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Western EltclTic 

Hl CARRIER TELEPHONE 
EQUIPMENT 

1. INTRODUCTION 

General 

Instructions for Use 

1.01 The Western Electric Hl Carrier Telephone System is a single­
channel system which pr0vides for superimposing an additional tele­
phone circuit upon an existing voice-frequency telephone circuit work­
ing over an open-wire line. The carrier equipment includes provision 
for operation on a ringdown basis and can be applied on a line without 
the loss of any existing service. It is suitable for use as a permanent 
installation and also for temporary or emergency circuits. Without an 
intermediate repeater, the system will find its widest application on 
open wire circuits of about 50-200 miles in length; with one or two 
intermediate repeaters it will be applicable on circuits up to as much 
as 500 or 600 miles in length (depending on the gauge of the open wire 
conductors, the amount of intermediate cable in the line, the number 
of bridged way stations, etc.) . 

1.02 The Hl system employs copper-oxide modulators and demodu­
lators, heater type pentode tubes, and improved filters made possible 
by new magnetic alloys. The copper-oxide varistors used as modu­
lators, demodulators and rectifiers in 'the power supply are of 
smaller ·size than the customary vacuum-tube devices, have the 
advantage of long life and small power consumption, and provide 
better balanced and more stable modulation. A single heater­
type pentode tube in the transmitting amplifier works at approxi­
mately the same output level as two tubes in the older systems. It 
simplifies the problem of working from 110-volt a-c. suppiy by obtain­
ing grid biases from across a resistance in the cathode circuit. 

1.03 The terminal unit and the repeater may be operated either 
directly from a 115-volt 50-60 cycle alternating current source or from 
24-volt and 130-volt batteries. This system employs the same carrier 
frequency, 7150 cycles, for both directions of transmission. The car­
rier frequency is generated locally at each terminal and only the side­
bands are passed over the circuit. The upper sideband is used for 
transmission in one direction and the lower sideband for the other. 
1.04 Because of the relatively short distances over which the system 
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is designed to operate, no equalization is provided and no automatic 
regulation of the circuit net loss is employed. However, for the longer 
systems a manual compensating adjustment has been included in each 
terminal whereby the receiving gain may be changed in three steps of 
2 db each. Similar arrangements are also provided to control the gain 
of a repeater, two steps of 4 db each being provided. These adjust­
ments will compensate for changes in loss due to weather and tem­
perature changes in the line. 

1.05 It is necessary to compute and specify transmitting levels, 
repeater output levels, receiving levels, and circuit net loss for each 
Hl carrier circuit placed in service. This data should be based on the 
transmission performance of the carrier equipment and the character­
istics of the open wire line and intermediate cable over which the sys­
tem operates. Sufficient information for determining the required 
levels in the majority of cases has been included as a part this publica­
tion. The testing procedures herein presuppose that the levels have 
been determined and specified for the system which is to be put into 
service, and the section on "Overall System Line-Up" gives instruc­
tions for adjusting the system to the specified levels. 

1.06 This equipment includes coils which require precautions to 
avoid possible injury through core magnetization during tests. Exces­
sive . direct current through such coils causes the cores to become 
permanently magnetized, changing the characteristics of the coils and 
rendering them unsatisfactory for the purpose for which they were 
designed. Since in many cases the detection of such damage to coils 
requires tests which cannot be made in the field, precaution:s must be 
taken to avoid injury to the coils and consequent unsatisfactory per­
formance of the circuits under service conditions. The installer's 
ordinary buzzer should not be used, nor should test receivers or simi­
lar testing devices which will conduct direct current be used in con­
tinuity testing or trouble shooting on the equipment or its associated 
wiring or terminal strips unless protected by a series condenser. A 
tone buzzer set which does not make use of direct current in the cir­
cuit under test should be used for continuity testing wherever avail­
able. A voltmeter continuity test set is satisfactory because it limits 
the possible direct current to a very small value, but has the disad­
vantage of indicating continuity through a high resistance or an 
inductance. 

1.07 The vacuum tubes in the terminals and repeaters should be 
allowed to heat at least five minutes after power supply connection 
has been made before making any tests or adjustments. 

List of Drawings 

1.08 The individual circuits employed in the Hl carrier telephone 
terminal, repeater, and carrier line equipment are covered schematic­
ally on the following drawings, which supplement the information 

[2] 



TCI Library https://www.telephonecollectors.info/

given in this bulletin. A detailed description of each circuit is covered 
in a circuit description sheet (CD) numbered to correspond to the 
schematic drawing (SD). 

SD & CD-64081-01-Hl Carrier Telephone Terminal Circuit 
SD & CD-64082-01-Hl Carrier Telephone Repeater Circuit 
SD & CD-64083-01-Hl Carrier Telephone Application Schematic 

Wiring diagrams for the above circuits are covered by the following 
drawings: 

P-412130-Hl Carrier Telephone Terminal Circuit Label 
P-412131-Hl Carrier Telephone Repeater Circuit Label 
T-64083-30-Hl Carrier Telephone Interconnecting and Battery Sup-

ply Circuit 

NOTE: The circuit labels are furnished with each order for the 
equipment and should be fastened on the inside of the cover 
if the equipment is mounted in a cabinet, or on a suitable 
mounting board if the equipment is mounted on a relay rack. 
This should be done by the installer. 

Typical arrangements for mounting Hl carrier telephone equipment 
on relay racks or in cabinets are covered by ED-61467-01-Typical 
Arrangement. 

1.09 The schematic drawings are made up for use in testing and 
maintaining the equipment and a copy of the schematic of each circuit 
installed together with the associated circuit description should be 
kept on the premises for the use of the maintenance force. An expla­
nation of the Circuit Requirement Table, associated with the schematic 
of each circuit employing relays, is given in Section 11, "Apparatus 
Requirements and Adjusting Procedures." 

1.10 Some of the wiring diagrams employ the so-calied "Airline" 
systems of showing connections. In the airline system, each individual 
piece of apparatus (each group in some cases) is numbered, and the 
lines representing the individual wire from each piece of apparatus 
are carried a short distance and terminated at a common or base line. 
These individual lines between apparatus and base line are called feed 
lines. Each feed line is numbered to correspond with the identifica­
tion number of the piece of apparatus at which the other end of the 
connection terminates. It is not necessary to follow a connection 
through the base line and no provision is made for doing so. By 
obs~rving the color and identification number included with the feed 
line, it is possible to jump directly between pieces of apparatus. 

Testing Equipment 

1.11 A I-milliwatt source of 1000-cycle testing power is specified in 
the detailed procedures. This test power may be obtained from any 
suitable oscillator which will deliver 1 milliwatt of testing power into 
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600 ohms impedance. The portable 1000-cycle machine per KS-5472 
is suitable for this purpose. Some of the tests for trouble location 
outlined in Section 10 specify testing power at frequencies of 6150, 
7150 and 8150 cycles. In the event an oscillator is not available to 
provide these frequencies other tests can probably be devised locally 
which do not require these frequencies. 

1.12 A transmission measuring set is specified in the detailed pro­
cedures. Any good 600 ohm set capable of measuring frequencies up 
to 10,000 cycles and having a range of 0-20 db may be employed. 
Voice-frequency transmission measuring sets can be used to make 
measurements in the carrier-frequency range employed by the Hl sys­
tem provided their sensitivity does not fall off too rapidly with fre­
quency. They should be calibrated for the particular frequencies 
above the voice range at which they will be used. The frequencies 
involved in the Type H system are 6150, 7150 and 8150 cycles. The 
Western Electric 12A Transmission Measuring Set is suitable, 
although primarily a voice frequency set. When it is used, and a cali­
bration is not available, it may be assumed for the purpose of the 
tests in this section that the set is reading 0.8 db low for the fre­
quencies given above, provided the set it: properly calibrated at 1000 
cycles. 

1.13 An attenuator is specified in some of the test procedures. The 
Western Electric lA Attenuator is suitable. Where a 600 ohm attenu­
ator is not available, a locally assembled pad circuit may be used. 
Such a 600 ohm pad may be assembled by employing two Western 
Electric lC Pads, into which 89 Type Resistance may be inserted. 
These resistances are provided in a wide range of values up to 15 db, 
and the code numbers are given below for pads which should meet the 
requirements of the tests given in this section. 

Res. Code db Value 
89A Zero (strapped thru) 
89E 1 
89J 2 
89T 4 
89AA 5 
89BL 15 

1.14 The following list of miscellaneous appaTatus will be found use­
ful in conducting the tests outlined below. Any equivalent apparatus 
which may be available may be used. 

1. Model 564 Weston Volt-ohmmeter per KS-7345-Range 0-15, 
0-30, 0-150 and 0-300 volts. If another type of voltmeter is 
used, it should have a resistance of not less than 1000 ohms 
per volt. 
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2. One model 280 Weston milliammeter-Range 0-1, 0-10 and 
0-50 milliamperes. 

3. Two Western Electric 893 Cords equipped with a 360A Tool at 
each end. These are 6-foot single-conductor test cords 
equipped with spring chucks for connection to Western Elec­
tric 364 or 365 Tools. 

4. Four Western Electric 364 Tools. These are flat terminals for 
connection to the building posts on portable testing equipment. 

5. Two Western Electric 365 Tools. These are spring clips for 
making temporary connections to apparatus terminals. 

6. Two Western Electric P2AA Cords, 6-feet long, equipped with 
241A Plugs at each end. These are double conductor test cords 
equipped with twin plugs at each end. 

7. Two Western Electric S3F Cords equipped with 241A Plugs at 
one end. These are 6-foot triple conductor test cords equipped 
with cord tips at one end and a twin plug at the other. 

8. One Western Electric 528 Receiver. 

9. One Western Electric W2AB Cord equipped with 360A Tools 
at one end. This is a 6-foot double-conductor cord arranged to 
connect to the 528 receiver at one end and equipped with 
spring chucks at the other for connection to 364 or 365 tools. 

10. One Western Electric 241A Plug. This is a twin plug for pro­
viding an open circuit condition. 

2. DESCRIPTION AND FUNCTIONS OF COMPONENT UNITS 

Terminal Panel 

2.01 The Hl carrier terminal panel includes all the equipment 
required at a terminal with the exception of the line filter, line filter 
balancing unit, networks for balancing voice repeaters, and test jacks. 
It includes the hybrid coil, modulator, transmitting amplifier, demodu­
lator, receiving amplifier, carrier supply oscillator, signaling equip­
ment, various filters and pads, and a-c. power supply equipment. 

2.02 The circuit is shown schematically in Figure 1. The transmis­
sion path is indicated by the heavy lines on the drawing. This draw~ 
ing is sufficiently general to cover either the east or the west terminal, 
but it should be understood that there are differences in the filters, 
oscillator circuit and some of the resistance units. 

2.03 The incoming talking currents enter the equipment from the 
switchboard, and after passing through the hybrid coil are connected 
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to the modulator through a low-pass filter (TLF). The low-pass filter 
suppresses undesirable speech and noise frequencies above the useful 
voice-frequency band. The output of this filter connects to a varistor 
(MOD) which serves as a balanced modulator. A carrier of 2.5 volts 
having a frequency of 7150 cycles is supplied to the modulator from 
the oscillator circuit described below, being impressed at the mid­
points of one winding of the hybrid coil (HYB) and the repeating coil 
(MOD OUT) which serves as a modulator output coil. The lower side­
band extending from about 4150 to 6900 cycles if it is a west terminal, 
or the upper sideband extending from about 7400 to 10,150 cycles if it 
is an east terminal, is passed through the filter (MOF) the transmit­
ting gain pad (TR) and transmitting amplifier (SB) to the directional 
filter which affords additional suppression for unwanted frequencies. 
From the directional filter the outgoing circuit passes through the 
carrier equipment jacks and the high-pass filter unit of the line filter 
set to the outgoing line. 

2.04 The transmitting gain pad has an impedance of 600 ohms and 
is adjustable by means of soldered straps to permit introducing atten­
uation in 0.5-db steps from 0 to 31.5 db. The entire pad is contained 
in a small metal case and mounted as a single apparatus unit with the 
terminals for adjustment accessible from the front of the panel. 

2.05 The transmitting amplifier consists of an input transformer, a 
328A Vacuum Tube, an output transformer, and associated circuits. 
The circuit is arranged to provide negative feedback through two 
paths. One of these is formed by the common resistance ( G) between 
the grid and plate circuits; the other is due to the coupling between 
the grid and plate circuits provided by the output transformer. This 
negative feedback improves the stability of the amplifier and reduces 
distortion. 

2.06 Incoming transmission after passing through the line filter and 
(CARR EQPT) jacks is selected by the proper filter unit of the direc­
tional filter and is passed through two pads which can be manually 
switched either into or out of the circuit, thus affording a means for 
readily changing the receiving gain to take care of variations in line 
attenuation due to weather. The incoming currents are then passed 
through the receiving gain pad (REC) which is similar to the trans­
mitting gain pad and is employed to adjust the level at the input to 
the demodulator to a specified value. After passing through this pad 
the incoming currents go to the varistor (DEM), which acts as a 
demodulator, the carrier supply being received from the oscillator cir­
cuit through the midpoints of the repeating coil (DEM IN) and the 
amplifier input transformer (v IN). The output from the demodulator 
is connected to a low-pass filter which suppresses the frequency above 
the voice range. The incoming voice frequencies are amplified by the 
receiving amplifier, which is similar in design to the transmitting 
amplifier. 

[ 6] 
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2.07 The receiving amplifier has a hybrid type output coil (v OUT) 

which provides means for taking off both the incoming signaling and 
voice currents. This hybrid coil is an inequality ratio coil which is so 
designed that the loss to the voice circuit is 7.5 db and to the signaling 
circuit 1.5 db. The voice-frequency output from the receiving ampli­
fier output coil passes through the reqeiving level pad (RL) which is 
generally similar to the transmitting gain pad, to the voice-frequency 
hybrid coil (HYB), and thence to the switchboard. The voice-frequency 
level at the hybrid line jacks is adjusted to the desired value by means 
of the receiving level pad. 

2.08 Carrier frequency supplied to the modulator and demodulator 
is derived from a vacuum tube oscillator employing a 328A Vacuum 
Tube. This oscillator is normally adjusted to produce 7150 cycles, the 
output being taken off across one winding of the oscillator coil 
( osc IN), one side of which is grounded. The oscillator circuit is so 
arranged that for signaling purposes the carrier frequency at the 
transmitting terminal may be increased or decreased 1,000 cycles for 
an east or a west terminal. This is accomplished by decreasing or 
increasing the capacitance of the condenser (K). 

2.09 The signaling circuit in the schematic shown in Figure 1 pro­
vides for ringdown operation of the circuit, either from switchboards 
utilizing 16% or 20-cycle ringing or from switchboards employing 
d-c. signaling. This current will be referred to as 20 cycle current. 
No provision is made for through supervision or .dialing. 

2.10 Signaling currents over the line are transmitted at a frequency 
of 6150 cycles for a west terminal or 8150 cycles for an east terminal . 
and interrupted at the rate of 20 cycles. The signaling current is 
started by a 20-cycle current entering the carrier terminal circuit on 
the "T" and "R" leads in a switchboard employing 20-cycle ringing, or 
by battery received over the "sG" lead in a switchboard employing 
d-c. signaling. 

2.11 The incoming high-frequency signaling current from the distant 
terminal appears at the output of the demodulator as 1000-cycle cur­
rent interrupted at a 20-cycle rate. It causes relays to operate to send 
20-cycle current out to the switchboard over the "T" and "R" leads, 
or battery over the "SG" lead, depending on the type of switchboard. 
The circuit is so adjusted that it will not function on a ring of less 
than about 4/ 10 of a second. This delay guards against false opera­
tion of the incoming signal circuit by speech currents or noise. 

2.12 In some cases it may be desired to extend the carrier system 
by a voice circuit and employ 1000-20 cycle ringing over the com­
bination circuit. In this case signaling arrangements for the carrier 
terminal at the junction point may be disabled by removing signal 
battery from the terminal. 
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2.13 The a-c. power supply for the Hl carrier terminal, shown 
schematically in Figure 2, is included as part of the carrier terminal 
panel. The power supply unit is designed to function from an alter­
nating current source of 100 to 130 volts, 50 to 60 cycles. The output 
of one winding of the power transformer is rectified by means of the 
274A Vacuum Tube to give a plate voltage of approximately 160 volts. 
A second winding on the secondary side of the transformer supplies 
24 volts a-c. for the filament circui~ of the tubes. A third winding pro­
vides 5 volts for the filament circuit of the rectifier tube. The fourth 
winding supplies alternating voltage which is rectified by the varistor 
and provides direct current at a minimum of 20 volts for the relay 
circuits. The line contacts and wiring of the })ower supply unit are 
completely enclosed in a metal housing, so arranged that it can not 
be removed without first disconnecting the primary power source, in 
order to prevent accidental contact with the high voltages developed. 

100-130V 
50-60~ 

2.74A ...------. 
(P) 

160 v. i4 ~: 
D. C. 

'-----+--+----+---+--...._FIL 
,.------+-JOOOOO ... ----"..__-~+p 

'--------'---SIG. 

Fig. 2-Schematic of Terminal Power Supply Circuit 

2.14 Optional connections are included in the terminal panel for 
connecting directly to office filament and plate battery supplies where 
these are available. The plate voltage required is then obtained from 
the office filament and plate batteries which in series supply about 154 
volts. 
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Line and Balancing Equipment 

2.15 The line filter and balancing equipment required for use with 
the Hl equipment is mounted on a panel suitable for mounting adja­
cent to the terminal equipment. A typical application of the various 
units of the line filter and balancing network panel is shown in Figure 
3. This illustration shows a phantom group equipped with an Hl sys­
tem on one side circuit only. The insertion of a carrier 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. Accordingly a line filter balance unit (LFB) 
is employed for this purpose. This network, which consists of a retard 
coil, is coded as the 156A Network. It is always included in the line 
filter and balancing panel assembly, although it is not required in non­
phantom circuits or where both sides of the phantom group are 
equipped with an Hl system. 

2.16 Lines employing voice-frequency repeaters require the addition 
of balancing networks when carrier equipment is added. For a voice 
repeater in the side circuit over which the Hl system is operated, a 
network called the line filter net (LFN) is required to balance the line 
filter. This network is paired at the factory with its associated line 
filter and the combination coded as the 86A Filter. In the case of a 
voice repeater used on a physical circuit equipped with a line filter 
balance unit, a resistance, designated LF BN is all that is required to 
balance the network. A single resistance termed the line filter phan­
tom net (PH LFN) is also all that is required to balance a voice 
repeater in a phantom circuit over one or both sides of which an Hl 
system is operating. The balancing equipment is included on the panel 
assembly. 

Repeaters 

2.17 A repeater is available for extending the transmission range 
of the Hl system. A schematic diagram of the repeater is shown in 
Figure 4. The amplifier tubes and circuits employed in the repeater 
are the same as those utilized for the high-frequency amplifier at the 
terminal. The repeater panel also includes directional filters, manually 
adjustable gain control pads, and an alternating current power supply 
unit. 

2.18 The repeater may be operated from 100-130 volts, 50-60 cycle 
alternating current or from central-office filament and plate battery 
supply. 

2.19 The power supply unit is similar to that shown in Figure 2 for 
use with the carrier terminal, except that 24-volt direct current supply 
is not required for relay operation, and therefore the varistor is 
omitted. Optional wiring for operation from filament and plate bat­
teries is included in the repeater panel assembly. 
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Fig. 3-Typical Line Filter and Voice Repeater Balancing Equipment 
Repeaters 

2.20 Two line filter and balancing panels of the type used with the 
carrier terminal equipment are required with each repeater. Each 
panel is equipped with two sets of jacks, although only the jacks desig­
nated CARR EQPT are normally employed for the repeater. The jacks 
associated with one panel are employed for the west side of the 
repeater and those associated with the second panel for the east side. 

[ 11] 



T
C

I Library https://w
w

w
.telephonecollectors.info/

>--' 
Nl 

......... 

