
t16 DBM +ie DBM +16DBM
§ [ 17
P : |
- 16DB
|6 DB = )
*t 10— GAIN 1?}/ | GAIN
= = :
o 1
o I
i I
2 C =
0—00DBM = > = =
ES -0.508M! o
o |5:5DB LOSS
. 1
B0AM-— -]
£ * -6DBM
f,‘_ - 0=
=
S =11,50DBM =11.5DBM
=20 LOOP GAIN LOOP GAIN L.oop GAIN
16-55=10.508 16.5+275=44.00B I6+55=21.508
l——— — T5MI — e 125MI — »
DISTANCE (MILES) L 8087

Figure 18.

Typical transmission diagram.




where the power is amplified 16.5 db by the repeater
to 416 dbm. Between the repeater and the East
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 (416 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 O 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 4-16 dbm, is attenuated 16.5 db in the line,
and enters the West terminal at —0.5 dbm.
West terminal the input power is attenuated 5.5 db
to the desired —6 dbm level.

¢. 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

In the

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 thé 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 sum of 16 db and 5.5 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,

¢. When connected to a switchboard on a two-
wire basis, the test power input to the carrier system
from the switchboard is O 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 m 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.  Frequency allocation of carrier systems.

2|. Radio Link Lay-out

@. GENERAL.
used as a link between two type H carrier terminals

The radio circuit which is to be

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. DirrereNcEs Brrweexn WirRe anNp Rapio
LiNk. 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 is 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 frans-
mission, the input level to the radio transmitter is
adjusted to that level which will be most efficient for
telegraph transmission.

¢. InpuT AND Ourpur Power Levers. 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 dhm 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-

25

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

o] +16 -6
DBM DBM DBN
5 H H S H s
CARR CARR GARR
8 TERM. SYSTEM TERM 8
-6 116 o
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EQUIP LOCATED
IN SAME OFFICE

EQUIP LOCATED [

IN SAME OFFICE

" sizee

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 términal 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 426 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 4-20 db. That is, if
a signal is to be transmitted at 416 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 fermination. A circuit which termi-
nates at —6 dbmn 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
Last 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 éxtension
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 dl)
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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 42 db receiving and +2 db trans-
mitting),

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

a. Four-wire Basts (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.

b. Two-wire Basis. 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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Figure 21. Four-wire

ber of singing paths and the input and output equip
ment losses are inereased since hybrid coil cireuits
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 aloebraic sum of the losses of the two
systems. IFor 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. [f 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

EQUIP LOCATED I
IN SAME OFFICE
TL 51269

extension to other systems.

system, The interconnection shounld be made on
four-wire basis.
PAckAGED EourpMmeNnT (fig. 22).

characteristics of the type H carrier band may pre

a. IFrequency
vent full use of the 6 or 12 two-way telegraph chan-
nels provided by voice-frequency carrier telegraph
pacl
telegraph channels which can be operated over a type
H fre-

1
duency characteristics, the net loss of the intervening

kaged equipment. The number of voice-frequency
H carrier system will depend on the type

open-wire line, the stahility 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 ahout 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 The
transmitting path of the type H carrier terminal is
connected to the send path of the telegraph terminal,

manner for four-wire termination.

and the receiving path of the type H carrier terminal
ts 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.
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Figure

Extension to voice-frequency carrier telegraph packaged equipment




b. Tacricar. CArRrIER TELEGRAPH FEQUIPMENT.
Some models of this equipment are not arranged for
four-wire connections and the connection to the type
H

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

carrier systems must be made on a two-wire

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

Section lll.

25. Location of Equipment

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

paratus cabinets or 19-inch relay racks for mounting

constant temperature, and have solid flooring.

the type Il carrier panels must be provided sep-
arately. 11 the equipment is installed with other items
of packaged equipment, an office layout will have
The

main requirements for locating the equipment in a

been prepared, as described in TM 11-2022.

building are that the wiring be as short as possible,
and that there be ample space for opening cabinet
Whenever
should

doors and working on the equipment,

possible associated equipment panels 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 mnstalling materials are also packed
within the packing cases. Physical dimensions for
cach of the units packed for export are shown in

table TV.

Table IV. Packing data
s Dimensions | Weight FE.,h.n“ni.ng
Panel (in.) . ri]:?_- II-“.I.'IJil;.I‘.’
Carrier Terminal OA-13/FC | 25x 20 x 18 | 125 6.0
= - |
Carrier Repeater OA-10/FC | 24x18x14 | 70 | 4.5
== | il
|
Carrier Filter OF-36/FC | 24 x 18x 12 1) ‘ 2.9

a. Merion or Packine (figs. 23, 24, and 25).
I“ach 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

earher models.

UNPACKING, SETTING UP, AND REPACKING

cement, provides protection against water damage

lo 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

]._\,- _w[l:!!']} corners on  the r_'[flli[:]!!l"]]! ar

packing case.

Note. Ttem (5) in the terminal packing is made of
wood, and is ealled a box, while in the repeater and line
panel packings it 1s 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
malerials, and bags of silica gel (9) are firmly
packed around the equipment: spare parts for the
line parel 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. Uxpacking. 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 1:‘\"]);"\'ing' or pulling apart with the hands.
These packing materials can also be opened by slit-
ting along the top seam with a knife. This will allow
their re-use after répair with tape. the
silica gel, as its absorbent quality deteriorates with

Discard

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 24. Packing details, repeater panel,
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Figure 25. Packing details, line panel.
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27. Setting-up Procedure

Mount the panels in an apparatus cabinet together
with associated panel equipment. 1f 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
I8 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.

23. 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.

¢. 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. 1f 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.




Figure 26.

Terminal installation.
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Figure 27. KRepeater installation.




PART TWO

OPERATING INSTRUCTIONS

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

ol 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, WiIRE Operation. The conne
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 b).

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 liste:]
below with paragraph references. The tests and ail
justments should be performed in the order given.

Repeater connections and ad fustments required.:

Ground connections (par. 30a through ¢
and ¢).

Power connections (par. 31).

Voltage adjustments (par. 32),

Vacuum tube checks (par, 33).

Gain adjustments (par, 36a and ¢).

Connecting arrangements (par. 37).

Line connections (par. 40a).

¢. Rapio Link OperatioN. 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 adjustinents required for radio link
operation;

Ground connections (par. 30a through ¢
and f).

Power connections (par. 31).

Voltage adjustments (par. 32).

Vacuum tube checks (par. 33).

Line switch setting (par. 34¢).

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 TrRANSFER EguirMENT. The connec-
lions required at a carrier transfer point are given
in paragraph 41,

e. CHECK OF Sys1EM PERFORMANCE. After all
connections and adjustments have heen made, check
the system to insure satisfactory performance (par.
42).

f."TestinG EguipmenT. No equipment for test-
ing is provided as part of tvpe 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.
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i Signal Corps

Nomenclature stock No, Mir's, No. Description Usage
Multimeter 3F7127 WECo | Volt-ohm- Voltage, current, and

S-380/11, D-166852, | milliammeter, resistance measure-
| ments.
— = oo SL (el S1e :

['ube Tester JE5681 Hickok mode] ‘ Vacuum tube | Fest vacuum tubes.

I-171. 560 (SPL). test set.

. i _ |

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. Orrice 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
In either case, the neutral wire of the
the same

be used.

power distribution cireuit should use
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 in
length, should be used.
mum of 6 feet apart.
rods, clean the connecting surfaces of the rods and

[f possible solder the joints.

Set the ground rods a mini-
Before installing the ground

the wire to be used,
Bond the ground rods to the ground used for the
neutral of the power system with 6- or S-gauge
copper wire. When rods are located in the base-
ment of a building, drive them to within 6 inches
the 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
To set ground

of floor level.

but in no event closer than 2 feet.
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.

¢. GrRoUNDING OF CABINETS, TERMINAL OR RE-
PEATER.
common office ground to the ncarest cabinet, and
from that point to the other cabinets. Connections

Run a 6- or 8-gauge copper wire from the

are made to lugs in each cabinet.
d. GroUNDING 0F TERMINAL PaANELS, 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 fo 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 (
above.

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

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

¢. GROUNDING OF REPEATER Panrers. (1) Clean
one end of a 6-foot length of single-conductor cop-
it terminal & 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

2

F

)

per wire and solder 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,
Rapr1o
(1) Clean one end of a 6-foot length of

f- GrROUNDING TerRMINAL DPANELS,
LINK.

single-conductor copper wire and solder it to ter-

or

minal 8 of terminal strip A on the upper line panel.
Terminal strip A is located on the rear of the line
panel (fAg. 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
(fig.-28).

(3) Solder the loop connection made in

rear of the terminal panel

(2)

above.
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Figure 28, Terminal panel, rear view.

Figure 29, Line panel, rear view.
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(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 connece-
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,
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,

Earlier model cabinets used

These convenience ouf-

RETARDATION
COIL P

Repeater panel, rear view.

lets, which are contained on the plug-in strip at the
rear of the 3-foot G-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 inte
these outlets.

b. ConNEcTING CaBINETS, CorRD AND PLUG ARr-
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.

(¢) 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. - leccidental removal
of a plug will cut off the power supply to all suc-
ceeding cabinets in the line-up,

c. Connecring Capiners, Direcr WirinGg 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 hox assembly of the frst cabinet in the
line-up, splice the leads mn 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 Cnecks, Check to see that the required
10-ampere fuses are installed in fuse receptacles of

« the 3-foot 6G-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 wuse the
spare outlet of the 2-foot 4-inch cabinet for appli-
ances unless absolutely necessary as no fuse is pro-
vided in the outlet circuit,

32. Voltage Adjustments (figs. 28 and 30)

Cantion: 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 sane
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
At the time of in-
stallation the line voltage must be measured, the tap

tubes and the varistor rectifier,

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

a. APPARATUS REQUIrRED, Multimeter TS-380/1U.

b. ApjustMENT 0F PowrrR TRANSFORMER DPRrI-
(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 helow.

MARY,

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.

¢. Curck oF Recrtirier 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) If the requirement given above is not met,
see paragraph 46,

33. Vacuum Tube Checks

The terminal and repeater panels are 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

fester,

34. Line Switch Setting

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

one of four positions: WIRE EAST, WIRE
WEST, RADIO TRANS, 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.
the setting of switch LINE generally is specified.

[For wire operation,

If no specifications are given, the correct switch
setting is determined on the basis of the particular
operating line condifions. 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 SerTING s Sreciriep, 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. Wuen SermiNne Is Nor SeeciFiep, WIRE
OreratioN. (1) With Awother H Carrier System
or a C Carrier System on Same Open-Wire Line.
Switch LINIE must be set so that the direction of
transmission of both
switch LINE accordingly.

(2) With Carrier Systems Other Than H or C
Carrier on Same Open-Wire Line. 1f the other
carrier systems have one direction of transmission

systems corresponds.  Set

in the frequency range of 7 ta 10 kilocyeles, 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 LLINE 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 svstem 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 RIC.

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.

where it is desired to climinate the &db pad from

[t is provided for cases

the transmitting path.

a. Two-wire TerminaTioN. For all conditions
where the channel is terminated on a two-wire basis,
set switch EOQPT to position 2W.

b. Four-wirE TERMINATION.
where the channel is terminated on a four-wire
hasis, set switch EQPT on position 4W TEL.

For all conditions

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 arve 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 comimon
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
Instead, perform the detailed tests
and adjustments given in section V.,

(1) Set control TR GAIN to 44,

link operation.

b. TERMINALS.




(2) Set control REC GAIN in accordance with
table V,
above.

Note. Do not set control REC GAIN to a po-
sition greater than 44.

observing the limitations given in a(2)

¢. REPEATERS.
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,

Kequirement: 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.

