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1. GENERAL 

(A) Introduction 

1.01 This section describes the Ml carrier 
telephone system which is a double-side­

band, amplitude-modulated carrier system devel­
oped to provide rural telephone service over 
power distribution lines at the same time that 
these lines are used for the transmission of 
60-cycle power. The system may also be used 
over telephone lines to provide simultaneous 
voice-frequency and carrier-frequency trans­
mission, The carrier frequencies employed are 
in a band between i55 and 420 kc which provides 
for five 2-way channels over a given section of 
line. Each of these channels may be used to 
furnish party-line service to a number of sub­
scribers. Each channel employs three carrier 
frequencies, two of them being used for oppo­
site directions of transmission. The third 
frequency is available for use as the transmit­
ting carrier for one of the parties when a re­
vertive call is made between two parties con­
nected to the same channel, 

1.02 This section is reissued to bring the 
information up to date and to include 

information on the M1S2 multi-subscriber ter­
minal. Due to the extensive nature of the 
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changes made, arrows indicating alterations in 
th_e text have been omitted. 

1.03 When the same phase of the 60-cycle power 
supply is common to both the subscriber 

or multi-subscriber terminal and the common 
terminal, full-selective ringing for two 
parties or divided-code ringing for more than 
two parties can be provided. When the same 
phase of the 60-cycle power supply is not com­
mon to both the subscriber or multi-subscriber 
terminal and the common terminal, but a fixed 
phase difference exists- between the two, full­
selective ringing for two parties or divided­
code ringing for more than two parties is ob­
tained by using a phase shifter at the sub­
scriber or multi-subscriber terminal. The 
shifter is adjusted to shift the phase of the 
60-cycle voltage by the amount required to 
permit the reception of signals from the common 
terminal. When different non-synchronous 
60-cycle power supplies are used at the sub­
scriber or multi-subscriber terminal and at the 
common terminal, only full-code ringing can be 
employed. Full-code ringing, of course, can 
also be provided, if desired, where the power 
supplies are in synchronism. Dialing from any 
subscriber station is provided for in cases 
where the common terminal works into a dial 
office, Operation with magneto offices is also 
possible with the use of an auxiliary circuit 
(see Paragraphs 3.03 and 4.07), 

(B) Equipment Comprising System 

1.04 The equipment for each system consists 
of: 

(a) Equipment for adapting the line for 
carrier use, namely, (1) coupling 

capacitors through which carrier energy 
flows to and from the line, (2) isolating 
chokes for sectionalizing portions of the 
line used for carrier transmission, (3) tap 
chokes which are inserted at the junction 
of the tap and the main line in taps not 
used for carrier service, and (4) transmis­
sion chokes for insertion in taps at their 
junction with the main line where the taps 
are to be used for carrier transmission. 

(b) Pole-mounted coupling units to provide 
transmission of carrier frequencies 

between the line and the carrier terminals. 

(c) One or more subscriber terminals lo-
cated on subscribers' premises compris­

ing carrier frequency and signaling equip­
ment, plus a combined telephone set for 
each subscriber. A block schematic of a 
subscriber terminal, subscriber coupling 
unit, and telephone set is shown in Fig. 1. 
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(d) One or more (up to five) multi-subscrib-
er terminals located near a concentra­

tion of subscribers and serving a number of 
subscribers on a voice-frequency basis from 
the carrier channel, comprising carrier 
frequency, signaling and 4-wire to 2-wire 
connecting equipment, A block schematic of 
the multi-subscriber terminal, coupling unit 
and voice-frequency extension is shown 
in Fig. 2. 

(e) One or more (up to five) common termi-
nals comprising the carrier frequency, 

signaling, and 2-wire to 4-wire connecting 
eq~ipment. The frequency allocation of the 
common terminals used for a system of less 
than the full complement of five channels 
must, of course, correspond to the alloca­
tions assigned for the respective subscrib­
er or multi-subscriber terminals. A block 
schematic of a common terminal and common 
coupling unit is shown in Fig. 3. 

(C) Design Features 

1.05 Quartz oscillator crystals are used to 
provide stable carrier frequencies. The 

d-c power supply for plate and screen grid 
voltages and relay and transmitter currents is 
obtained by means of selenium rectifier units. 
Germanium varistors are used for demodulators, 
and copper-oxide varistors are used for deriv­
ing the automatic gain control (AGC) voltage. 
Double-sideband transmission is used. Each 
subscriber or multi-subscriber terminal is ar­
ranged to generate and modulate either of two 
frequencies spaced 10 kc apart, and each asso­
ciated common terminal is arranged to receive 
one or both of these frequencies. This permits 
an arrangemept whereby a 2-way talking circuit 
can be established between any two parties con­
nected to the same channel, but employing dif­
ferent carrier terminals (revertive call), with 
each party using a separate transmitting fre­
quency. This obviates any beats between their 
carriers. 

(D) Frequency Allocations 

1.06 The frequency allocations for the Ml sys­
tem are shown in Table 1. 

TABLE 1 - TRANSMITTING FREQUENCY IN KC 

Common 
Terminal Subscriber Terminal 

to to Common Terminal 
Channel Subscriber Normal Revertive 
Number Terminal ( n Crystal) (Y2 Crystal) 

lA 155 410 420 
3 185 290 300 
4 200 320 330 
5 215 350 360 
6 230 380 390 
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(E) F,quipment 

Telephone Set 

1.07 The combined telephone sets required for 
use with the individual Ml subscriber 

terminals are similar in appearance to existing 
standard sets. However, additional switchhook 
contacts are used for controlling the associ­
ated electronic unit and the relay in the sub­
scriber coupling unit. Three resistors and one 
capacitor are included in the telephone set 
mounting and the usual induction coil is omit­
ted. A 17-point terminal strip is employed for 
making the necessary internal and external con­
nections and a 14-conductor cord is used be­
tween the telephone set and the subscriber 
terminal. 

1.08 Conventional common battery telephone 
sets of the type generally used on common 

battery rural lines are employed with the 
multi-subscriber terminal. These are installed 
at the subscriber premises in the usual manner 
and connected to the carrier terminal, which 
may be located some distance away, by means of 
conventional open wire line construction. 

Subscriber Terminal 

1.09 The subscriber terminal is divided into 
separate transmitting and receiving chas­

sis assemblies. These two assemblies are bolted 
together and housed under a common molded plastic 
cover 1311 long, 8-1/2" wide, and 5-1/4 11 deep_. A 
subscriber terminal assembly is shown in Fig. 4. 

SECTION A807.001 

Fig. 4 - Individual Subscriber Terminal 
Equipment - Cover Removed 

Multi-Subscriber Terminal 

1.10 The multi-subscriber terminal consists of 
a modified subscriber terminal of the 

type described in Paragraph 1.09, mounted on a 

Fig. 5 - Multi-Subscriber Terminal Equipment 
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Fig. 6 - Common Terminal Equipment 

basic unit panel containing the circuits and 
additional power supply required for its oper­
ation. A flexible multi-conductor cable con­
nects the modified subscriber terminal to the 
basic unit circuits. The entire unit is ar­
ranged for 19" relay rack mounting and occupies 
1411 of relay rack space (eight mounting plate 
spaces). The MlS2 multi-subscriber terminal 
assembly is shown in Fig. 5. 

Common Terminal 

1.11 The common terminal is mounted on a 
19" mounting plate occupying 10-1/2 11 of 

relay rack space (approximately six mounting 
plate spaces). The common terminal equipment 
is shown in Fig. 6. The power supply, relay, 
and ringing equipments are mounted directly on 
one end of the panel. The electronic equipment 
for transmitting and receiving is mounted on 
two individual subassemblies·which are plugged 
into jacks on the other end of the panel. 

Housing 

1.12 Cabinets arranged for pole mounting are 
provided for housing common terminal or. 

multi-subscriber terminal equipments. Space 
is provided in the housing for three common 
terminals or two multi-subscriber terminals 
and the associated protectors, fuses, voltage 
regulator, soldering iron outlets, and heating 
and ventilating equipment, as required. A 
housing assembly containing three common 
terminals is shown in Fig. 7. Of course, 
common terminals or multi-subscriber terminals 
may also be housed in small unattended build­
ings of local design or in existing exchange 
or other available buildings. 
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Fig. 7 - Cabinet for Outdoor Mounting 



Coupling Unit and Telephone Choke Unit 

1.13 Each of the various coupling units and 
telephone choke units is housed in a 

standard galvanized steel protector box approx­
imately 11-1/2 11 long, 711 wide, and 411 deep 
which is equipped with a bracket for pole or 
crossarm mounting. The box contains the neces­
sary protectors as well as terminals for exter­
nal connections. A detailed description of the 
coupling units and chokes is given in Part 2. 
A subscriber coupling unit is sho,m in Fig. 8. 

• ..,_ 

Fig, 8 - Subscriber Coupling Unit 

Tubes 

1,14 Each transmitting chassis for either a 
subscriber or multi-subscriber terminal 

or a common terminal requires two vacuum tubes. 
The receiver chassis for the subscriber or 
multi-subscriber terminal requires two tubes, 
The receiver chassis for the common terminal is 
equipped with dual receiving equipment and, 
hence, requires two pairs of receiving tubes 
for each channel, The types of tubes used con­
sist of a transmitting oscillator-modulator 

SECTION A807,001 

tube, a transmitting power output tube, a re­
ceiving input tube and a receiving output tube 
for the carrier equipment; a cold cathode gas 
tube and neon lamp for the ringing generator 
circuit of the common terminal and a twin­
triode for the ringing circuit of the multi­
subscriber terminal, The transmitting oscilla­
tor-modulator tube and the receiving input 
tube, which were formerly filamentary types, 
have recently been changed to indirectly heated 
cathode types. 

Voltage Regulators 

1. 15 In cases where fluctuation of line volt-
age, or sustained line voltage substan­

tially higher or lower than nominal, is likely 
to be experienced, voltage regulators may be 
installed at the a-c power input to the carrier 
terminals, For the subscriber terminal, a 
small JO-volt-ampere regulator (KS-14209) is 
used, For multi-subscriber terminals and com­
mon terminals, a 120-volt-ampere regulator 
( Sola No, 30886 Constant Voltage Transformer) • 
is employed, The latter will supply two multi­
subscriber terminals or three common terminals 
and can be installed in the cabinet with the 
carrier equipment, Photographs of the two 
regulators are shown in Figs, 9 and 10. 

Fig, 9 - KS-14209 Voltage Regulator 

Fig, 10 - Sola No. 30886 Constant 
Voltage Transformer 
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Power Consumption 

1.16 The approximate power consumption of the 
equipment, based upon the use of the 

heater type vacuum tubes, is as follows: 

Type of Terminal 

Subscriber Alone 
Subscriber with Regulator 

*Multi-Subscriber Alone 
*Two Multi-Subscriber 

with Regulator 
Common Alone 
Three Common with Regulator 

Power Consumption 
in Watts 

Stand-by In Use 

8 20 
19 29 
13 33 

55 90 
18 32 
75 99 

* Connection of the phase shifter for any but 
0 degrees will increase the power consumption 
per terminal as follows: 

Additional Power 
Phase Shift (Watts) 

Leading 150° or Lagging 30° 4 
Leading 120° or Lagging 60° 7 
Leading 60° or Lagging 120° 10 
Leading 30° or Lagging 150° 7 

Phase Shifter 

1.17 The apparatus comprislllg the phase shift-
er for the subscriber terminal is assem­

bled on a phenol fibre strip 2-1/2 11 by 3-1/8 11• 

It is mounted in the subscriber terminal by 
means of two feet which fit under terminals on 
the TS3 terminal strip and also serve as elec­
trical connections. A phase shifter mounted 
in a subscriber terminal is shown in Fig. 11. 

Fig. 11 - Phase Shifter Mounted in a 
Subscriber Terminal 
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The phase shifter for the multi-subscriber 
terminal is built into the terminal and is ad­
justed by changing straps on a terminal strip 
provided for that purpose. 

Adjustment of Carrier Output 

1.18 Normally no adjustment is provided for 
the carrier output of the Ml carrier 

terminals, However, in cases where the nominal 
output level must be reduced to minimize cross­
signaling, crosstalk or overloading of the 
receiving circuits of the associated terminal, 
a gain control adapter (8GC) is employed, This 
adapter controls the amount of carrier voltage 
applied to the grid of the transmitting power 
output tube and is adjustable to give any 
desired level below the nominal output of the 
transmitter. A gain control adapter mounted on 
a subscriber terminal is shown in Fig. 12. 
This adapter, however, can be used with any of 
the type Ml carrier terminals. 

(F) Special Applications 

Coin Box Service 

1.19 No provision is made for coin box service 
with prepay coin control equipment. 

Postpay coin box service may be engineered on a 
special basis by connecting the transmitter of 
the coin collector in series with the transmit­
ter of the telephone set associated with -the 
subscriber terminal. 

P.B.X. Trunks 

1.20 P.B.X. trunks may be furnished over 
Ml carrier channels by the use of the 

multi-subscriber terminal at the P.B.X. end of 
the trunk. A common terminal is then employed 
in the usual manner at the central office end. 

Repeaters 

1.21 No standard repeaters have been designed 
f0r the system nor have arrangements been 

made for their application. 

2. DESCRIPTION OF CIRCUITS AND EQUIPMENT 

(A) Power Line Equipment 

General 

2.01 The transmission of carrier frequencies 
over rural power distribution systems 

presents many problems not encountered hereto­
fore in carrier-frequency transmission. Carrier 
systems have been used for many years by power 
companies for communication between substations, 
but in these applications the adaptations of 
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GROUND PIGTAIL AND 
SPADE TERMINAL 

TEST TERMINAL FOR 
USE WITH KS-5785 TEST SET 

Fig. 12 - 8GC Adapter Mounted in a Subscriber Terminal 

the power lines for carrier transmission were 
relatively simple, since lines between substa­
tions are usually electrically smooth and have 
few branch taps. Therefore, only terminal 
equipments and a few chokes were required. On 
the other hand, the usual 7-kv rural power 
distribution line involves a complex network of 
branch.taps which must be specially treated to 
reduce carrier losses. Also, various sections 
of the power line must be isolated from each 
other at carrier frequencies in cases where the 
application of more than one carrier system on 
the power distribution system is necessary. 
Low loss bridging arrangements are required for 
the carrier taps, and the carrier line sections 
must be terminated in their characteristic 
impedance. Also, where pole-top oil circuit 
reclosers or sectionalizers are located within 
the carrier section, it may be necessary to 
provide by-pass circuits for carrier currents. 
The usual power distribution transformer em­
ployed at rural locations does not ordinarily 

require any treatment to reduce bridging or 
reflection losses. These transformers do con­
tribute some bridging losses, however, which 
are taken into account in the transmission loss 
data used in engineering a power line carrier 
system. 