(L PF 

LOW 
PASS 
FILT 

(W-E) 

,---r-,/\/\/''7---.!';...N:--htV'.,~~VV;;:;:::.i .... >-./v\:(Wi(·E~P=A/\O),/\l'-o.-(~1N W·E) 32 6A (OUT W·E) 
I J I xt:=:r< I + i;---. 

rt~~~R l(PIR 'N) 

_le) 

(OJ 

(r J 

120.A. 
BALLAST 

LAMP (A~tA 

l© 
(DIR EJI F~~RER 

(G 

(••b) 

NOTES: 
CD WHEN OFFICE BATTERY IS USED CONNECT 

TO -24 V 

(H PF) 

LINE 
EA>T 

·•·1 1 .. :0 ,r----------------===============-=-1 ... HH} ..... ~ l -------==~=~~~~----~===~~~~-~==~~~~--==~----- vo igUIPMENT ----------

(L PF) 

LOW 
PASS 
FILT 

Fig. 4-Schematic of Repeater 



TCI Library https://www.telephonecollectors.info/

Carrier Trans! er Equipment 

2.21 Where it is necessary to transfer the carrier circuit from one 
pair of wires to another or to by-pass voice-frequency equipment, such 
as a repeater, a carrier transfer circuit is used. No special equipment 
has been designed for this purpose since a complete carrier transfer 
circuit can be formed by utilizing two of the line filter and balancing 
panels described above. The high frequency drops of the line filters 
are connected together and the drops of the low-pass filters connected 
to the voice-frequency equipment. Longitudinal currents of carrier 
frequency are prevented from passing from one line to the other by 
the coils in the high-pass units of the line filters. 

3. POWER SUPPLY REQUIREMENTS 

Terminal 

3.01 The Hl carrier telephone terminal requires 24 volts d-c. or a-c. 
for the vacuum tube filaments and 24 volts d-c. for all but one of the 
relay circuits. 160 volts d-c. is required for the plates of the tubes and 
one relay. A power supply unit operating from an alternating cur­
rent source is included in the panel assembly and this unit takes care 
of the power requirements. However, the 20-28 volt and 125-135 volt 
office batteries can be used if desired, the sum of the two providing 
an effective plate voltage of about 154 volts. A source of either 16% 
or 20 cycle power of at least 70 volts is required for interrupting the 
outgoing high-frequency ringing currents. It is assumed that the 
16% cycle supply will be within the limits of 15.6 to 16.75, or the 20 
cycle supply within the limits of 18Ya to 20 cycles. However, the fre­
quency limits can be extended to about 14.5 to 23 cycles by changing 
a resistance in the receiving signaling circuit. 

3.02 The current drains for the various circuits are given in the 
following table: 

Current Drains for H1 Terminal 

24-volt Filament Circuit 0.850 ampere 
160-volt Plate Circuit 0.030 ampere 

24-volt Relay Circuit 0.250 ampere 
160-volt Relay Circuit 0.005 ampere 

The power supply unit provided with the equipment functions from 
an alternating current source of from 100 to 130 volts, 50 to 60 cycles 
and requires a power of 50 watts. 

Repeater 

3.03 The Hl carrier telephone repeater requires 24 volts d-c. or a-c. 
for the vacuum tube filaments and 160 volts for the pl~tes. As in the 
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case of the terminal equipment, the repeater panel includes a power 
supply unit for operation from 110 volt a-c. supply; or 20-28 volt and 
125-135 volt office batteries can be used if desired. 

Current Drains for Hl Repea.ter 

24-volt Filament Circuit 
160-volt Plate Circuit 

0.420 ampere 
0.015 ampere 

The power supply unit functions from an alternating current source 
of from 100 to 130 volts, 50 to 60 cycles and requires 35 watts of 
power. 

4. TRANSMISSION PERFORMANCE 

4.01 This section describes the transmission performance of the Hl 
carrier telephone system. The transmission range of the system is dis­
cussed and other pertinent data relative to the overall characteristics 
of the system are included. The description is illustrated by graphic 
data on the performance of the equipment and system. A brief dis­
cussion of crosstalk and noise is included. 

Transmitting and Receiving Gain 

4.02 A transmitting gain of about 19 db should be obtained in an Hl 
carrier terminal, measured between the hybrid line and carrier equip­
ment jacks with the (TR) pad set for zero db. The receiving gain, 
measured between the same points with all of the pads in the receiving 
circuit adjusted for zero db, is of the order of 14 db for an east termi­
nal and slightly higher for a west terminal. Although there will be 
slight variations in individual terminals due to manufacturing toler­
ances, the gains given above will be secured in all cases. The variation 
in these gains with tubes is slight, as is also the variation due to 
small changes in the voltage supply. Over long periods slight de­
creases in the transmitting and receiving gains may result because of 
aging of the varistors but these changes are not expected to be large. 

4.03 The maximum transmitting and receiving gains cannot be util­
ized at the same time since these gains are limited by the permissible 
loop gain which is defined as the sum of the net transmitting and 
receiving gains at any one terminal. The permissible loop gain has 
been established as 22 db for a west terminal and 20 db for an east 
terminal. If higher gains are employed the voice-frequency impedance 
of the carrier circuit may be adversely affected by currents circulating 
around the terminal itself. However, an increase of 2 db at each 
terminal will, in general, not be greatly objectionable. 
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4.04 Representative transmitting gain-frequency characteristics for 
an east and a west terminal are given in Figure 5. The receiving gain­
frequency characteristic is substantially the same for either terminal, 
and a representative curve is given in the same figure. The frequen­
cies shown are those of the voice band although the currents trans­
mitted to or received from the line are actually of high frequency. 
The curves show the gains at various frequencies relative to those at 
1000 cycles. 
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Operating Levels 

4.05 Figure 6 shows the levels at which the Hl terminal is designed 
to operate. All the levels in this figure are referred to that at the 
transmitting switchboard and are determined primarily by the load­
carrying capacities of the amplifiers, signaling requirements, and line 
noise considerations. 

4.06 The transmitting level at the (CARR EQPT) jacks should not 
exceed +16 db. The incoming high frequency level at the input to the 
demodulator (DEM) should preferably be -13 db. This level is ob­
tained by adjusting the receiving gain pad (REC). Since the loss 
between the demodulator and the (CARR EQPT) jacks, when the receiv­
ing gain and key controlled pads are adjusted to have zero loss, is 
about 1 db, it follows that the receiving level at the (CARR EQPT) jacks 
cannot be less than -12 db to obtain this condition. In general, the 
minimum level at this point should not be less than -15 db. 

4.07 Since the maximum receiving gain for the terminal is about 14 
db, the receiving level at the (HYB LINE) jacks will be about +2 db for 
an input level of -12 db at the (CARR EQPT) jacks or -13 db at the 
demodulator input with no loss in the receiving level pad. When the 
input level at the (CARR EQPT) jacks is -15 db, or -16 db at the 
demodulator, the receiving level at the (HYB LINE) jacks will be about 
-1 db with the receiving level pad adjusted for 0 db. The practica­
bility of obtaining these receiving levels depends, of course, upon the 
line loss and loop gain limitations. 

4.08 The receiving signaling circuit is taken off the receiving ampli­
fier output hybrid coil at a level ref erred to the switchboard about 6 
db higher than the level of the voice output from this coil, which is 
+5 db. Accordingly the level at the input to the signaling circuit is 
about +11 db with an incoming high frequency level of -13 db at the 
(DEM) input or +8 db for a (DEM) input of -16 db. These levels are 
adequate for proper functioning of the signaling circuit when the sig­
nal output power at the carrier equipment jacks at the distant termi­
nal is properly adjusted. If possible the higher level should be em­
ployed, as with the lower level the signaling margin is reduced 3 db. 

Transmitting Signaling Power 

4.09 The uninterrupted signaling power can be adjusted to a value 
of from 1 to 21 db above 1 milliwatt at the carrier equipment jacks 
when the terminal is adjusted for a transmitting gain of 16 db. The 
transmitting signaling power referred to 1 milliwatt is ordinarily 
adjusted to 2 db below the specified transmitting level. 

Carrier Supply 

4.10 The carrier frequency oscillator circuit utilized in the Hl termi­
nal can be adjusted by means of the condensers provided to within 
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±0.3 cycle of the nominal carrier frequency of 7150 cycles and to 
within ±4 cycles of the signaling frequency. These adjustments are 
made at the factory and no adjustment need be made at the time the 
system is installed. The frequencies at either terminal are not ex­
pected to change appreciably with different tubes nor to vary greatly 
for differences in filament or plate supply likely to be encountered. A 
maximum change of ±20 cycles is possible due to aging and the total 
variation should not be more than ±25 cycles even over long periods. 
If necessary, the carrier frequencies at the two terminals can be syn­
chronized at any time. 

Repeater 

4.11 The Hl repeater will provide a maximum gain of about 29 db 
in either direction of transmission for those frequencies equivalent to 
the 1000-cycle point in the voice frequency currents. The usable gain 
is, however, limited by the permissible loop gain (the sum of the net 
gains in each direction), which is 45 db. The total of the gains in the 
two directions must, therefore, be held to this value in order to meet 
singing margin requirements. Representative gain-frequency charac­
teristics for both directions of transmission are given in Figure 7 for 
a gain of 15 db in each direction, corresponding to a loop gain of 30 
db. As the loop gain is increased the transmission-frequency charac­
teristics may be expected to become somewhat less uniform. 

Transmission Range of System Without Intermediate Repeater 

4.12 The maximum length of line over which the Hl system can 
operate satisfactorily depends, of course, upon the type of line facili-
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ties involved. For this reason, it is more convenient to express the 
transmission range of the system in terms of the maximum attenua­
tion which can be spanned than in terms of geographical length. The 
maximum attenuation over which the system can be operated is based 
on that at 8150 cycles which corresponds to the 1000-cycle point in the 
east to west high frequency band. 

4.13 When an intermediate repeater is not employed, the transmis­
sion range of the system is limited by the permissible loop gains, 
noise, and the levels required at the input to the demodulator as ex­
plained in Section 4.06. As pointed out in Section 4.03, there is a dif­
ference of 2 db between the loop gain limitation for a west terminal 
and that for an east terminal. Since the line loss for the limiting 
length of line in the west to east direction is somewhat less than that 
in the opposite direction, due to the lower frequency employed, the dif­
ference of 2 db in the loop gain requirement for the two terminals is 
about cancelled by the difference in line attenuation. The transmission 
range of the system is limited therefore by the loop gain limitation 
for the west terminal. 

4.14 For 22 db of loop gain at a west terminal, and with a trans­
mitting gain of 16 db, the usable receiving gain is limited by the loop 
gain to 6 db so that the available 14 db of receiving gain must be 
reduced by 8 db. For the limiting length of line there will be no loss 
in the receiving gain pad (REC) and hence the entire 8 db must be 
introduced by the receiving level pad (RL). The maximum transmis­
sion range of the system for a transmitting gain of 16 db and a receiv­
ing level of - 13 db at the input to the demodulator ( -12 db at the 
carrier equipment jacks), is, accordingly, limited to facilities having 
a maximum 8150-cycle attenuation of 28 db; and the lowest circuit net 
loss for such a condition is 6 db. 

4.15 However, by accepting a somewhat decreased signaling margin 
· (or, where conditions permit, by increasing the outgoing signaling 
power as indicated in a later paragraph) the transmission range of 
the system can be extended slightly. As already explained, the signal­
ing margin should not be reduced more than 3 db corresponding to an 
input to the demodulator of -16 db ( - 15 db at the input to the 

. terminal). In this case the maximum 8150-cycle attenuation which 
may be spanned is extended to 31 db. However, because of loop gain 
limitations, the corresponding lowest circuit net loss is 9 db. In cases 
where the loop gain can be increased by 2 db, the lowest net loss can be 
reduced to 7 db. 

4.16 The following table gives the transmission range of the system 
when operated without an intermediate repeater and with a trans­
mitting level of +16 db, normal transmitting signaling power, and 
a loop gain of 22 db at the west terminal and 20 db at the east 
terminal. The table shows the maximum 8150-cycle attenuations 
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which can be spanned together with the corresponding lowest circuit 
net losses. The signaling power at the (SIG IN) transformer and the 
setting for the receiving level and west terminal receiving gain pads 
are also included in this table. The setting for the corresponding re­
ceiving gain pad at the east terminal is slightly different due to the 
difference in line attenuation for the two directions of transmission. 
All the values given are based on a terminal having a maximum 
receiving gain of 14 db and a usable gain, due to the loop gain re­
quirement, of 6 db. Inasmuch as the maximum receiving gain varies 
slightly for different terminals the figures given are approximate. 

TRANSMISSION RANGE OF SYSTEM WITHOUT INTERMEDIATE REPEATER 

Max. 8150-
Cycle At-

tenuation* 
31 db 
30 
29 
28 
27 
26 
25 

Lowest 
Circuit 

Net Loss 
9 db 
8 
7 
6 
5 
4 
3 

Signaling 
Power at 
(SIG IN) 

Trans! ormer 
+6 above 1 mw. 
+7 
+8 
+9 
+9 
+9 
+9 

Receiving 
Level Pad 

8 db 
8 
8 
8 
7 
6 
5 

West 
Terminal 
Receiving 
Gain Pad 

0 db 
0 
0 
0 
1 
2 
3 

*For 114-mil wire wet weather attenuation at 
8150 cycles is approximately 0.102 db per mile. 

4.17 Where circuit net losses greater than 9 db will be satisfactory, 
and if noise and crosstalk conditions will permit, the transmission 
range of the system can be extended somewhat by allowing the input 
level to drop below - 15 db at the carrier equipment jacks and in­
creasing the signaling power at the transmitting terminal. The in­
crease in signaling power available when the transmitting level is 
+16 db is about 10 db. 

4.18 When an Hl system is extended by another type of facility at 
either or both ends, it may be possible where good return losses are 
obtained on the extended facilities to use lower net circuit losses on 
the carrier system than are indicated in the preceding table. Where 
this is done, however, the maximum attenuation which can be spanned 
is, of course, reducer] accordingly. 

Efject of Repeaters on Transmission Range 

4.19 The use of one or more intermediate repeaters permits the 
distance over which an Hl system can be operated to be considerably 
increased and still obtain the circuit net losses referred to above. In 
general, the number of intermediate repeaters should not be greater 
than two or three. Also, as the circuit is lengthened the maintenance 
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will be increased since more frequent adjustments of the overall net 
loss are required to compensate for variations in line attenuation with 
weather. 

4.20 The maximum usable repeater gains are limited by the loop 
gain requirement which is 45 db and by the maximum allowable trans­
mitting output level of +16 db. With a repeater located approximately 
midway (from an attenuation standpoint) between terminals or mid­
way between a terminal and a repeater, the usable gains are thus 
about 23.5 db in the east to west direction (8150 cycles) and 21.5 db 
in the west to east direction ( 6150 cycles) . For such cases the addi­
tional 8150-cycle attenuation which may be spanned by each repeater 
is about 23.5 db. Where it is not possible to locate the repeater ap­
proximately midway in the line, this figure will, in general, be reduced 
due to the transmitting output level limitation. 

Overall System Transmission-Frequency Characteristics 

4.21 Since no equalization is provided in the terminal equipment, 
the transmission-frequency characteristics of the system without an 
intermediate repeater will depend largely on the terminal equipment 
and on the attenuation-frequency characteristic of the line over which 
the system is operated. In general, it should be possible, where re­
peaters are not employed, to obtain transmission bands having losses 
at 250 and 3000 cycles not greater than 10 db referred to the 1000-
cycle point. Some variation will occur due to manufacturing varia­
tions in the equipment, but such variations are expected to be small. 

4.22 Representative overall transmission-frequency characteristics 
of an Hl system operating over a 114-mil open-wire line 150 miles in 
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length with no intermediate or entrance cable and without an inter­
mediate repeater are given in Figure 8. 
This drawing shows the circuit adjusted for an overall circuit net 
loss of 9 db at 1000 cycles. The introduction of short lengths of cable 
unless loaded for carrier frequencies or equipped with impedance 
matching transformers at their ends will, as explained later, cause 
impedance irregularities with their resulting effects upon the trans­
mission-frequency characteristic. 

4.23 As with the terminal equipment, no equalization is provided 
with the repeater. Thus, when one or more repeaters are added, a 
narrowing of the overall transmission bands will result due to the 
attenuation characteristics of the additional line and the loss char­
acteristics of the filters included in the repeater or repeaters. How­
ever, these effects should not be serious if the number of repeaters 
is limited to two or three. Representative transmission-frequency 
characteristics of the system when operated over 450 miles of 114-mil 
open-wire line with two intermediate repeaters are given in Figure 9. 
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Fig. 9-Representative Overall Circuit Net Loss Characteristic-System 
with Two Repeaters 

Overall System Stability 

4.24 The principal variation in the overall 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 
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as 5 db. Additional smaller changes due to variation of temperature 
also occur. However, the two often partially neutralize each other 
as the temperature is likely to fall with wet weather. Since it is 
unlikely that the most unfavorable weather conditions will prevail 
over the entire line, the manual adjustments provided at each terminal 
and each repeater for compensating for changes in the line attenua­
tion should make it possible with the aid of transmission measure­
ments to maintain the circuit net loss to within the limits of ± 2 db. 

Load Capacity 

4.25 With the transmitting terminal properly adjusted, ordinary 
speech inputs should not result in appreciable overloading at the out­
put of the terminal or repeater when operating at output levels of 
+ 16 db. The equipment is so designed at the receiving end of the 
circuit that overloading will not occur with a receiving level of +2 
db at the hybrid line jacks when the system is properly lined up and 
adjusted. Receiving levels up to +5 db can be employed but in such 
cases some distortion may occur. This, however, is not expected to be 
serious. 

Crosstalk and Noise 

4.26 With the system properly lined up, the crosstalk between the 
carrier circuit and the voice-frequency circuit on which the carrier 
is superimposed is such that the noise resulting from crosstalk at the 
voice drop of either circuit should not be important. 

4.27 The only appreciable source of noise contributed by the ap­
paratus is that resulting from incomplete suppression of the carrier 
frequency in the receiving circuit at each terminal. This appears as 
a single frequency of 7150 cycles at the voice frequency drop but is so 
small that it will not materially affect the performance of the system. 
Any extraneous hum resulting from operating the terminals from 
a-c. power is negligible. Since the system has been designed to oper­
ate at levels which should be sufficient to keep it above the line noise 
likely to be encountered, trouble should not be experienced from this 
standpoint. 

5. CHARACTERISTICS OF OPEN-WIRE LINES AND CABLES 

5.01 In order to determine the proper layout for an Hl carrier 
system, an understanding of the more important transmission char­
acteristics of the open wire and cables over which it has been designed 
to operate is necessary. These properties are important inasmuch as 
they determine, to a considerable extent, the length of circuit over 
which the system will operate. In the following section the attenua-
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tion and impedance of open-wire lines and cables over the frequency 
range employed by the Hl system are discussed briefly. Reflection 
effects resulting from impedance mismatch are considered and the 
section is concluded with a brief discussion of loading and other de­
vices which can be employed for minimizing these effects. 

Attenuation 

5.02 The losses offered to currents of carrier frequencies by open­
wire lines are considerably greater than those for voice-frequency 
currents, since the attenuation of the lines rises fairly rapidly with 
frequency. Figure 10 gives the variation of attenuation with fre­
quency for four commonly employed gauges of open-wire side circuits. 
These curves are for 12-inch spaced, non-pole-pair, copper wires 
equipped with the type of insulators ordinarily employed for long dis­
tance circuits. They are for dry weather at a temperature of 58 de­
grees Fahrenheit. Because of the increase in leakage resulting from 
wet weather, the attenuation at such times is increased. Curves for 
the wet weather condition are given in Figure 11 for the same four 
wire gauges. These latter curves give about the maximum attenuation 
likely to be expected and are the figures generally used in engineering 
a system. 

5.03 The attenuation of pole pairs is slightly less than that for 
non-pole-pairs. The differences are so small, however, that they may 
be neglected and Figure 11 can be used for determining approximately 
their maximum attenuation. 