(1) Set control E-W and W-E

Table V. REC GAIN Control settings at terminal

Open-wire facility
— | REC GAIN
Gauge Length of line setting
Type (mils) cection (miles)

Copper-steel 080 25 to 35 20

35 to 45 22

45 to 55 26

55 to G5 JU

65 to 75 32

75 to 85 34

85 to 95 38

95 to 105 42

Capper-steel 104 25 to 45 18

45 to 65 22

65 to 85 26

85 to 105 J0

| | 105 to 125 32

[ | 125 to 145 38

| 145 to 165 42

Copper-steel 128 | 30 to 60 16

[ 60 ta 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

| 50 to 75 18

| 75 to 100 20

| 100 to 125 26

125 to 150 28

150 to 175 30

175 to 200 RE}

[ 200 to 225 38

| 225 to 250 40

Copper 104 [ 20 to 50 12

l 50 to 90 16

| 90 to 130 20

I 130 to 170 24

170 to 210 26

210 to 250 30

250 to 290 34

290 to 330 36

330 to 370 42
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Open-wire facility

REC GAIN

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

Copper 128 25 to 75 14
75 to 125 18

125 to 175 20

175 to 225 24

225 to 275 28

275 to 325 30

325 to 375 36

375 to 425 38

Copper 165 25 to 75 14
75 to 125 16

125 to 175 18

175 to 225 22

225 to 275 24

275 to 325 26

325 to 375 30

375 to 425 32

425 to 475 36

475 to 525 40

Table V1.

repeater

Open-wire facility

LE-I GAIN and W-E GAIN control settings al

E-W or W-E
Length of GAIN settings
Gauge preceding line
Type (mils) section (miles)
Copper-stecl 080 25 to 35 26
35 to 45 30
45 to 55 32
55 to 65 36
65 to 75 38
75 to 85 42
85 to 95 46
Copper-steel 104 45 to 65 28
65 to 85 32
85 to 105 36
105 to 125 40
125 to 145 41
Copper-steel 128 60 to 90 28
90 to 120 32
120 to 150 36
150 to 180 40
180 to 210 44
(‘n'mu'l' 080 25 to 50 22
50 to 75 26
75 to 100 28
100 to 125 32
125 to 150 36
150 to 175 38
175 to 200 42
200 to 225 Eo)
Copper 104 50 to 90 24
90 to 130 26
130 to 170 30
5 170 to 210 34
| 210 to 250 38
|

250 to 290

40

orey




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
175 to 225 28
225 to 275 32
275 to 325 34
325 to 375 38
375 to 425 10
425 to 475 +4

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. IpENTIFicaTiON oF Wires. The type H car-
rier equipment is wired internally so that each wire
of a pair can be readily identified.
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

One wire of a

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 or SuieLbep Wigre, 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 114 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.
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 illustrations are so arranged that

the Technical Manual of the particular equipment. -

Condition See figure
Two-wire termination 34 A,
Four-wire termination 34 B,

¢. 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

e

-
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OUTER BRAID
PAPER

—BRAIDED TINNED
COPPER SHIELDING

—RUBBER COVERING
-CONDUCTOR COVERING

— AFPROX | l/2—

\__SHIELD WIRES FRAYED
AND TWISTED TOGETHER

SOLDERED PIGTAIL
CONMECTION
TL51565

22 GA SB_ WIRE —-—/
SINGLE OR LOOP
LEAD AS REQUIRED

Figure 33. Method of grounding the shield of shiclded wwive.
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or two-wire v-f te ferm.
B. Connections for four-wire termination.
Connect from Tao
Step Terminal Strip Location Use
1 9 and 10 A Terminal pancl, Send side of four-wire Paired wire.

v-f tp or tg equip.
2 11 and 12 A Terminal panel, Receive side of four-  Paired wire.
wire v-f tp or te equip.

Figure 34. Terminating connections
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H CARRIER TERMINAL PANEL H CARRIER TERMINAL PANEL
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All AND AIZ2 OF THE OTHER PANEL.

Figure 35, Connection of two type H carrier terminals on a four-wire basis.

facilities, it may be desirable to use an external bal.
ancing network, To connect an external balancing
network, remove the strap between terminals C1 and
C2 and the strap between terminals C3 and C4 of
terminal strip C on the terminal panel (fig. 2R)
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 i 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.

East terminal  West terminal

or West side or East side

Condition of repeater of repeater

Physical circuit with TFigure 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.

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.

41. 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. Grounp Connecrions. (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. EouipMENT CONNECTIONS.
Fast side
Figure 44

Condition HWest side
Physical circuit with TFigure43
voice-frequency tele-
phone repeater and
composite telegraph.
Physical circuit with Figure45 Figure 46
composite telegraph.
Physical circuit with Figure47 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 sel.

a. TaLkiNG. Set switches EQPT at both ter-
minals on position 2ZW 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 Vi
after these tests and adjustments have been per-
formed, irregularities in performance persist, see
section XV,

b. SieNaLing, [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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Connect from To
Step Terminal Strip Location Terminal Strip Location Use
1 WEST Through prots to CX (linc 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 1 and 2 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.
i} 8 A Line panel. Shield of wire in step 2. Insulated wire.
7 1 and 2 B Line panel. V- tp repir (hvb 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 Repeater panel.

Figure 36. Comnections for Fast terminal or West side of repeater, with voice-frequency telephone repeater and composite
telegraph,
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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 3and 4 A Line panel. 1 and 2 : A Terminal panel.  Shielded wire.
or 5 and 6 s Repeater panel.
4 5 and 6 A Line panel. V-f tp reptr (Chyb line). Paired wire.
5 7 A LLine panel. Shield of wire in step 3. Insulated wire.
6 8 A Line panel, Shield of wire in step 2, Insulated wire.
7 1 and 2 13 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).
0 3 A Terminal panel. Shield of wire in step 3. Insulated wire.
or 7 » Repeater panel,

Figure 37. Connections for West terminal or East side of repeater, with woice-frequency telephone repeater and com-
tosite 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. 1and 2 A Terminal panel. Shielded wire.
or 1 and 2 T Repeater panel.
4 5 and 6 A Lin¢ panel. Rptg coil (line side). Paired wire.
5 7 A Line panel. Shield of wire in step 3. Insulated wire.
f 2 A ILine panel. Shield of wire i step 2. Insulated wire.
7 3 A Terminal panel. Shield of wire in step 3. Insulated wire,
or 3 Repeater panel

Figure 38, Conncctions for East terminal or West side of repeater; with composite telegraph.
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Connect from To
Step Terminal Strip Location Terminal Strip lLocation 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 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 30.

Connections for West terminal or East side of repeater, with composite telegraph.
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Connect from

Terminal Strip
WEST
line pair
1 and 2 A
3 and 4 A
5 and 6 A
7 A
8 A
3 A
or 3
Figure

Location

Line panel.
Line panel,

Line panel.
l.ine panel.
LLine panel.

Terminal panel.
Repeater panel.

Terminal

Prots (line side).

Prots (drop side).

1 and 2
or 1 and 2
Rptg coil (line side).
Shield of wire in step 3.
Shield of wire in step 2.
Shield of wire in step 3.

TODC TG EQUIP
OR GND

TL M2d0

Strip Location

A

Terminal panel.
Repeater panel,

Use
Shielded wire.

Shielded wire.
Shielded wire.

Paired wire.

Insulated wire,
Insulated wire.
Insulated wire,

40, Connections for East terminal or West side of repeater, with simplex telegraph.
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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 5 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 \ Terminal pancl. Shield of wire in step 3. Insulated wire,
or 7 Repeater panel.

Figure 1. Connections for West terminal or East side of repeater, with simplex telegraph.
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Connect from To
Step  Terminal Strip Location Terminal Strip Location Use
1 1 and 2 B Terminal (1), 1 and 2 B Terminal (2). Paired wire.
2 3 and 4 &} Terminal (1). 3 and 4 3 Terminal (2). Paired wire.
3 5 and 6 I Terminal (1). 5and 6 B Terminal (2). Paired wire.
4 7 and 8 I Terminal (1). 7 and 8 B Terminal (2). Paired wire.
5 9 and 10 B Terminal (1). 9and 10 B Terminal (2). Paired wire,
) 11 and 12 I Terminal (1). 11 and 12 B Terminal (2). Paired wire.
7 1 and 2 A Terminal (1). 3 and 4 A Line panel (1). Shielded wire.
8 3 A . Terminal (1). Shield of wire in step 7. Insulated wire.
O 7 and 8 A Terminal (1). 2-wire v-f equip. Paired wire.
10 16 A Terminal (1). 8 A Line panel (1), Paired wire,
11 1 and 2 A Line panel (1), Radio xmtr. Paired wire.
12 5 and 6 A Line panel (1). Send side of 4-wire v-f tp Paired wire.
or tg equip.
13 7 A Line panel (1). Shield of wire in step 7. Insulated wire.
14 1 and 2 N Terminal (2). 3 and 4 A Line panel (2). Shielded wire.
| 15 3 A Terminal (2). Shield of wire in step 14, Insulated wire.
I 16 7 and 8 A Terminal (2). 2-wire v-f equip. Paired wire.
17 16 A Terminal (2). 16 A Terminal (1). Insulated wire,
18 16 \ Terminal (2). 8 A Line panel (2). Insulated wire.
19 1 and 2 A Line panel (2). Radio revr. Paired wire.
20 5 and 6 A Line panel (2). Receive side of 4-wire v-f Paired wire.
or tg equip,
21 7 A Line panel (2). Shield of wire in step 14. Insulated wire,

Figure 42.

Connections for radio link operation.
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Connect Ta
Terminal Strip Location Terminal Strip Location
WEST 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
(WEST). (EAST).
5 and 6 A Line panel. V-1 tp reptr (hyb line).
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.
1 and 2 B Line panel. V-f tp reptr (hyb net).
3 and 4 B Line panel.

V-f tp reptr (line and ex
bal net).

Use
Shielded wire.

Shielded wire.
Shielded wire.

Paired wire.
Insulated wire.
Strap wire.
Strap wire.
Insulated wire,
Paired wire.
Paired wire.

with voice-frequency. telephone repeater and composite telegraph.
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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 3 and 4 A Line panel Shielded wire.
(EAST). (WEST).
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 7 A Line panel, 4 A Line panel. Strap wire.
I 7 7 A Line panel. 8 A Line panel. Strap wire.
8 8 A Line panel. Shield of wire in step 2. Insulated wire.
9 1 and 2 B Line panel. V-i tp reptr (hyb net). Paired wire,
10 3 and 4 I Line panel. V-f tp reptr (line and cx Paired wire.
hal net).
Figure 44.  Conmnections for East side at transfer point, with voice-frequency telephone repeater and composite telegraph.




56 l
] - L)
§ | SRS |
[ 4 L we—a4 | R
- sm%&-s ;
W CARR LINE PANEL E‘ 5 Sgg o
L ¥ ams
AB lF_F
Py TEAM, STRIP
r_’f‘l’.,‘ ;,_.._"..1 {- - LF \‘ |
I | Bl A3
WEST t 1 + HIGH.PASS l :‘J ﬂfk'ﬂl HALS
by~ [ i T ] il U = Searo ] "'.’2 U Easr Coue Pl
= L.HJ
AS
=1 LOW-PASS
rlno :0:;9 secrion A
|
RPTG
| ri‘?i':
H -]L .
i i i TO VsF
+ P | J EQuip
| I
el Bl
L—ro anp
s
Connect from To
Step Terminal Strip Location Terminal Strip lLocation 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 Tine 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. l
6 7 A Line panel. 3 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 al transfer point, with composite telegraph.
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Connect from To
Step ‘Terminal Strip Location Terminal Strip lL.ocation 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 Jand 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. [nsulated wire.
f 7 A Line panel. + 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 46. Connections for East side at transfer point, with composite telegraph.
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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 and 4 A Line panel 3 and 4 A Line panel Shielded wire.
(WEST). (EAST),
4 5and 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. + A Line panel. Strap wire.
7 7 A Line panel. 8 A lLine panel. Strap wire.
8 & A Line panel. Shield of wire in step 2. Insulated wire.

Figure 47. Connections for West side at transfer point, with simplex telegraph.
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Connect from To
Step Terminal Strip Location Terminal Strip Location
1 EAST Prots (line side),
line pair
2 1 and 2 A Line panel. Prots (drop side).
3 3 and 4 A Line panel 3 and 4 A Line panel
(EAST). (WEST),
4 5 and 6 A Line panel. Rptg coil (line side).
3 7 A Line panel. Shield of wire in step 3.
6 7 A Line panel. 4 A Line panel.
7 7 A Line panel. 8 A Line panel,
8 8 A Line panel Shield of wire in step 2.