2.02 This part of the practice describes the 
equipment which must be- added to a power 

line installation in order to make the power 
distribution system a suitable transmission 
medium for carrier frequencies. Fig. 13 shows 
the application of various types of line equip­
ment employed, including the coupling units. 

Coupling Capacitor 

2.03 The coupling capacitor has a maxi.mu.in 
working voltage rating of 8700 volts and 

its nominal capacitance is 2000 mmf. The 
capacitor is designed to meet the wet and dry 
flashover requirements of 30 and 35 kv, 
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Fig. 13 - Typical Phase Wire Treatment for Applying a System to a Power Line 

respectively, set up in A.I.E.E. Standard No, 31 
and to withstand 150 kv on impulse, which sub­
stantially exceeds the 95-kv value of this 
standard. The capacitor is usually mounted on 
the same pole with either a power transformer· 
or an isolating choke so that the lightning 
protection provided for either also provides 
protection for the capacitor. For additional 
protection, especially against the sudden po­
larity reverse impulse which occurs when the 
lightning protection operates, a 99A protector 
is installed between the lower terminal of the 
capacitor and ground. The 60-cycle impedance 
of the capacitor is sufficiently high to limit 
the normal current drain to about five milliam­
peres; however, at carrier frequencies, the 
impedance of the capacitor is relatively low • 
and affords a means of receiving and transmit­
ting carrier pow~r from and to the power line 
without appreciable loss. The capacitor is of 
the oil-impregnated paper and foil type, im­
mersed in oil and hermetically sealed in a 
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glass or porcelain container. The container 
is about 211 in diameter and about 15 11 long. 
One type of capacitor which is being used is 
sho,-m in Fig. 14. The capacitor is mounted 
directly on the pole by means of a galvanized 
steel bracket. 

Fuse 

2.04 Connection to the phase wire is made 
through a 2-ampere fuse in order to pre­

vent a capacitor failure from damaging equip­
ment or presenting a hazard to personnel. In 
case of capacitor failure, the fuse will open 
the circuit before the substation circuit 
breakers can operate or before the line fuses 
can blow. The fuse is hung from a hot-line 
clamp on the phase wire and supported by its 
own terminal lead; it is about.4-1/4 11 long and 
1/2 11 in diameter. A flexible lead from the 
lower fuse terminal is connected to the capac­
itor. ·The fuse link is housed in a fibre tube 
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Fig. 14 - Coupling Capacitor 

in such a way that one terminal separates from 
the body when the link is blown, hence, a blown 
fuse can be observed from the ground, When a 
blown fuse is replaced by the power company 
the associated capacitor should also be re-' 
placed. Fig, 15 shows a typical installation 
of a coupling capacitor, fuse and 99Aprotector. 

Isolating Choke 

2.05 An isolating choke is usually connected 
in series with the phase wire at each 

end of a section of line used for carrier 
transmission to isolate this section at carrier 
frequencies from the remaining portions of the 

Power Service Drop .-A 

Carrier Drop 

SECTION A807,001 

99A 
Protector 

Fig. 15 - Typical Installation of Coupling 
Capacitor and Coupling Unit 

distribution system, This choke is contained 
in an oil-filled steel tank as shown in Fig. 16 
and is suitable for mounting on a pole or 
crossarm. A grounding lug is provided on the 
tank mounting bracket, The weight of the com­
plete tank is about 60 pounds. This choke will 
carry 15 amperes continuously. Two chokes may 
be used in parallel when the continuous current 
is likely to exceed the limit of one. Peak 
loads slightly in excess of 15 amperes are 
tolerable for short periods. The short-circuit 
rating of the isolating choke is 500 amperes 
for one second, All existing isolation chokes 

.have lightning gaps between terminals and ex­
pulsion lightning arresters between each ter­
minal and the case. Due to difficulties ex­
perienced with the expulsion arresters, future 
chokes will be manufactured with terminal-to­
terminal gaps only and will require distribu­
tional type lightning arresters, of the same 
rating as used for protecting transformers on 
the power line involved, connected between 
phase wire and neutral on the·carrier section 
side of the isolating choke. The nominal in­
ductance of this choke is 10 millihenries. 
Under installed conditions it may resonate, but 
at a frequency not lower than 270 kc. The 
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minimum impedance is 9500 ohms anywhere in ~he 
frequency band between 150 and 420 kc. The 
maximum 60-cycle impedance is 5 ohms. When 
carrier systems are required to operate at the 
same frequencies on adjacent portions of a 
power network, isolating choke coils in combi­
nation with coupling capacitors are used to 
form sectionalizing networks. 

Fig. 16 - Isolating Choke 

Tap Choke 

2.06 A tap choke is connected in series with 
each branch phase wire or each section 

of a branch phase wire which is not used for 
carrier transmission. Its continuous current 
rating is 7 amperes, but like the isolating 
choke, the rated current may be exceeded slight­
ly for short periods. In case the continuous 
current rating is not sufficient in a particu­
lar appiication, the isolating choke may be 
substituted. Except in a sectionalizing net­
work, a tap choke may also be used in place of 
an isolating choke when its current rating is 
not exceeded. Tap chokes should not be used in 
parallel. The short-circuit rating of the tap 
choke is the same as for the isolating choke, 
namely, 500 amperes for one second. It is 
mounted on the pole by means of an insulator 
supported by a horizontal through bolt. The 
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unit is equipped with a by-pass gap to protect 
the winding from lightning. The nominal induct­
ance of the tap choke is 2.5 mh. Under in­
stalled conditions, it may self-resonate at a 
frequency not lower than 270 kc. The minimum 
impedance requirement is 2500 ohms anywhere in 
the band from 150 to 420 kc. Fig. 17 shows a 
tap choke and its mounting hardware. 

Fig. 17 - Tap Choke 

Transmission Choke 

2.07 A transmission choke is connected in 
series with a line tap which is used for 

carrier transmission and serves to reduce the 
bridging loss of the tap to carrier transmis­
sion on the through circuit. Two kinds of 
transmis'sion chokes are available, one having 
o.6-mh inductartce and the other having 0.3-mh 
inductance. The continuous current rating of 
the o.6-mh choke is 9 amperes and that of the 
0.3-mh choke is 10 amperes. Here also, the 
rated current may be exceeded slightly for 
short periods. The short-circuit rating of the 
transmission choke is the same as for the tap 
choke. It is similar in physical design to the 
tap choke though about 211 shorter and is mounted 
in the same way as the tap choke. The o.6-mh 
choke is identified by a single red band around 
its circumference and the 0.3-mh choke by a 
double red band. The tap choke has no identi­
fying band. The self-resonance frequency of 
the chol(e is well above the highest carrier 



frequency used by the system. The impedance of 
the o.6-mh choke is not less than 680 ohms at 
200 kc and not more than 2200 ohms at 500 kc. 
The 0.3-mh choke has an impedance of not less 
than 340 ohms at 200 kc and not more than 
1100 ohms at 500 kc. The o;3-mh choke is em­
ployed in certain cases where the use of the 
0.6-mh choke would produce excessive transmis­
sion loss. 

(B) Telephone Line Equipment 

2.08 The problems involved in adapting a tele-
phone line for carrier transmission are 

somewhat simpler than for a power line because 
high-voltage capacitors are not required and 
because the isolating, tap, and transmission 
chokes need not carry large values of current 
or withstand high voltages. However, in gen­
eral, comparable functional components are 
required for adapting a telephone line for car­
rier transmission. These consist of physically 
small inductances or filters for the isolating 
and tap chokes and small inductances for the 
transmission chokes. In order to maintain the 
telephone line balance, the chokes are con­
nected in both sides of the line as shown in 
Fig. 18. A filter, also of balanced construc­
tion, is used instead of the inductances in 
cases where other carrier is employed on the 
telephone line, or if it is desired to mini­
mize transmission of Ml frequencies beyond the 
carrier section. These small components make 
it feasible to mount them in pole-mounted 
boxes of the same type used for coupling units. 
Isolating chokes of filters for telephone line 
applications are included in the same box with 
the broad band coupling unit when it is used 
as a common or terminating coupling unit. They 
are also available, as are the transmission 
chokes, in separate boxes for use at locations 
where the common or terminating coupling unit 
is not used, When a power line is used for 
carrier transmission over part of the route 
and a telephone line is used for the remaining 
portion of the carrier line section, a broad 
band coupling unit, which includes a broad band 
filter and repeating coil or two repeating 
coils; is used to interconnect the power line 
and telephone line, 

(C) Coupling Equipment 

General 

2.09 Carrier-frequency energy can not readily 
be transmitted to a power line through 

power distribution transformers, Hence, 
coupling units are used for this purpose, and 
separate drop wire is run for the carrier cir­
cuit between the coupling unit and a subscriber 
or multi-subscriber terminal or a common termi­
nal. Similar arrangements are used for 
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connecting a carrier terminal to a telephone 
line, Three kinds of coupling units are em­
ployed in the system, as shown in Figs. 19 
to 29, inclusive. These are: 

(a) }USJ Bridging Subscriber Coupling Unit 
(Fig. 19), 

(b) MJ.S4 and MJ.S5 Terminating Subscriber 
Coupling Units (Figs. 20 and 21, 

respectively). 

(c) MJ.CJ Broad Band Coupling Unit (Figs. 22 
to 29, inclusive), 

A subscriber or llTillti-subscriber terminal is 
connected by carrier drop wire to either a 
bridging subscriber coupling unit or to a ter­
minating subscriber coupling unit. A common 
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terminal and, in some cases, a multi-subscriber 
terminal, is connected by carrier drop wire to 
a broad band coupling unit. The broad band 
coupling unit may also be used as a line ter­
mination in case no carrier terminal is in­
stalled at the end of a line section which must 
be terminated, One form of the broad band 
coupling unit provides for interconnecting a 
power li~e and a telephone line so that each 
type of line provides a·part of the carrier 
medium comprising the whole carrier circuit. 
Coupling units are so designed that suitable 
impedance matches are obtained in combination 
with the coupling capacitance. Fig, 8 shows 
the type of bridging subscriber coupling unit 
for power line applications. Other types are 
similar except for some of the internal com­
ponents. 

MlS3 Bridging Subscriber Coupling Unit 

2.10 The M1S3 bridging subscriber coupling 
unit consists of three filters, a relay, 

and protector blocks as shown in Fig. 19, For 
power line applications a safety switch is in­
cluded and the protector between the capacitor 
and power line neutral terminals consists of 
copper blocks with a mica separator. For tele­
phone line applications the safety switch is 
omitted and the line protectors are the carbon 
block type. The protectors at the drop wire 
terminals are the carbon block type for both 
telephone line and power line applications. 
For telephone line coupling units the line 
coup];ing capacitance is included in the unit. 
The f:ilters and relay equipment are identical ., 

TELEPHONE LINE 
ARRANGEMENT 

for both applications. FL2 and FL3 are multi­
pled to the carrier drop wire, FL3 is the re­
ceiving filter and is connected across the drop 
side terminals of FLl at all times, The trans­
mitting filter, FL2, is not multipled across 
the drop side terminals of FLl unless relay Kl 
is operated. Both FL2 and FL3 are designed to 
have high impedance inputs and outputs outside 
the band of frequencies which they pass. FLl 
serves as an autotransformer having an imped­
ance ratio of about 750:lOO ohms between the 
carrier line and carrier drop terminals, 
respectively, The carrier frequency impedance 
of the Kl relay winding is very high compared 
to the 100-ohm characteristic impedance of the 
drop wire. At the receiving frequency, the ef­
fective impedance which FL3, in combination 
with FLl and the coupling capacitance, b~idges 
across the carrier line is about 3000 ohms. 
Under stand-by conditions, the FL2 line ter­
minals are opened by the relay and, hence, the 
impedance bridged across the carrier line at 
the transmitting frequencies is very high. 
Under transmitting conditions, a small amount 
of 60-cycle. po,;er is fed out over the carrier 
drop wire. This operates relay Kl, the con­
tacts of which connect the line terminals of 
filters FL2 and FL3 in parallel, thus connect­
ing-the line terminals of FL2 to the drop ter­
minals of FLl. Under these conditions, at the 
transmitting frequencies, the carrier line is 
bridged with approximately 750 ohms. 12, 13 
and 14 of FLl are all parts of the same coil. 
Ll and LS of FLl are uncoupled to any other 
coils in the filter unit, For the power line 

Kl RELAY 
2 

USE"X''WIRING WHEN LOSS TO COMMON TERMINAL IS VERY LOW. 
USE"Y"WIRING FOR OTHER CONDITIONS 
*RATIO FOR''V"WIRING 

WITH "X" W/f\lNG f\AT/0 IS 120:1 

Fig. l9 - M1S3 Bridging Subscriber Coupling Unit 
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case the 60-cycle current of about five milli­
amoefes that flows through the coupling capac­
it~r is drained to ground through Ll, L2, L3 
and L4. When a subscriber coupling unit is 
used at a point where the line loss to the com­
mon terminal is 12 db or less, 11X11 wiring is 
used. This effectively taps the autotransform­
er winding at a lower point and thus a higher 
transmission loss is effected between the car­
rier line and the transmitting and receiving 
filters of the coupling unit. This is done in 
order to prevent overloading of both the sub­
scriber terminal and the common terminal re­
ceivers. This change of connection is provided 
for in the equipment by shifting each of two 
wires from one screw terminal to another. 
After the change is made, the contacts of Kl 
are effectively by-passed so that relay Kl is 
not needed and may be removed from the unit, 
if desired. Under these high loss conditions, 
it is not necessary to open the connection be­
tween FL2 and FLl in the stand-by c_ondition, 
since the bridging loss of the coupling unit to 
the carrier line with FL2 connected is only a 
few tenths of a db at all carrier frequencies, 
due to the large stepdown ratio when the lower 
tap on the autotransformer is used, The trans­
mission loss through the autotransformer FLl is 
about 12 db great.er when this tap is used than 
when "Y" wiring is used. Filters FL2 and FL3 
are designed upon the assumption that they will 
be connected across the 13 and L4 windings 
of FLl. When they are connected across L4 
only, it is necessary to resupply the reactive 
components to simulate the L3 and L4 arrange­
ment in order to preserve the band pass 
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characteristics of the filters. C2 and LS con­
stitute the reactive impedance necessary to 
provide this compensation. 