5.04 Phantom circuits are not ordinarily employed for carrier opera­
tion because their impedance is different from that of side circuits 
for which the carrier equipment is designed, they have higher cross­
talk coupling, and the difficulty of maintaining good balance on them 
increases the noise. Also, there may be no other phantom circuit 
available to which the carrier system can be transferred in case of 
line trouble. However, in some cases it would be possible with special 
arrangements to operate the Hl system over a phantom circuit The 
attenuation of open-wire phantom circuits in the carrier frequency 
range is only slightly less than that for side circuits. Accordingly, 
the curves given in Figures 10 and 11 can be considered as applying 
approximately to phantom circuits. 

5.05 The carrier-frequency attenuation of cable circuits is much 
greater per unit length than that for open wire lines. Hence the losses 
introduced by the cables often employed at entrance and intermediate 
points are of considerable importance. Figure 12 shows the variation 
of attenuation with frequency measured between characteristic im­
pedance terminations for the several gauges of non-loaded cables likely 
to be encountered. These curves apply only when reflection losses (dis­
cussed in section 5.09) are not involved. 
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Characteristic Impedance 

5.06 The characteristic impedance of open-wire lines and cables is 
also of interest as it is desirable to avoid circuit irregularities and to 
match the impedance of the line to that of the carrier equipment 
which, for the Hl system, is about 660 ohms. In the frequency range 
employed by the Hl system, about 4000 to 10,000 cycles, the char­
acteristic impedance of open-wire lines is very nearly a pure re­
sistance of approximately constant value. It is substantially inde­
pendent of weather conditions and is somewhat higher for pole pairs 
than for non-pole pairs. The characteristic impedance of open-wire 
non-pole pairs composed of any gauge likely to be encountered in 
practice is given in Figure 13. 

5.07 The characteristic impedance of non-loaded cable circuits is 
much lower than that of open-wire lines. Over the frequency range 
employed by the Hl system it is not so constant as the open-wire 
impedance and, in addition, it has a much larger reactive component. 
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The characteristic impedance of non-loaded cable circuits is given in 
Figure 14. By the use of loading, the side-circuit impedance of these 
cable circuits can be raised to about 650 ohms so that it very nearly 
matches that of the open-wire lines and the carrier equipment. 

5.08 For phantom circuits the characteristic impedance of both open­
wire lines and cables is somewhat less than that of side circuits, al­
though the impedance curves are in general similar in shape. 
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Reflection Effects 

5.09 Due to the large differences in the impedance of open-wire and 
non-loaded cable pairs the intr.oduction of cable into open-wire cir­
cuits utilized for carrier transmission will result in reflections at the 
junction points unless suitable arrangements are employed to match 
the impedances. Since the carrier equipment is designed to match 
the open-wire side-circuit impedance, reflections will also occur be­
tween the carrier equipment and non-loaded entrance cable and be­
tween the carrier equipment and open-wire phantom circuits unless 
impedance matching arrangements are provided. Among other effects, 
these reflections produce irregularities in the attenuation-frequency 
characteristic and cause reflection losses which raise the total inser­
tion loss due to the cable. Also they tend to increase crosstalk when 
more than one carrier system is operated over the same line. 

5.10 The total loss, including the cable loss plus the reflection losses 
at each end, introduced by inserting given short lengths of non-loaded, 
13-gauge cable pair between two 600-ohm resistances is shown in 
Figure 15. The curves may also be considered as representative for 
16- and 19-gauge cable pairs. Inserting the cable pair between im­
pedances of values slightly different from 600 ohms would not change 
the losses materially. Accordingly, the curves represent the approxi­
mate losses which would occur when a single length of non-loaded 
cable pair of 13, 16 or 19 gauge is inserbd in an open-wire side 
circuit. 

Cable Loading 

5.11 The undesirable effects of intermediate and entrance cables can 
be minimized by the use of suitable loading. Loading not only raises 
the impedance. of the cable to approximately that of the open-wire line 
so that impedance-matching devices are not required, but also reduces 
the attenuation at both voice and carrier frequencies so that its use 
is of considerable advantage. Several loading systems have been de­
veloped for use on cables through which carrier systems are operated. 
One of these, designated BH-15-15 loading, is a phantom group load­
ing system using carrier loading coils in the side circuits at 3000-foot 
intervals in 0.062 mf. per mile cables to provide for satisfactory trans­
mission up to about 11,000 cycles. Associated with this side circuit 
loading, is a phantom circuit voice-frequency loading, using coils at 
6000-foot intervals. The loading apparatus and potting arrangements 
are sufficiently flexible so that when desired the cable side circuits 
may be loaded without loading the phantom. The attenuation of cable 
circuits equipped with this type of loading is shown in Figure 16, 
and it may be seen that a substantial reduction in the attenuation at 
carrier frequencies is obtained by this means. However, this loading 
system does not transmit frequencies above about 11,000 cycles so 
that it is not suitable for use with carrier systems employing frequen-
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cies above this value. Similarly voice-frequency loading, which cuts 
off frequencies above the voice range, is not satisfactory for use with 
the Hl carrier system. 
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Impedance-Matching Transformers 

5.12 In cases where substantial transmission margins exist on the 
voice-frequency circuit it is sometimes practicable to use impedance­
matching transformer networks at the cable terminals as a substitute 
for carrier loading. At the present stage of development this so-called 
transformer treatment is much less satisfactory in the voice-frequency 
range than in the carrier-frequency range, and where grounded com­
posite telegraph operation is required serious restrictions may be im­
posed. Certain inherent limitations in simple transformer treatments 
result from the fact that the ratio of the non-loaded cable impedance 
to that of the open-wire impedance varies widely over the transmitted 
frequency band and the impedance ratio that is optimum at carrier 
frequencies is distinctly disadvantageous in the voice-frequency range. 
An additional complication, which is most important when the use of 
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voice-frequency telephone repeaters with high gains is involved, re­
sults from the fact that the difference between the ratios of the re­
active and resistance components of the cable characteristic im­
pedance, and the corresponding ratios of open wire reactance to 
resistance are much greater at low voice frequencies than at the upper 
voice and the carrier frequencies. Thus, at present, the choice of the 
most suitable transformer arrangement for the complete transmis­
sion band involves different compromises for different sets of condi­
tions and service requirements. 

OPEN WIRE 
LINE 

-o C RESISTANCE 
11.6 OHMS 

CABLE 

-DC RESISTANCE 
11. 6 OHMS 

15A AUTO-TRANSFORMER 

DC RESISTANCE­
S. 5 OHMS 

OPEN WIRE 
LINE 

DC RESIST ANGE 
5. 5 OHMS 

CABLE 

120C REPEATING COIL 

NOTE: TERMINALS 4 AND 7 OF l!\A AUTO-TRANSFORMER ARE LEfT 
UNCONNECTED. 

Fig. 17-15A Auto-Transformer, and the 120C Repeating Coil Connected 
as an Auto-Transformer 

5.13 Auto-transformers with condensers located at the electrical cen­
ter of their bridged windings rather than repeating coils are preferred 
for impedance modification since they permit through d-c. testing, 
facilitate the use of superimposed grounded d-c. telegraph circuits, 
and do not in general impair 20-cycle or 135-cycle signaling. Where 
there is a substantial margin in the carrier transmission band and 
little, if any, margin in the voice-frequency band, it is preferable to 
use auto-transformers having a low impedance ratio. The Western 
Electric 15A Auto-Transformer having an impedance ratio of 2.1;; :1 
connected as shown in Figure 17 is a good choice under these condi­
tions. On the other hand, if there is a transmission margin in the 
voice-frequericy circuit, higher ratio impedance transformation may 
be desirable to improve the carrier circuit transmission. The Western 
Electric unit ratio 120C Repeating Coil connected as a 4 :1 auto­
transformer as illustrated in Figure 25 may be used advantageously 
under these conditions. It should be noted in this connection, how­
ever, that if auto-transformers which inf'.rease the impedance mis-
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match at voice frequencies are used on voice-frequency repeatered 
circuits, the return losses may be appreciably impaired. The 15A 
Auto-transformer introduces approximatdy 11.6 ohms d-c. series re­
sistance into each wire while the 120C repeating coil introduces ap­
proximately 5.5 ohms d-c. series resistance into each wire. 

5.14 When a grounded d-c. telegraph circuit is operated on the line 
through composite sets, two balanced condensers connected in series, 
with their common connection grounded, are inserted at the mid­
point of the auto-transformer. This arrangement is employed to re­
duce telegraph cross-fire. At the same time, however, the added 
capacitance to ground increases the distortion of the telegraph signals. 
Since telegraph distortion and cross-fire effects are cumulative, the 
capacitance to be employed at any single auto-transformer depends 
upon the number of auto-transformers used in the circuit between 
telegraph terminals. Furthermore, the restrictions placed upon the 
midpoint condensers by telegraph requirements may result in objec­
tionable impairments in telephone transmission, particularly in the 
low voice range. In general, two 2-mf. condensers should be a satis­
factory compromise when the 15A Auto-Transformer or the 120C 
Repeating Coil connected as an auto-transformer are employed. Cir­
cumstances may, however, require other values of capacitance. 

5.15 At the office end of entrance cables when the auto-transformer 
can be located on the drop side of the telegraph composite set, or 
where simplex telegraph is employed, a single 1- or 2-mf. condenser 
at the electrical center of the ccil should be satisfactory with the 15A 
Auto-Transformer or 120C Coil connected as an auto-i;ransformer. 
If 135 cycle signaling is used, the 120C repeating coil should not be 
employed as an auto-transformer. The condensers in this case do not 
affect telegraph transmission and are chosen solely from the telephone 
transmission and signaling standpoints. 

5.16 The auto-transformers mentioned above are designed for office 
mounting. Accordingly, where these coils are used in outside locations 
weatherproof mounting arrangements should be provided. Also, ap­
propriate electrical protection should be installed. Where impedance­
matching transformers are employed on one side circuit of a phantom 
group, it is necessary to connect similar coils into the opposite side 
circuit to preserve the longitudinal balance in the phantom circuit. 

Way Station Bridging Filter 

5.17 If telephone sets at way stations are bridged directly across a 
line over which the carrier system is operating, such as a dispatching 
circuit, there will be interference to the carrier system from talking at 
the way stations, and interference at the way stations from talking 
on the carrier system. There are a number of types of telephone sets 
now in use at bridged intermediate way stations on lines over which 
it may be desired to operate carrier systems. The commonest of these 
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is the 501-type subscriber set. A filter, coded the 87 A, has been de­
veloped for use with the 501-type set and the 1317 BU Telephone Set 
and will effectually suppress mutual interference between the carrier 
and voice circuits due to the way-station sets. This filter is not suitable 
for use with other types of subscriber sets having lower impedance, 
but a filter of new design for use with such sets will soon be available. 

5.18 The 87 A Filter consists of two different filter units mounted to­
gether. One of these is connected into the circuit when listening only 
and the other is introduced when the transmitter switch is operated. 
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Fig. 18-501-Type Subscriber Set Equipped with 87A Filter 

Separate filters are employed because of the differences in the im­
pedance of the telephone set under the monitoring and talking condi­
tions. The circuit of the 87 A Filter as applied to the 501-Type Sub­
scriber Set is shown in Figure 18. 

5.19 The 87 A Filter introduces a loss between the carrier and voice 
circuits of some 30 db, which is sufficient to reduce any mutual inter­
ference to a tolerable value. The effect on the through voice and car­
rier circuits is small. The bridging loss to the voice circuit of a 
501-type set equipped with this filter is 0.15 db or less with the re­
ceiver on the hook or in the monitoring condition; its effect on the 
carrier circuit is less than 0.05 db except for the talking condition, 
when the loss is of the order of 0.25 db. If the way station is some 
distance from the through line, the bridging effect of the connecting 
open wire or cable must, of course, be taken into account. The loss 
to listening at the way station due to addition of the 87 A Filter is 
about 2 db. The bridging losses to both the voice circuit when the way 
station telephone set is not in use and to the carrier circuit under all 
conditions of the telephone set are shown in Figure 19. 
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6. APPLICATION TO SPECIFIC CASES 

6.01 This section discusses the various factors to be considered in 
determining the arrangements to be employed for any specific case. 
These factors include the overall attenuation of the circuit at carrier 
frequencies, the effect of the carrier system on existing voice and 
telegraph facilities, crosstalk and noise signaling and power require­
ments. 

6.02 It is first necessary to have complete information regarding the 
line over which the carrier system is to be operated, the various facili­
ties operated over the line, and other pertinent information. The fol­
lowing list summarizes the information required. 

1. Length of open wire line between the proposed carrier ter­
minals together with the size and kind of wire, pin positions, 
and phantom grouping of circuit over which carrier system is 
to be operated. 

2. Length, make-up and location of all intermediate and entrance 
cables together with loading information if these cables are 
loaded. Also, length and type of all drop wire. 
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3. Complete information regarding all voice-frequency facilities 
operated over the circuit or phantom group on which it is 
proposed to superimpose the carrier system, including-

a. Type and location of any simplex or phantom coils or 
insulating transformers. 

b. Type of signaling employed together with information 
as to type of equipment if selective signaling is used. 

c. Location of any voice-frequency repeaters. 

d. Number, type and location of intermediate way-sta­
tion telephone sets and information as to whether 
these sets are connected directly to the line or looped 
on through open wire, cable or drop wire. 

4. Complete information regarding telegraph circuits operated 
over the circuit proposed for the carrier system, including a 
statement as to whether such telegraph circuits utilize simplex 
or composite arrangements. 

5. Complete information regarding any other carrier system, 
either telephone or telegraph, now operating or contemplated 
for future operation over any part of line. 

6. Transposition layout. 

7. Data regarding any severe exposures to power systems, in­
cluding power-line data, length of exposure and separation. 

Attenuation of Line 

6.03 In order to determine whether the Hl system has sufficient gain 
to permit operation over any specific line the attenuation of the line 
should be computed at the frequencies of 6150 and 8150 cycles, which 
correspond to the 1000-cycle points in the two voice frequency bands. 
The computations should include the effect of all equipment associated 
with the line such as simplex or phantom coils together with any addi­
tional equipment required for the carrier circuit including impedance­
matching devices, bridged way stations, and carrier transfer equip­
ment. 

6.04 In making such computations the curves given in Figures 10-12 
can be employed for the open-wire and cable circuits. The loss for 
each section of open-wire line and each section of entrance or inter­
mediate cable should be figured separately. For open-wire lines the 
data given in the curves on Figure 11, which are for the wet weather 
condition, should be employed as it is desirable to make the computa­
tions for the worst attenuation condition to be expected. 
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6.05 For non~loaded entrance and intermediate cables less than about 
0.5 or 0.75 miles in length, for which no special treatment is required, 
the curves of Figure 15 should be used, since these curves include the 
reflection losses at the junctions between the sections of non-loaded 
cable and open-wire line or carrier equipment. Where short lengths of 
open wire up to several miles occur between sections of cable, the open 
wire may be neglected and the combination considered as a single 
cable having an equivalent length equal to the sum of the cable lengths. 
If telephone repeaters are required to operate with large gains in the 
voice-frequency channel, or if the existence of more than one H-1 
system on the same lead makes it necessary to meet severe reflection 
crosstalk requirements, no:q..J.oaded cables shorter than 0.5 mile may 
require impedance modifica~ion to reduce reflection effects. 

6.06 For cables longer than 0.5 or 0.75 miles it will ,usually be de­
sirable to load the cables or employ impedance matching devices at 
each end of the circuit. When BH-15-15 loading is employed the losses 
due to the cable can be determined from Figure 16. Where impedance­
matching transformers are used, the curves of Figure 12 should be 
employed to determine the attenuation of the cable circuit. These 
curves give fairly accurate results when 120C Coils connected as auto­
transformers are employed, since these coils reduce the impedance 
looking into the open-wire line or carrier equipment to about that of 
the cables. An additional loss of 0.3 db caused by the coil itself should 
be added, however, for each coil employed. Where 15A Auto-Trans­
formers, which have an impedance of 2.15 to 1, are to be used, the 
impedance looking into the cables will be about 300 ohms instead of the 
desired 150 ohms. Hence some reflection will still occur. For such 
cases the data of Figure 12 will afford a first approximation. A loss 
of 1 db should be added for each 15A Auto-Transformer included in 
the circuit. 

6.07 Where rubber-covered wire or cable is employed to loop the 
circuits into intermediate offices, its effect upon the attenuation can 
usually be ignored if the total length of such cables is less than a few 
hundred feet. Where the total length of such cables is more than this 
the attenuation of these cables should be included in determining the 
overall attenuation of the line. In general, the carrier-frequency at­
tenuation of these cables is comparable to that for 19-gauge cable, the 
attenuation for which is given in Figure 12. The characteristic im­
pedance of tlds type of cable is of the order of 100 to 150 ohms. 

6.08 As explained in Sections 5 and 19 there is a loss presented to 
the carrier currents by the bridging filters required at each way­
station telephone set and, accordingly, these losses should be included 
in determining the overall attenuation. For a bridged telephone set 
of the 501-type equipped with an 87 A Filter, the loss forr various fre­
quencies in the carrier range is given in Figure 19. In general, the 

[ 36] 



TCI Library https://www.telephonecollectors.info/

curve for the open or on-hook condition should be employed since this 
is the most usual connection of the telephone set. 

6.09 Wherever voice-frequency equipment, such as repeaters, etc., is 
included in the circuit, carrier transfer sets must be added to pass the 
carrier frequencies around such equipment. Each carrier transfer set 
will introduce a loss of about 0.4 db over the carrier frequency range 
and these losses should be included in determining the overall line loss. 

6.10 When simplex or phantom repeating coils are present at inter­
mediate points along the line the losses introduced by such coils must 
be considered. Where it is not necessary to pass low-frequency signal­
ing currents through the coil the 94E Repeating Coil is often used. 
This coil introduces a loss of from about 1 to 1.5 db to the carrier 
currents. If this loss cannot be tolerated the coil can be replaced with 
the 120C Repeating Coil. This coil has slightly less loss than the 94E 
Coil to the voice frequencies and reduces the carrier-frequency loss 
to about 0.3 db. 

6.11 Where it is required to pass 20-cycle signaling currents but not 
the very low frequencies employed for selective signaling (31/2 to 4 
cycles) coils such as the 46A, 67C, 75A, 76A and 77A Repeating Coils, 
are cbmmonly employed. These coils transmit voice-frequency cur­
rents satisfactorily but are not very efficient at carrier frequencies 
and will introduce a loss of some 1 to 1.5 db per repeating coil to 
frequencies in the Hl range. This loss can be reduced somewhat by 
paralleling such coils with the 120C Repeating Coil and connecting a 
2-mf. condenser at the midpoint of each winding of the 120C coil, 
using an arrangement similar to that illustrated in Figure 20 below. 
The combination of two coils connected in parallel in this manner will 
not materially affect the loss at voice frequencies but will reduce the 
loss at carrier frequencies to about 0.5 db. 

6.12 Where selective signaling . which requires the transmission of 
very low frequencies is used, special repeating coils to pass the very 
low frequencies are employed for simplex or phantom coils. The more 
usual coils of this type are the 70A Repeating Coil and the 341A Trans­
former. These coils have a high loss to carrier frequencies. Accord­
ingly, when an Hl system is to be operated over a line in which coils 
of this type are present, it will be necessary to parallel each coil with 
a repeating coil which can pass the carrier frequencies. Various types 
of repeating coils, such as those referred to in the preceding discussion, 
with 2-mf. condensers at the mid-points of their windings can be em­
ployed in parallel with the 70A Repeating Coil or the 341A Trans­
former. However, it is desirable to employ the 120C Repeating Coil 
with 2-mf. condensers for this purpose . . With such a combination the 
voice frequency loss is low and that at carrier frequencies is in the 
order of 1 to 2 db. The arrangement employing the 341A Transformer 
and 120C Repeating Coil in parallel is shown in Figure 20. -
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341A TRANS. 