Figure 48.  Connections for East side at transfer point, with simplex telegraph,

Use
Shielded wire.

Shielded wire.
Shielded wire.

Paired wire.
Insulated wire.
Strap wire.
Strap wire.
Insulated wire.
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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.

Sig. Corps
Nomenclature stock No. Mfr's. No. Desecription Usage
Multimeter TS-380/17, 3F7127 WECo D-166852 Volt-ohm-milliammeter Voltage, current, and re-
sistance measurements
Audio Oscillator TS- 3F3570-1 WECo 19C(SPL) Oscillator Provide testing power
379/1.
Attenuator TS-402/11. 3F1775 WECo 5A(SPL) Attenuaror Insert losses

Decibel Meter TS-399/17,

3F4270-2

WECo 13A(SPL)

Transmission measuring
set

Measure power levels

Tube Tester I-171,

3F5681

Hickok model 560 (SPL)

Vacuum tube test set

Test vacuum tubes

Test Set TS-190/U,

3F4316.

WECo 67B(SPL)

Test receiver

Monitoring

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 Circuirs. 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 Circurrs. 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-

Fast 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.

¢. Test INstrRUMENT ReEQuireMeNTs, (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 wvariable 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 frequency 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 O 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 ApJUSTMENTS. 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. 4%).
Receiving gain measurement (par. 49).
Transmitting gain measurement (par. 50).
Transmitting output adjustment (par. 51).

b. REPEATER TESTS AND ADJUSTMENTS. The de-
tailed 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).

¢. OVER-ALL SysTeEM LiNg-up ANDp TESTS.
(1) The over-all system line-up and tests require
the cooperation of each repeater station and both
terminal offices. Iach test requires that one ter-
minal 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
talking 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 adjustments given in @ and b
above are performed.
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Qwer-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-
to 125-voli power source,
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

a-c Depending on the

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. AppArRATUS REQUIRED. 1 Multimeter TS-
380/U.

¢. 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-¢ 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-




L L= _ _al-

X

. N ™ 3 S

s

62

(4) If the voltage as measured is greater than
190 volts change the primary tap adjusted in ¢(3)
above to the next higher-numbered terminal.

¢. Caeck oF HeaTer Vorrace. (1) Using the
15V a-c scale of the multimeter, measure the heater
voltage between terminals 1 and 6 of each vacuum
tube socket.

Reguirement: The heater voltage should be be-
tween 9 and 11 volts. .

(2) If the requirement is not met, see paragraph

103.
47. Yacuum 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 minimumn,
tube tests on a given system should be coordinated
with all offices.

a. ArraraTUs 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. 1If 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,

a. APPARATUS REQUIRED:

1 Decibel Meter TS-399/U.
1 Attenuator TS-402/U.
Patching cords.

b. Procepure (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 8000 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. TFor 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
0sC
T
5
4
3
2
8
1
PANEL IN ouT IN
GROUND
_ | TRANSMISSION
O ATTENUATOR I =1 | <= (3 MEASURING
Y SET
REQUIREMENT: =

THE OSCILLATOR OUTPUT SHOULD
BE BETWESM «4.5 AND +13.0 DBM

5 DB

nsize9

Figure 49. Oscillator output measurement.



1 Attenuator TS-402/U.
Patching cords.

b. ProcebURE (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 fo 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 EQPT is on the 4W TEL
position, patch jacks DEM OUT to the input of the
fransmission 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,
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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 seftings 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.

Requirvement: 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, 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.

set

Table VII. Receiving gain for warious seltings of control

REC GAIN,

REC GAIN

control set

Reduction in receiving gain

Setting of switches with REC GAIN control set on

5 10

LINE EOPT. 50 40 30 20 10 0
EAST 2W 17.0 10 {120 |30 1397 |
4W TEL 27.9 10 | 20| 30 ] 39.7 ] *

WEST 2W 16.6 | 10 20 |30 397 [ *
1W TEL 27 20 | 30 | 39.7 | *

*Readings on this step may vary because of carrier leak and power noise.

2W HYB DIR
OR FILT
DEM OUT LINE
N ouT IN OUTPUT
TRANSMISSION | _ - e
MeasurING o] = A B2 —] carmEr |— == v—] atrenvator |y =i K< |2 osciLLATOR
SET  ° @ v TERMINAL ¥ SR ¥ “‘:““6 °
20 DB O DEM

REQUIREMENT: THE MAXIMUM RECEIVING
GAIN SHOULD BE WITHIN 3.5 DB OF THE
VALUES GIVEN BELOW
REC GAIN
CONTROL
SETTING OF SWITeH SET 0N
LINE E]
EAST 2w 17.0
W TEL 27.9
WEST L 16.6
W TEL 27.5

6,000 CYGLES AT
EAST TERMINAL

B,000 CYCLES AT

PATCH TRANSMISSION

SWITCH EQPT | MEASURING SET
(L]

T0 JACKS WEST TERMINAL
w 2N HYB
W TEL DEM OUT

Figure 50, Receiving 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
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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
EAST.
a@. APPARATUS REOUIRED:

1 Audio Oscillator TS-379/U.

1 Decibel Meter TS-399/1J,

1 Attenuator TS-402/U.

>atching cords.

b. Procepure (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 EQPT 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

(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 V111, Transmitting gain for warious seltings of
control TR GAIN

TR GAIN{Reduction in transmitting gain with

Setting of switches control set I'R GAIN control set on

setting of 4W TEL. LINE [ FOPT _m w| 3| 201 20 0 5
(7) Read the transmission measuring set and de- riaf(d] =seita SR M E S S g
termine the transmitting gain. EAST 3&; TEI ?;g gj };: %g‘; :g‘% ‘ig‘:
Requirement: The maximum transmitting gain “hy . ' 3y B ]
should be within ==3.5 db of the value as given in = WEST i&, TEI ’ %})2 8} :;; %g; fg? jgg
table VIII with control TR GAIN set to 50. .
2W HYB DIR
OR FILT
MOD IN LINE
OUTPUT N out IN
H TRANSMISSION'

TERMINAL

e

PATCH OSCILLATOR | OSCILLATOR
SI‘iTcDH EQPT | OSCILLATOR | OUTPUT LEVEL| FREQUENCY
N

TO JACKS
2N 2w HYB 0 DEM 1,000 CYCLES
YN TEL HOD IN +4 DBM 1,000 CYCLES

osciLLaTor 3 2= A P== v—] camier = % v—] arrenvator — ﬁ:bf@ S MEASURING
A A
(@ @

-
Q SE

20 DB

REQUIREMENT: THE MAXINUM TRANSMITTING GAIN
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BELOW
TR GAIN
CONTROL
SETTING OF SNITCHES SET oK
LINE €0PT 50
EAST 2n 21.0
un TEL 16.0
wEST 2w 21.3
4w TEL 16.3

TL&I29S

Figure 51. Transmitling 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/U.

1 Attenuator TS-402/U.

Patching cords,

b. Procepure (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
I.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.
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(8) 1f 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%*
+5*

Wire, telephone or telegraph.
Radio link, telephone,
Radio link, telegraph.

_*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.

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 8000 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

2W HYB DIR
OR FILT
MOD IN LINE
OUTPUT N out
H i1 m | oTRANSMISSION
2 W — v i = ASURING
OSCILLATOR o] = Y_—1 CcARRIER [|— ATTENUATOR ¥ (=2 {o ME
TERMINAL E 7 JPBET T
10 0B
PATCH 0SCILLATOR OSCILLATOR
SWITCH EQPT | OSCILLATOR | OUTPUT LEVEL| FREQUENCY REQUIREMERT:
[] T JACKS TRANSMITTING OUTPUT SHOULD BE
™ 2% AYE O OBM |1.000 CYCLES WITHIN =1.5 DB OF SPECIFIED QUTPUT
Yw TEL HOD IN +4 DBM_ |1,000 CYCLES ]

Figure 52.

nLizee

Transmitting output adjustment.
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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-IE 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 I1X 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

QUTPUT N ouTt

OSCILLATOR 2

O DEM 25 DB
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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 obfained with the gain control set on 50 and

ZD&{_IE; v aTTENUATOR [—Y ‘;:Zﬂrbd |
) ()]

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 TX.

(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. Repealer gain for warious settings of controls
E-W GAIN or W-E GAIN

Gain on step | Reduction in gain with control set on

Control .
y 50 40 30 20 10 | a
E-W GAIN 31 10 20 30 40 50
W-E GAIN 32 0 |20 30 40 50
EOR W WORE
DIR FILT DIR FILT
LINE LINE
IN
H o TRANSMISSION
CARRIER ==Y . ~== |2 MEASURING
REPEATER | :E—Jq“‘}{i\ Al ey

~ DIRECTION

PATCH INPUT
PATCH JACKS OUT OF TRANSMISSION

REQUIREMENT: THE
MAXIMUM REPEATER
GAIK SHOULD BE WITHIN
2.5 DB OF THE VALUES

oF SETTING OF CONTROLS OF ATTENUATOR  WEASURING SET  OSCILLATOR N
TRANSMISSION W-E GAIN E-W GAIN  TO JACKS TO JACKS FREQUENCY L EON
WEST T0 EAST 60 0 WDIR FILT LINE E IR FILT LINE 6,000 CYCLES CONIRRL Galn gn STEP
EAST TO WEST 0 50 E DIR FILT LINE W DIR FILT LINE 8,000 CYCLES Y EAIK il
W-E GAIN az
fuLsiger

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
cach 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-399/1J,
Patching cords,
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At each repeater
1 Decibel Meter 1TS-399/17,
1 Attenuator TS-402/17.
Patching cords.

¢. 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 0 dbm for an equipment
switch setting of 2W, or 44 dbm for an equipment
switch setting of 4W TEL.

d. PROCEDURE AT First RepeaTeER (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 ierminal 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.

e. PROCEDURE AT SUCCEEDING REePEATER (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-
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,

just control

(5) Remove the patching cords.

g. PROCEDURE AT RECEIVING TERMINAL FOR
Four-wire TermINaTION (fig. 55). (1) Patch
jacks DEM OUT to the input of the transmission
measuring set.

(2) Read the transmission measuring set and ad-
1ust control REC GAIN to give an output as close
as possible to 44 dbm as read on the transmission
measuring sef.

(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. Procepure ror Orner Direction oF TrANS-
MISSION. Repeat the procedure given in ¢ 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
If the loop
gain measurements do not meet the requirements, the

are made at all repeaters and terminals.

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. ProcepURE AT RePEaTER. (1) Measure the
actual working repeater gain in each direction of
transmission by following the procedure given in
paragraph 52b(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.