NJ.S4 and 1.fiS5 Terminating Subscriber Coupling 
Units 

2.11 The M1S4 and M1S5 terminating subscriber 
coupling units shmm in Figs. 20 and 21, 

respectively, ar~ similar to the bridging sub­
scriber coupling unit except that FLl in the 
111S4 coupling unit is a different filter unit 
and, in the 111S5 coupling unit, it is a repeat­
ing coil. FL2, FL3 and relay Kl serve the same 
purposes in these coupling units that they 
serve in the bridging subscriber coupling unit 
and are identical with the components used in 
the latter. FLl also serves the same purpose 
as FLl in the bridging subscriber coupling unit 
but it is so designed that the approximately 
600-ohm characteristic impedance of the carrier 
line is transformed to about 100 ohms. In the 
MlS4 unit, FLl serves as an autotransformer 
between the carrier line and the FL2 and 
FL3 filters since L2 and L3 are parts of the 
same coil. Ll and L4 of FLl in the MlS4 unit 
are not inductively coupled to the other coils 
in the filter unit. In the M1S5 unit, FLl is a 
balanced repeating coil which accomplishes the 
same impedance transformation. The low imped­
ance output appears at terminals 2 and 4 of the 
filter or repeating coil. To terminate the 
carrier line at the point where the terminating 
subscriber unit is applied, a 100-ohm resistor 
is connected directly across terminals 2 and 4 
of FLl. The presence of this resistor terminates 
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the carrier line at all carrier frequencies 
from 150 to 420 kc and also reduces to very 
small proportions the reactive components which 
would otherwise be effective across terminals 2 
and 4. Since FL2 and FL3 are the same type 
filters used with the bridging subscriber 
coupling unit, it is necessary, as mentioned 
above, to resupply the reactive components 
which are present at the normally used low 
impedance side of the FLl of that unit. Re­
actances C2 and L4 in the filter and similar 
components in the repeating coil are employed 
in series between terminals 2 and 6 of FLl to 
provide the necessary compensation. As shown 
in Figs. 20 and 21, FL3 is connected directly 
to terminals 6 and 4 of FLl. Filter FL2 is 
connected across terminals 6 and 4 of FLl 
through the contacts of relay Kl. The drop 
sides of both filters are multipled across the 
carrier drop wire. Under stand-by conditions, 
the carrier line is terminated in approximately 
600 ohms at all carrier frequencies except the 
receiving carrier frequency, in which case the 
termination is slightly less than 600 ohms. 
With the carrier terminal in use, the line is 
terminated in 600 ohms at all frequencies 
except those in the transmitting and receiving 
bands. In the transmitting band, the termina­
tion will be in the order of 250 ohms, due to 
the paralleling effect of FL2 and the 100-ohm 
resistor operating through FLl. At the receiv­
ing frequency, the termination will be only 
slightly less than 600 ohms. For power line 
applications the 60-cycle current that flows 
through the coupling capacitor is drained to 
ground through Ll, L2 and L3 of FLl in the 
MJ..S4 unit, or through winding 1-3 of the 
FLl repeating coil in the MJ..S5 unit. The 
MJ..S5 unit is intended to provide a balanced 
connection to telephone lines which is not 

Kl Relay 2 

possible with the autotransformer arrangement 
in the MJ..S4 unit. However, since the MJ..S5 unit 
will also function satisfactorily in power line 
applications, it is completely replacing the 
MJ..S4 unit and no more of the latter will be 
furnished. 

2.12 The MJ..S4 and MJ..S5 coupling units do not 
contain the high loss option provided 

with the bridging subscriber coupling unit. 
Such an arrangement can be engineered on a 
special basis, however, by installing a pad of 
approximately 10 db between FLl and the multi­
pled connection to FL2 and FLJ. With the pad 
installed, the filters FL2 and FL3 are slightly 
detuned since no use is made of the reactances 
C2 and L4. Also, in the transmitting and re­
ceiving bands, the termination provided for the 
carrier line will be approximately 600 ohms at 
all times instead of the values given in Para­
graph 2.11. The method for installing the pad 
is as follows: 

(a) Remove and discard the Kl relay. 

(b) Remove and discard the 100-ohm resistor 
connected between terminals 2 and 4 of 

the 161B filter or 205A repeating coil. 
The remaining wire(s) on terminal 4 should 
not be disturbed. 

(c) Disconnect and remove the wire connect-
ing terminal 6 of the 161B filter or 

205A repeating coil and terminal 7 of the 
Kl relay socket. 

(d) Connect a 68-ohm resistor between ter­
minal 2 of the 161B filter or 205A re­

peating coil and terminal 7 of the Kl relay 
socket. 

3 r--------
~ 15 GI 
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(e) Connect a 33-ohm resistor between ter-
minal 4 of the 161B filter or 205A re­

peating coil and terminal 7 of the Kl relay 
socket. 

(f) Connect a 68-ohm resistor between ter­
minals 5 and 7 of the Kl relay socket. 

(g) Disconnect the second wire from ter-
minal 6 of the 161B filter or 205A re­

peating coil and transfer it to terminal 5 
of the Kl relay socket. 

(h) Transfer tpe wire on terminal 7 of the 
152-type filter to terminal S of the 

same filter, 

HlC3 Broad Band Coupling Unit 

General 

2,13 The illC3 broad band coupling unit is pro-
vided in four different forms, one for 

connecting a carrier terminal or a termination 
to a power line, two for connecting a carrier 
terminal or a termination to a telephone line, 
and a fourth for interconnecting a power line 
and a telephone line at a carrier junction 
point. One of the coupling units for connect­
ing to telephone lines is for use on telephone 
lines carrying only voice-frequencies in addi­
tion to the }fi carrier while the other is for 
use on lines carrying other carrier frequencies 
as well. The latter is also employed where it 
is desired to minimize transmission of }11 fre­
quencies beyond the carrier section. 

2.14 The MlC3 coupling unit is sho,m in Figs. 22 
to 29, inclusive. The purpose of fil­

ter FLl is to transform the nominal 600-ohm 
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characteristic impedance of the carrier line to 
approximately 100 ohms for connection to a com­
mon terminal, multi-subscriber terminal, to a 
terminating resistance, or to a repeating coil 
used for interconnecting a power line and a 
telephone line. FLl in the broad band coupling 
unit is the same as FLl in the terminating sub­
scriber coupling unit except that in the broad 
band coupling unit, terminal 6 is not used. As 
in the terminating subscriber coupling unit, 
FLl is of two types depending on the date of 
manufacture. In the early types an autotrans­
former was used while in the later types FLl is 
a balanced repeating coil. 

Power Line Application 

2.15 When the unit is used to couple a carrier 
terminal to a power line, termination of 

the power line at carrier frequencies is ef­
fected by the impedance, as seen from the line 
side of FLl, of the carrier terminal which is 
connected via the carrier drop wire to termi­
nals Ll and 12 as shown in Figs. 22 and 23. 
This carrier terminal provides an approximate 
termination only at its transmitting and re­
ceiving frequencies. At other frequencies the 
line is unterminated. If, in a given installa­
tion, several channels are used, the carrier 
terminals associated with the different chan­
nels are all multipled together and then con­
nected via a single carrier drop wire across 
terminals Ll and L2. Thus, the line will be 
approximately terminated at all the frequencies 
associated with the different channels employed. 
Where the coupling unit is used merely toter­
minate a section of power line at carrier fre­
quencies, a 100-ohm resistor Rl is connected 
across terminals Ll and L2 in place of the 
carrier terminal drop wire. '!'his resistance 

Nole: 
1. Unit is equipped in factory with ( R 1) for 

terminating end of Carrier Section. (RI) 
is removed when unit is used lo couple 
a common or multi -subscriber terminal 
to a Power Line. 

"These designations apply within filter only. 

Fig. 22 - illC3 Broad Band Coupling Unit with 161B Filter - Power Line Application 
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Power Line Application 

effectively terminates the power line in 
600 ohms at all frequencies between 150 and 
420 kc due to the transformer effect of FLl, 
In Fig. 22, coils Ll, L2 and L3 supply 60-cycle 
drainage to ground whereas in the newer type, 
illustrated in Fig. 23, winding 1-3 of the re­
peating coil supplies this drainage. Protection 
on the power line side is provided by means of 
copper blocks with a mica separator and a 
safety switch is included as in the bridging 
subscriber coupling unit (see Paragraph 2.10). 
Carbon block protectors are provided at the 
carrier drop terminals. 

Telephone Line Application 

2.16 The features of the broad band coupling 
unit for tel~phone line application, 

shown in Figs. 24, 25, 26 and 27, are similar 
to the arrangements for power line applica­
tions previously described. As previously 
mentioned, the isolating coils or filters are 
included in the coupling unit housing. The 
coupling capacitance is divided 'between two 
capacitors, one in each side of the line, which 
are mounted in the coupling unit box. Carbon 
block protectors are provided on both line 
sides of the unit. No protection is included 
at the drop wire terminals. The protection 
normally furnished at the carrier terminal end 
of the drop wire is considered adequate when 
the carrier terminal is near the coupling unit 
pole and is connected to the same ground as the 
coupling unit. When the carrier terminal and 
its associated coupling unit are located in 
such a way that a common ground can not be 
obtained, a separate protector containing 
26-30 protector blocks is installed at th~ 
coupling unit end of the drop wire. No grounding 
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switch is provided. Where only voice frequen­
cies are involved in addition to the Ml carrier, 
isolation of the carrier section is accom­
plished by the retard coils mounted in the 
coupling.unit box as shown in Figs. 24 and 26, 
Where other carrier frequencies are employed on 
the telephone pair, or where suppression of 
Ml frequencies beyond the carrier section is 
required, a low pass filter is employed in 
place of the inductances as shown in Figs. 25 
and 27. A 100-ohm resistor Rl serves the same 
function as in the power line application for 
terminating a line section at carrier frequen­
cies at a location where no carrier terminal is 
provided.· Figs. 24 and 25 show the early type 
of coupling unit employing the autotransformer. 
However, this arrangement causes unbalance both 
in the telephone line and drop wire. There­
fore, in the later types shown in Figs, 26 
and 27, a balanced repeating coil is employed. 
This coil also has a grounded shield between 
its windings to reduce longitudinal currents 
which might otherwise flow between the line and 
drop wire. The repeating coil is an air core 
transformer, thus modulation products resulting 
from the combining of several frequencies from 
the various terminals which might be connected 
to the coupling unit are reduced. In the early 
type coupling unit, the autotransformer con­
tains a metal~ic core. 

Interconnection of Power and Telephone Lines 

2,17 For cases where a telephone line is 
available for part of a system route and 

a power line is used for the remainder of the 
route, a broad band coupling unit of the junc­
tion type is used to interconnect the two types 
of line as shown in Figs. 28 and 29. In the 
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Llr------------
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(RI) is removed when unit is used to 
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Fig, 24 - MlCJ Broad Band Coupling Unit with l61B Filter - Telephone Line 
Application Where lfo Other Carrier Is Involved 
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l. Unit is equipped in factory with (R1) 
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couple a common or multi-subscriber 
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C2 

Fig. 25 - 1.fiCJ Broad Band Coupling Unit with l6lB Filter - Telephone Line 
Application Where C, Dor H Type Carrier Is Involved 
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Fig. 26 - MlC3 Broad Band Coupling Unit with 205A Repeating Coil - Telephone 
Line Application Where No Other Carrier Is Involved 

Tel, Line V.F. and 
C, D, or H Carrier 

Tel, Line 
Carrier Section 

162A 
Low Pass 

filter 
FL2 

L3 

Connect at 
® when req'd for suppression or balance. 

205A 
Repeating Coil 
6:1 Impedance 
r-----7 
I 1 I ~I 

~--<J--t--t-r-t----t-~r-➔l--<>-,1 r-- I 

4300 I i I 

NOTE: 

26, 30 Prot, 
Blocks 

L4 

1. Unit is equipped in factory with (RI) 
for terminating end of carrier section, 
(RI) is removed when unit is used to 
couple a common or multi-subscriber 
terminal to a telephone line. 

mmf. 1 I 1 

1 2 1 L6 DropWireto Common 
I I or Multi-subscriber 

1 
I Ri j Terminal when (R1) is 

4300 : I 100w removed, See Note 1. 
mmf. I 3 l .__""'4,__,_l __ --c ___ _ 

C2 L __ t_l::_L!J L5 

Fig. 27 - MlC3 Broad Band Coupling Unit with 205A Repeating Coil - Telephone 
Line Application Where C, Dor H Carrier Is Involved 
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Fig. 28 - MlC3 Broad Band Coupling Unit for Interconnecting a Power Line 
and a Telephone Line (Early Type) 
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N 
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No. 20 or 8500130 

Protector 
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No.11 or 8500129 
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Telephone 
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Fig. 29 - M1C3 Broad Band Coupling Unit for Interconnecting a Power Line 
and a Telephone Line Utilizing 205A Repeating Coils 

early type, the power line side of this coupling 
unit is the same as the early type broad band 
coupling unit previously described for power 
line applications. In addition, an impedance 
matching and isolating repe·ating coil is used 
between the low impedance side of filter FLl 
and the telephone line. In the later types, 

(D) Subscriber Terminal Transmission Equipment 

two balanced repeating coils, both of which 
are identical with the repeating coil employed 
with the other coupling units, are connected 
together with their low impedance windings 
facing each other. Both types contain the 
copper block and safety switch arrangement, 
described above, for protection of the power 
line side of the unit and carbon block pro­
tectors on the telephone line side. 