LINE LINE 

TELEGRAPH TELEGRAPH 

120C REP. COIL 

Fig. 20-341A Transformer with 120C Repeating Coil for Passing Voice 
and Carrier Frequencies 

6.13 Where open-wire telephone lines are in close proximity to high­
voltage power lines, protective arrangements which include insulating 
transformers, are usually employed on the telephone lines to isolate 
possible high potentials from equipment or other parts of the line not 
subject to these potentials. The Western Electric 5DA Repeating Coil 
is often used for this purpose. This coil, while affording reasonably 
good transmission for voice frequencies, introduces considerable loss to 
carrier currents. Furthermore, the loss is not uniform over the carrier 
frequency band. A carrier system cannot therefore, be operated satis­
factorily through the coil. 

6.14 Where standard protective arrangements are employed on the 
line side of the 50A coil which limit the possible voltage at the trans­
former, condensers can be bridged around the coil to make good the 
carrier path. Either 0.1 or 0.2 mf. condensers having a dielectric 
capable of withstanding the highest voltage the protective arrange­
ments will pass should be employed. Two condensers are required; 
one of these should be connected from the tip wire on the line side of 
the transformer to the ring wire on the drop side and the other should 
be connected from the ring wire on the line side of the transformer 
to the tip wire on the drop side. With this arrangement the attenuation 
in the frequency range of the Hl system is reduced to the order of 
from 0.2 to 0.3 db. Care should be taken, however, that the addition 
of such condensers does not upset the balance of any voice-frequency 
repeater associated with the circuit. Since other types of insulating 
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transformers usually have similar characteristics to the 50A Repeating 
Coil, a similar arrangement of bridging condensers should be employed 
when it is desired to transmit carrier frequencies through them. 

6.15 Another form of protection sometimes used on exposed tele­
phone lines consists of drainage coils connected at various points along 
the line to reduce the voltage to ground on the wires caused by induc­
tion. Standard distribution transformers are usually employed for 
this purpose, the high side of the transformer being connected across 
the telephone line and the midpoint grounded. The secondary winding 
is left open. Since, under this condition, the impedance of distribution 
transformers at carrier frequencies is comparatively high, their use 
has in general little effect on carrier-frequency transmission so that 
such drainage coils may be neglected in determining the attenuation 
of the line. 

6.16 If the total 8150-cycle attenuation is equal to or less than the 
maximum 8150 cycle attenuation for the circuit net loss required, 
as given in the table in section 4.16, the Hl system without intermedi­
ate repeaters is probably suitable for application to the particular 
line in question. For greater attenuations the use of one or more 
repeaters is indicated. 

6.17 Where computations indicate that the attenuation is close to 
the limit and the use of additional repeaters is questionable, it will 
generally be desirable to measure the attenuation of the line at car­
rier frequencies. Such measurements should include any impedance­
matching devices to be employed and the effect of other additional 
equipment required for the carrier circuit should be added to the 
measured attenuation to determine the overall high-frequency loss. 
If desirable the line may be split up into several sections to facilitate 
measurements. 

Effect on Voice-Frequency Telephone Circuits 

6.18 The effect of the carrier equipment on the voice-frequency cir­
cuit on which it is to be superimposed should be carefully considered. 
The principal effects are the additional loss introduced in the voice 
circuit and the reduction in return losses caused by the carrier equip­
ment. Also, where repeatered voice circuits are involved additional 
equipment is necessary in the repeater networks to balance each line 
filter and line filter balance unit required. As already noted, equipment 
for this purpose is included with the carrier equipment. 

6.19 Losses are introduced into the voice circuit by the line filters, line 
filter balance units, carrier transfer sets, impedance-matching trans­
formers, and bridging filters in way station telephone sets. When 
carrier loading is applied to intermediate or entrance cables, trans­
mission in the voice circuit will, on the other hand, be improved. 
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6.20 Each line filter or balance unit will introduce a loss of about 
0.2 db into the voice-frequency side circuit with which it is asso­
ciated. The loss to the phantom circuit is about 0.15 db for each point 
at which this equipment is inserted. Wherever carrier transfer equip­
ment is required a loss of 0.4 db will be introduced into the voice­
frequency circuit and 0.3 db in the phantom circuit since two line 
filters are employed to form a carrier transfer circuit. Except at the 
very low frequencies practically no additional losses will be introduced 
in the voice circuit where 15A Auto-Transformers are inserted for 
impedance-matching purposes, since the losses in the transformers 
themselves are about offset by the improvement obtained from their 
use. The addition of each 120C Repeating Coil connected as an auto­
transformer, however, increases the loss to the voice-frequency circuit 
somewhat due to the impedance mismatch at voice frequencies. The 
losses to the voice circuit caused by way station bridging filters are 
given in Figure 19. 

6.21 Where the voice-frequency circuit is equipped with repeaters 
and return loss conditions permit, the additional losses introduced into 
the voice-frequency circuit may be taken care of by readjusting the 
voice repeater gains. In extreme cases, particularly where a con­
siderable nLtmber of filters are to be added, it may be necessary to 
resort to other means of improving the transmission of the voice­
frequency circuit, such as loading of incidental cables or the addition 
of a voice-frequency repeater. Any loading employed should, of 
course, pass carrier as well as voice frequencies. 

6.22 Where line filters and carrier transfer circuits are employed 
on circuits having intermediate way stations, care must be taken 
that the low-pass filters of the line filter sets are properly terminated 
at all times in order to avoid reflections back through the low-pass 
filters. When such low-pass filters are not normally terminated by 
voice-frequency equipment a resistance of 690 ohms should be con­
nected to the drop terminals of the filters. Accordingly, when the drop 
of a low-pass filter is connected to a telephone set or other apparatus 
which is open-circuited or of high impedance except when in use, 
arrangements should be provided to connect automatically a terminat­
ing resistance to the filter when the connected apparatus is in the open 
circuit or high impedance condition. Care should be taken, however, 
that the ringer is not disconnected when such an arrangement is 
utilized. 

Effect on T elegraph Circuits 

6.23 The carrier system has little effect on either composited or 
simplex telegraph circuits operated over the same line wires except 
that, when composited telegraph is employed, the distortion of the 
telegraph signals may be increased due to the addition of auto-trans­
formers with midpoint condensers. If necessary, to avoid the use of 
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telegraph composite sets at points where carrier transfer equipment 
is employed, either simplex or composited telegraph circuits may be 
carried through the low-pass units of the line filters which form the 
carrier transfer sets. In such cases, however, where composited tele­
graph circuits are involved, the noise on the voice-frequency circuit 
will be increased somewhat due to modulation of the carrier currents 
by the coils in the filter units through which the telegraph signals pass. 
This effect is not expected to be serious, but the arrangement is not 
recommended. 

Crosstalk and Noise 

6.24 Where only one carrier system is to be operated over the line 
no crosstalk problem will be introduced. Crosstalk resulting from the 
operation of more than one system on the same line will depend upon 
the types of systems involved, the relative energy levels, reflection 
effects and the transposition layout. For cases involving more than 
one carrier system on the line the transposition layout should be 
studied and tests made if possible to determine whether crosstalk diffi­
culties are likely to be encountered and whether carrier transpositions 
are needed. 

6.25 With the Hl carrier system properly adjusted, the operating 
levels should hold it above the line noise normally present in open 
wire lines. Any severe exposures to high voltage power lines should, 
however, be considered, and high frequency noise measurements 
should be made if possible. 

Signaling at Terminal Offices 

6.26 The signaling arrangements employed at the terminal offices 
should be investigated to determine that they will function satisfac­
torily in conjunction with the Hl system. As already pointed out, ring­
down operation can be provided with switchboards equipped with 
nominal 16% or 20 cycle or d-c. signaling arrangements. For interrupt­
ing the outgoing high-frequency ringing currents a source of from 
15.6 to 16.75 or from 18Ys to 20 cycles is required at each terminal. 
These frequency limits can be extended to cover frequencies from 
about 14.5 to 23 cycles by changing the value of the (W) resistance 
of the terminal circuit to 200 ohms. This broadens the tuning of the 
signaling receiving circuit so that it becomes more susceptible to false 
operation from speech and noise currents, but it is expected that 
ordinarily no difficulty will be experienced if this resistance is not 
greater than 200 ohms. 

Selector Sets 

6.27 In addition to the interference to the carrier system produced by 
talking from bridged telephone sets, another type of interference will 
occur when the carrier system is superimposed on a dispatcher's cir-
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cuit equipped for selective signaling with selector sets having an audi­
ble answerback feature. In selector sets of this type, such as the West­
ern Electric 160C Selector Set, the audible answerback is produced by 
rapidly interrupting a d-c. circuit. Carrier as well as audible fre­
quencies are generated in such an arrangement and the carrier fre­
quencies if not suppressed will produce noise in the carrier system. 

6.28 This difficulty can be minimized by modifying the selector sets. 
The several Western Electric 160-type selector sets can be modified to 
include resistances and condensers to reduce sparking and cut down the 
high frequencies impressed on the line. These modifications will reduce 
the answerback interference to the carrier system by about 45 db 
which is sufficient to reduce it to a level of relative unimportance. The 
modification for the 160C and 160R Selector Sets is illustrated in Fig­
ure 21 which shows the wiring arrangements and the values of the 
additional resistances and condensers to be employed. 

-NOTE-
HEAVY LINES INDICATE ADDED 
APPARATUS AND WIRING TO 
REDUCE HIGH-FREQUENCY 
COMPONENTS OF ANSWERBACK 

TO LINE 

0 .02 
MF 

0.5 MF 

0.02 MF 

Fig. 21-160C or 160R Selector Set Modified for Use with Carrier 
Telephone Systems 

6.29 Specific information for the modification of the various selector 
sets is shown on the following drawings which may be obtained from 
the distributor : 

ES-612360-Modification of 160AC, 160AR, 160BC and 160BR 
Selector Sets for Use with Type H Carrier Telephone. 

ES-612361-Modification of 160A and 160B Selector Sets for Use 
with Type H Carrier Telephone. 

ES-612362-Modification of 160C and 160R Selector Sets for Use 
with Type H Carrier Telephone. 
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7. INSTALLATION 

7.01 The component units of the Hl Carrier Telephone Equipment 
are assembled, wired, and tested in the shop, and the installation of 
the equipment is, therefore, comparatively simple and should be per­
formed without difficulty by an installer who has had an average 
amount of experience with communication equipment. 

7.02 The Hl carrier telephone terminal is shipped to the field wired 
for operation from 60-cycle 115-volt a-c. supply, and is arranged to 
work with a 20-cycle signaling switchboard and to receive ringdown 
signals from a distant terminal arranged for 20-cycle ringing. The 
transmitting pads are strapped to provide a transmitting gain of 16 
db between the (HYB LINE) and (CARR EQPT) jacks. The (RLA) and 
(RLB) pads are strapped at the factory for 6 db loss and the (REC) 

pad is strapped to provide a net receiving gain of 4 db between the 
(CARR EQPT) jacks and the (HYB LINE) jacks. The Hl carrier re­
peater is shipped to the field wired for operation from 60-cycle 115-
volt a-c. supply. The pads are strapped to provide approximately 27 
db gain in each direction of transmission. Optional wiring is provided 
in both the terminal and repeater for various local conditions likely 
to be encountered as explained in the notes on the circuit drawings, and 
the installer should make any changes required. 

Installing Procedure 

7 .03 The installing operations will consist, in general, of mounting 
the equipment on relay racks or in cabinets, making any changes re­
quired in the optional wiring on the panels, runnings leads to the a-c. 
supply (or battery fuse panels), to the source of 20-cycle supply and 
to the distributing frame for cross-connection to the line, switchboard, 
repeating coil, and VF repeater equipment, and making circuit opera­
tion tests. 

7 .04 Typical bay and cabinet arrangements with the locations of 
the local and power cables are shown on ED-61467-01. Suitable ter­
minal room space should be assigned to the Hl Carrier Telephone 
Equipment with due consideration given to future additions, length 
of cable required, and accessibility. The space in the front and rear 
of the equipment for maintenance purposes should not be much less 
than three feet. 

7.05 When the apparatus cabinet is used, it may be placed on the 
floor or mounted on a table or other support. One cabinet may be 
placed upon another, in which case it will be necessary to remove the 
handles, clinch rings, No. 18 screws, washers and nuts from the top 
of the lower cabinet and to make use of the screws, etc., of the bottom 
of the upper cabinet for fastening the two cabinets together. When 
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cabinets are set side by side, they should be placed on centers of at 
least 1 foot 1014 inches, which will permit the doors to be open 90 
degrees. 

7.06 Two knockouts are provided at the top of each cabinet and two 
at the bottom. Those at the top or bottom may be used depending 
upon which is more suitable in each installation. A2 Federal bushings 
are shipped loose for use in the knockouts. A-c. power leads should 
be run through one bushing, and the line and :iignaling leads through 
the other. In a case where one cabinet is mounted on top of another 
the knockouts between the two may be removed and the bushings 
furnished with one of the cabinets installed in their place. With such 
an arrangement it may be necessary to bring two a-c. power supply 
leads through one bushing in the top or bottom cabinet. In this event 
a 112 inch Chase nipple and 112 inch conduit lock nut should be substi­
tuted for the A2 Federal bushing to provide a large enough aperture. 
7 .07 Detailed wiring information required by the installer is shown 
on T-64083-30. Wiring of the type indicated on the drawing or a satis­
factory equivalent should be used in running all leads. 500CL cable 
is recommended for leads designated 22-gauge quadded cable. This 
cable provides 2 quads. Larger capacities are the 501CL to 506CL 
cables, which provide 4 to 20 quads. 

7.08 When the equipment is to be operated from an a-c. power supply 
the ground terminal should be connected to the office ground or other 
suitable ground point, and the proper strapping provided on the 
terminal strips. 

7.09 The carrier line filter and balancing panel is assembled in the 
shop but not wired, since most of the wiring required on this panel 
connects to equipment located outside the panel and must be run by 
the installer. Sufficient slack should be looped in the leads to the jacks 
on this panel to permit their removal from the front of the panel for 
inspection and adjustment. 

7.10 Pairs marked "U" should be copper braid shielded No. 20 ESCB 
(enamel silk cotton braid insulation), except that leads less than 3 
inches in length need not be shielded. Where shielded wire per D-99444 
having a bare ground wire run under the shield is used, the ground 
leads or other connecting leads should be spliced to the ground wire 
where it leaves the shield with a "pigtail" splice. The shield should 
be terminated about 1112 inches back of the wire insulation. The 
outer braid should be pulled down to cover the end of the shield and 
should be held in place by means of cable butt lacquer or by friction 
tape. The splice, including the exposed portion of the shield ground 
wire should be protected by friction tape. Where punchings are pro­
vided at the apparatus, panel, or unit for terminating the shield 
ground wire, splices will not be required but the ground wire should 
be covered with black cotton sleeving and run directly to the ground 
punching. 
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Circuit Operation Tests 

7.11 At the completion of all installation work, the installer should 
make a visual inspection to insure that optional wiring and strapping 
are connected to meet job conditions as specified on the circuit draw­
ings, and to insure that no wires have been broken off in shipment. 

7.12 Continuity tests to detect opens, reverses and direct or low­
resistance crosses and grounds should be made on all wiring and cabling 
connected by the installer, including wiring to shields of shielded cable, 
using a tone buzzer or voltmeter continuity test set. (See paragraph 
1.11.) 

7.13 The installer should test all relays and adjust them to meet their 
electrical and mechanical requirements as outlined in Section 6 of 
this bulletin. The relays have been adjusted at the factory prior to 
shipment, but the adjustment may have been disturbed during ship­
ment or installation. 

7.14 At the conclusion of installation of either repeater or terminal 
equipment it is also recommended that the installer check the supply 
voltages and measure the plate voltages as outlined in paragraphs 
10.02 to 10.04. 

7 .15 In the case of a terminal installation it is advisable to make a 
check of the relay circuit operation on an incoming ring as follows: 
Operate the (IN) relay manually and note that the (so) relay releases, 
after about 0.5 second, and causes the (DC) and (co) relays to operate. 
If "X" wiring is being used, the operation of the (co) relay should 
connect 20 cycle ringing to the (HYB LINE) jack. If "Y" wiring is being 
used, the operation of the (DC) relay should connect 24 ± 4 volts d-c. 
to punching 6 on the terminal strip B. 

7.16 Also make a check of relay circuit operation on an outgoing ring 
as follows: (a) With "X" wiring: Connect 75 to 105 volts a-c. ringing 
current to the (HYB LINE) jack thorugh an 8C lamp. This should cause 
the (OUT), (IC) and ( osc) relays to operate and the (INT) relay to 
vibrate. The voltage across terminals 2RB and 4RT of the (OUT) relay, 
measured with a d-c. voltmeter having a resistance of at least 15000 
ohms should be at least 17.5 volts. (b) with "Y" wiring: Connect 
24 ± 4 volts d-c. to punching 6 on terminal strip B and note that the 
(OUT), (IC) and ( osc) relays operate and the (INT) relay vibrates. 

7.17 In the event the apparatus appears to have been damaged in 
transit the transmission tests outlined in paragraph 10.06 to 10.21 
should be performed and defective apparatus should be replaced be­
fore turning the equipment over to the operating forces. 
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8. OVERALL SYSTEM LINE-UP 

8.01 This section describes the various tests and adjustments which 
should be made in lining up an Hl carrier telephone system prior to 
placing it in service. The method of making the tests and adjustments 
is described and also the requirements to be met. In this section and 
subsequent sections the requirements are based on the use of 600-ohm 
testing equipment. 

8.02 The tests listed in this section should be made in connection 
with the initial placing in service of systems or the reassignment of 
previously working systems. When reassignments are made only those 
tests where the results may be affected by the change need be repeated. 

8.03 It is recommended that the tests outlined in this section be 
performed at least once a year as preventive maintenance to show up 
any changes which may have taken place in the performance of the 
system due to line changes, aging of varistors, deterioration of vacuum 
tubes or other apparatus. 

8.04 After the completion of the initial tests and before the system 
is placed in service, a short observation period is desirable to insure 
that satisfactory service operation may be expected. During the ob­
servation period the system should be maintained as though in regular 
service and supplemented by 1000-cycle net loss measurements. 

8.05 General Procedure. The system is lined up by adjusting the 
transmitting terminal, the output levels of the intermediate repeaters, 
and finally the gain of the receiving terminal so that the net loss 
specified for the circuit will be obtained. The system should be lined 
up in both directions of transmission. The first adjustment is to set 
the gain pad (TR) at the transmitting terminal to give the specified 
transmitting level. This will usually be 16 db referred to one milliwatt 
at the (CARR EQPT) jacks and the terminal is adjusted to this level 
before shipment to the field. If a different transmitting level is speci­
fied, it will be necessary to restrap the transmitting gain pad and 
adjust the signaling output power by strapping the Rl to R5 resist­
ances. The output levels of any intermediate repeaters should be set 
at the specified output levels by adjusting the (E-W) and (W-E) pads. 
The (RLS) and (RLB) pads at the receiving terminal are then adjusted 
to 2 db more than the circuit net loss specified. Finally the receiving 
gain pad (REC) is adjusted to obtain this circuit net loss. If the desired 
net loss cannot be obtained with 0 db in the (REC) pad the (RLA) and 
(RLB) pads are reduced until the desired circuit net loss is reached. 
If these pads are reduced more than 3 db the signaling margin will 
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not be adequate and the transmitting signaling power must be cor­
respondingly increased. The signaling power can be increased, how­
ever, only as crosstalk conditions permit. After lineup in both direc­
tions of transmission, a check should be made to see if the permissible 
loop gain of either terminal has been exceeded. The procedures de­
scribed in the balance of this section give detailed methods for ac­
curately carrying out the various steps in the system lineup as out­
lined above. Instructions are also given for synchronizing the carrier 
frequently at the two terminals of a system. 

8.06 The procedures given in the following paragraphs apply in cases 
where the circuit terminal is in the same office with the carrier ter­
minal. In cases where an extension facility is involved and the levels 
in the circuit are referred to 1 mw. at the termination of the extension 
facility, the procedures outlined hereinafter will apply if a pad having 
a loss equal to the loss of the extension facility is inserted between the 
1000-cycle 1-milliwatt test power and the (HYB LINE) jacks. If such 
a pad is not available the procedures outlined hereinafter may still 
be applied by adding the numerical value of the loss of the extension 
facility to the specified levels for the output of the terminals and 
repeaters involved. 