¢. PROCEDURE AT TERMINAL,

(1) Measure the
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_ actual transmitting and receiving gains for the work- T
i ing settings of the gain controls by following the S0 n
i procedure given in paragraphs 495(2) through (7) FE= |
y and 50b(2) through (7). %:«:‘"
(2) If the circuit is terminated on a four-wire EOEO =
basis, record the working transmitting and receiving 5 =
gains for future reference. =
(3) If the circuit is terminated on a two-wire é%
basis, add the two gains as measured in (1) above £2
to determine the loop gain of the terminal. 5
Requirement: The loop gain of a terminal should = ” c8” '
not exceed 26 db. 3 = § ég
(4) If the requirement is not met, decrease the E— & E-:q‘:
L receiving gain, thereby increasing the circuit net loss, = % ;
until the requirement is met. E 2
1 (5) Record the final setting of control REC é z
| | GAIN and the circuit net loss for future reference. l[
i (6) Remove the patching cords. y !
) 1l
b 55. Synchronization Adjustment B
lﬂI : The synchronization adjustment provides a means L (
i for synchronizing the carrier supplies of the two ter- L'J =232 g | :
| minals. Since the same oscillator supplies the car- 23z(Cls 3 R
't : S : s 78[5l R |
N rier frequency for both modulation and demodula- eTw ” —— ¥
- . tion at each terminal, the synchronization adjustment 3%3 % o 1 <
j : is only made at one terminal. e s2zl55) I R .
by ! s 2ES|m- B I
3 a. APPARATUS REQUIRED: z - H ‘ :
4 : 1 Audio Oscillator TS-379/U. °& S B
3 1 Test Set TS-190/U. LS - s 23% = :
« Patching cords. b g*g =lE ,3 y
[I b. Procepure ror Wire Oreration (fig. 56). I : s glg3] = :
A (1) Distant Terminal. ! s :
i (@) After noting the setting of switch EQPT, set 11 e
- the switch to the 2W position. I%: ¥
8 (b) Insert a patching cord plug into jacks 2W ! ! |
: HYB so as to open the circuit. | { |
b (2) Terminal Under Test. (a) After noting the '
1 setting of switch EQPT, set the switch to the 2W ! :
I position. L
3 (b) Patch the output of the oscillator to jacks Ao S
2W HYB. Lu2 E5 [3[
‘ (¢) Adjust the output of the oscillator to 0 dbm 5 22 g;
¥ at 1,000 cycles. I 5.z § A e
(d) Connect the test receiver to terminals 3T and ;3 ;°§ “ =3
‘ 8T of hybrid coil HYB. ik 33 |ala
B (e) Listen in the receiver for beats between the : Fﬂ gg ai=
j 1.000-cycle test tone from the oscillator and the B o =
}' demodulated test tone returning from the distant > }: §§§§f
_ terminal. 2 s Al s5olal2
Requirement: The number of beats heard in the E 1 AR Z
test receiver should not exceed eight per second. l' e fg e
' The number of beats heard per second is twice the 2 A
difference of the carrier frequencies between the ter- @ =
minals,

[ e
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[~ TRANSMITTING TERMINAL —————= [=—————— REGEIVING TERMINAL —————|
2W HYB 2W HYB
OR OR
MOD IN DEM OuUT
OUTPUT IN
o = H ek H | | .TRANSMISSION
OSCILLATOR § F—e ¥—] GARRIER LINE CARRIER v ={ | ~<E| |3 MEASURING
TERMINAL Ty TERMINAL i SET
3 PATCH INPUT OF
PATCH OSCILLATOR | OSCILLATOR SWITCH EQPT | TRANSWISSION | ADJUST |REQUIREMENY
wITCH EQPT | DSCILLATOR | OUTPUT LEVEL FREQUENCY o MEASURING SET GAIN
ol T0 JACKS T0 JACKS CONTROL
2w 2w HYB 0 DBM 1,000 CYCLES w W HYB REC GAIN|WITHIN +|.5DB
v TEL Mo 7 =2 OF SPECIFIED
i bIN U DBM 1,000 CYCLES CIRCUIT MET
LOSS.
YW TEL DEN OUT REC GAIN +§ DBM

Figure 55.
(f) If the requirement 1s 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-

I-——TERMINAL UNDER TEST———'

TEST
RECEIVER
2W HYB
OUTPUT o
3T 87
HYB
OSCILLATOR 2 H
CARRIER
TERMINAL *
1,000 CYCLES

O DBM

TLSiz99

System hme-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 (1) and (2)(a) through (f) above.

(1) Remove the test receiver, oscillator, and patch-
ing cords ; restore switches EQPT at both terminals
to the operating positions.

¢. 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.

(&) 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
LLINE set to the RADIO TRANS position.

[*——DISTANT TERMINAL—

2W HYB

H
LINE CARRIER il
E T TERMINAL *

REQUIREMENT:

THE NUMBER QF BLATS HEARD
SHOULD NOT EXCEED 8 PER SECOND

" SWITCH EQPT ON.POSITION 2N

TLHEoo

Figure 56. Siynchronization adjusiment, wire operation.
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b’
J:' (¢) Connect the output of the oscillator to ter- = 0
L minals 5 and 6 from which the wires were removed S 35
¥ in (b) above. 3 L8 § i
(d) Patch the output of the oscillator to jacks 2W o g g_o A
HYB of the channel under test. The output of the 2l oo
oscillator now is connected to both the type H car- 3 Yt
El'l rier channel and to the voice-frequency channel. |
i (e) Adjust the oscillator to 0 dbm at 1,000 cycles. ij '
' (2) Terminal under test. (a) After noting the ﬁ\ |
f setting of switch EQPT of channel under test. set
3 the switch to the 2W position. = ” |
: (b) Disconnect the voice circuit connected to ter- 3 E |
ﬂ minals 5 and 6 of terminal strip A on the line panel 5 S m; |
3 associated with the terminal panel having switch ; rEs
U LINE set to RADIO REC. - §§ ‘
J (¢) Patch jacks 2W HYB of the channel under ‘E
l_* test to terminals 5 and 6 from which the wires were 8 S
EI removed in (&) above. 3 3 ‘
\IJ (d) Connect the test receiver to terminals 5 and Ed“’ S }Eé ‘f:
L . 6 patched to 2W HYB in (¢) above. EE v 54 gg < :
N (¢) Listen in the receiver for beats between the g'i" i < 2 e |
'l|1 ' 1.000-cycle test tones of the type H carrier channel 25 ia Ew% = '
y and the voice-frequency channel. 'E_.IE Eﬁtg -E
R | Requirement; The number of beats heard in the §g§:§ :
‘1 test receiver should not exceed four per second. The r gggg& S
N number of beats heard per second is equal to the ou gE- ¥ 3 ‘
i difference of the carrier frequencies between the == Aty 43
;J. terminals. RS s 2 < ; ‘
L (f) If the requirement is not met, unscrew the zm% 2
1 fiber tube on transformer OSC one turn. With the E:‘j‘; ;
.]I aid of a screwdriver, adjust the screw inside the psssin :3.,.2% %
fiber tube until the requirement is met. Only a small i og ; gggég (;
adjustment of the screw normally is required. E =e E §§*—¢g !
| Tighten the fiber tube after the adjustment is made. o o e ar633 iy
(g) If the requirement given in (f) above can- -l =
not be met, follow the procedure given in 5(2)(g) ) olo] b= > e | 'Er; E-“
and (h) above. g g§ }§3 .
(h) Remove the test receiver, oscillator, and o EF oo P o> — E‘ﬁ
patching cords; restore switches EQPT at both ter- § %2 g« §
3 minals to the operating positions, and the wires to j = E%
terminals 5 and 6. = Eo
(1) Repeat the procedure given above in (1) and =
(2)(a) through (k) for the other channel. - =
g [
56. Channel Net Loss-frequency Test :Eé = :
Y a. GENERAL. (1) The channel net loss-frequency @ S ( B §§ E
\ test provides a means for checking the characteristics z 0 22 -
i of the band filters, the adjustment of the carrier fre- & & S II
I quencies, and the effects of line irregularities upon ;§5 III Y
the system in order to obtain an accurate indication [ if‘é |l
. of the guality of the circuit. § Eg 5 |
[; (2) The channel net loss-frequency test, when % § !
, performed on a system operating over a radio link, '
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provides data on the quality of the entire channel,
including the radio equipment.

b. APPARATUS REQUIRED:

1 Audio Oscillator TS-379/1,
1 Decibel Meter TS-399/U.
Patching cords.

¢. Procepure (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 EQPT, patch jacks 2W HYB 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-

T-Q_TRAN SMITTING TERMIN AL-——*—I

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.

Freguency 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
cvcles.

(5) Ii the requirements are not met, see para-
graph 97d(4).

r*-———RECFl\.’ING TERMINAL —-1

2W HYB 2W HYB
OR oR
MOD IN DEM OUT
OUTPUT IN
A T et Al MECRE S S H e oz| |oTRANSMISSION
OSCILLATOR CARRIER LINE CARRIER v S <= |8 MEASURING
3 TERMBRL A s B Termnae [ =L SET
FREQUENGY
IN CYCLES
200 1,600
300 2,000 REQUIREMENTS:
400 2,500
500 2,800 e THE LOWER FREQUENCY AT WHICH THE OUTPUT
1000 3,200 PATCH | OSCILLATOR PATCH INPUT OF 1S 10 DB OR MORE BELOW THE |,000-CYCLE OUTPUT
- SWITCH {D?T OSCILLATOR ouUTPUT SWITCH EQ’T TRANSMISSI10M SHOULD MOT BE ABOVE 400 CYCLES
o TO JACKS |  LEVEL oN MEASURING SET U .
n W HYB 0 DBM T:'““S THE UPPER FREQUENCY AT WHICH THE ODUTPLT 13
dw TEL MOD IN | < OBM . 2:5 m";”T 10 DB OR HORE BELOW THE I,000-CYCLE OUTPUT
e g SHOULD NOT BE BELOW 2,800 CYCLES.
TLEI302
Figure 38, 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. DesioNaTION 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 when necessary. Fig-
ure 59 shows the designation cards used with the
type H carrier equipment, properly filled out.

b. ContrOL SETTING RECORDS. 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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TvPe u reRminaL No L2 B L ,  CHANNEL TERMINATING
CONNECTIONS
SYSTEM A-C*4 PER TM f-2025
I 55
x| et A-C #/ et ‘
i CARRIER CONNECTIONS
: tme__A =C renrull= 202 :
' > . éo
1 wines d=2 il JTYCS FIGURE I
RADIO LINK OPERATION
unesw WIRE EAST pea Tl
| TR GAIN Sw.__ D2 NOTES ‘
s curnur_f_lé dbM
| REC GAIN Sw.___ 39 .
ouUTPUT _"6 dbm L |
| COMNECTED EQPT
Y wne LILTER L. 58-1
| corr RINGER 1. 5A-1
OTHER

! A-DESIGNATION CARD FOR CARRIER TERMINAL OA-I3/FC ‘
|

tvee waepeareano L 6A-L CARRIER CONNECTIONS
SYSTEM A-C#4L cerTm dL-2025
' WEST il 6o
LINE A- 2 |
WIRES 4-2 TYPE 1@"’/('.'5
® DIR FILT LINE Qurﬂu’idh'ﬁ ks J

FILTER NO _j W. cns.-‘r‘ éA_- T

= s

EAST
LINE A -C -
wines_4 -2 ree J@4CS

W DIR FILT LINE outh*_”é_abn ‘

1éA = ==

rrenne —LE  can

w=E GAIN SW —‘_”_9 = |

Sl R |

=W GAIN SW _

B-DESIGNATION CARD FOR CARRIER REPEATER OA-IO/FC

TYPe W FiLTER PaneL o 4= ZB-LE RECARRILEFAH . ;
usrsu_‘q;c_*"’ 3 = =l LINE CONNECTIONS
{-2025
PER TM
LINE_ A-C 1
c FIGURE 6_07_ ——

TowarD & i

G 104CS CARRIER CONNECTIONS
wiRES £~ - e dBFCS e d-2025 gl
fﬁ::ﬁc'm EQUIFMENT FlouRE 4] I

VOIGE CIRCUIT CONNECTIONS
pen T 44~ 2025

6o

NON M CARRIER SIDE CIRCUIT

LINE 17—“_75_'.1’_
CARR -HR 4. 78'._{ o FIGURE
WOICE _.fi/e 4. 7’9

PEAX .~
U VPR T4

TABLE
Ve e PHANTOM CIRGUIT CONNECTION
LFBN PER X =

TABLE —

PRLFBN —

C-DESIGNATION CARD FOR CARRIER FILTER F-36/FC

TLOISIE

Figure 3Y. Designation cards for type H carrier equipment.
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TERMINAL

Control settings

Date TR GAIN

REC GAIN
1 Mar 45 A 22
15 Mar 45 44 ] Ei— e
22 Mar 45 | 43 T

REPEATER

Control Settings

Date W-E GAIN E-W GAIN
1 Mar 45 40 T
15 Mar 45 41 TE 39
22 Mar 45 oA > 38

Figure 60.

¢. TROUBLE RECORDS,
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-

Records should be kept of

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.

58. Equipment Performance Checks

Equipment performance checks must be made at
periodic intervals, as shown in table X below, to in-
sure optimum system performance.