General 

2.18 The subscriber station equipment consists 
of a station protector, carrier drop 

wiring, a subscriber terminal, a combined tele­
phone set, a 14-conductor cord connecting the 
subscriber terminal to the telephone set and a 
voltage regulator if the latter is required. 
In a case where the 60-cycle power supplies to 
the subscriber and common terminals differ in 
phase by a fixed amount, a phase shifter is 
added to the subscriber terminal if divided­
code ringing is required. 
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2.19 The subscriber terminal consists of a 
wall mounting plate, an electronic chas­

sis assembly, and its housing (see Fig. 4). It 
is equipped with a power supply cord and a 
polarized plug for connection to 60-cycle, 
110-120-volt outlet provided by the customer. 
The voltage regulator, if used, is connected 
between the outlet and the polarized plug of 
the subscriber terminal. Two transformer 
primary taps are provided for connecting the 
power cord either to line voltages below 
115 volts or to line voltages of 115 volts or 
over. If the voltage regulator is used, the 
taps are connected for voltages below 115 volts. 
Some free air space is required around the 
housing of the subscriber terminal and voltage 
regulator to dissipate the heat. 

2.20 A schematic of the terminal and telephone 
set is shown in Fig. 30 and an apparatus 

list is given in Tables 3 and 4, attached. The 
equipment uses a 328A3 telephone set for manual 
ser~ice or a 328C3 telephone set for dial 
service. The complete terminal chassis is made 
up of two subassemblies. The larger subassem­
bly chassis is the receiver and power supply 
unit, and the smaller subassembly chassis con­
tains the transmitter unit. The two subassem­
blies have adjacent terminal strips and are 
connected together with short soldered straps. 
One relay, K2, is mounted on the receiver 
chassis and performs signaling and switching 
functions as later described. Another relay, 
Kl, is mounted on the transmitter chassis and 
performs signaling and switching functions in 
addition to selection of the appropriate 
transmitting frequency on revertive calls. If 
a phase shifter is furnished it is mounted by 
means of two terminal feet which are numbered 
16 and 17, and fit under correspondingly num­
bered terminals on TS3 in the subscriber ter­
minal. The green conductor in the telephone 
set cord is disconnected from terminal 16 on 
TS3 and connected to a terminal on the phase 
shifter. A schematic diagram Of the phase 
shifter circuit showing its relation to the 
subscriber terminal circuit is seen in Fig. 31 
and a description of the circuit is given in 
Paragraph 3.46. In order to obtain the correct 
phase shift, the subscriber terminal must 
include resist·or R20 which is included in all 
late terminals for protection of the power 
transformer. Also resistor Rl9 must be 
100,000 ohms instead of the 51,000 ohms fur­
nished in early terminals to maintain the ring­
ing sensitivity when the phase shifter is used. 
Use of the 100,000-ohm resistor for Rl9 will 
not affect the operation of the subscriber 
terminal when the phase shifter is not used. 
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Transmitter 

2.21 The transmitter consists of a modulator-
oscillator tube Vl and a power amplifier 

tube V2 coupled to the carrier line terminals 
through the output filter F11. The transmitter 
is arranged to operate at either of two fre­
quencies, one for normal calls, and the other 
for the use of one of two subscribers talking 
over the same channel (revertive call). The 
pairs of frequencies used for each transmitting 
channel are shown in Paragraph 1.06. The 
transmitter also provides supervisory signals 
to the central office and, when required, dial 
pulses to operate the office equipment. The 
presence or absence of carrier on the line is 
used to provide supervision and dialing as 
described in Part 3. Speech intelligence is 
transmitted by amplitude modulating the carrier 
with speech. 

2.22 The oscillator portion of tube Vl con-
sists of the cathode, grid Gl, and grids 

G2 and G4, connected together, operating as 
the plate of a triode. The frequency of oscil­
lation is controlled either by crystal nor by 
crystal Y2. 11 and C4 are part of the oscil­
lating circuit and are tuned to a frequency 
above that of the crystal to prevent spurious 
oscillations at unwanted frequencies. The 
amplitude of oscillation is limited by grid Gl 
which, when driven positive, draws current 
through resistor R3. The plate of Vl receives 
part of the electron stream which passes 
through these grids. This stream has been 
modulated by the carrier voltage on grid Gland 
thus the carrier-frequency appears on the plate. 
Grid G3 is driven by voice-frequency voltages 
from the transmitter in the telephone set 
through step-up transformer Tl. Thus, grid G3 
further modulates the electron stream, adding 
its effect to that produced by grid Gl. The 
result is a combination of audio and modulated 
carrier frequencies at the plate. The plate is 
resistance-fed through the dial pulsing con­
tacts, arid the modulated carrier output of Vl 
is coupled to the grid of V2 through the inter­
stage network consisting of C8, R9, C22 and 12. 
12 and C22 are tuned to a frequency between the 
n and Y2 frequencies to offer high impedance 
to the carrier-frequency and sidebands from Vl 
and to provide a low impedance path to ground 
for the speech components and also the harmonics 
of the carrier-frequency voltage to effectively 
prevent the latter from reaching the line. 

2.23 Tube V2 is used as a class A amplifier 
working into filter F11 which acts both 

as a transformer and filter. It matches the 
plate impedance of V2 to the 100-ohm impedance 
of the carrier drop wire and acts as a filter 
to pass only the carrier and its sidebands. 
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Outside the pass band, the filter presents a 
high impedance to the carrier drop wire. Be­
sides further reducing harmonic output, the 
filter minimizes cross-modulation with other 
channels of the system. 

2.24 In the stand-by condition, with the hand-
set on its cradle, the heater of Vl is 

energized, but the cathode return to ground 
through TSR3 in the telephone set is opened by 
the switchhook contacts. However, a small 
amount of cathode current flows through resist­
ance R.5 to ground during stand-by periods and 
the tube is allowed to oscillate at very low 
output. The voltage supply to the filament of 
V2 is opened by another set of switchhook con­
tacts so that V2 can not amplify this small 
signal and pass it to the line. 

2.2.5 Operation of the switchhook contacts, 
when the handset is lifted from the 

cradle, signals the central office by decreas­
ing the cathode bias of tube Vl, which allows 
it to oscillate at full output, and by closing 
the circuit to supply filament power to V2. 
After the contacts are closed, the filament of 
tube V2 reaches operating temperature in about 
one second. The cathode current of tube V2 
returns to ground via the connecting cord and 
through the transmitter in the handset, thus 
providing the necessary current to energize the 
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transmitter. When the switchhook is restored 
to stand-by condition, handset on cradle, the 
circuit to the filament of V2 is opened, but 
due to slow cooling of the filament, V2 will 
continue to amplify for several seconds. How­
ever, bias resistor TSR3 is also disconnected 
by the switchhook cont~cts thus reducing the 
output of Vl to a low value. At the same time, 
however, another pair of contacts completes the 
circuit to relay Kl which will operate momen­
tarily, since relay K2 is still operated due to 
presence of carrier from the common terminal. 
This, in effect, changes the low output of Vl 
to the Y2 (revertive) frequency and assures the 
release of the common terminal relays which 
then remove the common terminal carrier from 
the line, allowing.relays K2 and Kl to release. 
The small amount of output from Vl at the 
Y2 frequency is insufficient to cause operation 
of the common terminal revertive frequency cir­
cuits. By means of the above operations, 
prompt supervisory signals are produced in 
spite of the slow cooling time of the filament 
of V2. If the switchhook contacts are opened 
and closed too rapidly, the first operations 
will break the carrier intermittently but the 
filament of tube V2 will tend to cool down. 
Thus, the carrier output is reduced and may not 
be sufficient to control the supervisory relays 
in the common terminal. 



2.26 Due to filament cooling and slow oscilla-
tor build-up, interruptions of carrier 

at the dialing rate can not be performed in the 
same way as switchhook interruptions. Accord­
ingly, interruptions of the carrier for dialing 
purposes are accomplished by opening only the 
plate supply of Vl. In dialing, voltage is 
continuously supplied to grids G2 and G4, act­
ing together as the plate of the triode section 
of Vl, hence, the triode portion of the tube 
oscillates without interruption during the 
dialing process. The network R7, RB and c6 
provides some shaping for the beginning and end 
of each dial pulse. 

Crystal Switching 

2. 27 l'fnether crystal Yl or Y2 is used depends 
on the operation of relay Kl which short­

circuits the unused crystal. If no carrier is 
being transmitted from the common terminal ( as 
a result of no carrier transmission from a 
terminal on the same channel), relay K2 at the 
output of the receiver remains unoperated and, 
hence, relay Kl can not operate. For this con­
dition, crystal Yl is connected to the oscilla­
tor circuit. Operation of the switchhook with 
no previous carrier on the line prevents re-
lay Kl from operating so that the calling party 
remains on the frequency of Yl regardless of 
the presence of carrier received from the com­
mon terminal after operation of the switchhook. 
If carrier from the common terminal is present 
on the line before the handset is removed from 
its cradle, relay Kl has already been locked 
up through its mm contacts in series with the 
K2 relay contacts, hence, the oscillator is 
controlled by crystal Y2. If carrier from the 
common terminal disappears while the handset 
is off of its cradle, both K2 and Kl will re­
lease and the transmitted frequency will change 
to that controlled by Yl. Thereafter, the car­
rier from the common terminal will reappear and 
relay K2 will reoperate, but relay Kl will re­
main unoperated, 

Receiver 

2.28 The receiver subchassis is the larger of 
the two subchassis assemblies comprising 

the complete subscriber terminal unit. In 
addition to the receiving equipment, the power 
supply circuit for the transmitter, receiver, 
and line coupling unit relay are mounted on 
this unit. 

2.29 The receiver operates at one of the car-
rier frequencies listed in Paragraph 1. 06, 

depending on the channel employed. Carrier 
frequencies from the drop wire enter through 
filters FL2 and FL3, which attenuate unwanted 
frequencies and provide a high impedance input 
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to the grid of tube V3 as well as a voltage 
step-up from the 100-ohm impedance of the drop 
wire. For normal gain, the grid of V3 is left 
connected to terminal 5 of FL3. Approximately 
6 db additional gain may be obtained by con­
necting the grid of V3 to terminal 8 of FL3. 
The higher gain condition, however, increases 
the likelihood of false signals from static or 
other disturbances. Tube V3 is a remote cut­
off amplifier, The output of tube V3 passes 
through the interstage coupling filter FL4, 
which provides additional suppression of un­
wanted frequencies, to tube V4 which provides 
further amplification. The output of tube V4 
is coupled to a germanium demodulator RV2 
through output filter FL5. The demodulator is 
followed by a filter consisting of inductanceL4 
and capacitors Cll and C21 which suppress the 
carrier frequency components and any harmonics 
thereof in order to minimize interference to 
radio broadcast receivers. The output of de­
modulator RV2 has a d-c component, ·which is 
used to energize relay K2 for operating the 
ringer and relay Kl and a voice-frequency com­
ponent, most of which is by-passed around the 
relay winding by capacitor ClO. When the hand­
set is on its cradle, the d-c component flows 
through the relay to ground directly. When 
the handset is off its cradle, the d-c and 
voice-frequency components flow to ground 
through Rl3, The resulting voltage across the 
latter is applied to resistor TSRl in the tele­
phone set in series with the handset receiver. 
The receiver in the telephone set is shunted by 
capacitor TSCl which, together with resis-
tor TSRl, acts to produce the desired voice­
frequency characteristic and level. The car­
rier receiving circuit is energized at all 
times for the receipt of ringing signals. 

2.30 The AGC voltage for controlling the re-
ceiver gain is obtained by rectifying 

some of the output carrier voltage at the pri­
mary side of the output filter FL5. The 
copper-oxide varistors (5RVl) and associated 
resistors and capacitors are mounted inside the 
filter can. The derived d-c voltage is de­
veloped across resistor 5R4 and is returned 
through filter FL3 to the grid of tube V3 as 
negative bias for controlling the gain. The 
varistor control circuit is biased with a d-c 
voltage from the voltage divider 5R2 and 5R3 
so chosen that automatic control does not 
become effective until the input signal voltage 
exceeds a predetermined value. 

2.31 The detailed operation of relays Kl and 
K2 is discussed in Part 3, which gives 

an over-all system description of the signaling 
arrangements. 
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Power Supply 

2.32 The power supply transformer T2 for the 
subscriber terminal is indicated in 

Fig. 30. The filament of V2 and the heater of 
V4 are supplied from winding 15-16-17. Separate 
windings on T2 are used to supply the heaters 
of tubes Vl and V3 in order to permit use of 
individual cathode bias voltages since, in each 
of these tubes, the cathode is connected inter­
nally to one side of the heater. Winding 9-ll 
supplies Vl and winding 12-14 supplies V3. 
Positive d-c plate voltage is supplied from 
winding 6-8 of transformer T2 in combination 
with varistor RVl and a smoothing filter com­
posed of Rl8 and two sections of Cl5. Power 
fop operation of the Kl relay is obtained from 
the d-c plate supply. Winding 4-5 supplies 
30 volts rms for operation of the coupling unit 
relay when one is used. Plate voltage is pres­
ent on some of the wires in the telephone set 
connecting cord and appears on the dial con­
tacts and some of the switchhook contacts. 