Terminal Trans-rnitting Level 

8.07 The purpose of this test is to measure and adjust the trans· 
mitting gain of the terminal so that the transmitting level to the high­
frequency line under the operating condition will meet the specified 
requirements. 

8.08 Procedure. Connect 1000-cycle one-milliwatt test power to the 
(HYB LINE) jacks, and connect the input of the attenuator to the (CARR 
EQPT) jacks as shown in Figure 1. Connect the output of the attenuator 
to the transmission measuring set. Adjust the attenuator to give a 
reading in the portion of the transmission measuring set meter scale 
where the greatest accuracy is secured. (This is usually at the zero 
or one-milliwatt division of the meter.) Correct the meter reading for 
any error at 6150 cycles for a west terminal or at 8150 for an east 
terminal. (See paragraph 1.17.) The transmission gain is the reading 
of the attenuator minus the corrected reading of the transmission 
measuring set if the corrected set reading is a loss or plus the cor­
rected set reading if the corrected reading is a gain. For example, 
assume a transmission measuring set error of 0.8 db, meter reading 
of 0.5 db loss and attenuator setting of 16 db. The corrected meter 
reading is a gain of 0.3 db and the transmitting gain is 16.3 db. 

8.09 Adjustments and Requirement. The transmitting level should 
be adjusted to within 0.5 db of the specified value by changing the 
value of the transmitting gain pad at the input of the transmitting 
amplifier. 
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Terminal Transmitting Signal Output Power 

8.10 Signaling power is produced by shifting the carrier 1000 cycles 
into the transmitting band and interrupting it at the rate of 20 or 
16% cycles per second depending upon the frequency of the office ring­
ing supply. The purpose of this test is to adjust the uninterrupted 
signaling output power of the transmitting terminal to the proper 
value. This adjustment is accomplished by adjusting the resistances 
in the carrier supply circuit. 

8.11 Procedure. Connect the attenuator and the transmission measur­
ing set to the (CARR EQPT) jacks as shown in Figure 22. Set the at­
tenuator for a loss equal to the specified transmitting level irrespective 
of any loss between the (HYB LINE) jacks and the switchboard. Block 
the ( osc) relay in the operated position. This will produce an unin­
terrupted supply of signaling current in the transmitting band of the 
terminal at a frequency of 1000 cycles from the carrier. The trans­
mitting signal output power referred to one milliwatt is the reading 
of the attenuator minus the corrected reading of the transmission 
measuring set if the corrected set reading is a loss or plus the cor­
rected set reading if the corrected reading is a gain. 

8.12 Adjustments and Requirements. The signaling output power 
referred to one milliwatt should be as close as possible to 2 db below 
the specified transmitting level. For example, assume a specified 
transmitting level of 16 db, the signaling output power should be as 
close as possible to 14 db above one milliwatt. 

Repeater Output Level 

8.13 The repeater output level is measured in db above the switch­
board level at the circuit terminal, which is also the level at the 
hybrid line jacks unless an extension facility is involved. (See para­
graph 8.06.) The purpose of this test is to measure the output level 
of a repeater and to adjust it to the specified value. It is assumed 
that the terminal transmitting level has been adjusted as described in 
the preceding paragraphs. 

8.14 Procedure. Connect 1000-cycle, 1-milliwatt test power to the 
(HYB LINE) jacks at the transmitting terminal (Figure 22). When 
measuring in the WE direction of transmission, connect the (CARR 

EQPT) (EAST) jacks (Figure 23) to the input of the attenuator and 
connect the output of the attenuator to the transmission measuring 
set. When measuring in the EW direction connect the attenuator in­
put to the (CARR EQPT) (WEST) jacks. Set the attenuator initially 
for at least 20 db loss in order to protect the measuring set. The 
(AG WE) or (AG EW) key controlled pads should be adjusted in ac­
cordance with the weather conditions at the time of lineup. If the 
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lineup is made in dry weather set these keys for 4 db loss and in 
wet weather set for 0 loss. The repeater output level is the reading 
of the attenuator plus or minus the reading of the transmission meas­
uring set depending upon whether the set is reading a loss or a gain. 

8.15 Adjustments and Requirements. The repeater output level 
should be adjusted to within 0.5 db of the specified value by adjusting 
the WE or EW gain pads, depending upon the direction of transmis­
sion. When adjusting the repeater output levels, care should be 
taken that the sum of the repeater gains in the two directions of 
transmission does not exceed 45 db. 

Receiving Level 

8.16 The receiving level at the hybrid line jacks will have the same 
value in db as the specified circuit net loss in those cases where there 
is no extension facility involved between the (HYB LINE) jacks at 
which the receiving level is being measured and the circuit terminal. 
When there is a loss between the hybrid coil at the receiving terminal 
and the circuit terminal, the required receiving level is the specified 
circuit net loss minus the loss of the extension facility. For example 
assume a 3-db extension facility at the receiving terminal and a speci­
fied net loss of 9 db. The receiving level should be -6 db. The pur­
pose of the test described in this section is to measure the receiving 
level at a terminal and to adjust it to the required value. It is 
assumed that the terminal transmitting level, transmitting signal 
output power, and repeater output levels have been adjusted as de­
scribed in the preceding paragraphs. 

8.17 Procedure. Connect 1000-cycle, 1-milliwatt test power t0 the 
(HYB LINE) jacks at the transmitting terminal. At the receiving ter­
minal strap the (RLA) and (RLB) pads for a total loss 2 db greater 
than the required receiving level at the (HYB LINE) jacks at the re­
ceiving terminal. Set the key controlled pad in accordance with the 
weather conditions at the time of lineup. If the lineup is made in 
dry weather set these pads for 4 db loss, for average weather set for 
2 db loss and for wet weather set for 0 loss. Patch the transmission 
measuring set to the (HYB LINE) jacks and measure the level. 

8.18 Adjustments and Requirements. The receiving level should be 
adjusted to within 0.5 db of the required value by adjusting the (REC) 

pad. If the requirements cannot be met after all the (REC) pad has 
been removed from the circuit, reduce the (RLA) and (RLB) pad values 
to meet requirements leaving the (REC) pad adjusted for 0 db loss. 
The (RLA) and (RLB) pads cannot be reduced more than 3 db with­
out impairing the signaling margin. When adjusting the receiving 
level care should be taken that the terminal loop gain requirement is 
not exceeded. 
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Carrier Supply Synchronization 

8.19 This test provides a means for determining whether the car­
rier supply of the two terminals is in proper synchronism and pro­
vides for adjustment if necessary. The terminals are adjusted quite 
accurately at the factory and should not ordinarily require further 
adjustment. Since the same oscillator supplies the carrier for both 
modulation and demodulation at each terminal, and therefore the car­
rier is the same frequency (7150 cycles) for both directions of trans­
mission, adjustment need be made at only one terminal. The method 
consists of unbalancing the hybrid coil at the distant terminal and 
comparing the frequency of a 1000-cycle test tone transmitted from 
the test terminal with the tone received at the same terminal after it 
has passed over the carrier circuit in one direction, through the un­
balanced hybrid coil and back over the carrier circuit in the opposite 
direction. Since both modulation and demodulation occur at the dis­
tant terminal, the difference in frequency as determined at the test 
terminal by this method will be twice the difference between the fre­
quencies of the oscillators at each terminal. 

8.20 Procedure. Connect 1000-cycle, 1-milliwatt test power to (HYB 

LINE) jacks at the test terminal. Unbalance the voice hybrid coil at 
the distant terminal by inserting an open-circuit plug in the (HYB 
LINE) jacks. Connect a test receiver across terminals (a) and (b) of 
the (RLA) pad at the test terminal as shown in Figure 24. If the two 
tones are not sufficiently equal in strength to make an easy compari­
son, the test receiver may be connected to other terminals (such as 
e, f, or j, k) of the (RLA) and (RLB) pads to equalize the volume. This 
assumes that some of the (RLA) and (RLB) pads have been strapped to 
place them in the circuit. 

8.21 Adjustments and Requirements. Beats should be heard in the 
test receiver at a frequency not greater than 8 cycles per second (indi­
cating 4-cycle difference in carrier frequency). If the requirement is 
not met adjust condensers (K2) and (K3) in the case of a West termi­
nal or adjust condensers (K4) and (K5) in an East terminal to reduce 
the beats as near zero as possible, and within the limit of eight beats 
per second. 

Channel Net Loss Frequency Measurement 

8.22 This test is made to determine the channel quality and will serve 
to indicate the effects of impedance irregularities such as would be 
caused by faulty filters or line impedance irregularities. It should be 
made in both directions of transmission. This test may be omitted, if 
a variable frequency oscillator is not available in the terminal offices, 
since the other tests outlined herein together with the results obtained 
in actually talking over the circuit will provide a good indication of 
its quality. 
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8.23 P1 ocedure. Patch the test power to the ( HYB LINE) jacks at 
the sending terminal. If the oscillator does not have adequate means 
for adjusting the output, the oscillator may be connected through an 
attenuator. Patch the transmission measuring set to the (HYB LINE) 
jacks at the receiving terminal. Measure the net loss of the circuit at 
the frequencies given below, adjusting the test oscillator for 1 milli­
watt at each frequency. The three 1000-cycle measurements are made 
for check purposes and the series of measurements should be repeated 
until the 1000-cycle measurements check within 1 db. 

Frequency 
1000 
200 
500 

1000 
1600 

Frequency 
2100 
2600 
2800 
3200 
1000 

Plot the test results in order to obtain the general characteristics of 
the channel so that the requirements may be applied. At the extreme 
low and high frequency points it may be necessary to extend the trend 
of the curve beyond the test results. 

8.24 Adjustments cmd Requirements . In the case of a system with 
no repeaters or with one repeater, the lower frequency at which the 
net loss is 10 db greater than that at the 1000-cycle point should not be 
above 300 cycles and the upper frequency at the 10-db point should 
not be less than 3000 cycles. In the case of a system with two re­
peaters the corresponding frequencies are 400 and 2800 cycles. 
Failure to meet the above requirements is probably due to line im­
pedance conditions. 

9. SERVICE ADJUSTMENTS 

9.01 The ·only service adjustments required in operating the HI 
carrier telephone system are setting of the key-controlled pads both 
in the terminals and repeaters. These adjustments are required to 
compensate for changes in attenuation of the line which will be caused 
by seasonal changes and changes in weather conditions. The total 
change in attenuation ·will, in general, be proportional to the length of 
the line, and the frequency with which pad adjustments will be re­
quired will be dependent upon the nature of the climate. Therefore, 
local experience with the performance of a system should determine 
the intervals at which adjustments will be required. It is recom­
mended that the tests given in this section for determining service 
adjustments be performed at least once a week until sufficient experi­
ence has been acquired to determine the proper intervals. 
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9.02 One terminal of a system should be designated as control office, 
and no changes in the key-controlled pad settings at repeaters or 
terminals should be made without authorization from the control 
office. The non-control office should report to the control office, 
weather conditions which experience has indicated may affect the net 
loss of the system, such as temperature changes, heavy frost, wet 
snow, heavy rain, or a change from such conditions to clear dry 
weather. The control office should use such information as a guide for 
authorizing key-controlled pad changes. On line sections under 125 
miles in length no adjustment should be necessary except under ex­
treme changes in weather conditions. 

Channel Net Loss Measurement 

9.03 The purpose of this test is to measure the net loss of the carrier 
channel and to adjust the key-controlled pads for weather conditions 
differing from those obtained at the time of the system line-up. This 
test should be made in both directions of transmission. The net loss 
should be measured from the (LINE) jacks at the test board or at the 
switchboard. In the case of a circuit extending beyond the carrier 
terminal and which does not go through the test board the measure­
ments should be made from the (HYB LINE) jacks of the carrier 
terminal. 

9.04 Procedure. Connect 1,000-cycle, 1-milliwatt test power to cir­
cuit jacks at the test board or switchboard or to the (HYB LINE) jacks 
at the sending terminal. Connect the transmission measuring set to 
circuit jacks at the test board or switchboard or to the (HYB LINE) 
jacks at the receiving terminal. Measure the net loss on the transmis­
sion measuring set. 

9.05 Adjustments and Requirements. The measured net loss should 
be as close as possible to and within 1 db of the specified circuit net 
loss. The key-controlled pads at the terminals and repeaters should be 
adjusted to meet the above requirement. 

System Signaling Check 

9.06 When the system is properly lined up a ringing test over the 
system should be a sufficient check of the signaling circuit. However, 
to provide additional signaling margin, the key-controlled pads at the 
receiving terminal should be included in the circuit when making this 
test. The signaling circuit should be tested in both directions of trans­
mission. 

9.07 Procedure. Operate the key-controlled pads to introduce the 
maximum loss of 6 db. Ring over the circuit from distant terminal 
switchboard or test board and make sure that ringing is received at 
the receiving switchboard or test board. Return the key-controlled 
pads to their normal operating position. If the ring is not received, 
proceed as follows : 
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(a) Replace the 328A Vacuum Tube of receiving signaling cir­
cuit. 

(b) Make the transmitting signal output test, as described in 
paragraph 8.10. 

(c) Check the adjustment of the receiving terminal as described 
in paragraph 8.16. 

(d) Measure the rectified current in the receiving signaling cir­
cuit as follows : 

At the sending terminal block the (OUT) relay in the operated posi­
tion to produce an interrupted supply of signaling current in the car­
rier circuit. At the receiving terminal remove the power supply and 
connect a milliammeter in series with the operating winding of the 
(IN) relay of the signaling circuit. Replace power supply. 

9.08 Adjustments and Requirements. The signaling current, as 
measured on the milliammeter, should not be less than 8 milliamperes. 
If this requirement is not met, the trouble probably is in the wiring 
or is due to defective varistor units. 

10. TROUBLE LOCATION TESTS 

10.01 This section describes tests which may be performed to locate 
trouble in the system. It is recommended that the plate voltage meas­
urement described in paragraphs 10.04 and 10.05 be made at intervals 
of about three months. The other tests in this section may be made 
whenever it appears necessary. 

A-c. Supply Voltages-Terminal and Repeater 

10.02 When using an alternating-current source, all of the power 
required for the operation of the terminal or repeater is obtained from 
50- to 60-cycle, 100- to 130-volt a-c. supply, and the connection to the 
proper step on the primary winding of the power transformer is made 
in accordance with the information on the circuit drawings. If at any 
time the supply voltage is changed by the power company or the aver­
age supply voltage as measured at intervals during a 24 hour period 
indicates a change in the operating range, the wiring of the power 
transformer should be changed to the proper tap as given on the 
circuit drawing. 

Caution: Under no circumstances should the a-c. power be 
connected to the power transformer of the type H terminal or 
repeater while the metal cover over the power supply unit is 
removed. This is important because of high voltages on the sec­
ondary of the power transformer. 
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D-c. Supply Voltages-Terminal and Repeater. 

10.03. When the terminal or repeater is operated from central-office 
battery the power is obtained directly from the office 24-volt and 130-
volt supplies and the 274A Vacuum Tube is not employed. For satis­
factory operation the 24-volt supply should be maintained between 20 
and 28 volts and the 130-volt supply between 125 and 135 volts at the 
terminal or repeater panel. 

Plate-Voltage Measurement-Terminal and Repeater 

10.04 This test provides a means of checking the 274A Vacuum Tube 
used for a-c. operation, for checking the operating voltage of the 
plate circuit, and will serve as a trouble location test. See Figure 25. 
Measure the voltage between terminals 1 and 5 of the (SB OUT) trans­
former of a terminal or of the (OUT WE) transformer of a repeater. 

10.05 Adjustments and Requirements. The voltage should be between 
147 and 171 volts. If this requirement is not met, check to see that the 
connections to the primary of the power transformer are correct for 
the power circuit supply voltage range as given on the circuit drawing. 
If this connection is satisfactory, replace the 27 4A tube. 

(SB IN) TERMINAL (SB OUT) TERMINAL 
(IN WE) REPEATER~ ______ (o_uT--.WE) REPEATER 

I 4 
T~ ~-.--t--r-~ 

=~~ 
2 

5 

-TO OTHER 
PLATE CIRCUITS------+---. 

TO 
DIRECTIONAL 

FILTER 

Fig. 2/S-Plate Voltage Measurement 

Carrier Output Test 

10.06 This procedure provides a means of checking the carrier-supply 
voltage, which is expressed in terms of one milliwatt as measured with 
the 600-ohm transmission measuring set bridged across the carrier 
supply to the modulator and demodulator circuit. 
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10.07 Procedure. Connect the transmission measuring set to the out­
put of the attenuator and connect one input terminal of the attenuator 
to ground and the other terminal of the attenuator to the (Rl) 
resistance as shown in Figure 26. Adjust the attenuator initially to 20 
db to protect the measuring set. Adjust the attenuator to give a 
reading on the portion of the transmission measuring set meter scale 
where the greatest accuracy is secured: that is, as close as possible 
to the zero or one milliwatt division of the meter. Correct the reading 
of the set for any error at a frequency of 7150 cycles. (See paragraph 
1.17.) The carrier output referred to one milliwatt is the reading of 
the attenuator minus the corrected reading of the transmission 
measuring set if the corrected set reading is a loss, or plus the cor­
rected reading if the corrected reading is a gain. For example, 
assume a transmission measuring set error of 0.8 db, meter reading 
of 1 db loss and attenuator setting of 12 db. Corrected meter reading 
is loss of 0.2 db and carrier output is 11.8 db above one milliwatt. 

10.08 Adjustments and Requirements. The carrier output should 
not be less than 10 db above one milliwatt. If this requirement is not 
met, replace the ( osc) vacuum tube. 

Terminal Tra.nsmitting Gain 

10.09 The measurement of transmitting gain provides a means of 
checking the gain of the circuit including the hybrid coil, transmitting 
low-pass filter, modulator, modulator output filter, transmitting ampli­
fier, and a section of the directional filter. The measurment is made 
by sending a milliwatt of 1,000-cycle test power into the hybrid line 
jacks and measuring the power at the carrier equipment jacks. If a 
network differing substantially from 600 ohms and 1 or 2 mf is em­
ployed to balance the hybrid coil, the receiving circuit should be dis­
abled during this test to prevent singing around the terminal. This 
can be done by strapping terminals 3 and 4 of the (REC) pad. 

10.10 Procedure. The strapping of the (TR) pad for the service 
condition should be recorded and the pad should then be restrapped 
for zero loss. Proceed as outlined in paragraph 8.07 under "Terminal 
Transmitting Level." 

10.11 Adjustments and Requiremenfa. The gain of the east terminal 
should be between 17 .5 and 23 db; the transmitting gain of a west 
terminal should be between 17 and 22.5 db. If these requirements are 
not met, the trouble may be due to the adjustment for the voltage 
applied to the terminal, to defective transmitting amplifier tube (SB), 
or oscillator tube ( osc). 

10.12 At the conclusion of the test the (TR) pad should be restored 
to the service condition as recorded at the beginning of the test. 
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Terminal Receiving Gain Test 

10.13 The measurement of receiving gain provides a means of check­
ing the gain of the receiving circuit including a section of the direc­
tional filter, the demodulator, low-pass filter, receiving amplifier, and 
hybrid coil. The measurement is made by sending into the carrier 
equipment jacks testing power at a frequency corresponding to the 
1,000-cycle point of the channel and measuring the 1,000-cycle output 
power at the hybrid line jacks. If a network differing substantially from 
600 ohms and 1 or 2 mf is employed to balance the hybrid coil, the 
transmitting circuit should be disabled during this test to prevent 
singing around the terminal. This can be done by strapping terminals 
1 and 2 of the (TR) pad. 