Table X. Equipment Performance Check List.
Frequency Paragraph
Tests of test reference
Terminal :
Voltage adjustments Every 4 Par. 46.
months
Vacuum tube test Monthly Par. 47.
Transmitting output adjustment Annually Par. 51.
Repeater:
Voltage adjustments Every 4 Par. 46.
months

Vacuum tube test Monthiy Par. 47.

Ower-all system:

System line-up Annually Par, 53.
Loop gain measurement Annually Par. 54.
Channel net loss measurement Weekly Par. 59.
Synchronization adjustment Annually Par: 55
Channel net loss-frequency test Annually Par. 56.

Typical record of control settings.

59. Channel Net Loss Measurement

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.
1 Decibel Meter TS-399/U.
Patching cords,

b. PROCEDURE AT TRANSMITTING TERMINAL (fig.
62). (1) 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 jack MOD IN.

(2) 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.

¢. Procebure ar REcEvING TErRMINAL For Two-
WIRE TERMINATION (fig. 62). (1) Patch jacks 2W
HYB to the input of the transmission measuring set.

(2) Read the transmission measuring set.

Requirement: The reading on the transmission
measuring set should be within +1.5 db of the speci-
fied channel net loss.

(3) If the requirement is not met, but the reading
of the transmission measuring set is within 4.0
db of the specified value, adjust control REC GAIN

TROUBLE RECORD

Date Time | Reported hy Report

1 May 45 10000 | WWE | H crrier system 1.
Can't talk.
2

9 May 45 1610 LH H carrier system 2.

No transmission.

Disposition Date Time Cleared by
Loose connection con- | 1 May 45 1015 WWE
tact 3 of TR GAIN.,
Tube OSC defective. | 9 May 45 1620 LH

Figure 61,

Typical trouble record.

L
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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
+4-2.5 and +5.5 dbm.

(3) If the requirement is not met, but the output

|-——TRAN5M:TT|NG TERMINAL4'1

2w HYB
OR
MOD IN
OUTPUT
I e
OSCILLATOR CARRIER LINE
TERMINALL T

PATCH OSCILLATOR
SWITCH EQPT | OSCILLATOR QUTPUT OSCILLATOR
(L]

T0 JACKS LEVEL FREQUENCY
o 20 HYB 0 DBM | 1,000 CYCLES
WW TEL oo I1n +4 0BM, | 1,000 CYCLES

is between 0 and —+8 dbm, adjust control REC
GAIN until the requirement is met. If the output is
less than O 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.

¢. PROCEDURE FOR OTHER DIrecTION OF TRANS-
MissioN. Repeat the procedure given in b through
d above for the other direction of transmission.

l-* REGEIVING TERMINAL ———-I

2W HYB
OR
DEM QUT
IN
________ H | JRANSMISSION
CARRIER [ = L <G| |o MEASURING
‘‘‘‘‘‘‘‘ TERMINAL @ 1 SET
&
PATCH INPUT OF
SEITCH EQPT | TRANSMISSION
oX MEASURING SET REQUIREMENT

T0 JACKS

o 0 HYB WITHIN £1.6 DB OF SPECIFIED
CIRCUIT MET LOSS
YW TEL DEM OUT * BETWEEM +2.5 AND +5.5 DBM

TLRINS

Figure 62. Channel net loss measurement.

Section VIl. 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

and receiving gain at
terminals.

Freezing rain Increased
Fog Loss

Heavy frost

Remove telegraph circuit ;
ground CX or SX tele-
graph connections.

Dust storms
Sand storms
Blizzards

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. 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
E 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-
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peater station, system service can be maintained by
proceeding as follows:

(1) Using a patching cord, patch jacks W DIR
FILT LINE to jacks E DIR FILT LINE.

(2) Increase the receiving gain at the terminals
keeping sufficiently below the singing point.

¢. 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.

Section VIIl. SUMMARY OF PROCEDURE FOR PLACING EQUIPMENT IN SERVICE

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.

Textreference

Step Action
1. Mount panels in cabinet or
improvised rack.......
2. Make ground connection
to each panel and power
connection to terminal
and repeater panels. . ..

Par 27

Par. 30 through 31.

Step Action Textreference

3. Make preliminary tests

and adjustments......, Par. 32 through 36.

4. Interconnect to associated
equipment ... .........
5. Make check of system per-

Par. 37 through 41.

ORI 5 s e a e s Par. 42.

6. Perform detailed tests, ad-
justments, and system
line-up at the earliest
time service conditions

0,205 131 | it S P St Section V.

T




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
enfire 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,
FEEL, INSPECT, - 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*

[ —Inspect

T—Tighten

C—~Clean

A—Adjust*

L—TI.ubricate

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. Inspecr (I). 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) Owerheating. 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 Fecl, 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.

¢. Tigaten (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 is 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. OQil, 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 firc
hazard. Oil, Fuel, Diesel, wwill 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.

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.
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.

Rather, it combines all the instiructional ma-

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 (I).
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.

(¢) 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

(a) Examine glass tube en-




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. Caracitors axp Fivrers. (1) Imspect (I).
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).
mounting,

(3) Clean (C). Clean the case and the insulating
bushings.

¢. Resistors. (1) Imspect (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 arc 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

Tighten loose terminals and
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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 if is
disassembled for repair, mspect 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 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 1s necessary to disassemble the switch panel for
repairs.

(1) Inspect (1).

dirt, and corrosion,

for

Inspect for loose mounting,
Observe the mechanical action
of the jack springs by ingerting 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 Corns. (1) Imspect (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).
and coils.

g. WirinG, CaBLinG, axp Corps. These items
are regarded as the life lines of the equipment. Their
condition must be closely observed.

(1) Inspect (I). (a) Inspectinsulation 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-

Clean the cases of transformers
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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 cable
clamps, wiring rings, and screw connections.

(b) Resolder all loose or improperly soldered con-
nections.

(¢) 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.
Scerub with a brush dipped in dry-cleaning fluid,

If wire

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

Mir's. part No. Signal Carps stock No. |

Nomenclature

‘ Usagq

= ] -

connections,

Soldering copper, l.lt,(.tnc with KS- 8?40 ].I‘st 31B, tip, 234" | Repairing poor or loose
070"

‘ lighten screws.

| Removing dirt, dust, and
Cor ]—f\‘.ill['l

| Repairing frayed insula-
[ tion,

| '€ hﬂnmg switch contacts.

KS-8740, List 2 (;R24626
P-294472 | 6N7531.2 Solder, rosin core, 0.
R-2120 6R4748-6.5 Pliers, long-nose, 6"
R—-6433 J 6Q?‘}(J?8 _ Plicrs, diagonal, V-notch, 5"
ey i = =
KS-6854 | 6R40848/1 Screwdriver, 315"
90 | 6R16021 Screwdriver, regular, 5"
R-1021 621550 Brush, flat, stil'f, 157
= = ‘ = Solvent, dry-cleaning
677500-0000 Sandpaper, 150 grade, #0000
KS-2423 6N 1624 Cloth, lint-free
RM-591127 6N 8583 Tape, friction, 34"
265C 6R41065C Burnisher, relay contact
266B 6R41066C Burnisher blade
KS-7188 6M750 Paper, cleaning
RM-717053 678666 Toothpicks
1\3—6813 6G 184 Carbon tetrachloride
— 6R55507

| Wrench, socket set, consisting of handle and 6 sockets

Tightening nuts and bolts.

Section X.

68. Preventive Maintenance Check List
(These items are second echelon maintenance.

| |
- Subpar
Item |Opera- 10 -
No. | tions Item i;:nrd}}) | Weekly Monthly l lmmu\

1 |ITC! Vacuum tubes a 1 |
and sockets | | |

2 |ITC | Capacitors and b | ‘ X
filters .

3 |ITC | Resistors | ¢ | X

4 |ITC | Switchesand | d X ‘
controls |

5 | 1rC| Facks [ e | Al

6 ‘ ITC | Transformers ' I | ! 2

| and coils

PREVENTIVE MAINTENANCE CHECK LIST

| "\uhpar | i
Item (Opera- Item unider | Wee Ll\ Monthly | Semi-
No. | tions | p.ar 66 | | annually
7 ‘ ITC | Wiring, cabling, | g | Feeae i
and cords [ | |
8 | ITC| Terminal strips | & X !
and panels | [

IThese operations will be performed only when the tubes are remeved
for periodic check.

) & A L
Lubricate®

F I

Feel? Inspect Tighten Clean  Adjust®

2The Feel, Adjust, and Lubrication operations are inapplicable to
this equipment.

———
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Section Xl.

69. Lubrication

LUBRICATION

Lubrication of this equipment is not required since there are no moving parts.

Section XIl. MOISTUREPROOFING AND FUNGIPROOFING

70. Moistureproofing and Fungiproofing

@. 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.

repairs, replacements, and adjustments necessary
for proper operation of the equipment.

b. Disassemiry. (1) Remove the control knobs
by first removing the setscrew on each knob (fig. 63).

(2) CONTRO

L - LR Lt T

00000000
00000000

wrg g ofw gt DR FILT LT

ITL50453-5 |

Figure 63. Removal of control knobs.

(2) Remove designation. card and cover (fig.
64 (1).

(3) Remove grid leads from vacuum tubes (fig.
64 @).

(4) Remove positioning pin from each of the con-
trol knobs (fig. 64 (3)). (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 (5)).

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 (@)).
soldered connections. Handle the subpanel only when
necessary, as unnecessary motion may break the

Take care not to break any of the

soldered connections. Resolder broken connections
immediately.

(8) Remove the GAIN controls  from the sub-
panel (fig. 65 @)).

Caution:
and are easily broken.

The wires on these controls are short,

(9) Remove nut and lockwasher from cover of
each control (fig. 66 ().

(10) Remove caver (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 ®).

¢. 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. MASKING.
(fig. 67 @).

(2) Mask three grid clips (fig. 67 @)).

(3) Mask three grid caps (fig. 67 (3)).

(4) Mask prongs of power plug (fig. 67 @)).

(1) Mask jack field on subpanel

(5) Mask tapped holes on GAIN control cover
plates (fig. 67 (3)).

(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 (2)).

(8) Completely mask the rear of the jack as-
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(1) SUBPANEL
DRAWN AWAY FROM
TERMINAL PANEL

(2) METHOD OF REMOVING == :
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Figure 65, Disassembly of ternunal panel,
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Figure 66. Disassembly of GAIN controls.
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sembly (fig. 68 3)). 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
®).

(11) Mask fiber tube of transformer OSC (fig.
69 @).

e. DryinG. 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- VarnisHinGg. (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-
plied over the moisture peels off readily after the var-
nish has dried.

(3) Spray all of the equipment. Use a brish to
apply varnish to those portions not reached by spray.
Take special care that all wiring is adequately coated
with varnish.

g. ReassemBry. (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. MarkinG. 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. PrepArRATION. Make all maintenance checks,
repairs, replacements, and adjustments necessary for
proper operation of the equipment.

b. Disassemsry. The disassembly of the repeater
panel is very similar to the disassembly of the ter-
minal panel. Follow instructions in paragraph 715
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 (8)).
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c. CreaNiNG. 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. MaskinG. (1) Replace vacuum ftube in its
socket in upper center of panel (fig. 71 (1)).

(2) Mask jack fields on subpanel (fig. 71 ().

(3) Mask two grid clips (fig. 71 3)).

(4) Mask two grid caps (fig. 71 @).

(5) Mask tapped holes on GAIN control cover
plates (fig. 71 (3).

(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.
71 @ and 72 ().

(8) Completely mask the shaft and gear assem-
blies of the two controls (figs. 71 &) and 72 (2)).

(9) Completely mask the rear of the jack as-
semblies (fig. 72 (3)). Use masking tape and leave
no openings.

(10) Mask bottoms of two tube sockets (fig.
73 @).

e. DryING.
graph 7le.

f. VARNISHING.
paragraph 71f.

g. REASSEMBLY.
paragraph 71g.

. MARKING. Mark the letters MFP and the date
of treatment near the designation H CARR REP on
the front of the panel.