Coupling Unit Relay 

2.33 When the handset is removed from its 
cradle, the relay, if one is used, in the 

bridging subscriber coupling unit or tn the 
terminating subscriber coupling unit at the 
pole, is energized, connecting the line side of 
the transmitting filter to the broad band fil­
ter, thus providing a transmission path for the 
subscriber terminal transmitting frequencies. 
In the stand-by condition, the path from the 
transmitting filter is open, thus reducing its 
bridging loss to carrier transmission for other 
subscribers. The operating voltage for this 
relay is obtained from the 30-volt winding of 
the power transformer mentioned above and wired 
through a pair of switchhook contacts. This 
60-cycle voltage is connected to the carrier 
drop wiring through the network 13 and c·2. 
13 prevents carrier currents on the drop wire 
from being shunted by the 30-volt,power trans­
former winding and, since it is a, 2-winding 
coil, it also maintains the balance of the 
drop wire circuit to ground. 

(E) Multi-Subscriber Terminal Transmission 
Equipment 

General 

2.34 The multi-subscriber terminal consists of 
a basic unit and a modified subscriber 

terminal of the type described under (D) of 
Part 2. The basic unit contains the 2-wire to 
4-wire terminating equipment, signaling and 
switching circuits, phase shifter and a part 
of the power supply. The modified subscriber 
terminal contains the carrier-freq~ency equip­
ment plus the modulating and demodulating 
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circuits, two relays, Kl and K2, and the re­
mainder of the power supply. The modified 
subscriber terminal is mounted on the basic 
unit and connected to it by a local cable. A 
schematic of the multi-subscriber terminal is 
shown in Fig. 32 and Fig. 5 is a photograph of 
the equipment. 

Carrier-Frequency Equipment 

2.35 The carrier-frequency equipment of the 
transmitter and receiver together with 

the crystal switching feature and coupling unit 
relay supply are identical with that of the 
subscriber terminal described under Para-
graphs 2.21 through 2.31. However, grid G3 of 
tube Vl in this case is driven by voice-fre­
quency voltages directly from the 2-wire to 
4-wire terminating equipment. Also, the 
demodulator RV51 is reversed in polarity.as 
compared to RV2 in the subscriber terminal and 
the arrangement of relay K2 is slightly differ­
ent. The circuit is enabled and disabled in 
the same manner as that of the subscriber ter­
minal although a relay under the control of the 
subscribers' switchhooks is employed to perform 
the functions of the switchhook contacts of the 
regular Ml subscriber terminal. Dialing is ac­
complished by interrupting the plate voltage of 
Vl (as in the subscriber terminal) through the 
contacts of a relay which is under control of 
the subscribers' dials. 

Voice-Frequency Transmission Equipment 

2.36 Fig. 33 is a simplified schematic of the 
voice-frequency portion of the multi­

subscriber terminal. The 2-wire to 4-wire ter­
minating circuit consists of transformers TlO 
and Tll. Windings 9-10 and 11-12 of TlO are 
connected in series arid terminated in R51. 
Voice frequencies received from the subscriber 
stations over the 2-wire extension are stepped 
up through this transformer and applied between 
the modulating grid of Vl and ground. The 
value of R51 has been chosen to produce voice­
frequency levels from subscribers close to the 
terminal which will modulate the carrier to 
about the same extent as is done in the sub­
scriber terminal. A compromise balancing net­
work of 910 ohms and 2 mf is employed. The 
return loss at this point will vary over a wi~q 
range due to the different distances to the 
several subscriber stations on the voice-fre­
quency extension and the fact that two or more 
subscribers may have their receivers off the 
hook simultaneously. In the receiving direc­
tion, the voice frequencies are demodulated 
by RV51. The radio frequency suppression fil­
ter consisting of coil L4 and capacitors Cll 
and C21 is the same one used in the subscriber 
terminal. The voice-frequency voltage is 
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developed across the impedance of the K2 relay 
and R52 in series and is applied through a 
network consisting of Rl02 and Cl02 to the high 
impedance winding of Tll which is shunted by 
Rl03. This network has been designed to pro­
vide speech level~ at subscriber stations close 
to the terminal which are slightly lower than 
those received by subscribers using subscriber 
terminals. This is necessary in this case to 
prevent singing of the system under certain 
conditions. The frequency characteristic is 
equivalent to that existing in the regular 
Ml system. The transmission loss to and from 
subscribers at greater distances from the ter­
minal will be greater by the amount of loss in 
the voice-frequency line. During the idle 
condition, the high impedance winding of Tll 
is short-circuited to ground through a contact 
on the C relay. This is done to provide an 
impedance across which the signaling voltage 
is developed which will not be dependent on 
the impedance of the voice-frequency line as 
seen through Tll. 

Power Supply 

2.37 There are two power supply circuits in 
the multi-subscriber terminal. One of 

these is the usual power supply circuit of the 
modified subscriber terminal unit which is 
described in detail in Paragraph 2.32. The 
d-c plate voltage supply also furnishes power 
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for the operation of relays RR and RT in the 
basic unit and, where full-code ringing is 
employed, provides plate voltage to tube VlO 
in the basic unit. 

2.38 The other power supply is included in the 
basic unit. The power supply trans­

former Tl2 is shown in Fig. 32. Winding 4-5-6 
feeds into varistor RV102 to provide direct 
current at a nominal voltage of -48 volts for 
operation of the A and C relays and to provide 
common battery supervision.and transmitter cur­
rent to the subscriber stations on the voice­
frequency extension. This voltage also pro­
vides bias for tube VlO in the basic unit and, 
in case a-c - d-c ringing is employed, it is 
used for the d-c bias of the ringing voltage. 
Winding 20-21-22 furnishes the heater supply 
for tube VlO. In case of divided-code ringing, 
winding 7-8-9 supplies the a-c plate voltage 
through the phase shifter network to tube VlO. 

2.39 The primary windings of both power trans-
formers Tl2 and T2 are connected in 

parallel with each other and connected to the 
high line voltage terminals 9 and 11 on termi­
nal strip TSlO. The low line voltage tap of 
the primary of power transformer Tl2 is con­
nected to terminal 10 of terminal strip TSlO. 
If the low line voltage connection is used, 
the power voltage is thus connected to the low 
line voltage portion of the primary winding of 
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transformer Tl2 only. The primary of trans­
former Tl2 then acts as an autotransformer to 
boost the voltage applied to the total primary 
winding· of transformer T2. The low voltage tap 
of transformer T2 is never employed, and the 
power cord leads of the modified subscriber 
terminal are always left connected to termi­
nals 1 and 3 of TS4. 

(F) Common Terminal Transmission Equipment 

General 

2.40 A schematic of the common terminal equip-
ment is shown in Fig. 34. The basic unit 

equipment of the common terminal, which con­
sists of power supply, relays, gas tubes, and 
4-wire to 2-wire terminating equipment, is 
mounted directly on the chassis at one end. 
The electronic equipment associated with the 
transmitter is mounted on a subassembly and is 
connected to the basic circuit equipment by 
means of a IS-contact plug. The electronic 
equipment associated with the two independent 
receiving circuits is mounted on another sub­
assembly and is connected to the basic unit by 
means of another IS-contact plug. The two sub­
assemblies are mounted at the opposite end of 
the chassis from the basic unit equipment. The 
transmitting and receiving circuits are essen­
tially the same as in the subscriber terminal. 
However, the transmitter operates at only one 
frequency and two complete receiving circuits 
are employed. One receiving circuit is for 
the normal frequency received from any sub­
scriber or multi-subscriber terminal and the 
other is for the revertive call frequency which 
is transmitted from one subscriber or multi­
subscriber terminal when a call is in progress 
between two subscriber stations involving two 
terminals on the same channel. 

Four-Wire Terminating Circuit 

2.41 The 4-wire terminating circuit of the 
common terminal is shown in Fig. JS. 

This circuit is, in effect, a hybrid arrange­
ment which is made up of transformers T2 and T3. 
Windings 9-10 and 11-12 of transformer T2 are 
used as part of the vario-losser circuit for 
the voice-frequency limiter associated with 
the transmitter of the common terminal. An 
adjustable balancing network is provided for 
balancing the voice-frequency line. This net­
work provides resistance, capacitance, and 
inductance, all arranged for strapping in var­
ious values and combinations to match closely 
the impedance of any voice-frequency line over 

.the voice-frequency range. 
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2.42 A balanced pad is provided for building 
out the attenuation of the voice-frequency 

line up to 6 db in 2 db steps. This provides 
for adjusting the total attenuation of the 
voice-frequency line to a nominal 6 db loss at 
1000 cycles where the loss of the line itself 
is less than this value. A capacitor is con­
nected in series with the shunt branch of the 
pad in order to avoid a d-c bridge on the line 
which would preclude signaling and dialing. 

Transmitter 

2.43 The circuits for the transmitter, normal 
receiver, and revertive receiver are 

shown in Fig. 36, The transmitter at the com­
mon terminal, like that at the subscriber ter­
minal, produces amplitude-modulated output 
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with unsuppressed carrier. The output from 
the transmitter is suppressed when the terminal 
is in the stand-by condition. The transmitter 
is enabled either when carrier is received from 
a subscriber or multi-subscriber terminal or 
when 20-cycle ringing voltage is received from 
the central office. 

2.44 The oscillator-modulator tube Vl and its 
associated circuit are similar to those 

used in the subscriber terminal transmitter, 
except that only one frequency per channel is 
provided. The range of frequencies for the 
various channels is from 155 to 230 kc as shown 
in Paragraph 1.06. Ll and Cl are tuned to a 
frequency slightly higher than the crystal fre­
quency to prevent spurious oscillations. The 
output voltage appearing on the plate of tubeVl 
is coupled to the grid of amplifier tube V2 
through the tuned circuit, L2 and C3, and 
capacitor C4. L2 and C3 present a high imped­
ance to the carrier and its sidebands, but 
effectively shunt out the voice-frequency com­
ponents as well as any harmonics of the car­
rier, thus preventing the latter from reaching 
the line. The voice-frequency components pass 
through the network L2 and C3 to varistors RVl 
and RV2. The rectified output voltage from 
this varistor combination controls a volume 
limiter circuit as described in Paragraph 2.48, 
Filter FLl matches the plate impedance of V2 to­
the nominal 100-ohm impedance of the carrier 
drop wire and adds further suppression to un­
wanted frequencies. The pass band of FLl is 
considerably narrower than the corresponding 
filter in the subscriber terminal, since it is 
required to pass only one carrier frequency and 
its sidebands, The output of this filter has a 
high impedance outside the pass band, which 
prevents bridging loss to other carrier fre­
quencies being transmitted to the same carrier 
line, 

2.45 Both of the common terminal transmitter 
tubes are continuously heated in order 

to provide for immediate response to ringing 
signals from the central office. As shown in 
Fig. 34, the cathode return of Vl is connected 
through the high resistance Rl7, which in addi­
tion to a high negative bias placed on the 
modulating grid 03 through R60 and winding 7-8 
of T2 reduces the tube current to a low value 
during stand-by intervals, The tube there­
fore, can oscillate at only a very low level. 
The normal cathode path to ground is closed and 
the high bias removed from grid 03 by operation 
of the B relay, which occurs when carrier is 
received from the line which allows the tube to 
oscillate at full output. The normal cathode 
path may also be closed by operation of either 
of the ringing relays (RT or RR). 
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2.46 In the stand-by condition, plate current 
of tube V2 is greatly reduced by appli­

cation of a high negative bias to the control 
grid. This bias voltage, like the bias for 
grid 03 of tube Vl, is obtained from the nega­
tive 48-volt supply used to operate the A, B, 
and RCl relays. The path is through R3, R62, 
R22, R25, R26, and R27, as shown in Fig. 34, 
Operation of the B relay short-circuits this 
high bias by closing the grid return path 
through to ground. 

2.47 When ringing voltage is received over the 
voice-frequency line from the central 

office, one or both of the ringing relays (RT 
and RR) operate and positive pulses are gener­
ated by one or both of the gas tube ringing 
circuits associated with V7 and V9 and with V8 
and VlO, as shown in Fig. 37, The positive 
pulses are applied through R62 to both the 
modulating grid of Vl and the control grid 
of V2. Operation of either ringing relay has 
already applied the normal cathode biasing 
circuit to Vl as mentioned above, and carrier 
transmission occurs at the same time as, and 
as a result of, the positive peaks generated by 
the ringing circuit. Since the positive peaks 
are greater than the high negative bias on the 
grids of Vl and V2, the tubes actually are 
caused to overload so that·the peak carrier 
output is substantially independent of the 
peak voltage of these positive peaks; thus the 
carrier pulses are approximately rectangular 
in shape. The peak value of the carrier pulse 
is about 5,5 db above the peak value of the 
normal carrier output of the terminal. 

Volume Limiter 

2.48 Since the common terminal may be con-
nected through the central office to 

either local or toll circuits, a wider spread 
of input speech levels will obtain than at the 
subscriber or multi-subscriber terminal trans­
mitter. With average talkers, the variation 
in received talking volumes between a limiting 
toll connection and a local connection over a 
short loop is about 35 db. Without automatic 
adjustment of high level input voltages to 
prevent overmodulation, the lowest input levels 
would not modulate the .transmtter sufficiently 
to provide a desirable signal-to-noise ratio, 
especially during periods of high static noise. 
This condition is improved by the volume limit­
ing rectifier and vario-losser circuit shown 
in Fig. 38 .. The volume limiting rectifier 
circuit, composed of varistors RVl, RV2, and 
capacitor C8, rectifies the amplified audio 
component from the plate of Vl through 12 and 
C3 and provides a d-c voltage across C8. 
12 and C3 are anti-resonant at the carrier 
frequency and thus keep the carrier voltage 
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from the rectifier, The rectified voltage is 
applied through windings ll-12 and 10-9 of T2 
to the two varistors RV6 and RV7 which act as 
a vario-losser across these windings. The 
common connection of RV6 and RV7 is biased with 
approximately 13 volts from the plate supply 
circuit, so that the varistors remain at high 
impedance until the rectified speech voltage 
supplied by RVl and RV2 exceeds this value. 

When the input level is high, direct current 
flows through RV6 and RV7 in the forward direc­
tion. Their impedance, which is high with no 
forward current, is thus greatly reduced under 
high input level conditions. A portion of the 
speech power through T2 is absorbed by the 
varistors, and the output voltage applied to 
the grid of Vl from winding 7-8 of T2 is thus 
reduced. The same action occurs also if speech 
input power is received either from the normal 
or revertive receiver through the hybrid cir­
cuit to winding 7-8 of T2. 