10.14 Procedure. Record the strapping of the (REC), (RLA), and 
(RLB) pads for the service condition and restrap them for zero loss. 
The setting of the key-controlled pads should also be recorded and 
they should be set in the zero db position. Adjust the oscillator to 1 
milliwatt test power at 6150 cycles for an east terminal or 8150 cycles 
at a west terminal. Connect the oscillator to the attenuator and the 
attenuator to the carrier equipment jacks. Connect the transmission 
measuring set to the hybrid line jacks. Adjust the attenuator to give 
a reading on the portion of the transmission measuring set meter 
scale where the greatest accuracy is secured: that is, as close as pos­
sible to the zero or 1-milliwatt division of the meter. The receiving 
gain is the reading of the attenuator plus or minus the reading of the 
transmission measuring set depending on whether the set reading is a 
loss or a gain. 

10.15 Adjustments and Requirements. The receiving gain of an east 
terminal should be within 11.5 to 17 db and the receiving gain of the 
west terminal should be within 12.5 to 18 db. If the requirements are 
not met the trouble may be due to the adjustment for the voltage 
applied to the terminal or to a defective receiving amplifier tube (V). 

10.16 The (REC), (RLA), and (RLB) pads should be restored to the 
service condition and the key-controlled pads should be restored to 
their normal position as recorded at the beginning of the test. 

Gain Test-Repeater 

10.17 The measurement of repeater gain in each direction of trans­
mission provides a means of checking the gain of the circuit including 
sections of the directional filters and amplifiers. The measurement is 
made by sending into the carrier equipment jack testing power at a 
frequency corresponding to the 1000-cycle point of the channel and 
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measuring the output at the carrier equipment output jacks in the 
direction of transmission being tested. In order to prevent singing of 
the repeater the pads are set for 10 db loss in each direction of trans­
mission. 

10.18 Procedure (See Figure 23). The strapping of the EW and WE 
pads for the service condition should be recorded and the pads re­
strapped for a 10 db loss. The setting of the key-controlled pads 
should be recorded and they should be reset to the 0 db position. The 
oscillator should be adjusted to 1 milliwatt test power at 6150 cycles 
for the WE direction of transmission or 8150 cycles for the EW direc­
tion of transmission. Connect the oscillator to the attenuator and the 
attenuator to the (CARR EQPT) jacks (West) for testing the WE direc­
tion of transmission or to the (CARR EQPT) jacks (East) for testing 
the EW direction. Set the attentuator initially for 20 db loss to protect 
the measuring set. The transmission measuring set should be con­
nected to the (CARR EQPT) jacks on the other side of the repeater in 
either case. The repeater gain is the reading of the attenuator minus 
the corrected reading of the transmission measuring set if the cor­
rected set reading is a loss or plus the corrected set reading if it is a 
gain. 

10.19 Adjustments and Requirements. The gain in either direction 
of transmission should be between 19 and 23 db. If this requirement 
is not met, the trouble may be due to the adjustment for the voltage 
applied to the repeater or to the amplifier tube (WE) or (EW) depend­
ing upon the direction of transmission in which the gain does not meet 
requirements. 

10.20 At the conclusion of the test the (WE) and (EW) pads should 
be strapped for the service condition as recorded at the beginning of 
the test and the key-controlled pads should be restored to the position 
for normal operation. 

Supplementary Tests 

10.21 The following table gives information on the normal gain or 
loss in specific portions of the terminal and repeater circuits. This 
information may be useful in definitely locating a trouble condition 
when the requirements of one or more of the tests outlined above have 
not been met. This table shows the points at which the oscillator 
should be connected and the point at which the transmission measur­
ing equipment should be connected. The output level for these meas­
urements should be about 1 milliwatt except for the amplifier 
measurement, in which case the output level should be 10 to 16 db 
above 1 milliwatt. In making these tests, the connections shall be 
removed from the points to which the sending and receiving equip­
ment is connected. 
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Measiiring Equipmeni 
Circuit Element Connections 

Under T est Send Frequency Receive 
(Repeater and Terminal) 

85C Filter or 1-2 of 7150 5-6 of 
(LF) part of (LF) Filter (LF) Filter 
86A Filter 
85C Filter or 1-2 of 1000 3-4 of 
(LF) part of 
86A Filter 

(LF) Filter (LF) Filter 

85A Filter 1-2 of 6150 5-6 of 
85A Filter 85A Filter 

85A Filter 3-4 of 8150 1-2 of 
85A Filter 85A Filter 

85B Filter 3-4 of 6150 1-2 of 
85B Filter 85B Filter 

85B Filter 1-2 of 8150 5-6 of 
85B Filter 85B Filter 

Trans. Amp. 1-2 of 8150 1-2 of 
East (SB IN) (LF) Filter 

Transformer 
Trans. Amp. 1-2 of 6150 1-2 of 

West (SB IN) (LF) Filter 
Transformer 

Rec. Amp.* 1-4 of 1000 (HYB LINE) 
East or West (v IN) Jacks 

Transformer 

(Repeater) 
Amplifier 1-2 of 6150 3-4 of 

(IN WE) (OUT WE) 
Transformer Transformer 

Amplifier 1-2 of 8150 3-4 of 
(IN EW) (OUT WE) 
Transformer Transformer 

* (RLA) and (RLB) pads strapped for 0 db Joss. 

11. APPARATUS REQUIREMENTS AND ADJUSTING 
PROCEDURES 

General 

db 
Loss(-) 

or Gain ( +) 

-0.2 ± .2 

-0.2 ± .2 

-1.2 ± .2 

-1.0 ± .3 

-0.8 ± .3 

-1.4 ± .3 

+31.9 ±1.0 

+32.2 ±1.0 

+20.4 ±1.0 

+ 33.2 ±1.0 

+33.2 ±1.0 

11.01 This section includes information on the maintenance of the 
individual pieces of apparatus in the Hl carrier telephone system. It 
will not, in general, be found practicable to repair apparatus in the 
field except for the adjustment outlined herein for keys and relays. 
Other items of apparatus should be replaced when serious defects 
appear. 

11.02 It is essential that parts and contacts be kept clean, since the 
failure of a circuit to function properly is often traced to dirty con­
tacts or dirty or gummy parts. It is important that the inside of relay 
covers should be kept clean and should not be left off longer than abso­
lutely necessary. Also, cabinet doors should not be kept open unnec­
essarily. 
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11.03 The Test Requirements listed herein are current maintenance 
tests. When it is found necessary to readjust the apparatus because 
it does not meet these Test Requirements the Readjust Requirements 
should be used. 

11.04 If necessary to check for a reliable contact, this may be done 
by bridging a receiver across a made contact through which current 
is flowing. Absence of fluttering in the receiver is evidence of a reli­
able contact. 

11.05 Carbon tetrachloride used in flushing relay contacts should be 
chemically pure to avoid leaving foreign material on the contacts after 
cleaning. 

11.06 Unless otherwise specified, contact pressure shall be measured 
at the point of contact just as the contacts break. It shall be measured 
on normally closed contacts with the apparatus normal and on nor­
mally open contacts with the apparatus operated. Other spring ten­
sions shall be measured at the points indicated. 

Tools, Gauges, Meters, Etc. 

11.07 The following tools, gauges, and test sets or the equivalent are 
recommended for the maintenance of the apparatus covered in this 
section. 

Code 
259 
265B 
340 

*361B 
363 

t373B 
t374B 
KS-6015 

Tools 

Name 
Spring Adjuster 
Contact Burnisher 
Adjusting Key 
Terminal Clip 
Spring Adjuster 
Contact Burnisher Holder 
Contact Burnisher Blade 
Duck-bill Pliers 

Used On 
R & S type relays 
Relays 
206 type relays 
R type relays 
S & 206 type relays 
Keys 
Keys 
Keys & relays 

tlf this contact burnisher holder and blade are not available the 
No. 265B burnisher can be used. 

*An 893 cord equipped with 360A tools as listed in paragraph 1.20, 
should be available for use with the terminal clip in adjusting relays. 

Code 
70D 
70E 
70F 
74D 

92A 

Gauges 

Name 
50-0-50 gram gauge 
150-0-150 gram gauge 
10-0-10 gram gauge 
Thickness gauge 

(0.003-0.018 inch) 
Non-magnetic thickness 

gauge (0.010 inch) 
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Meters 

The Western Electric 35C Test Set should be used for adjusting 
relays to meet their electrical requirements if it is available. If not, a 
milliammeter and a variable resistance can be used for this purpose. 

Keys 

Cleaning 

11.08 The blades of contact burnishers and thickness gauges used 
on the contacts should be kept clean by wiping with a clean cloth 
dampened with carbon tetrachloride. 

11.09 Burnishing Contacts. To burnish the contacts use a No. 265B 
Contact Burnisher or a No. 373B Contact Burnisher holder and a 
37 4B Contact Burnisher blade .or the equivalent. In burnishing nor­
mally open contacts, press the contacts together manually, or operate 
the key giving a slight pressure only on the blade of the burnisher. In 
the case of normally closed contacts, the tension of the springs them­
selves will usually furnish sufficient pressure against the burnisher. 
Usually rubbing the burnisher back and forth between the contacts 
two or three times is sufficient. 

11.10 Pitted Contacts. Pitted contacts should be treated by burnish­
ing until the pits are reduced. Abrasives other than contact bur­
nishers should never be used. 

11.11 Flushing Contacts. Clean and flush the contacts with carbon 
tetrachloride in the following manner. Dip the flat end of a clean 
toothpick in the carbon tetrachloride to a depth of about 1,4 inch and 
deposit the liquid on the contacts (held slightly separated). Then rub 
the flat end of the toothpick back and forth two or three times be­
tween the contacts. Then with the contacts held slightly apart, flush 
them with the liquid taken up on the clean point of the toothpick. Be 
sure that sides as well as the tops of the contact points and discs are 
flushed. Following the use of carbon tetrachloride, burnish the con­
tacts as outlined in 11.09. 

Adjusting 

11.12 The wiring to keys is left long enough to permit them to be 
pulled out in front of the panel for inspection and adjustment. Care 
should be exercised not to break off the skinners. While the key is 
removed, inspect the entire key for possible faults and make any ad­
justments that may appear necessary before it is remounted. In the 
event that troubles appear in a key, which prevent satisfactory opera­
tion, and which cannot be readily corrected, the key should be 
replaced. 
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Relays 

General 

11.13 The requirements on relays which are necessary for adjust­
ment and maintenance are either mechanical or electrical. The me­
chanical requirements pertain to cleaning, contact alignment, contact 
separation and pressure, etc., and the electrical requirements are pri­
marily direct-current flow values for operation or non-operation of 
the relay. Some of the requirements are given in this section and the 
remainder are covered in the circuit requirement tables on the indi­
vidual circuit drawings, an explanation of which is given in Figure 27. 

11.14 Cleaning Non-Pitted Contacts 

(a) Burnish all contacts by using a No. 265B contact bur­
nisher or the equivalent. 

(b) In burnishing normally open contacts place the blade of 
the burnisher between the contacts, press them together manu­
ally, or operate the relay manually at the same time moving 
the blade back and forth. In the case of normally closed con­
tacts, the tension of the springs themselves will usually fur­
nish sufficient pressure against the burnisher. 

(c) After burnishing make sure that the contact follow and 
contact separation requirements are still met. 

(d) When unable to clear contact trouble by burnishing only, 
clean and flush the contacts with carbon tetrachloride. Dip the 
flat end of a clean toothpick into the carbon tetrachloride to a 
depth of about 1h inch and deposit the liquid on the contacts 
(held slightly separated). Where possible, rub the flat end of 
the toothpick back and forth two or three times between the 
contacts. Then with the contacts held slightly apart flush them 
with carbon tetrachloride taken up on the clean point of the 
toothpick. Be sure that the sides as well as the tops of the 
contact points and discs are flushed. 

(e) Take care to keep the carbon tetrachloride from coming 
in contact with insulators or spoolheads. 

(f) When the contacts are thoroughly dry burnish them to 
insure that no deposit or residue from the solution, or any 
foreign matter, remains. 

11.15 Cleaning Pitted Contacts 

Burnish pitted contacts but do not attempt to remove pits or 
build-ups unless it appears that their presence may cause the 
relay to fail in service. 
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11.16 Cleaning of Armatures, Cores, Stops or Pole-Pieces 

(a) To clean the armatures and cores of relays other than 206 
type, insert heavy bond paper between the armature and the 
core, press the armature lightly toward the core and withdraw 
the paper. Repeat the operation until the paper shows no 
evidence of dirt. Use a clean piece of paper for each operation. 
(b) Clean the pole-pieces of 206 type relays when necessary 
in accordance with the following procedures. Back off the pole­
piece screws as far as possible from the armature. Also back 
off the contact screws. If the pole-pieces are dirty clean them 
with carbon tetrachloride. To remove metallic particles from 
the pole-pieces clean them with a tool made out of a piece of 
thin stiff metal (preferably non-magnetic) over which is 
wrapped a layer of friction tape with the stickier side toward 
the blade. Press, do not rub, the taped portion of the tool 
against the pole-pieces and the armature so as to cause any 
particles that may be present to adhere to the tape. Do not rub 
the tape over the pole-pieces as this tends to leave a residue 
from the tape on the pole-pieces. Do not use the tape for more 
than one cleaning operation. 

Requirements for R Type Relays 

11.17 Contact and Spring Alignment 
(a) The point of contact should fall wholly within the bound­
ary of the opposing contact except for opposing contacts hav­
ing the same diameter, in which case their centers shall not be 
out of alignment more than 25 per cent of the diameter of the 
contact points. Springs should not touch the relay cover. 
(b) If the contacts do not line up properly, or if the tang 
does not overlap the spoolhead sufficiently, or the stud rubs on 
the spring, attempt to correct the trouble by applying pressure 
to the end of the springs using a No. 259 spring adjuster and 
exercising care not to distort or otherwise damage the springs. 
If the springs cannot be shifted, remove the relay from the 
mounting plate and loosen the spring assembly clamping 
screws sufficiently to shift the springs so as to correct the 
fault. 

11.18 Armature Travel 

(a) The armature travel should be in accordance with the 
value specified in the "ARM TRVL" column on the circuit re­
quirement table. Use the 74D gauge. 
(b) To adjust the armature travel insert the proper thickness 
gauge between the armature and the core and turn the adjust­
ing nut until the gauge fits snugly. 
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11.19 Contact Pressure 

(a) The contact pressure should be in accordance with the 
information in the following table. Use the 70D gauge. T indi­
cates test and R indicates readjust, minimum allowable values 
in grams. See Figure 18 for numbering of contacts. Where 
the relay has top and bottom spring combination the values 
given apply to each of them, unless specified separately. 

Relay Spring Pressure in Grarns 
1 2 3 4 5 

T R T R T R T R T R 
R422*t 15 17 25 27 15 17 15 17 25 27 
R1510t 
Top 15 17 15 17 25 27 
Bottom 15 17 A A 
R1002 15 17 A A 
R721 
Top 15 17 A A 15 17 A A 
Bottom 15 17 A A 

*Spring 4 shall break from 5 before it makes with 3. 

tThere shall be a slight clearance between the stud or bushing and the 
springs. This clearance shall be checked when the armature is resting 
against the adjusting nut. Gauge by eye. 

"A" appearing in the spring tension column designates springs which 
should be tensioned against the armature stud. The tension of such a 
spring together with the tensions of all other springs on the relay that 
rest against the armature studs should be sufficient to hold the armature 
against the adjusting nut. 

(b) To adjust the springs place the 259 spring adjuster about 
%. inch from where the spring leaves the clamping plates of 
the spring assembly and twist the spring slightly to the left or 
right as required, exercising care not to disturb adjacent 
springs. 

11.20 Contact Separation and Follow 

(a) The separation between any pair of contacts normally 
open or between any pair of contacts that are opened when 
the relay is operated should be 

Min. 0.005 inch 

(b) The contact follow on all normally open contacts should 
be approximately 0.005 inch. 

(c) If necessary adjust the springs as outlined in paragraph 
11.18. 

11.21 Electrical Requirements 

(a) The relay shall meet the electrical requirements specified 
on the circuit requirement table. These requirements should 
be met with the cover off the relay unless otherwise specified. 
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(b) If necessary to meet the operate or hold requirement de­
crease the spring tension towards the minimum, reduce the 
contact follow towards the minimum or increase the stud gap. 

(c) If necessary to meet the non-operate or release require­
ment, increase the spring tension or the follow or decrease 
the stud gap. 

Requirements for S Type Relays 

11.22 Contact Alignment 

(a) The point of contact should fall wholly within the cir­
cumference of the opposing contact disc except for opposing 
contacts having the same diameter, in which case the centers 
shall not be out of alignment more than 25 per cent of the 
diameter of the contact points. 

(b) If the contacts are out of alignment vertically make sure 
that the studs on the contact screw brackets rest in the slots 
in the spoolhead. To do this, apply pressure to the front end 
of the contact screw bracket and attempt to move it up and 
down with the fingers. If the contact screw bracket cannot 
be shifted, loosen the vertical hinge screws slightly and shift 
the armature as required. Tighten the hinge screws. 

(c) If the contads are out of line horizontally examine the 
armature to determine whether it is in an approximately 
vertical position. If the armature is moved in a horizontal 
direction either toward or away from the front spoolhead so 
that it no longer assumes a vertical position, it may result in 
the contacts being off center. If necessary correct for this 
condition as outlined in (b). 

(d) If the armature is in an approximately vertical position 
and the contacts are out of line horizontally, or if the contact 
spring or contact spring support touches the side of the slot 
in the retractile spring, loosen the contact retaining screw 
slightly and shift the spring and support to the desired posi­
tion. While tightening the screw hold the spring and support 
in alignment with a gem clip in order to prevent the spring 
from twisting in such a way that it will not rest against its 
support and the contacts be misaligned. 

11.23 Contact Screw Bracket Pressure. The contact screw brackets 
should press firmly against the front spoolhead. If necessary adjust 
the brackets by lifting them enough to clear the spoolhead and bend­
ing to secure the desired pressure. 
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11.24 Armature Travel. The armature travel should be 

Min. 0.009 inch Max. 0.011 inch 

It is adjusted by means of the back contact screw. 

11.25 Contact Separation. The separation between contacts normally 
open or between contacts that are opened when the relay is operated 
should be 

Min. 0.003 inch Max. 0.005 inch 

It is adJusted by means of the front contact screw, after the armature 
travel has been correctly adjusted. 

11.26 Contact Spring Pressure 

(a) The pressure of the spring on the spring support shall be 

Min. 3 grams Max. 7 grams 

and shall be as near the minimum as possible when meeting 
the electrical requirements. Use the 70F gauge. 

(b) If necessary to check for contact spring pressure insert 
a toothpick between the front contact screw bracket and the 
front spoolhead so that with the armature in its fully operated 
position, the front contact will not make. Then with the arma­
ture held in the operated position apply the gram gauge at 
the center of the contact and note the reading of the gauge 
just as the spring breaks from its support. 

( c) If the spring fails to rest on its support or if it fails to 
meet the contact pressure requirements, adjust it by slightly 
loosening the contact spring retaining screw, turning the 
flexible contact spring out toward the front until it is in a 
horizontal position and adjusting it with the 363 spring ad­
juster applied near the offset portion of the spring. If after 
resetting the contact spring it should be found that the pres­
sure of the spring is too great, force the back contact screw 
bracket slightly away from the contact spring by inserting a 
toothpick betwee_n the back contact screw bracket and the 
front spoolhead. Then hold the armature manually operated 
and force the contact spring back toward the back contact 
screw with the flat end of a toothpick. Repeat this operation 
until the required tension is obtained. After making this ad­
justment, adjust for contact separation and recheck to de­
termine whether the relay will meet its contact alignment 
requirement. 
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11.27 Electrical Requirements 

(a) The relay should meet the electrical requirements specified 
on the circuit requirements table. The cover should be on but 
the cover cap may be either on or off when applying the 
electrical requirements. 

(b) Failure to meet an operate or hold requirement indicates 
that the tension of the retractile spring is excessive. Failure 
to meet the non-operate or release requirements indicates in­
sufficient tension of the retractile spring. The tension is 
increased when the adjusting screw is turned clockwise. 