Example: MEFP—I11 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. Disassemery. No disassembly is required.

¢. 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. MaskinG. No masking is required.
e. DryinG. 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 6. Masking of terminal panel, front view.
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GAIN CONTROL COVER PLATES

Figure 71,
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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 mmmediately 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,

89

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 clapsed before
making the final check.

h. MARKING. 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

1f, 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.




PART FOUR

AUXILIARY EQUIPMENT

(NOT USED)
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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 XIII.

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 overation tested
from end to end, and it will then be restored to
service.

¢. 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
IPorces occurs more often than repair personnel feel
is normal, Army Air Forces Form 54 should be
filled out and forwarded through channels.

¢. If either form is not available, prepare the data
according to the sample form reproduced in figure 74.
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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

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 circuil, 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 FiLter 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
direction, the effects produced by the inductance of
each side of the filter are cancelled.

b: Mopurator 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.

¢. Banp-pass TiLter 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.
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

These portions
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used to suppress the unwanted side band, while pass-
ing the side band to be transmitted.

d. TransmiTTING GAIN ContROL 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. This negative feedback im-
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. 815) to the line,

80. Terminal Receiving Circuit (fig. 75, receiving)

Carrier frequencies from the line pass through part
of directional filter DF (par. 815) 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 fo 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 fo the termination of the type H carrier terminal.

a. Recerving 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-rass Fiter BF. When the terminal is
arranged as an FEast terminal, the 4,150- to 6,900-

By

pa




-

rt

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.

¢. DEmopurator DEM, Varistor demodulator
DEM is similar to modulator MOD, but demodulates
the incoming earrier 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 Firter 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 AMpPLIFIER. 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. Carrier LeEak SuppressioN CIirRcuir. 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. Pap 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. Hyerip Cor. HYB AnND BALANCING 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 1s 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 CI1 (each 2.16 mf) in series with
600-ohm resistor R12, simulates the impedance of
the 2W HYB side of the hybrid coil. Capacitor C10
balances capacitor C1 (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 ¢b. 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.

b. DirectioNar. Firrer DF.  This filter, 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
7400- 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-
verséd. 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.

¢. OsciLLaTtor Circurr. 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. JaAck 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-¢ 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 P1 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 TrRaNSFORMER. (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 P1 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

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,

¢. Associatep Circulr. 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 (9, is connected
between the varistors and the load resistor to reduce
a-¢ 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.
associated with the hybrid coil is not used.

(3) Pads.
connected into the receiving circuit since the output

The balancing network
Impedance correcting pad R2 is not

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 Patms. (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-
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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 40 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
democdlulated 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 fransmitting
path is desired.
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Figure 77. Four-uwire 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
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sealed in a single metal container and designated as

a single item (LP, BF, and DF).

a. Low-prass Fivrer 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-rass Fiuter 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 1s 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.

c. DirecrioNanL Trorer 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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receiving low-pass filter, 7.6 db in pad R2, 3.5 db in
the hybrid coil) from the amplifier gain (33 db).

Table XIT.

Transmitting and receiving gains

EQPT Transmitting Receiving
switch setting gain (dh) gain_(db)
2W 20 16
4W TEL 17 27
4W TLG 25 2

b. Limrrarions oN Use or Maximum TrANS-
MITTING AND RECEIVING 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.

¢. GAIN-FREQUENCY CuaracteristTics. 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 fest transmission from jacks 2W HYRB is
made at voice frequencies.

d. ImpepANCE. (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 im-
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 EQPT and switch LINE
Switch EQPT 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. Swirca 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
TILG. 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) 2l Position (fig. 83). In this position the |
not insulated from each other (that is, terminal 1, terminal 1s arranged for a two-wire termination.
rear, is metallically connected to terminal 1, front, Schematically, the circuit 1s as shown in figure 75. |
ete.). 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- |l
nections, work, transmifting low-pass filter LP, and pad R2. |
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(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 LLP 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 coill HYB is connected directly to four-wire line.

b. Swirce 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, WIRE WEST, RADIO TRANS, 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

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 DI 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 REC Posi-
tions (fig. 88). Two terminals are shown intercon-
nected for radio link operation. Switch LINE of the
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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 H 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 DFE. 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 DE.
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.

a. Direcrionar Finters. The two filter units in
each direction of transmission are arranged to pro-
vide maximum attenuation to circulating singing ctir-
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 £ DF and W DFE 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 DI filter units.
Figure 90 shows simplified schematic diagrams and
transmission characteristics for units of the shightly
different directional filter used on the West side of
the repeater.

b. Gaiy Controvrs, Controls W-E GAIN and
E-W GAIN are the same as the TR GAIN and REC
GAIN controls deseribed 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.

¢. Amrpririers. 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 79.

d. Power Surrry (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 :



|
105 |
|
I
- ! %! |
CHANNEL | i
F |
\iBb ol - At ) S CARRIER TERMINAL |
. BAND- lis : LINE SWITCH O I
XMTG RADIO-TR
PASS !
TO FILTER E?Hﬁ PIMELR ]
i = = = = i.I
o] ? 7400-10QJ50~ lfll
il
LINE LNE) FemlSasE S = e LINE il
SEC. 1 sec. 2 4 a2f o |2 1 - _;I l SEC 3 g
dfeitey - |
/ J
:I% :[ o | "‘: DIR FIL | 7400-10050~ r
FRONT} | i
| 1 I:%a e, [ | ¥ Tl 1) I
" 1 A e R | I 1 O— | HIGH-PASS |
To 1 1 | 71 | i | OF FILTER ON |||
OSC— ] \ 1 [} t T | l \ AZ | CARRIER il
" : 1 | | 1 i 1 \ —C— | LINE I\
I I | ] I 1 | [ 1 \ PANEL ||
Kia e : 2 -l': 2 : SR 'I 2 DIR FiL |4,50-6900 i
o | 4 \’\ 5 1 i o |0 L 150~ o, i
:h,x : S l Wé [ = L. u“i —_ il
] ik 7 }@ i | LBy & N i L VO =00 I i
o 04 o o4 3 L o 04 = fi
10 i 10 | T Bl I i
1 REAR 1 1 REAR 1 | REAR 1 N
j9° % ) 1 9° ®5 | m :}J %5 4 |ﬂ'l|.
D 1 a° CT- R | 8% . % | | s % |
| Ul i ey gl St ey lilivgre e |
DEM BF GAIN : l.'
IN —l i
h BAND- [ RCVG
g PASS . GAIN |
TO | |FILTER CTRL H|
DEM é > -0 i = 2 |
& 4150-6900~
-+ 87 |es .
= Ba ok GBS —T QB
e i T oy e e e b e i S = — e e e e Sy |
CHANNEL 2 [ } ]
B3 Bl - BS 870 OB9 o8BI
— BF TRoaN I TR I
MOD OUT | |
j BAND- ’c"':TNB XMTG !
P PASS | AMPLR
T0 g S 5 Ll
(V1als) '_{ Ei L FILTER _j: —_F TRL . 1 I'l
= 1 ?‘4'00--10,:5&- 'I_
—
= i
LINE LINE :""I"',_"""": P — T LINE I
sEC, | sEc., 2 b rek derila I o T | 1__| SEC. 3
el s SR T S PN, i
i ‘C/ Nt 1 | o O\t :}
¥ [FRONT
1'% C c‘: 1% N L) ol DIR FIL |7400-10150~ |
by FRONT e " L1 i Vo5 | L'l
) 7 TO
: Bo. : o6 I 89 | )6 1 '_J ':')__ HIGH-PASS |]
10 1 70 ] 1 17, 1 oF FILTER OA f
T CARRIER
. e i Qe it
| | | : | | v i v PANEL ':h
! 124 .l.t 2 ! I ' ; ! DIR FiL ]4,uso—a,9oo~ {
| Ll ;'\'g%“o—}ﬁ H ! L ]
gl
| 3R i 1
+ IQ/—&J._ [0 ‘L_J o4 ==
| I REAR % i I
: 97 S22 I
DET L B Fog b ) [
DEM B A e e = Ik
! IN 1
! I
BAMND- Il“
B,
70 - FLTER CARRIER TERMINAL 2 It
DEM 15 1 LINE SWITCH ON 4
4]50-6900~ RADIO-REC {

Tyisiser

Figure 88. Switches LINE in RADIQ TRANS and RADIO REC positions. It




w
£
-
g3
g M—— =
e | DR FiL |
| 2450 6,900~ |
=
WEST 25 l
CARRIER |
LINE el |
FILTER 2 I
|
DR FIL
10 | 3
SHJELD 3 l l 7,400 !o.nﬁo.\..‘
CONNECTING R il - S —
WIRES =
——

J

E DIR FILT LINE

E LINE FILT

5

|

Ei‘di{

A

T

™

{

Ta
EasT
CARRIER
LINE
FILTER

NOYE# S SYMBOL FOR FIXED CAPACITOR " REes
Figure 89. Type H carrier repeater circuil, simplified schematic diagram.
I
- I
53—0-%043-%&{
=) = 1
(=]
A 1
L)
Lo}
-
=
__[_I _—T_
o i 2 o 4 7 8 14
NOTE = 1S STMBOL FOR FiED CaPaCITOR FREQUENCY - KC L3890
Figure 90. Transnission characteristics of directional filter W DF.




(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 RS 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. ImpPEDANCES. 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
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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. CarriErR LINE FiLrer. 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 all 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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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
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 ochms

nominal 1m-
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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.

(¢) Looking toward the terminal from the open-
wire line the impedance at carrier frequencies is
about 600 chms when control REC GAIN is set for
0-db loss. This impedance is fairly uniform over the
two transmission bands.

(2) Line filter metwork. Line filter network
LLFN 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-
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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) Erequency characteristics. The carrier lne
filter and 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
The high-pass unit passes fre-
quencies above about 3,800 cvcles and suppresses
voice frequencies. There will be some attenuation
variation between line filter units, but the variation

carrier frequencies.



drops.de

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. Barancing EourpmeENT UseEp FOR PHANTOM
OpgeraTION. The line panel contains three bal-
ancing units for use in phantom operation: a line
filter balance unit designated LEFB, 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 LEB. (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.

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 LIF BN. When
a voice-frequency repeater is uged 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
LLEN. 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 LI¥ and
line filter balancing unit LFB in the side circuits of
the phantom group. The balance between PH LEF
BN and the LLF 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
LEN. Resistor PH ILF BN is mounted separately on
the carrier line panel,

Section XV. TROUBLE LOCATION

91. Technique of Trouble Location

a. ScopeE. 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. OrcanizarioN. Table XTIT lists the trouble
tests which are covered in this manual.

(1) Preliminary procedures. These procedures
outline the course of action on the receipt of a
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) Swystems trouble tests. These tests cover a
chect of the extensions of the H carrier system, fol-




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 l

Radio

F’nrazmﬁksl Paragraphs

1. Preliminary. | {
a. General procedure. .. ............ . 9e | 94a
b. Two-wire extensions and termina- |
70 L e e (P U e e e 04b 94b
¢, Four-wire extensions and termina- |

Binnaterw e ol e o T 04c | 94c

2, System,

B, R RNTE s e 52 e iims e e ehissa,  Perir 95 96

b. Poor transmiSsion . .« « v seearss s 97a o7

O SO TR ECSER . (oot e o awaln e e ey 0k 08a
3. Panels. |

a. Terminal...... 1?? 100

b. Repeater. . . ... ., < ey ) -

{or) Illlpl.‘ 102 102

4, Components. |

A2 Dower Supphy ol oo Sl veirse s 103 | 103
b A D S i i s s et o RO 104
i B T B o) o e e e S ol 105 105
i Blteras vl e b e e e e 106 Iﬂg
e. Potentiometers, switches, and jacks 107 107

¢. 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 Anarysis. 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. TrRouBLE Locarton. 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
cquipment, 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.
LEquipments equivalent to those listed may be used.

e




Table X1V.

112

Signal Corps

Test equipment

TS-190/U.

67B (SPL).