2.49 The sensitivity and bias values of the 
vario-losser are designed so that the 

point where the output ceases to be directly 
proportional to the input occurs at about -3Ovu 
at the line input to the hybrid circuit. At 
this level, the sensitivity is designed to pro~ 
duce about So per cent modulation_in the trans­
mitter output from speech peaks. Higher input 
levels, such as those resulting from strong 
talkers on short subscriber loops, increase 
the modulation by only about 5 db, and for 
extremely high input levels resulting from 
strong talker peaks, the vario-losser permits 
some distortion. Because of the limiter cir­
cuit, about 15 db more voice-frequency voltage 
step-up can be used without overloading on 
high-level incoming signals. 
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2.50 Capacitor C8 in the volume-limiting 
rectifier provides a time constant which 

prevents action of the vario-losser on indi­
vidual cycles of voice frequencies but permits 
its action on speech syllables. The attack 
time of the volume limiter is shorter than the 
hangover or release time. The hybrid circuit 
not only transmits speech to the transmitter 
from the voice-frequency line, but also speech 
due to transmission across the hybrid from the 
normal receiver, or from both receivers if a 
revertive call has been set up over the carrier 
system. The speech levels from these paths may 
be greatly different, yet the volume limiter is 
fast enough to adjust for these differences, 
which may come in quick succession. 

Receiver 

2.51 In the normal frequency receiver, the 
carrier-frequency is received through 

filters FL6 and FL? as shown in Fig. 36. These 
filters suppress unwanted frequencies and 
transform the carrier drop wire impedance of 
about 100 ohms to approximately 0.1 megohm at 
the grid of V5. This transformation also pro­
vides voltage gain for application to the grid 
of tube V5. For normal gain, the grid of V5 
is left connected to terminal 5 of FL?. Ap­
proximately 6 db more gain can be obtained by 
connecting the grid of V5 to terminal 8 of FL?. 
Likewise, a similar change can be made on FL3 
of the reverting receiver to increase its gain 
where necessary. 

2.52 The two tubes V5 and V6 in the normal 
frequency receiver are coupled by means 

of an interstage filter FL8 which provides ad­
diticnal suppression of unwanted frequencies. 
The output of tube V6 is fed to output filterFL9. 
The output of filter FL9 is divided into two 
parts; one part actuates the signaling and 
dialing equipment, and the other provides the 
speech transmission. The speech output is de­
modulated and filtered by RV5, 13 and Cl9 and 
is then transmitted to the voice-frequency line 
via the 4-wire terminating set. A small part 
of this energy passes through the hybrid unbal­
ance in the 4-wire terminating set to the 
voice-frequency grid of Vl in the transmitter 
and appears as sidetone at the subscriber or 
multi-subscriber terminal. The other output 
of FL9 is demodulated and filtered by RV4 and 
Cl? and the d-c component is used to operate 
relay P. 

2.53 The AGC voltage for controlling the re-
ceiver gain is obtained by rectifying 

some of the output carrier frequency voltage 
tapped off the primary side of output filter FL9. 
The copper-oxide varistors (9RV1) and associ­
ated resistors and capacitor are mounted inside 
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the filter can, and the derived d-c voltage is 
returned through filter FL? to the grid of V5 
as negative bias for controlling the gain. The 
varistor control circuit is biased with a d-c 
voltage so chosen that automatic control does 
not become effective until the input signal 
voltage exceeds a predetermined value. 

2.54 Both receivers are energized at all times. 
The operation of the revertive receiver 

is similar to that of the normal receiver just 
described except that the frequency allocation 
is different as shown in Paragraph 1.06. The 
output of FL5 is demodulated by RV3. The d-c 
component of this output is used for operating 
the revertive call relay RC as later described. 
The voice-frequency component of the output 
passes through the RCl relay contacts, when 
operated, to the 4-wire terminating set. A 
portion of this speech output passes ·across 
the 4-wire terminating set, due to the hybrid 
unbalance, to the grid of transmitter tube Vl 
for transmission back over the carrier line. 
This speech is thus heard by the speaking sub­
scriber as sidetone and by the listener as 
direct speech. The detailed relay operations 
for switching, signaling, and dialing are 
covered in Part 3. • 

Power Supply 

2.55 The power supply transformer Tl is shown 
in Fig. 34. The filament of V2 and the 

heaters of V4 and V6 are supplied from winding 
20-21-22 of transformer Tl. The heater supply 
for tubes Vl, V3 and V5 is provided by separate 
secondary windings in order to allow independ­
ent cathode biasing arrangements since, in each 
of these tubes, the cathode is connected in­
ternally to one side of the heater. Winding 
4-5-6 feeds into selenium rectifier RV9, the 
output of which is filtered by capacitor C30, 
to provide a negative 48-volt d-c potential for 
operating the A, Band RCl relays, for provid­
ing grid bias for transmitter tubes Vl and V2 
and for bias voltage on the cathode of gas 
tubes V7 and V8 of the ringing oscillator cir­
cuit. Windings 7-8 and 8-9 supply the main 
anode voltages for V8 and V7, respectively. 
Winding 8-10 supplies rectifier RV8 and fil-
ter 14 and C29, the output of which furnishes 
the +B supply. 

3. SIGNALING, DIALING AND SWITCHING ARRANGE­
MENTS 

(A) General 

3.01 Carrier transmission, interrupted by the 
subscriber's dial (nominally about 10 

pulses per second), is used for transmitting 
dial pulses between a subscriber or multi­
subscriber terminal and the common terminal. 



Spurts of carrier at a rate of 30 pulses per 
second, synchronized with the 60-cycle power 
supply, are transmitted from the common termi­
nal to the subscriber or multi-subscriber ter­
minals for signaling the subscribers. Steady 
carrier transmission from a subscriber or 
multi-subscriber terminal is used for energiz­
ing the common terminal. Interruption of car­
rier transmission from a subscriber or multi­
subscriber terminal to the common terminal by 
switchhook operation provides the recall and 
disconnect signal for the central office. The 
same carrier frequencies are used for dialing 
and signaling as are used for voice transmis­
sion over a given channel, 

(B) Call from an Hl Subscriber to a Subscriber 
Not on the Same Channel 

3.02 To signal the local manual office from 
an Hl station, the handset is lifted from 

its cradle in the usual manner as for any com­
mon battery station. As shown in Fig. 30, the 
switchhook contacts provide a normal cathode 
return circuit to ground for Vl, closes the 
heater circuit of tube V2 and connects 30 volts 
a-c to the relay in the associated coupling 
unit. In the nrulti-subscriber terminal, relayC, 
as sho,m in Fig. 32, accomplishes the same 
function. Relay C operates as the result of 
lifting the handset from its cradle at any of 
the subscriber stations connected to the ter­
minal. Hence, a steady carrier frequency is 
sent over the carrier line to the common ter­
minal and it is there amplified and rectified 
by the normal receiver which is continuously 
activated for the receipt of carrier signals 
from any subscriber or multi-subscriber termi­
nal of the channel. The rectified carrier 
operates relay P, which operates relays A and B 
as shm-m in Fig. 39. The operation of the B re­
lay energizes the transmitter and switches the 
voice-frequency loop from its connection to the 
ringing circuit over to the 4-wire terminating 
circuit, The contacts of the A relay close the 
d-c path of the voice-frequency loop as shm-m 
in Fig. 39. This operates the line signal in 
a manual office to call in an operator or 
operates the line relay in a dial office to 
actuate the dial equipment as in the case of 
any voice-frequency subscriber. Since both the 
common terminal and the subscriber terminal are 
now energized and ready for speech transmission, 
the operator responds or dial tone is returned 
and the subscriber then requests or dials the 
called number. Further description of the 
dialing process is given in Paragraph 3.04; 
however, the connection to the called party is 
completed in the usual manner. 

3,03 At the end of the conversation, the 
handset is returned to its cradle and the 

resulting switchhook operation at the subscriber 
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terminal or release of the C relay at the 
multi-subscriber terminal disables the trans­
mitting oscillator at that terminal (see Para­
g~aph 2.25), The resulting absence of received 
carrier at the common terminal allows the P, A 
and B relays to release, which restores the 
common terminal to the stand-by condition. Re­
lease of the A and B relays opens the d-c path 
over the voice-frequency loop which brings in 
the disconnect signal ·at a manual office or 
restores the dial equipment to normal. When a 
magneto office is involved, an auxiliary line 
circuit, such as that shown in SD-14152-01, is 
required in the magneto office for actuating 
the supervisory signals. 

3.04 As shm-m in Fig. 39, operation of the 
B relay removes the shunt capacitor C23 

from resistor R63 and from the P relay winding, 
thus shortening the time constant of the Pre­
lay which allows it to follow dial pulses. 
When dial service is involved, and when a sub­
scriber having an individual subscriber termi­
nal operates his dial, its contacts periodi­
cally interrupt the plate supply to the oscil­
lator-modulator tube Vl. This periodically 
interrupts carrier transmission from the sub­
scriber terminal in accordance with the dial 
pulses. In the case of the multi-subscriber 
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terminal, operation of the dial causes the 
line (A) relay of the multi-subscriber terminal 
to pulse. Opening of its contacts opens the 
plate supply to tube Vl and causes the carrier 
to be pulsed in the same manner as described 
above. At the common terminal, the P and A re­
lays release in response to every carrier in­
terruption but the B relay remains operated 
since it is a slow release relay. The opera­
tion of the contacts of the A relay simulates 
the pulsing provided by dial contacts connected 
directly across any dial office loop, i.e., 
they periodically open the d-c circuit to the 
dial office. 

(C) Call to an Ml Subscriber from a Subscriber 
Not on the Same Channel 

3.05 In this case, the call is received by the 
operator or the dial equipment at the 

central office, and.the ringing signal for the 
called subscriber is placed on the voice­
frequency loop to the common terminal in the 
same way as for any voice-frequency subscriber. 
At the common terminal, the ringing system is 
connected to the voice-frequency loop during 
stand-by periods through normally qlosed con­
tacts of the B relay. The ringing signal then 
operates one of the two relays (RT or RR) at 
the common terminal where conversion of the 
signal is made to provide synchronized spurts 
of carrier for transmission of the signal from 
~he common terminal to the subscriber or multi­
subscriber terminal. The details of ringing 
system circuits are discussed in Part 3(H). 

3.06 At the common terminal, one of the ring-
ing oscillators is enabled by the opera­

tion of.the RR relay, and the other oscillator 
is enabled by the RT relay as shown in Fig. 37. 
The RT relay operates to furnish ringing for a 
tip party and the RR relay provides ringing for 
a ring party. 

3.07 When the ringing signal from the local 
office operates the RT relay, the common 

terminal transmits short pulses of carrier 
synchronized with every alternate 60-cycle volt­
age wave. These pulses actuate the ringing 
circuits of those subscriber terminals which 
are so poled as to be enabled when the pulses 
arrive. Other subscriber terminals, so poled 
as to be disabled when the pulses arrive, do 
not respond. These latter subscriber terminals 
would respond to pulses sent out from the com­
mon terminal if the ringing current from the 
central office had operated the RR relay in­
stead of the RT relay. 

3.08 Multi-subscriber terminal station ringing 
employs the same principles as are de­

scribed in Paragraph 3.07 except that the ring­
ing pulses received from the common terminal 
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are converted by the multi-subscriber terminal 
into 20-cycle ringing voltage. This signaling 
voltage is transmitted over the voice-frequency 
extension to the subscriber stations. The 
carrier pulses, generated by the common termi­
nal as explained above, are received and de­
modulated at the multi-subscriber terminal 
where they become pulses of positive d-c volt­
age. They are then applied to the grids of a 
twin triode vacuum tube whose plates are ener­
gized with 60-cycle voltage, the two plates 
being of opposite polarity. If the plate of 
one of the triodes is positive at the time the 
pulses are received the triode passes current 
and causes a relay to operate. As a result of 
this, the proper ringing relay is operated in 
the multi-subscriber terminal which applies 
20-cycle voltage from the local ringing supply 
to the tip or ring conductor of the voice­
frequency extension depending on the party 
called. 

3.09 If the ringing current from the central 
office is transmitted simultaneously 

over both the tip and ring wires to ground (as 
in the case of a guard ring in certain types 
of offices to inform parties called over one 
side of the line that a ring is progressing on 
the other side), both the RT and RR relays op­
erate and pulses of carrier are transmitted for 
both 60-cycle polings and all subscriber sta~ 
tions ·or the channel respond. By the use of 
optional wiring, pulses of carrier may be 
transmitted for both 60-cycle polings when 
either ringing relay pulls up. This wiring 
provides full-code ringing if desired. Where 
full-code ringing is employed the ringing cir­
cuits of the subscriber or multi-subscriber 
terminal are energized with d-c instead of a-c 
and the relative phase of the 60-cycle supply 
voltages is therefore not important. 

3.10 When an Ml subscriber lifts his handset 
in response to a ringing signal, the 

oscillator at the subscriber or multi­
subscriber terminal is energized as explained 
above and carrier is transmitted to the common 
terminal. Here it operates the P relay which 
operates the A and B relays. The B relay 
energizes the common terminal oscillator for 
voice-transmission back to the subscriber and 
connects the voice-transmission equipment at 
the common terminal to the voice-frequency 
loop. The A relay provides a closure on the 
voice-frequency loop which trips the ringing 
from the central office and/or operates the 
supervisory signal therein and completes the 
connection for speech transmission. 

3.11 When the Ml subscriber hangs up, the 
common terminal is restored to normal 

as previously described. 



(D) Call Between Two· -Subscribers on the Same 
Carrier Channel 

3.12 There is no difference between the oper-
ating procedure required of a subscriber 

on an Ml system and that required of a sub­
scriber on the usual voice-frequency line. Any 
such subscriber can call any other subscriber 
connected to the same channel (party line). 
This type of call is known as a revertive call. 
This makes it necessary to use three frequen­
cies instead of two frequencies for a given 
channel. If two subscriber terminals were to 
transmit to the common terminal on the same 
nominal frequency, the beat frequency between 
their carriers might make reception difficult. 
Also, the AGC would be under control of the 
stronger carrier received at the common ter­
minal. 