( c) If the relay meets all its electrical and mechanical re­
quirements but fails to function satisfactorily in service, the 
the tension of the contact spring against ib, support is prob­
ably at fault. Due to the fact that it is difficult to gauge the 
tension of the spring and since it is adjusted carefully initially, 
it should not be changed until with all other requirements met, 
the relay has failed in a service test, due to speed limitations. 

Requirements for 206BR Relays 

11.28 Armature and Spool Clearance 

(a) The armature should not touch the inside of the spool in 
any operated position. If the armature does not clear the 
inside of the spool, correct as follows: 

(b) Back off the contact screws on each side sufficiently to 
give the armature free play between the pole-piece screws. 

(c) Loosen the pole-piece clamping screws on each side and 
back off both pole-piece screws as far as possible. 

(d) To center the armature horizontally, back off the contact 
and pole-piece screws sufficiently to allow the armature to 
assume its normal mechanical position. Loosen the two front 
coil support screws on the under side of the relay base with 
an offset screwdriver and move the winding coil to the right 
or left as required to bring the armature into an approximate 
central position with respect to the opening in the coil and 
spoolhead. 

( e) To center the armature vertically and to obtain contact 
alignment, remove the relay from the panel and then slightly 
loosen the screws holding the armature to its support. Then 
move the armature up or down as may be required to bring 
it into an approximate central position with respect to the 
coil, noting that the contacts are in alignment vertically. 
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11.29 Contact Alignment 

(a) The contacts shall line up so that the point of contact 
falls wholly within ·the boundary of the opposing contact. 

(b) To align contacts vertically, move the armature up or 
down as required. 

(c) To align the contacts from front to rear, loosen the screws 
holding the contact screw bracket to the base of the relay. 
Then move the bracket until the contacts line up properly. In 
making this adjustment it is desirable to set the contact screw 
brackets so that the contact screws strike the contacts on the 
armature as near the center as possible. 

11.30 Flexible Contact Spring Alignment (Readjust Only) 

(a) The tips of the flexible contact springs should be approxi­
mately flat, should bear upon each other at the top and bottom 
edges and should make at least a line contact for at least 25 
per cent of the distance across their o/i 6 inch width. 

(b) They may be adjusted by backing off the contact screws 
and using the 363 spring adjuster. 

( c) Check that the flexible springs rest against each other in 
line with the armature with a pressure of 20 to 50 grams 
(use the 70D gauge) measured at the contact of one spring 
with the other spring held so that it cannot follow its mate. 
Hold the other spring with the flat end of an orange stick. 
If necessary, back off the contact screws and adjust the tension 
by applying the 363 spring adjuster to the spring as close as 
practicable to the point where it is riveted to the armature. 
Adjust the spring toward or away from the other contact 
spring as required, at the same time keeping the contact 
springs in alignment with the armature and with each other. 
Reset the contact screws and adjust for bias and sensitivity. 

11.31 Contact Travel 

(a) The contact travel-that is, the distance the armature can 
travel in passing from a position against one contact screw to 
a position against the opposite contact screw-should be 

Min. 0.002 inch Max. 0.005 inch 

(b) Use the 74D gauge and check the travel with the arma­
ture resting against each contact screw. If there is a dif­
ference between the measured travel on opposite sides of the 
armature it is an indication that the contacts on the side of 
the armature having the smaller travel are pitted. 
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(c) To establish the total contact travel, back off the pole piece 
screws. Also back off the contact screws so that the armature 
will assume its normal mechanical position. Advance one con­
tact screw until it just touches the armature and then back it 
off approximately 0.002 inch. (Approximately Yi 2 of a turn on 
the contact screw.) Repeat this operation on the other contact 
screw. With the contacts adjusted to meet the total contact 
travel, the armature should stand midway between the contact 
points. Then set the pole-piece screws as described below. 

11.32 Magnetic Air-Gap. The magnetic air-gap-that is, the clear­
ance between the armature and either pole-piece screw-with the 
armature against the opposite pole-piece screw shall be a maximum 
of 0.010 inch. Use the 92A gauge. 

If the relay does not meet its electrical requirements, readjust the 
magnetic air-gaps on each side. Back off the pole-piece screws. Note 
that the armature stands approximately midway between the con­
tacts, and if necessary set the contact screws as outlined above. 
Readjust the magnetic air-gaps on each side by turning in the pole­
piece screws gradually and equally until the magnetic air-gap is of 
the specified maximum value. Apply the ~lectrical requirements and 
if the relay fails to meet them with the magnetic air-gaps set at the 
maximum value. reduce the air-gaps on each side gradually and 
equally by turning in .. the pole-piece screws. If the contact closure is 
not steady, it is an indication that either the pressure between the 
flexible contact springs is excessive or insuffieient or the contacts are 
dirty. 

11.33 Electrical Requirements. The relay shall meet the electrical 
requirements specified on the circuit requirement table, with the 
cover and cover cap in place. 

Vacuum Tubes 

11.34 Vacuum tubes must be replaced with new ones when the fila­
ment emission becomes too low to permit the tubes to give satisfactory 
service. A tube needs replacing when substitution of a new tube in 
the socket gives marked improvement in operation. In general, 328A 
Vacuum Tubes should be replaced semi-annually, and the 274A 
Vacuum Tubes should be replaced annually. 
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D1sTRIBUTOR IN THE UNITED STATES 

GrayoaR 
ELECTRIC COMPANY 

Akron 
Albany 
Allentown 
Asheville 
Atlanta 
Baltimore 
Beaumont 
Birmingham 
Boston 
Buffalo 
Butte 
Charlotte 
Chattanooga 
Chicago 
Cincinnati 
Cleveland 
Columbia 

Columbus, 0. 
Dallas 
Davenport 
Dayton 
Des Moines 
Denver 
Detroit 
Duluth 
Durham 
Flint 
Fort Worth 
Fresno 
Grand Rapids 
Hammond 
Harrisburg 
Hartford 
Houston 

Indianapolis 
Jacksonville 
Kansas City 
Knoxville 
Iansing 
Los Angeles 
Louisville 
Memphis 
Miami 
Milwaukee 
Minneapolis 
Nashville 
Newark 
New Haven 
N.ew Orleans 
New York 
Norfolk 
Oakland 

Oklahoma Cit' 
Omaha · 
Orlando 
Peoria 
Philadelphfa 
Phoemx 
Pittsburgh 
Portland, Me. 
Portland, Ore. 
Providence 
Reading 
Richmond 
Roanoke 
Rochester 
Sacramento 
St. Louis 
St. Paul 

Salt Lake City 
San Antonio 
San Diego 
San Francisco 
Savannah 
Seattle 
Spokane 
Springfield, Mass. 
Syracuse 
Tacoma 
Tampa 
Toledo 
Washington 
Wichita 
Winston-Salem 
Worcester 
Youngstown 

A N.,)TIONAL ELECTRIC SERVICE 

D1sTR I BUTOR FOR CANADA AND NEWFOUNDLAND 

North~rn Electric Company 
LIMITED 

General Offices and Plant: 1261 Shearer Street, Montreal, P. Q. 

Halifax 
Saint John, N.B. 
Quebec 

Trois Rivieres 
Sherbrooke 
Montreal 

Branch Houses 
Ottawa Hamilton Kirkland Lake 
Val D'or London Timmins 
Toronto Wind sor Sudbury 

Vernon EdnlOnton 

FoREIGN D1sTRIBUTORS 

Port Arthur 
Winnipeg 
Calgary 

Regina 
Victoria 
Vancouver 

/11remal'io11al Srondard Elecl'ric C(Jlpoml'iM 
67 Broad Street New York, U.S. A. 

ARGENTINA 
Cia. Standard Elect ric Argen­
tina (Street Address, Calle 
Cangallo 1286), Buenos Aires 

AUSTRALIA 
Standard Telephones and 
Cables Pty. Ltd., 258-274 Bot­
any Road, Alexandria, 

BELGIUM 
Sydney,N. S. W. 

Bell Telephone Manufactur­
ing Co., 4 Rue Boudewyns, 
P . 0 . Box 526, Antwerp 

BRAZIL 
Standard Electrica, S. A., 
Caixa Postal 430 (Street Ad­
dress, Avenida Rio Branco, 
99/101), Rio de Janeiro 

CHINA 
China Electric Co. Ltd., 230 
Medhurst Road (P. 0. Box 
289), Shanghai 

DENMARK 
Stand a rd Electric A/ S, 
Raadmandsgade 71, 

Copenhagen, N. 
EGYPT 

. Standard Telephones and 
Cables, Ltd. , Shell House, 
Sharia Cherifein, Cairo 

FRANCE 
Le Maieriel Telephonique, 46 
Quai de BoulQgpe; · Boulogne· 
Billancourt (Seine), . .. Paris 

Associated, Allied or Affiliated Companies 

GERMANY NEW ZEALAND 
Standard Elektrizitats Gesell­
schaft A/ G, Genest Strasse 5, 

Berlin-Schoneberg 

GREAT BRITAIN 
Standard T e lephones and 
Cables, Ltd ., Connaught House, 
63, Aldwych, London, W. C. 2 

HOLLAND 
Bell Telephone Manufacturing 
Co., Scheldestraat 160-162, 

The Hague 
HUNGARY 

Standard Villamossagi Reszve­
nytarsasag, Fehervariut 70, 

Budapest xi 
INDIA 

Standard T e lephones and 
Cables, Ltd., Wellesley House-7, 
Wellesley Place (P. 0. Box 
413), Calcutta 

ITALY 
Fabbrica Apparecchiature per 
Comunicazioni Elettriche, via 
Luigi Bodio N. 33, 

Milan (5-19) 
JAPAN 

Nippon Electric Co., Ltd .. , 2 
Mita Shikokuniachi, Shiba-Ku, 

Tokyo 

Standard Telephones and 
Cables Pty. Ltd., 125/129 Man­
ners St. (P. 0. Box 638), 

Wellington 
NORWA:Y 

Standard ElectricAktieselskap, 
Hovin, Ostre Aker, Oslo 

PORTUGAL 
Standard Electrica, S. A., Prac< 
dosRestauradores47-l,Lisbon 

RUMANIA 
Standard·Fabrica De Telefoane 
si Radio, S. A. Calea Rahovei 
266-268, Bueuresti 

SOUTH AFRICA 
Standard Telephones and 
Cables, Ltd., Court Chambers, 
189 St. Andries St. (P. 0. Box 
515), Pretoria 

SPAIN 
Standard Electrica, S/ A, Calle 
Ramirez de Prado 7 (Post Of­
fice Box 7040) , Madrid 

SWITZERLAND 
Bell T elephone Manufacturing 
Co., IO Bubenbergplatz, Btlrne 

YUGOSLAVIA 
. Jugoslavensko Standar4 Elec­

tri c Com pan y, Akcionarno 
Drustvo, Kralja AlekJ!andra ul. 
17, Beograd 
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-u-
i-p~ 

~ 
<I) 

2 

I 
-1---> 

s 

~ 
S-R • 

(OUT W.E) 
163C OUTPUT 

TRANS. 

(DIRE) 
856 

FILTER 

4 e 

i 5 

I 

(G) 
36AT RES. 

,~ ...... 04 

S-R 

s 

P-t-o 

,;:.5;.+--..Q• so 

S (WE) 

y r 3 IN 1446 V.T. S~ 328AV. T. 
4 SOCKET 

~--~6...+----+--------0----~--t-t--""""r2-t<,_...~ 5 C~AJP~----M_i_u~c_o_R_o __ -+~ 
I r-

!s L 
I 2 

4 L_ __ 
--- 107 ~~ES. ~ -

1 6 
BR-R 

3 

i-o ' 'AV V 14---- P --~--' --<., 
o -'-~~~---1---------------1-+-1--+-----------------~11--_...._ __________________ ~ 
BK BK 

(E W) 
6A PAD 

CJ 
,...__. <I) 

(B) 
40AD 

RES. 

If 

I (' 
11 1 
11 1 
'-' I 

i-J 
I 

y 

(W) 
141A ::::: 

COND. ,_ 

328A V.T. IN 
144B V.T. SOCKET s 

(E W) l 
I 3 

~ 
.. 

.l._ (E) 
s T 141A 

,,.--'<----J"'-=::---..,...-----""j I COND. 

(D) $. 
2 

107A > 
RES. 

(C) 
40AD 
RES. 

! r, 

• '' , 11 .. , 
" I 

S Pw 
S-R l 

s 
p 

S - R ·1 

(IN WE) 
600A INPUT 
TRANS. 

(WE) 
6A PAD 

rO-
,.___ P-

(IN EW) 
600A INPUT 
TRANS. 

~ 
I I y 'f 

.-~+--(-O_U_T_E~W-1--tr--~I, DllJ a: 
I 

<I) 3 CAP ,----1 MIU CORD 
4/,..j.~.;.;.;.;.;;...;;.;;.;~--~ 

-r----, s 

D r" S-R 
._.P ---s-""R--...., 

1 6 
.)BR-R 

BR-R ~ 
,_..._ __ p ____f 

D 

163C __ j '~---oo - .l 
OUTPUT 3 4 5 6 

I 2 '---------+---"i"""n __ _ 
r-+~~~--~B~K __ _,11..__. ____ __, 

D 

II) 

s 

• S-R 

IA:r:K~>l CT l j 
r 

~ 
BK BK 

Jr ~ 

3u'! ',_2 

s __ _.,s-..---, P.IJ 

~J 
(H) ~os 2.~-:;;.._..., __ s __ ..,.. 
36ATI .....__. 
RES. 

(OJ 

s 

~ t (AG EW) 
479K KEY 

) ~ (4)(8) 
~ I 

~1 

BR 

(F) 
120A 

BALLAST LP. 
IN 143 B 

V. T. SOCKET 

~ S-R 
/ 

I S-R 
KEY )~ r 

(OJ (4) (8) 
) I 

4 I 

s 
rn~ 1 03 20 

./ 

(DIR W) 
85A 

FILTER 

... ~ ~ ~r;-
I 3 

'i 
I 

(E) 
36AT RES. 

~ 
'---! 

¢ f 
3 

~ ~::1'6 (F) 

~!~ 36AT 
RES. 

2 

s ---·1 f\. ·-... ·~------... ----------~n - p·- ..... 

(R) 
40 BR 

RES. t. 
11 .1 , ,, 
111 

s 

~c..:--1 .---v ___ _,,_.,.....--~9 r-
1 

(P) 
137 A COND. 

(P) 1J KS6376 
RES. 

------+-9--1 

BR 

BR-R 

y 

BK 

a: 
ai ~ 

21.r----

-
203 BT.S. 

(B) 

BK 

y 

y 

l 

BR-R 

BR-R 
p 

I 

BR I I 

BR I 

I 

- ....,_--~-<> o----o t 'I 
1234567J 

~:- ~'~-'f-!--q_ _ -

p BR 

HUBBELL 
BASE 4897 

BR-R 

I 

s 

( P) 
352 R 
TRANS. 

,.._ ,.._u 
p ~ 

j s I 

j S-R 2 

~s I 3 

I S-R 4 

BR ~ -

NOTES: 
I. WIRES NOT OTHERWISE SPECIFIED ARE 20ESCB. 

2. FOR METHOD OF OPERATION SEE CD-64082- 01. 

3. ':J"TOP OR LEFT SIDE OF KEY LOOKING AT TERMINAL 
SIDE. 

4. ''p" DENOTES PAIR. 

5. LEADS DESIGNATED" D" ARE RUN IN THE SHORTEST 
POSSIBLE MANNER . 

6 . LEADS DESIGNATED ''U'' ARE 20 ESCB SHIELDED PAIRS 
PER M 19069. 

7. ''X"WIRING IS FURNISHED WHEN 115V. A .C. POWER SUPPLY 
IS USED. 

8 . "Y"WIRING IS FURNISHED WHEN OFFICE BATTERY IS USED . 

p 
• 
! T} TO LINE FILTER 

R PANEL (WEST) 

~ 
T} TO LINE FILTER J R PANEL l EAST) 

p 

• 
BR-R' 6 ! 

y 

7 17A 
0 TERM. 

~ PCHG. 

~ 

203 B T.S. 1-((YJ 
(A) 

(PLT) (FILJ 

0 .1 8 AMP.- .- 2 AMP. 
I 130V 11 GRD I I < 24V I 
'-BUS BARS ON FUSE BO.__/ 

FOR REFERENCE SEE: 
SD-64082-0I, HI CARRIER TELEPHONE REPEATER CIRCUIT 

WIRING OF CIRCUITS 
CIRCUIT LABEL 

HI CARRIER TELEPHONE 
REPEATER CIRCUIT 

PRINTED IN U.S. A. 

s o -& 4 oa 2-81, 1ss:1 
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I 

21 - "DD~ WI R ING SHAL L ~ r uRNISHrD BY THE SHOP 
IN ALL CASES FOR USE WHEN THE PADS ARE 
R(OUIRLO AND RAP ID C0 Mf>ENSl'.l.TION 
roR CHANGE I N CIRCU IT ECUIVALCNT DUE 
TO TEMPCRATURE ANO Ht..HIDIT Y IS 
N(CE SSMY. TH( INSTALL(R SHALL RO<IV( 
'"oo" WIRING ANO AOO"CC" WI R :NG WHEN 
THE A BOVE FEATURE IS NOT REQ 

22 · "PT" OENOT ES LEADS PART OF APP.\L EADS OF 
INSUFFICIENT LENGTH SHALL BE SPU CEO WITH 
NO 19 S TRAP WIRE 

23 . " B2'' DENOTES T[RM NEAREST MTG BRKT 

N · THESE LEADS TO BE SHORT ENOUGH SO THAT CAN 
COVER CANNOT BE REMOVED SV'ff ICIENT LY FOR 
MAI NTENANCE WITHOUT FIRST DISCONNECTING 
LEAOS FROM HUE\BfLL BASE 

25- C.JLORS (~O~~IKNT~Eb-eNeo:o~o :~T~s~g AFTER_ t~S ' 2 

(SIC) 
1498 

RET. COIL 

FIGI 
TERMi'N'A'L'"""PANEl 

•I 
I 

11 
19 - l\T THE EAST TERM INAL OONDLNSEP (KJ) SHALL 

8[ ADJUSTED BY THE SHOP TO PRODUCE l.N OSC. 
rR(QU(NC'I' Of 8 150 ~, ANO (K'4) & (K5 ) 
co...:ornsERS SHA'._ L Til(N BE ADJUST(O TO 
PROc:-JCE 71 50 'I. . 

AT THE WEST TEP.M INAL CONDENSERS {K2} & 
(K1) SHAll BE ADJUSTED BY THE SHOP TO PRO· 
OUCE 71~0.,_, 8 (K4)COHOENSER SHALL THEN BE 
ADJUSTED TO PRODUC E 615(>'\t. 

20 - """'!" WIR I NG SHAL L B( co~rcTrn BY TH( 
SHOP. ARRANG I MG r oR AC P(Yo,l(R SUPPL y. 
WHEN CCNTRAL Off IC£ BATT(RY SUPPLY 
t S REQUIRED THE INSTALLER SH/I.LL 
01SCONNECT "t+t" WiR lNG ANO ADO "NN" 

28 • WHENlwg~~t.1s USED ON A MOISTURE PROOF JOO 
THESE LEADS SHALL BE 22 EDSCL 

29 • wHEN THIS CKT IS USED ON A ~OISTURE PROOF JOB 
THESE LEADS SHALL BE 20 ESCB 

2 151A {HYB) 
R[P . COIL 

• ~ 

6-e &. 6-c PAO ·(RLA) o~ ( RLB ) 

68 f RONT TOP 

oA oE oJ ON 

f!20~ o~ 
00 O J o M 

oB or oK oP 

C fRONT TOP 

oAoCoJoN 

~c g" i't 
00 OJ OM 

OB or OK oP 

3 

IN 
0 , 5 DB OU T 

IN 
I OB 

OUT 

2 DB 
I N 

OUT 

• OB I N 
our 

IN 

8 08 our 

16 DB 
IN 

OUT 

.--+-+-!----~ ~.i---+-+--~~~~~~~~~~~.::-.::-i=--t-~+------:-r--t~--;r--1 SEE NOTE 29 

<.} 

0: o::D:. 