Nomenclature stock No. Mifr's No. Description Usage
Audio Oscillator 3F3570-1 WECo Oscillator, Supply
TS-379/1). 19C (SPL). testing power.
Multimeter 3F7127 WECo Volt-chm- Electrical
TS-380/1J. D-166852, milliammeter. measurements,
Decibel Meter JF4270-2 WECo Transmission Measure test
TS-399/1]. 13A. (SPL). measuring set power,
Tube Tester 3F5681 Hickok Model Tube tester. Test vactum
1-171. 560 (SPL). tubes.
Attenuator 3 3F1775 WECo Attenuator Insert loss.
TS-402/U, 5A (SPL).
Test Set 3F4316.1 WECo Test receiver. Continuity tests.

Magneto
telephone or
handset.

Listening and
talking.

4C7317D.1

WECo
217D.

600-0hm
terminating
plug.

Terminating.

Patching cords.

Making

interconnections,

93. Use of Diagrams and Charts

\ a. DrawiNgs. 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

 B-400044-1 B-400044-2
B-400045-1 B-400045-2
B-400046-1 B-400046-2

Carrier terminal panel
Carrier repeater panel
| Carrier line panel

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 Diagrams. (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,
sheet 2.

c. WirinG Drawings. (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-
mg, 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, etec.
(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

—
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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 i1s 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
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.

on the same line or radio link system.

(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.

(S) 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.

¢. Cueck or 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 thesother 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 troublz in a type
H system, where no communication is possible in one
or both directions between the two H terminals of
the circuit, 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 contral
terminal, make the test in this direction first.

a. ConTroL TERMINAL TEsts (fig. 96). (1)
atch the test oscillator to the 2W HYRB 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 I oscillator
2W 2W HYB ' 0 dbm
4W TEL MOD IN | 44 dbm

2W HYB * DIR
OR FILT
MOD IN* LINE
H
OSCILLATOR 3 T Y] CARRIER —
TERMINAL [ 7
1ODO CYCLES ™ \

INPUT CONNECTIONS"

(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 4-16, set
attenuator to 16 db.) Patch the mput 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 b 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
FILT 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 patch the
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.

= TRANSMISSION
= | 5 MEASURING
SET

/ INDICATION

T Y] ATTENUATOR

SET FOR LOSS EQUAL TO TERMINAL 0 DBM

T_ERM. EJPT | PaTCH OSCILLATOR
SWITCH ON T0 QUTPUT LEVEL
2w 20 HYB 0 DiM

¥w TEL MOD IN +4 DEM

MEASUREMENT OF

TERMINAL OUTPUT

Figure 96.

OUTPUT LEVEL. THIS LOSS miLL USUALLY
BE |6 DB.

TL %1275

System fatlure, control termanal test.




LINE

w et
CONTROL CARRIER

TERMINAL ———i~ Al REPEATER

TRANSMISSION

ATTENUATOR [—¥ Q:LQ!@ 8 MEASURING
SET

A \

SET FOR LOSS EQUAL TO INDICATION
REPEATER OUTPUT LEVEL. 0 DBM
THIS LOSS WILL USuaLLY
BE I6DB.

MEASUREMENT OF REPEATER OUTPUT

E (W)
LINE
FILT

LINE TRANSMISSION
i 1l << | QMEASURING

e e )
CONTROL X SET

TERMINAL \

INDIGATION
NORMAL INPUT LEVEL

MEASUREMENT OF INPUT TO REPEATER

NOTES
% JAGKS ON SIDE OF REPEATER TOWARD TERMINAL
SENDING TESTING POWER.
¥ JACKS ON SIDE OF REPEATER AWAY FROM
TERMINAL SENDING TESTING POWER,

TL 81392

Figure 97. System failure, vepeaier fests.

(5) If a normal power level is measured, trouble
exists in the H carrier repeater panel. Remove the
patch to jacks LINE FILT and notify the control
terminal that trouble exists in the repeater. Pro-
ceed with repeater tests.

c. Distant TerminaL Tesrs (fig. 98). (1)
When notified by the control terminal, patch the
transmission measuring set to jacks 2W HYB or
DEM OUT, depending upon the setting of switch
EOQPT. The output level should be as follows:

Indication. of

Setting of Patch to | transmission

switch EQPT jacks | measuring set
2W 2ZW HYB

4W TEL DEM OUT

J_,‘;]-r-ciﬁed ckt net
loss +4 dbm

(2) If requirement is met, remove the patch and
notify the control terminal that the test has been
completed. The above tests are then made in the
opposite direction.

(3) If requirement is not met, remove the patch
from the terminal, and patch the transmission meas-
uring set to jacks LINE FILT.

(4) Ifanabnormally low power level is measured,
trouble exists in connected equipment at the re-
ceiving terminal or at the previous repeater installa-
tion (protectors, composite 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 previous
repeater panel and the receiving terminal panel.

(5) If a normal power level is measured, trouble
exists in the receiving terminal panel. Remove the
patch to jacks LINE FILT, and notify the control
terminal that trouble exists in the receiving terminal
panel. Proceed with terminal tests.

2w HYB"
OR

DEM OUT®

LINE " TRANSMISSION
o ~ ©F | CARRIER = 1 9 MEASURING
REPEATER._¥A ~¥ | TERMINAL '@ SET

QUTPUT COMMECTIONS®

TERM. EQPT | PATCH
SWITCH OK T0 INDICATION

Ll 2w HYB | SPECIFIED CKT
NET LOSS

DEM OUT | +4 DEN

uW TEL

MEASUREMENT OF TERMINAL OUTPUT

LINE
FILT
LINE i 4 | TRANSMISSION
oL =
REPEATER

[" INDICATION
NORMAL INPUT LEVEL
MEASUREMENT OF INPUT TO DISTANT TERMINAL

0 Ases

Figure 98. System failure, distant terminal lests.
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d. TEsT oF SysTEM IN OPPoOSITE DIRECTION OF

TransmissioN. (1) If the preceding tests are
completed and the trouble is not located, the oppo-
sife 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.
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.

Check the circuit again by listening,

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. 1If 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 1s 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 EQPT
on ZW. g

(b) Connect from jacks 2W HYB to Test Set
TS-190/U or a magneto telephone.

(¢) Insert 600-chm plug in jacks DIR FILT
LINE. Note any change in circuit condition. Re-
move plug.

(d) 1i trouble was heard with plug in jacks,
source of trouble is the terminal. (See ¢(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 remoyve 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 ¢(2) below.)
with repeater test.

(c) While monitoring the ecircuit, 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 ¢(1)
below.) 1f 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) 1f 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 ¢(2) below.) If trouble disappeared, its
source is the distant terminal, since the distant exten-
sion has already been checked. (See ¢(1) below.)

b. SecrioNALIZATION TEst—Rapio Link OPERA-
110N, If excessive noise or crosstalk exists on H
channels operated over a radio link, it is 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
lirk 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, Tt should be rembered that coordination be-
tween the channels of T carrier and voice-frequency
carrier telegraph, if used, is extremely critical, and

If trouble disappears, continue




much crosstalk and noise may exist between these
channels.

¢. ANarvsis oF PossiBLE Trousres, (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. 1f 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. 1f 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 wvoice-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 mnoise, static, and other noise. Static
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
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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 Quarity. (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
to 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 SINGING MarGiN 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 is
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.
(8 db) The new setting will
give the highest possible circuit net loss at which the
system can be operated without reducing the sing-
ing margin.

dack the control off four steps
from this setting,

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
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.
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

to balance the type of extension used.

Singing will
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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. 1f the repeater does
nof 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
A singing condition is indicated when
an appreciable reading is obtained on the measuring
set.

Caution:

condition.

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 1s adjusted to indicate maximum input.

(2) Apparatus required:

1 600-ohm plug.

1 Decibel Meter TS-399,/U.,
1 Attenuator TS-402/17,
Patching cords.

(3) Proceditre. (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.

(¢) 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 50 1 reached on control
E-W GAIN. TIf 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-



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.

(1) 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. 1f the requirements are not met, trouble exists in
the amplifiers or directional filters. Check these components
according to directions in paragraphs 104 and 106,

(9) 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-
currts, 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 ¢ or d below.

(1) Note the seftings of both gain controls, then
set the control of the circuit being tested on 50, and
the other control on 0.

#*
2W HYB DIR
OR FILT
MOD IN* LINE
IN ouTt
i : o |oTRANSMISSION
OSCILLATOR 3 vV—1. cARRIER [—¥ = d‘“{j V—ATTENUATORE—Y ZL—"_]R (<= |OMEASURING
TERMINAL () @) SET
TRANSMIT TING GIRCUIT
INPUT OUTPUT
GAIN-DB
EQPT Jacks® | POWER | FREQ | jyope oo T
SWITCH (DBM) (CYCLES) TERM. TERM.
2w 2W HYB (o] 1,000 DIR 210 21.3
FILT
4W TEL | MOD IN | +4 1,000 LINE 160 16.3
2w Hye*® DIR
OR FILT
MOD OUT LINE
oul IN

Tnnusmssmg H F
. e H N v =—]|
MEASURING 9] 2 Y—1 CGARRIER =1 fd V—]ATTENUATOR Y <= < [S0SCILLATOR
SET TERMINAL b
RECEIVING CIRCUIT
INPUT OUTPUT
GAIN- DB
DIR FILT |POWER FREQ EQPT *
LINE JaCKS | (0BM) | (cYCLES) |[switcw | YACKS™ |EAST | WEST
EAST TERM| -20 6,000 2w 2W HYB 170 16.6
WEST TERM| -20 8,000 |[4w TEL |DEM ouT | 279 275
TL-30801-8
Figure 99. Terminal gain lesi.
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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 fo their normal seftings.

(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 ¢
or d below for tests of the circuit which is in trouble.

b. TrouBLE 1IN Borm TRANSMITTING AND RE-
ceviNGg Circulrs. (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-

SUPPRESSOR
0V DC

056

CATHODE
ovDC

HEATER
0V AC

SCREEN,
t20-185 v DC
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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) 1f these tests do not disclose the trouble,
perform tests described in ¢ and d below. Tests
should be performed both for the transmitting and
receiving circuits since there may be trouble in both
circuits,

¢, TrRouBLE 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. TroUuBLE 1IN ReceEvIinG Circurt. (1) Replace
vacuum tube REC and recheck circuit.

(1)

PLATE
~ 120-185 VDG HEATER
8.0-12.0V AC
REC
o HEATER
SUPPRESSOR B.O-12.0V AC
1.5-60 V DG
HEATER PLATE
OV AC I3 -184V DG
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T li3-iBa v DC CATHODE
S ANE 1.5-6.0V DC SCREEN
- 113-184v DC
li8-184v DG SUPPRESSOR
B.0-12.0V AG 1560V DG
8.0-12.0
vV AC s PWR 5
H
10 4
—
H2
6 3 10
105-125V
120-185 PaeRE 122 - 187 Pi 50-607
?_? SUPPLY
2
<
P2 T
8

NOTE:1THE TUBE SOCKETS ARE VIEWED FROM THE REAR OR WIRING SIDE OF THE EQUIPMENT.
2 TUBE SOCKET TERMINALS ARE NUMBERED CONSECUTIVELY FROM ONE TO SIX IN A
CLOCKWISE DIRECTION. TERMINAL 11S ADJACENT TO THE SMALL LOCATING HOLE IN

THE BOTTOM OF THE TUBE SOCKET.

3.ALL VOLTAGES ARE MEASURED BETWEEN THE NUMBERED TERMINAL AND GROUND.

|
== 15 SYMBOL FOR FIXED CAPACITOR.

l

TL 537

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 BIF or DF filters of the
other terminal panel. Perform the terminal tests on
the other terminal. I1f 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:

ouT

OSCILLATOR AT TENUATOR
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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. Cueck or Circuirs IN BorH DIRECTIONS OF
TransmissioNn. 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 ¢ 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 mieasured 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) 1f 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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LINE LINE
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b. TrouerLE 1N Borm 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 ¢ below for testing each direc-
tion of tranmission individually.

¢. TrousLE 1¥ 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).

¢. The balancing networks and wvaristor may be
checked by substitution of parts known to be good.