Case Where One Subscriber Is Not on a VF Exten­
sion of a Multi-Subscriber Terminal 

3.13 Assume the use of channel lA, that is, 
410 kc (Fl) or 420 kc (F2) transmission 

from the subscriber terminal to the -common 
terminal and 155 kc (F3) transmission from the 
common terminal to the subscriber terminal. 
Subscriber A lifts his handset from its cradle. 
Carrier at frequency Fl is thereby sent to the 
common terminal as previously described. If 
the voice-frequency line terminates in a manual 
office, the number of the called party is given 
verbally to the operator, who requests the sub­
scriber to hang up while party Bis rung over 
the same channel. The ringing system operates 
the same for a revertive call as for a normal 
call. 

3.14 If the voice-frequency line terminates 
in a dial office, party A dials the de­

sired number in the same manner as for any 
other subscriber making a revertive call. 
Since the call is for a party on the same 
channel, party A then replaces his handset on 
its cradle. As soon as the dial office re­
ceives the signal that the subscriber has hung 
up, the dial apparatus transmits the ringing 
code for the called party B, 

3.15 For divided-code ringing systems, if the 
calling party A does not have the same 

poling as party B, then a ringing signal poled 
for party A may also be sent out so that he 
·can determine that party B is being rung. As­
sume that party B answers first. The presence 
of normal carrier Fl from his terminal will 
cause the operation of the P, A, and B relays 
at the common terminal. This connects the 
common terminal for a normal call through the 
central office and energizes the common termi­
nal oscillator at frequency F3. The presence 
of carrier frequency F3 on the carrier line 
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will operate relays K2 and Kl in all other 
subscriber and multi-subscriber terminals on 
the channel, including that of the calling 
party A, When relay Kl is operated previous 
to the time a subscriber answers, the trans­
mitting oscillator frequency is controlled by 
crystal Y2, which provides the revertive fre­
quency F2 for transmission to the common ter­
minal. Thus, when party A answers, his fre­
quency is F2. 

3,16 At the common terminal, when frequency F2 
is received by the revertive receiver, 

the RC relay is operated, which in turn oper­
ates the RCl r-elay as shown in Fig. 34. The 
RCl relay connects the demodulated output of 
the revertive receiver to the receiving leg of 
the hybrid circuit in parallel with that of the 
normal receiver and changes the balancing net­
work to one that gives lower loss (better 
transmission) in the path across the hybrid 
which is used to complete the transmission 
path. The two subscriber terminals then re­
ceive frequency F3 from the common terminal, 
while the terminal of the called party B trans­
mits Fl to the common terminal and that of 
party A transmits F2 to the common terminal, 

3,17 Should party A answer first, his terminal 
transmits frequency Fl which locks up the 

Kl relay of the terminal of party B so that 
when party B answers, his terminal transmits 
at frequency F2. In.other words, the first 
party to answer a ring is assigned the use of 
frequency Fl for transmitting and the other 
party automatically is assigned the use of 
frequency F2. 

3,18 If either the calling or called party 
hangs up under these conditions, the 

party remaining on the line will either stay 
on, or revert to, the normal transmitting fre­
quency, 

Case Where Both Subscribers Are on Same VF Ex­
tension of a Multi-Subscriber Terminal 

3,19 If a revertive call is made between two 
subscribers on a voice-frequency exten­

sion of a multi-subscriber terminal, the oper­
ation of the multi-subscriber terminal is the 
same as that described in Paragraph 3.02. If 
the voice-frequency line from the common ter­
minal terminates in a manual office, the number 
of the called party is given verbally to the 
operator who requests the subscriber to hang up 
while the called party is signaled over the 
same channel, If the voice-frequency line ter­
minates in a dial office, the calling party 
dials the desired number in the same manner as 
for any other subscriber making a revertive 
call and replaces the handset on its cradle to 
allow the dial apparatus to transmit the ring­
ing code back over the channel. 
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J.20 The two subscribers talk to each other 
over two paths in parallel (1) between 

themselves over the voice-frequency line as in 
any common battery party line and (2) over the 
carrier circuit as follows: Speech currents 
from each subscriber are transmitted to the 
multi-subscriber terminal where they are modu­
lated onto the carrier and transmitted to the 
common terminal. At the latter point, they 
are demodulated and a p~rtion of the energy is 
transmitted across the hybrid circuit to the 
transmitter where it is modulated onto the 
common terminal carrier and transmitted back 
to the multi-subscriber terminal. Here the 
speech currents are again demodulated and 
transmitted over the voice-frequency extension 
to both subscribers. The relative times of 
transmission over both paths are not suffi­
ciently different to degrade the transmission 
to any appreciable extent. Since the multi­
subscriber terminal remains in the talking 
condition during this type of a call, super­
vision is maintained at the central office. The 
revertive frequency of the multi-subscriber 
terminal is not employed in this case. 

(E) Ringing System - General 

J.21 In general, the ringing system used for 
rural service is determined by the type 

of equipment installed in the central office 
which serves the subscribers. The common ter­
minal differentiates between 20-cycle voltage 
on the tip side and on the ring side of the 
voice-frequency line. If the ringing voltage 
occurs at the same time on both the tip and 
ring, the common terminal ringing system will 
transmit the ringing code to both the tip and. 
ring parties. The system will, therefore, 
operate with any divided-code grounded ringing 
method, and, with the addition of one strap 
wire, will operate on a bridged ringing basis 
for full-code ringing. No provision has been 
made for 8-party semi-selective, 4-party full 
selective, or harmonic ringing. 

J.22 The ringing signals are transmitted be-
tween the common terminal and associated 

subscriber terminals by means of carrier pulses 
occurring at a rate of JO per second. The 
timing for the signals is obtained from the 
60-cycle power frequency which is used at the 
transmitting and receiving locations to supply 
power to the terminals. Although there may be 
a slight phase shift in the 60-cycle voltage 
between a common terminal and a subscriber or 
multi-subscriber terminal which are connected 
to the same phase of the power system, suffi­
cient margin is available in the system to make 
it dependable. If different phases of the 
power supply are used at the two terminals, the 
required phase shift is introduced into the 
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enabling circuit at the subscriber or multi­
subscriber terminal by means of a phase shifter. 

J.2J At the common terminal either or both of 
two sets of carrier spurts are generated 

at a JO-cycle rate. The first is controlled 
by a 20-cycle ringing voltage from the central 
office on the tip side of the loop to ground 
and is synchronized with the positive swing of 
the 60-cycle supply voltage. The second is 
controlled by a 20-cycle ringing voltage from 
the central office on the ring side of the 
loop to ground and is synchronized with the 
negative swing of the 60-cycle supply voltage. 

J.24 The associated subscriber terminals are 
divided into two groups for divided-code 

ringing. Group A is poled to receive a ringing 
signal which only recurs during the positive 
swing of the 60-cycle supply, while group Bis 
poled to receive a ringing signal which only 
recurs during the negative swing. During the 
opposite swing period for each group, the ring­
ing signal is not amplified and detected due 
to intermittent and synchronous disabling of 
the receiver. In the multi-subscriber termi­
nal, a selective circuit, one half of which is 
poled to receive the ringing signal generated 
at the common terminal during the positive 
swing of the 60-cycle supply and the other half 
poled to receive the ringing signal occurring 
during the negative swing, applies 20-cycle 
voltage to the tip or ring of the voice­
frequency extension. 

J.25 Fig. 40 shows the time spacing and asso-
ciated circuit conditions for the various 

parts of the signaling system. Fig. 37 shows 
a schematic of the two oscillator circuits and 
the ringing relays. As shown in Fig. 40A, the 
20-cycle ring is received from the central 
office which operates either the RT or the 
RR relay, depending on whether a tip party or 
a ring party is being called. The ringing 
relay operates shortly after the beginning of 
each ringing spurt and holds up for the dura­
tion of each short or long spurt used in code 
ringing as shown in Fig. 40B. When this relay 
is operated, its associated ringing oscillator 
and the transmitter are enabled. The oscilla­
tor then generates a series of transmitter 
enabling pulses at a JO-cycle rate and witn the 
desired timing, A reference 60-cycle wave is 
shown in Fig. 4oc, and the remaining parts of 
Fig. 40 are timed with respect to this wave. 
There need not be any synchronization between 
the 20-cycle ringing voltage from the central 
office and the 60-cycle supply voltage at the 
common terminal. 
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Fig. 40 - Timing Diagram of Ringing Signals 

3.26 Assume that the RT relay is operated for 
a tip party and the ringing signal is 

synchronized with positive swing A, shmm in 
Fig. 4oc. Then the time spacing of the trans­
mitter output is shown in Fig. 40D. This sig­
nal consists of pulses less than 8 milliseconds 
long (half of a 60-cycle wave) occurring at a 
30-cycle rate. The detailed operation of the 
ringing oscillator is described in Part 3(H). 
In order for the ringer at a subscriber ~tation 
to operate on the signal associated with posi­
tive swing A (Fig. 40D), the receiver of the 
subscriber terminal, or one half of the signal­
ing receiving circuit of the multi-subscriber 
terminal is enabled as shown in Fig. 40E on 
each positive swing of the 60-cycle voltage. 
Alternate positive swings of the wave coincide 
with the 30-cycle pulses of received carrier 
shown in Fig. 40D. The demodulated output 
signal for operating the ringing relays will 
consist of d-c pulses coinciding in time with 
the carrier·spurts. 

(F) Individual Subscriber Terminal Ringing 
Circuit 

3.27 The intermittent and synchronous enabling 
of the receiving circuit at the subscriber 

terminal is accomplished by applying to the 
screen grid of V4, during stand-by periods, the 
voltage from the 60-cycle supply with the 
selected poling. The tube then amplifies only 

during the time intervals when the 60-cycle 
supply provides a positive voltage to the 
sc·reen grid. When the screen grid is negative, 
tube V4 of the subscriber terminal blocks from 
the detector any signal occurring during that 
interval. In order for the negatively poled 
parties to receive the ringing signal of Fig. 40F, 
their carrier receivers must be enabled as 
shmm in Fig. 40G which corresponds to negative 
swing B. Their carrier receivers are disabled 
during the A periods and, therefore, will not 
respond to the signal which operates the ring­
ing for the A subscriber group. 

3.28 vlhen a subscriber terminal receiver has 
30-cycle spurts of ringing signals of 

the proper poling presented to it, tube V4 
amplifies the signals and they are demodulated 
and appear as d-c pulses which are applied to 
the K2 relay. The K2 relay is operated by 
these pulses and, since it is a fast operating 
relay, it operates and releases at a 30-cycle 
rate. The Kl relay, which is a slow release 
relay, is operated from the contacts of the 
K2 relay and remains operated for the duration 
of each spurt of code ringing. The normally 
closed contacts of Kl are opened, disconnecting 
resistor R2 from the ringer in the telephone 
set. The pulsing of the K2 relay operates the 
ringer by charging and discharging capacit·or ClB 
in series with the ringer. During stand-by 
periods the presence of R2 across the ringer 
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reduces bell tapping which might be caused by 
bursts of heavy static from the line. Capaci­
tor ClO shunted across the winding of K2 causes 
the relay to remain operated somewhat longer 
than the duration of each carrier pulse re­
ceived from the common terminal (less than 
8 milliseconds), thus the time of closure of 
the front and back contacts of the relay is 
equalized and approaches 16 milliseconds each. 

3.29 It is necessary that the K2 relay circuit 
follow the 30-cycle pulses but hold up on 

60-cycle pulses. The latter condition occurs 
at idle subscriber terminals when steady car­
rier is present on the line due to another sub­
scriber using the channel. In the stand-by 
condition at the various subscriber terminals, 
the screen of V4 is connected to the 60-cycle 
voltage in order to amplify only one poling of 
ringing signal as mentioned before. The de­
modulated signal applied to K2 when steady car­
rier is present on the line thus consists of 
d-c pulses occurring at a 60-cycle rate which, 
if followed by the relay, would produce con­
tinuous ringing. Capacitor ClO together with 
the characteristics designed into the_ relay 
produces steady operation of the K2 relay on 
these pulses. Further assurance that the 
K2 relay will remain operated ·by these pulses 
is provided by the connection between the arma­
ture of the relay and the screen of V4 through 
Rl9. This adds positive d-c bias to the 
60-cycle voltage on the screen of V4 which, 
under this condition, lengthens the intervals 
during which the receiver is enabled. During 
stand-by periods (60 cycles applied to screen 
of V4), the sensitivity of the K2 circuit is 
increased by the short circuit placed across 
Rl3 by the normally closed switchhook contacts. 
When the handset is removed from its cradle to 
receive speech and K2 operates on d-c, this 
short circuit is removed. 

3.30 To disable the selective signaling at the 
subscriber terminal in order to arrange 

it for single-party service or full-code ring­
ing, a simple wiring change is made by means of 
a screwdri~er. Referring to SD-95105-01, the 
green connecting cord lead is removed from 
terminal 16 on TS3 and connected to terminal 6 
on TS3. Under this condition, direct voltage 
from the +B supply is connected to the screen 
grid of V4 so that V4 will amplify all ringing 
signals regardless of polarity. 