5 

- p 

n. 
a:a: a: 

.., 
"'.., 

(DEM IN) 
1508 

REP . COIL 

«> !2 S' :e '!2 :e 
P) ~ ~ ~ 

= .... 
NN 

23 

D 

MIU CORD 

\.6~ LONG) 

er) 
~ 141N 
q CONO. 

(OSC) 

'(l _J 

~a:"' 

"' "'"'.., 
CJ> .. ~ 
- N -

SEE NOTE 28 

7 (V OUT) 
IS7C. 

OUTPUT TRANS . 

0 

D 

~ 
0 

"'0 
0:: ct: 
' p 

8 (VIN) 
21H8 

J NP~; TRAN S 

_J _J 

"'"' ci:: 0:: 0 

"' "'"'.., 
SEE R! 

NOTE ..J 
28 'P 

- o . MIU 
CORD 
(6"LCN(;1 

9 
(RLA ) 

68 PAD 

0 0 
D TO C &. 
B TO r 
H TO 1 

0 
f' TO K 

L TO 111 

J TO N &. 
K TO P 

C TO 0 
0 TO ( &. 
B TO r 
H TO I 
E TO J &. 
F' TO K 

L TO M 

J TO N & 
K TO P 

' 1 "· .. , 

1f, - TH( LETTERED D[:SIGNAT10t.:S OCCEPT ~G" 
SHO\wN ON THC (TR) ,( ~(C }.(RLA) AND 
(RLB) PADS 00 /'-OT DJ>P(All ON TH( APPARATUS. 
TO CONNECT PADS I N OR OUT or CIRCUIT TH( 
SHOP SHALL STRAP T'HE TERMS . Of THE PAOS A~ 
Aco'o ANO THE TEL . co. SHAl L RE STRAP AS 
RB)O_ !N ACCOROANC( WITH THE FOLLO'HING TABLE 

6 - A PAO t un OR REC' 

ATTENUATION CONDITION STRAP 

fRONT 
TOP 

~1/j f ~ 
oB oD or g 
oJ oL oN 
4 8 16 

O! OK OM op 

9 "' .. - ,... 
,... in - .,. .. 

11 (A) 
139A· 

COND. 

0.5 08 

1 ao 

2 DB 

4 DB 

8 DB 

16 DB 

<.} 

ci: 

20 

O TO G 
OUT A TO C 

0 TO G 

OUT C TO ( 
IN f TO G 

OU 0 H 
IN J 0 " 
OUT TO K 
IN L TO G 

OUT K TO M 
N TO G 

OUT M TO P 

FIG A 
(MfR.OISC.) 

0..,"' - "' 

p 

12 
(TR) 

6A PAO 

21 ( 8) 

~ 
00 

40AO RES. 

p 

( B) 
l41A 

CONO . 

_J _J 

co ~ 3': ~ .~ 3: 
SEE 0:: cr: If) if, er: ti: 0:: 
N~JE~.,+-.i---~~~--+--+~~~-+--+-~ 

"'~ 

I 07· -+==='/'f--

49 

\

. (SP) 
21 A 

RISTOR 

\ 

~ 

"' 

O> .. 
D 

35~1 ...... *.~--'~~~~-lt---'~-~--"":,.""--+-'~~ 

<>JEE<>-l ... 
f-o<>l 

<H f-o <>-l f-o 

WEST(K2)187-A CONO. 
E AST(K3) 187-BCONO. 

--- - p - --

MIU CORD 
\6" LONG> 

~-~ 0 .75(H) ~ 
141K 2 

CO NO . 

D 

.... 

(SP) 
184A OUTPUT 

TRANS. 

67 
(M5) 
l39A 

COND 

?Ml=' 
- H 

_J _J 

"'"' «ct: 00 
C::« 

{SEE NOTE 13) 
STRAPPED AS R[Q 

19A VARISTOR l .09Mr 
(DEM) 

CJ> 

"' 0 

_J "' "'"'"' a:: l/')O:: ctci:: 
_J _J 

"'"' 0:: ~ 

PT 

62 137;."~~ND 

72 
(P2) 
137A 

CONO. 

0 

\, ., . ,...-1 , ,:'.=:-s;..-.·~ .. ···.,··.~- .... ..... ' ,,,,,,.- ( ..... ., .. ,,, 
• 11 

I . ., -----1'"1 • --------~·,~. -~· 1 MM'J;~;~~;;,l~:' · '~ 
- THE TOTAL F' IL l\M(NT CUP:RfNT FOR THI S NOTES l . ' .,;,1 ).d NOT OTHERWISE sl:>ECIF"1EO TO 8( 

CI ROJIT 'w'H[N QP(JM TrD rROM 20-28v fll. 22 OSCL. 
OAT . IS 0.853 !' 0, lo8 /:IMP. 'J t W THC: PLAT( 
BAT. O i SCO~IN[C lCO. 2 - "P '' 0CNOT£S PAI R, 

.. 12 - nzZ" WRG. 8 "VV"STRAP TOSE~N.IN AL L C~ES 
BY TH( SHOP AN 0"2: z"wRG. LEFT DISCONN . 

3 - 'C" WIRI NG TO BE S(PARAT( CABl t SE\l(Q TO 
ours IDC OF R(GUL4R LOCAL CABLE. 

13 

13-

THE I NSTALL (R SHALL CONNECT ··zz" WRG.e. RE· 
MOVE ~W'sTRAP WHEPHHE RING. F"RfOU!:l'!ICY USED 

AT TH( DISTANT TERMINAL I S 16 Z/3 "I. . 
TH( INSTALLER SHALL LEAVE"vv"sTRAP 
CONN. ANO " ZZ" WIR I NG OJSCQNN[CTCD 

~~At-~~~~~:7~~ . IS USED AT TH( 

OONO.{Ml)TO(M4) SHA.LL BE CON N. TO PRODUCE EQUAL 
REL. CURRENTS AT 16.3<1,,& 20'\. 

14~ "lL"WRG. SHALL BE FURN.IN All CASES BY THE SHOP 
WHEN 20 .... LOW VOLTAGE lS USED FOR SIG.THE INST. 
SHALL CHA"(;EFROM"U'..'TO"KK''WRG. WHEN 
DC SIG.IS USED INST. SHALL 'FI EMOVE "LL.'WRG.WITtt-
OUT ,CHANGING TO''KK"WRG, WHEN 20.v HIGH VOLTAGE IS USEO 
THE'LL"WRG. SHP.~ BE LEFT INTACTS THE INST.SHALL 
STRAP RES(T'l8.\S AS REQ. IN ORDER TO LIMIT THE 
RING. CURRENT LOWING INTO THE DROP .. 

15 - RESI STANCES (R l) TO (R')) SHALL BE STRAPPED 
BY THE SHOP Bo RESTRAPPEO BY THE TEL.CO TO 
OBTAIN D£SIREO SIGNALING VOLTAGE. 

16 - PAD ( TR) SH/I.LL 8( READJUSTED FOR DESIRED 
TRA~:SMITT I NC l(V(L BY THE TEL CO. 

17 - PADS (RLA). ( RLB) AND (REC) SHALL 6t R€-
AOJUST(O BY TH( TEL. CO . TO S( CURE THE 
DC S IREO S IC>IAL ING VOLTAGE AT TH( I NPUT TO 
TRA."4$f'CRM(R ( SI G lN) AND THE O[SIRED 
OVERALL N(T LOS S 8(1W'[EN THE TERMIN4LS, 

26 - DIR. FILTERS USED BEFORE 2· 1-38 OF THISOWG. 
wERE MADE WITHOUT HRMINALS 7S.8 

4 • " Kl" DO()HS TOP OR LEf T TERMI NAL ON 
STRIP, 

5 - ·•r .. BR I NC fROM CABLE f"ORM AT SEPARATE 
STITCH. 

6 - "J" TOP OR LEFT SIDE OF KEY LOOKING AT TERM. 
SIDE. 

22 DSSBL 
7 - "D" LEADS SHALL BE BLACK-ee--E5€5-AND RUN 

BY .WI R 1 NG DEPT. UND[R LOCAL CABLE 
AHO PARALLEL OR PrRPENOI CUL AR TO 
THC f.DGES Mm PLANE Of THE PANEL 
I N TH( St-()R TEST MANNER POSSIBL[,QN A'MOISTUf\E 
PROOF JOB, THESE LEADS SHALL BE 20 ESCB. 

8 -~ 00.iQT[S SPLICE 

9 - "e" WIRING a APP ANO"A", "E': " F" a "w" WIRING 
TO &E FURNISHED AS SPECIFIED . 

10 - THIS L(AO TO BE CONN. B'f THE SHOP TO TERM 

6 OF THE (P) TRANSFORMER, LEAVING SUFFICIEN T 
SLACK TO REACH TERMS. 2 TO 5 . THE INSTALLER 
SHALL RECONNECT TO TAPS AS REOUIREO IN 
ACCORDANCE WITH TttE f:OLL OWING TAbL£ WHEN 
AC SUPPL'f 15 USED• 

27 
- °'rbtit8i~'t8e~,K~f~~5~~fRNM~~d~~~~f~i~ETHE 102

,l5 - l07,'5 

f~g~~T5~t'ttA~Ofi~l~l~~~~L~ ~SSTHUARLEL ~~lJ~1~~.r~~:JE 

.1.V. AC 
LIN( 
VOl TA(l( 

PRIMARY 
TAP 

AV, AC 
LINE 

VOL TAG( 
PRIMARY 

TAP 

LEADSSHALLBE 20ESCB. , l07.5-ll2.5 
(CONTD UNDER 11 2,5 -117 .5 
~ NOTE20) ~~--'-"''-'-~~--'-~~~--'~~~-' 

122.5-127. 5 

<ul FIG B 
106-A RfS 

(SB IN) 
600A 

INPUT TRANS 

15 (MOD OUT) 
l.50A 

REP. COIL ":ffil #ITT ' 

:< 
0 0 

D 

~ iD;;; 
~ ..'.J a:: 
\,)\,)co al 

\ABC 0 E G HJ L MN P/ 

TO FIG. I 

16 

Kl 

1--1=-+==-- 46"' a: a: a: 

~ 
~ !/') f/)I,_) ~ 
a: a: ~ci: a: 

~~~·~ 

c 63 

VARISTOR 
PER 099637 

(P) 

_J 

-'" u"' 
Oo 
~;;; 

ii 

_J;. 

cp .J ..J 
a:"'"' .., .., .., .., 

p 
SEE NOTE 10 

p 

274A V.T . 
1438 V.T.S 

64 

0 

_J 

"' a: 

~ ~ ~ ~ ~ 
FIG2 

R 

45 R·SR·W 

46 R·G·W 0 

17A T.P. 
2038 

4 BL 

4 BL-W 

p 

c 
63 Y-G 

47B r;.; 

' 0 . 
~ 
0 . 
0 

' 0 

22 O~~~r]?ENOTE 29 

74 

·1:-J a "' 
c ~ 
0 l!' 

FIG.3 

~(SEE NOTE 63) 
HUBBELL WIRING Of CIRCUITS 
BODY 7084 CIRCUIT LABEL 
0) I 11: TO 115VIC HI CARRIER TELEPHONE 
\e>~+---~ • .-... >O -•O'V TERMINAL CIRCUIT 

KS 7586 CORO OR 

G~ gg~gu~~~~15;J21 ' ~N18JC:JN~~~ek. 
RIBBED RUBBER WIRE ~E~5:~ug~~~1r 

Kl 

9763 HUBBELL 
TWlS;"'r-LOCK CAP. PRINTEO IN U. 5 .A . 

1 

HP


HP
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Managers, Telegr aph Offices 
All District Linemen 

231 

San Francisco, July 6, 1948 

The following is a list of the rnor e common types of 
troubles experienced in single channel t e lephon e and tel egraph 
carriers and procedures which should be followe d to locate and 
clear such troubles: 

CARRIER MAINTFNANCE 

TYPICAL CAST'S OF TROUBLE AND CAUSES 

H-1 SYSTEMS ·:-ITHOUT VOICE PLUS TELEGRAPH 

Ringing fails in one direction: 

1. Operate ring button at board and check operation "OUT", 
"IC", "OSC" and "INT" r e l ays at home terminal. ("INT" 
relay tongue shoul d vibra t e at 20 cycles). 

2. Ask dlstan t terminal to t est or s wap 11 S" t ube in h is te r ­
minal if his "IN" r e lay does on opera te on incoming ring . 

3. Me asure level of carri e r with 1000 cycles and ad just level 
to normal. (Adjust pads at t erminals and repeater s ). 
Nor'nal l e vel is mlnus 5 to 8 DB a.s measured in top j ack 
of switchboard jack strip , 

voice and ringing fails i n one dire c tion: 

1 . Change "OSC" tube in home terminal. 

2 . Change " SB" tube in home t e r minal . 

3. Change one tube in intermediate r epeaters. (If fallure 
is east to west, have rptr attendant change east west 
tube in rptr or vi ce versa i f fai lure is in opposite 
dire ction. 

4. Ask distant terminal swap his "V" tube. 

Voice and ringing fail in both directions. 

1. Test or have proper wi r e chiefs test physical circui ts 
(repeater s and terminals). 

HP
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2. Change the "P" tub e in home terminal and then ask distant 
terminal to change his "P" tube. 

3. Check to see if power failure at any repea ter. 

4. Have repeaters (one at a time) change power tube. 

5. Change " OSC" tube in home terminal and then ask distant ter­
minal change his "OSC" tube. 

H-1 SYSTEMS EQUIPPED WITH_VqICE PLUS TELEGRt PH SYSTEMS. 

Ringing fails in one direction: 

1. Operate ring button at board at home terminal and check 
opeJ:?-~tion of "OUT"_ relay. 

2. If "OUT" relay functions change tube in 2A ringer 
oscillator. 

3. Ask dist ant terminal to change his "S" tube in his terminal 

4. Measur e l e v e l of carrie~ and r egulatG per item 3 under 
ringing fai lure s H-1 syste ms without telegraph. 

Voice fails in one direction, ringing still okay. 

1. Change 51C limiter amplifier tube in home terminal. 

Voice, ringing and telegraph fails in one direction. 

1. Follow same procedure outline under "H-1 systems without 
voice plus telegraph". 

Voice, ringing and t e le graph f ails in both directions. 

1. Follow same porcedure outline u nder " H-1 systems without 
voice plus t e l e g r aph". 

Te1egraph on l y fails in one direc t ion ( s i gnal l e v e l meter zero ). 

1. Test tube s in t e l egrap h t ransmi t t e r unti at home t e r minal. 

2. Have distant t e rminal t es t his No . 1 t ub e in his t e le­
graph rece ive r un i t. 

Level above normal on signal leve l me t e r . 

1. Re gula t e switch pads at h ome t e r mina l a n d at r epeate rs i f 
necessary.. (Si gnal l e v e l me t er s s houl b e checke d for 
corre ct calibrati on at least one each week , proce dure 
described below). 

2. Te st numb e r one tube in ho;-:1e t e l egraph r e ceiv er , 
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Level below norr.1al on s:i.gnal l e v e l mete r: 

1. Follow same proc edur e as for above n orme l s ignal level . 

The procedure for che ck:i.ng cal i brati on o f signal le ve l meter s i s 
a s follows: 

1. Ask distant termi nal t o run 1000 cycles on top j ack of 
jackstrip of h i s voice c h anne l 

2. Measure leve l of carr i er wi t h DB me t e r i n top jack o f 
home t e r minal jack strip o f v oic e c~anne l a n d re gul a t e 
leve l of carrier with swit ch pads at home terminal and 
repeaters until re a ds minus 5 to minus 8 DB. 

3. As k distan t t e r minal t o s t op t he 1000 cy cJ.e s and n o t e 
r e ading of signal leve l meter or me t e rs. 

4. Re port any off c a libra t ion to manager , or· tra v e ll i n g wi r e 
c h ief. 

LENKHURT TYPE 12 OR 17 VO I CE CARHIERS WI TH VOICE 
PL US '11ELEr}Rf.\.PH CHANNELS. 

Voice, ring ing a nd t e l egraph chann e ls f ai l on e d irection: 

1. Tc.s t o r chang o n Ui.'11b e r one ... tub in ringin g 2A unit, 
at carri e r b ay, a t h ome t e rminal . 

2 . Te st o r chn.n ge n umbor ono t ube in carri er telephone 
t e r mi nal b ay a t horrie t e r minal 

Voice and r i ngin g f a il i n one direction b u t t e l egr aph channe ls 
still okay. 

1. Test or chan ge t u b e i n l i mit e r amplifie r a t home ter m. 

2. Plug l eft i n main s wit chbo£rd drop j ack at home ter m. 

Ring ing f a ils i n one dire ct ion but voice a nd telegraph okay . 

1. Te st or c h ange tubes 3 , ,1 and 5 at home t erminal r ing ing 
unit at bay. (Ter mi n a l not ge t t i ng r ing ) 

2 . Have d i stant t e r mina l ope rat e PR 2 ringing r e l ay in h i s 
r ing:J.ng by hand. 

" A" If ring c ome s t hru troubl tJ is on drop, a t d ist ant 
terminal, or defective PR 2 relay. 

HP
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"B" I f r i n g docs not come t h rough but r e l ay 
operate s when PBX or icrc rings tro ubl e i s 
not on drop. 

3e Ha v e dis t ant terminal che ck o r chlngo No. 2 tube 
in his ringing uni t at bay . 

Vo ice and t 8l egr aph channe l s fail in one dire ction but ringing 
stil l okay: 

1. Che ck or change No . 1 and 2 tub e in carri e r tel e ph one 
t e rminal at bay (Terminal not noting failu r e ). 

2 . Check or change No. 3 , 4 and 5 tube in dista nt te r minal 
carrier t e l e phone t erminal at bay . 

LENKRURT TYPE 212 TELEGRA PH CHANNELS. 

current in"~" jack above normaL (Normal 50 to 60 ): 

1. Chan ge (do not t e st) tub e s 4 a nd 5 ( tub0 s 3 and 4 
in n ew t ype t e r min a ls) in tel egraph rece ive r. If 
this corre cts t r o ubl e throw the se t u b a s a wa y and do 
not use in any othE)r c:Lrcui t uven though they may t os t 
okay after the y cool off. 

current in tt -q tt jack b e.l ow n ormal: 

1. Che c k or change 5Z4 re c t ifi e r in t e legraph r e c e i ver . 

2. Che c k or change tub e s 4 and 5 in t e l egraph r s cei ve r. 
( t ubes ·3 and 4 in n ow t ype term i nals ). 

3. Cho c k or change 5U4G t ub e; in t e l egraph receive r . 

4. Che c k o r change tub e No. 2 in telegraph r ece iver. 

Open and close d k e y curren t i n " R" jack n ot normal . (Norma l 
for most ter mi n a ls is 15 open and 55 clo se d k ey from distant 
t erm1na1 ): 

1. If the r a L:J_o of' op en to close d k oy curre nt in "R" j a ck 
is b e low 3 to onEi , notify manager and t r a velling wi r e 
chi e f . 

(This current should b e checke d a s oft en as poss i bl e 
and r e c orde d twic e Gach week ). 
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Signal 10ve l meter drops to zero: 

1, Check phone c~annel i f both signal level meters drop 
to zero in case s when 2 me t ers a r c used. 

2. If only on0 channe l us e d, che ck phone channe l f irst. 

3. Then chock or change nu.111b cr 1 t ube in telegraph 
r e c e iver. 

4. Ask distant t e rminal to chango or che ck all tube s in 
his t e legraph transmitter, one at a time . 

A. w. Flanagan 

JWB/os 

cc - General Foremen 


	Table of Contents
	SD-64082-B1 H1 Carrier Telephone Repeater Circuit 
	T-64081-30 H1 Carrier Telephone Terminal Circuit 

	Southern Pacific Lines - Carrier Troubleshooting
	Western Electric H1 Carrier
	Lenkurt  Types 12 and 17 Voice Carriers