HEATER

HEATER

CATHODE

8.0-12.0V AC

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.

¢. Perform power supply adjustment if yoltages
measured do not meet requirements (par. 46).

d. If no output is measured from the filanient
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. 1f 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. L 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. TrousLE LocarioN. (1) Check the condition
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 § ATTENUATOR

_—12‘;3“1]@;-/

N

1 Decibel Meter TS-399/U.

Patching cords.

Make the test in the following manner:
Set the attenuator for the specified loss.
Connect the test equipment to the amplifier,

(¢) 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.

(3)
(a)
(b)

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. TRousLE Procepure. (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. 110)
when the trouble has been remedied,

106. Trouble in Filters

If any of the localization tests indicate that a filter
may be in trouble, its condition may be checked by
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Figure 103, Amplifier gain test.




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.

¢. 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-380/1J.

a. PorEntiomETERS. 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.
[f 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. Switcues. 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.

2W

2W
4W TEL

LINE
WIRE EAST
WIRE WEST
WIRE EAST

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
If the
requirement is not met, check the switch for dirty
or open confacts or failure. If the
requirement is met, wiring connections to the switch
may be defective.

¢. Jacks. To check the condition of the jack
perform a continuity test between the two connected
jack terminals located at the rear of the panel. Con-

not met, check the setting for continuity.

mechanical

tinuity through the jacks should be broken and made
by inserting and removing a plug.

o
OSCILLATOR
o]

FILTER
UNDER
TEST

OTRANSMISSION
MEASURING
SET

A

TL 51283

Figure 104. Filter test.
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Table XVI. Filter characteristics

Test connections

= S - Input frequenc Loss requirement
Filter teat Oseillator to Measuring set to ! i Y, i

Equip. Term. Equip. | Term. (ke) (db)

Terminal panel

LE;
(Xmtg side) s 4.0 or less
: 3.0 or less
12.0 or more
5 30.0 or more
(Revg side) 9 and 10 - 11 and 12 A 2.0 or less
24.0 or more

(i‘ligh—pass} 3F ' ) 3 and 4
(section)

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

(Low-pass) o 9 and 10 11 and 12
(section)

coocooom

DF (E DF):*
(High-pass) DF
(section) (E DF)

5 and 6 1 and 2 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

-

(Low-pass) DF 3 and 4
(section) (E DF)

B =T Oh LN Gu D =3 O
LthinoSoooow!m

Repeater panel

E DF 2 (See test on DF of
terminal panel):
(High-pass) 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

1 and 2

WO =30n L Un\D =13h
SLoonooon

Line panel j |

LF: [
(Carrier section) Term. Strip A 3and 4 | Term. Strip A 1 and 2 : 18.0 or more
l 4.5 or less
| i 1.5 or less
Term. Strip A f-and 2 : 1.0 or less
4.5 or less

(Voice section) Term. Strip A Sand 6 ‘
’ | 40.0 or more

! Remove resistor between these terminals before making test. ; .
* Directional filter E DF at the repeater is identical to directional filter DF provided at the terminal.

Section XVI. REPAIRS

jacks, gain controls, and switches involves the re-

: : _ T moval of the bakelite subpanel, described in section
With the exception of jacks, gain controls, and XTI

switches, no particular difficulty should be encount-
ered in the removal and replacement of parts con- 109. Use of Tools and Repair Equipment
tained in H carrier equipment. The replacement of a. GENERAL. Important items in the clearing of

108. Replacement of Parts




trouble are maintaining cleanliness in the equipment,
care in the use of tools, accuracy when making ad-
justments, and care in handling equipment.

b. CLeanLiNgss, (1) Keep the apparatus clean.
Contact trouble 1s 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.

¢. SOoLDERING. Use 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-
g 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. Repair EouipMENT. 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.

care in making

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,

¢. 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, Idcated 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,

i. 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).

111. 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.

¢. 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).

e. If any tubes have been replaced that satisfac-
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: |
TR GAIN
TR
MOD 10,150 L 150) '\l
J )
DIR
FILT |
LINF \ |
3 3
asc =37 |
T
600 N ¥
PLUG .
I |
REC GAIN !
(44) "
y
|I'
TERM. STRIP 5| I
B i Iy
___________________ I
-
INSTRUCTIONS ;-.
I NOTE SETTINGS OF LINE SWiTCH AND GAIN CONTROLS, THEN RESET AS SHOWN. X
TRANSMISSION 2. STRAP THE TERMINALS OM TERMINAL STRIP B AND TRANSFORMER MOD OUT AS ¥
MEASURING 3 |
o ° SHOWN.. ; |
3. INSERT §CO-OHM PLUG IN JACKS DIR FILT LINE. ae wae FESI TN maoio |
W. COMNECT TRANSMISSION MEASURING SET TO TERMINAL STRIP B AS SHOWN, "‘
6. ADJUST MEASURING SET FOR READING. I
6. LOOSEM FIBER TUBE ON REAR OF TRANSFORMER 05C. :;h“
7. ADJUST OSC ADJUSTMENT SCREW UNTIL HIGHEST POSSIBLE OUTPUT READIRG 15 I .
UBTAINED OK MEASURING SET. LINE SWITGH AND GAIN I
8. TIGHTEN FIBER TUBE. GONTROL SETTINGS fis©
8. REMOVE STRAPS AMD MEASURING SET COMMECTIONS, AND RESTORE LIME SwWITCH 5
AND GAIN CONTROLS TO NORMAL OPERATING SETTINGS. TLSIE9R b1
Figure 105.  Oscillator frequency adjustment.

4 . . : - . . Ly
torily passed test requirements, retain these tubes as  measurement indicates that the system is lined up
spares. incorrectly.

f- Perform the oscillator synchronization test if i. Perform the channel frequency net loss test if .
the output of the oscillators has been affected (par.  any filters have been replaced. \
S5 J. Ring, talk, and listen on the system from its

! g. Make a circuit net loss measurement in each  terminations. 3
direction, k. If system performance is satisfactory return it '

h. Perform 3 detailed system line-up if the above to service. I¥




APPENDIX |

LIST OF COMPONENT PARTS

Note. This list is for general information only. See appropriate publications for information pertaining to requisition of
spare parts,

|. Component Parts of Carrier Terminal OA-13/FC

Quantity Component part

1 Carrier Terminal QOA-13/FC (Western Elec-
tric Co X-66217A).

4 Designation cards,

6 Vacuum Tube JAN-310A (spares).

1

2

TM 11-2025. .
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).
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).
20-ga wire, black and black-red.
22-ga wire, shielded slate and slate-red.
Designation cards
T™M 11-2025.
Drawings:
B-400046-1, line filter and balance network
panel schematic diagram,
B-400046-2, line filter and balance network
panel wiring diagram.




APPENDIX I - i

MAINTENANCE PARTS A

i
i k!
| b1/ |
&l
I. Maintenance Parts for Carrier Terminal OA-13/FC ~ March 1945. The appropriate section of the ASF ;||
The following information was compiled on 30 Signal .bupply Catalog for Carrier Repeater OA- g
March 1945. The appropriate section of the ASF ~ 10/FCis: i
Signal Supply Catalog for Carrier Terminal OA- Fixed Plant Maintenance List:  SIG 10-840.39, 3
13/FC is: Carrier Repeater OA-10/FC. 4o
Fized Plant Maintenance List: SIG 10-840.38,  For the latest index of available catalog sections, see r
Carrier Terminal OA-13/FC. ASFE Signal Supply Catalog SIG 2. ! i
For th\e. ]atest‘ index qf available catalog sections, see Note: The Following 1St covers: sation stk dias o
ASF Signal Supply Catalog SIG 2. tenance parts, i |l.
Note. The following list covers station stock main- _ g
tenance parts. s?,ﬁ{;m Sisg:;i %Tm Name b
=i Signal Corps ey 3DB5-12.1 CAPACITOR

symbol stock No. Name C3, C5 3DA10-158 CAPACITOR i
Cl1, C10, C11 3DB2-958 CAPACITOR C4, Co 3DB1.962-1 CAPACITOR ‘H
c2, c4 3DBE1.962-1 CAPACITOR P1, P2 3H4956-54 RECTIFIER »
C3 3DA10-158 CAPACITOR R1, R3 3Z6500-87 RESISTOR .
C6 3DA3-34 CAPACITOR R2, R4 3Z6065-4 RESISTOR i
c8, €9 3DB5-12.1 CAPACITOR RS 3Z6801-80 RESISTOR i
Bl e 3H4956-54 RECTIFIER R6 325985-4 RESISTOR ]‘
R3 3Z6580-26 RESISTOR E-W, W-E 2J310A TUBE, vacuum '
R4, R5, R10 3Z6500-87 RESISTOR 1l
R6 3Z6065-4 RESISTOR g X y I )
R7. Ril 376801.80 RESISTOR 3. Maintenance Parts for Carrier Filter F-36/FC ' 1
R8 3Z6050-133 RESISTOR The following information was compiled on 30 -‘i
g;’z :;?(1}.?815?2 g;g:;g? March 1945. The appropriate section of the ASF ]
JLOUOU-30 e} B X . ] ~ R Ay e . ". e S »ﬂ
0SC, REC, TR 21310A TUBE, vacuum Slgnd['buppl} (,dtdlo-g for Carrier Filter F-36/FC is: A
DEM, MOD 479715 VARISTOR Fixed Plant Maintenance List: SIG 10-840.40, |
Carrier Filter F-36/FC. ~i
2. Maintenance Parts for Carrier Repeater OA-10/FC 1 1.c 1atest index of available catalog sections, see R /
The following information was compiled on 30  ASF Signal Supply Catalog SIG 2.
rill
It
.
k _.-

t

II_.

||

|
4
|
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REFERENCES

I. Parts List

SIG 1, Introduction to ASF Signal Supply
Catalog.

SIG 2, Complete Index to ASF Signal Supply
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-

i rier Terminals OA-11/FC and OA-12/FC,

N 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).

TM 11-2039, 19C (SPL) Oscillator (Audio
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

(General Specification for Packaging and
Packing for Overseas Shipment.

4. Decontamination
TM 3-220, Decontamination,

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

T s e oy B alternating current (noun)
L e alternating-current (adjective)
sy o O o ampere(s)

amples i i amplifier




APDIOX: i = aiara approximately

AWG ...........American Wire Gauge
3571 Rl S A balancing

CRD e Vil hes o capacitor

PR Ve i s e carrier

e R S channel (s)

o Lo IR R AU circuit

R L cicien s e control

e P A TN composite telegraph circuit or set
(15 ) e v P decibel (s)

ABIT 3 e slecetoias it power in decibels referred to 1 milliwatt
o o e, LIt TS direct current (noun)
e R direct-current (adjective)
e b e sk demodulator

BT S AT ey e s directional

dWE ciiesdeaan v drawing

| DS A e S East

EEE [ E RC equipment

B s Pt iR figure

fal filter

5o A e Tl s frequency

e L gauge

gnde el ground

s P e e hybrid

T i e kilocycle(s)

B e thousand

e e o b megohm (s)

(350 2, e I e ] microfarad(s)

A s e mile(s)

mod Sl ke .modulator

MEE 4y y0eesssonounting

et T h e network
N e e number

OSC”  yuaivnwane s gOSCHIALAY

phl e phantom

pot ... potentiometer
o] R e o T protector(s)
S r g TR SR e power

LOVE o s e receiving
oy ) I R receiver

oo e e repeater

Feqdl | o e required

QoL Tl R g L resistor

BLLE S G e repeating

S e N switchboard
e el T i WK .section

BTN ireia mg b s e SIEDAI

T A i socket

R e switch

e e simplex telegraph circuit
Ferm’  Saidiadienes .terminal

302 R [ e telegraph

bp e e s telephone
ransl L e transformer
U e R volt(s)

Vel (oms o s ah voice-frequency (adjective)
WL i ot s £ Tacais vacuum tube
NV Tn e e B v West

et e e S watt(s)

ROTEQT e e e o transmitting
R e e e transmitter

- e A impedance
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Drawing B-400044-1, Sheet 1. Type H carrier telephone termingl, schematic diagram.
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