(G) Multi-Subscriber Terminal Ringing Circuit 

General 

3.31 Fig. 41 is a simplified schematic showing 
the principal features of the multi­

subscriber terminal ringing circuit. The carrier 
pulses, generated at the common terminal during 

Page 42 

the ringing interval in synchronism with the 
60-cycle supply voitage at a rate of 30 per 
second, are received and amplified by the car­
rier receiving circuit of the multi-subscriber 
terminal and demodulated by varistor RVSl. The 
screen grid of tube V4 is always energized with 
d-c. Thus, all pulses are received and trans­
mitted to the ringing circuit of the terminal 
regardless of their phase relationship with 
respect to the power voltage supplying the ter­
minal. The resulting positive pulses after 
demodulation and filtering are impressed across 
the two circuits consisting of: (1) the K2 re­
lay winding and resistor RS2 in series and, 
(2) resistor Rl02 and capacitor Cl02 in paral­
lel and are also applied to the network con­
sisting of resistor RllS, capacitor Cl08, and 
varistors RV107 and RV108; then through capaci­
tor Cl09 and resistors RllO and Rlll to the 
grids of the tube VlO. Capacitor Cl09 prevents 
operation of the signaling circuit on d-c which 
would be produced by the receipt of continuous 
carrier from the common terminal. The network 
containing the varistors mentioned above at­
tenuates the first pulse of the signal appreci­
ably, but if these pulses continue at the 
30-cycle rate, the attenuation due to the net­
work decreases rapidly and allows the remaining 
pulses to be applied in nearly full magnitude 
to the grids of the tube VlO. Thus, false op­
eration of the ringing circuit due to bursts of 
static received from the carrier line is mini­
mized. Tube VlO is biased beyond cutoff by a 
negative voltage of about 12 volts obtained 
from a voltage divider, consisting of resis­
tors Rll3 and Rll4 connected to the 48-volt 
d-c supply. The plates of tube VlO are sup­
plied with 60-cycle voltages of opposite polar­
ity from windings of transformer Tl2, the sup­
ply to one plate passing through the winding of 
the T relay and the other through the winding 
of the R relay. Each of the two triodes in 
tube VlO can pass current only when its plate 
is positive. Thus the T and R relays can only 
operate on current received during opposite 
half-cycles of the power supply voltage. The 
incoming pulses of voltage are synchronized 
with either the negative or positive half of 
the 60-cycle supply voltage at the common ter­
minal. If the power supply voltage at the 
multi-subscriber terminal is in phase with that 
at the common terminal and the power connec­
tions at th~·multi-subscriber terminal are 
properly poled, the plate of the triode whose 
circuit contains the proper relay (Tor R) will 
become positive at the same instants that the 
pulses arrive at the grids of tube VlO and the 
resulting space current in that half of the 
tube will operate the relay. The T relay oper­
ates for subscribers signaled from the tip side 
of the line to ground and the R relay for sub­
scribe~s signaled from the ring side of the 
line to ground. 
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Fig. 41 - Simplified Schematic Showing Principal Features of the 
Multi-Subscriber Terminal Ringing Circuit 

J.32 The T and R relays are each shunted by a 
4-mf capacitor which not only smooths out 

the current through the relay winding and 
causes continuous operation of the relay during 
the ringing interval, but it also makes the 
relay insensitive to short transients and pre­
vents false operation on static bursts or other 
interference which might not have been fully 
suppressed by the network at the input of 
tube VlO. 

Operation of Ringing Relays 

3.33 Referring again to Fig. 41, whenever the 
R relay operates, a circuit is closed 

from the +B supply through resistor Rll6 and 
the RR relay winding to ground. The latter 
relay operates, opens the circuit from the line 
leg of the hybrid circuit and applies 2O-cycle 
voltage to the ring side of the line and ground 
to the tip side through the back contacts of 
the RT relay. When the T relay operates, a 
circuit is closed from the +B supply through 
the winding of the RT relay, resistor Rll7 and 
the operated contacts of the T relay to ground. 
The RT relay operates, opens the circuit from 
the line leg of the hybrid circuit and applies 
2O-cycle voltage to the tip side of the line 

and ground to the ring side through the back 
contacts of the RR relay. 

3.34 In certain types of central offices, when 
a revertive call is being established, 

the guard ring on the opposite side of the line 
from the party being signaled is sent out 
simultaneously with the regular signal._ In 
such cases the Rand T relays will be operated 
simultaneously resulting in simultaneous oper­
ation of the RR and RT relays. As shown in 
Fig. 41, these relays, when operated together, 
open the circuit from the line leg of the 
hybrid circuit. The RR relay applies 2O-cycle 
voltage to the ring side of the line while the 
RT relay applies it to the tip side. 

3.35 Varistors RV1O3 and RV1O4 in series and 
varistors RV1O5 and RV1O6 in series are 

shunted around the RR and RT relay windings, 
respectively, and are so poled that the relays 
are slow to release. As explained in Para­
graphs 3.31 and 3.32, the network at the inpu.t 
to tube VlO together with the 4-mf capacitors 
across the Rand T relay windings delay the 
operation of these relays until some time after 
the beginning of the ringing signal is received 
at the multi-subscriber terminal. The 4-mf ca­
pacitors also delay somewhat the release of 
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these relays but actually the period during 
which the R or T relay remains operated is 
somewhat less than the ringing interval. The 
above-mentioned varistors, therefore, delay 
the release of the RR and RT relays for a 
further period in order that the signal trans­
mitted to the subscriber will more nearly 
approach -r,he length of that sent from the 
central office. 

Full-Code Ringing 

3.36 Where full-code ringing is employed, op-
tional wiring is available in the multi­

subscriber terminal. The T relay is removed 
from its socket and its back contacts are re­
placed by a strap. The 60-cycle voltage to 
the plate of the triode of tube VlO associated 
with the R relay is replaced by a direct volt­
age obtained from the +B supply of the termi­
nal. These connections are illustrated as 
option X in Fig. 41. After this has been done, 
the triode of the tube VlO associated with the 
T relay is disabled due to the absence of plate 
voltage normally fed through the winding of 
T relay. Now all signaling pulses received 
from the common terminal regardless of their 
phase relationship with the local power supply 
will cause plate current to flow in tube VlO 
and through the winding of the R relay, thus 
causing the R relay to operate during each 
ringing ir:terval. 

3.37 Operation of the R relay results in oper-
ation of the RR relay which functions as 

it does in divided-code installations, placing 
the 20-cycle ringing voltage across the ring 
and tip of the line. Where full-code ringing 
is employed, the normally closed contacts of 
the RT relay are strapped externally since the 
relay never operates under this condition. 

A-C - D-C Ringing 

3.38 Where gas tube telephone sets are re-
quired on the voice-frequency extension, 

a-c - d-c ringing, which consists of 20-cycle 
a-c voltage biased with 48 volts d-c, is neces­
sary. In this case, the 48-volt d-c supply of 
the multi-subscriber terminal is connected in 
series with the 20-cycle supply as indicated 
by option T of the schematic drawing for the 
terminal (SD-95568-01). 

(H) Operation of the Ringing Oscillators - Com­
mon Terminal 

3.39 Since it may be necessary in some instal-
lations to be able to transmit simultane­

ously to both the tip and ring parties, two 
relaxation-type ringing oscillators are used. 
A 3-element, cold cathode gas tube is used in 
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each of the two oscillators. Its control gap 
breakdown voltage is about 75 volts. The cir­
cuits are energized only during the time a 
ringing signal is required, 

3.40 As shown in Fig. 37, tube V7 and associ-
ated elements make up the oscillator 

which generates a signal with the correct tim­
ing to signal a tip party. A negative cathode 
bias of about 48 volts is obtained from the 
relay power supply. The main anode is also 
permanently connected to a 60-cycle voltage of 
about 130 volts rms from transformer Tl. Wr_J.en 
+B voltage is connected to the starter anode 
by the clos.ing of contacts on the RT relay, 
the relaxation oscillation is started in the 
resistance-capacitance circuit including C24, 
Rl8, R21 and R26. The charging voltage for C24 
includes the negative 48-volt supply in series 
with the +B supply. When the voltage across 
C24 reaches about 75 volts, the control gap of 
V7 is ionized and current flows in the tube 
from terminal 7 to terminal 2. When the 
60-cycle voltage on the main anode is positive 
and slightly greater than the voltage sustain­
ing the control gap, current will flow in the 
main gap of the tube from terminal 5 toter­
minal 2. 

3.41 After the main gap breaks down and as the 
instantaneous voltage of the 60-cycle 

supply builds up on the main anode, the de­
crease in current through the control gap of V7 
raises the positive voltage applied to V9 and 
ionizes it. The potential across the elec­
trodes of V9 is limited by it to about 65 volts, 
the sustaining voltage for this tube. When the 
instantaneous voltage of the 60-cycle supply of 
the main anode of V7 decreases to a point where 
the ionization in the main gap is not main­
tained, the cathode will return to its initial 
bias value of about -48 volts and, due to C24, 
the voltage on the control anode will also be 
reduced. Capacitor C24 then starts to recharge, 
but Rl8, R21 and R26 are so chosen as to pre­
vent the re-ionizing of the control gap until 
after the succeeding positive swing of the 
60-cycle voltage on the main gap has passed. 
Just before the second positive 60-cycle swing 
occurs at the main gap, the voltage on C24 is 
sufficient to ionize the control gap and as 
soon as the positive voltage on the main anode 
reaches the proper value, current again is 
allowed to pass through the tube and the cath­
ode circuit. With the division of voltages 
provided by the resistors in the control and 
main-gap circuits, only the main-gap discharge 
will produce an appreciable drop in the cathode 
resistor R26. Therefore, the signal appearing 
across the cathode resistor R26 occurs at a 
30-cycle rate, with the length of each pulse 
slightly less than one half of a 60-cycle wave 
as shown in Fig. 40D. 



3.42 At the time when the pulse of positive 
voltage is not present across R26, the 

48-volt bias in the cathode circuit will main­
tain the connected grids of Vl and V2 at such 
a potential as to nearly cut off these tubes. 
When the grid circuits for Vl and V2 have 
slightly positive bias provided by the pulse, 
the tubes are driven to their overload points 
and carrier frequency at about S.S db above 
the normal carrier level will be transmitted 
by the common terminal. These spurts will con­
tinue to be produced as long as the RT relay 
remains operated by the 20-cycle signal from 
the central office. 

3.43 The function of glow lamp V9 is to sta-
bilize the oscillator circuit against 

line voltage variations. Glow lamp V9 is de­
ionized during the time capacitor C24 is charg­
ing from the +B.voltage and also when the con­
trol gap is ionized without current in the main 
gap. Although V7 and V9 have nearly the same 
breakdown voltages, the 48-volt bias on the 
cathode of V7 will always insure its ionization 
at a lower voltage at the junction of Rl8, R20, 
and R21 than that required to ionize V9. When 
current flows in the main gap due to the alter­
nate positive 60-cycle voltage swings on the 
main anode, the voltage on the control anode 
rises tending to follow the same potential as 
the cathode. This increase in voltage at the 
junction of R20 and R21 ionizes V9 which acts 
as a voltage limiter at this point. The dif­
ference between this voltage and the potential 
at the control anode during the alternate peri­
ods of 60-cycle positive polarity on the main 
anode appears as a voltage drop in R20. Just 
previous to the time when the ionization of the 
main gap in V7 ceases, the voltage on the cath­
ode side of C24 is about 100 volts positive and 
that at the junction of R20 and R2l is about 
60 volts positive. After V7 is de-ionized due 
to the reversal in polarity on the ·main anode, 
the potential on the cathode side of C24 falls 
to -48 volts and, consequently, the voltage on 
the opposite side of C24 at the junction of R20 
and R2l will be greatly reduced from its previ­
ous value of about 60 volts. 

3.44 All of the voltages used to operate the 
oscillator are obtained from the 60-cycle 

power supply;_ therefore, when the 60-cycle 
voltage supply is high, the +Band -48-volt 
bias voltages are both high. If the 60-cycle 
voltage applied to the main anode is high, the 
difference between the cathode voltage and that 
across V9, under conditions of main anode cur­
rent, is greater than when the 60-cycle voltage 
is low. Because V9 limits at the same voltage 
above ground regardless of line voltage, the 
potential at the junction between R20 and R2l 
is reduced, when current ceases to flow in the 
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main anode, ·to a lower value under high line 
voltage conditions than under low line voltage 
conditions. When the charging voltages are 
high and the initial potential from which C24 
is to be charged is low, the time required for 
charging C24 to the ionizing potential of V7 
will be nearly the same as when the charging 
voltages are low and the initial potential on: 
C24 is high. Therefore, the frequency of os­
cillation is stabilized against supply voltage 
variations. The operation of the other relaxa­
tion oscillator, consisting of VB and VlO and 
associated resistors and capacitor, is identi­
cal with that described above. However, the 
60-cycle voltage applied to its main-gap is of 
the opposite polarity at a given instant. 

3.45 In situations where full-code ringing is 
employed, tubes V8 and VlO are removed 

from their sockets and wiring option (V) shown 
in Fig. 37 is used. A positive potential is 
applied to Rl8 when either the RT or RR relay 
operates. The resulting operation of the os­
cillator circuit is the same as that described 
above with carrier pulses being sent out at a 
30-cycle rate. Since in this case the signal­
ing enabling circuits at the subscriber or 
multi-subscriber terminals are energized by 
d-c instead of a-c as in divided-code ringing, 
the resulting carrier spurts serve to operate 
the ringer of any subscriber station associated 
with the channel regardless of the poling of 
ihe 60-cycle power applied to it. 

(I) Phase Shifter 

Subscriber Terminal 

3.46 The phase shifter for individual sub-
scriber terminals consists of four re­

sistors and a 2-unit capacitor wired to termi­
nals for convenience in changing connections 
to obtain different degrees of phase shift. 
Fig. 31 shows a schematic of the phase shifter. 
The circuit elements are connected to terminals 
designated by the letters A, B, C, D, E, X and Y. 
Two numbered terminals, 16 and 17, serve the 
dual purpose of mounting feet for the unit and 
electrical connections to the subscriber termi­
nal. Flexible pigtails with spade terminals 
facilitate connection between these terminals 
and terminals in the network circuit. Movable 
links are also provided for making connections 
X-C and Y-B. The two diagrams in Fig. 31 show 
schematically two circuit arrangements of the 
phase shifter. Diagram (a) shows the connec­
tions required to introduce a lagging shift in 
the phase of the voltage impressed on the 
screen grid of tube V4. A shift of 30 or 
60 degrees is obtained by connecting the green 
conductor of the telephone set cord to termi­
nal C or E, respectively. Diagram (b) shows 
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the connections for a leading phase shift. A 
shift of 30 degrees is obtained by connecting 
the green .conductor to terminal B; a shift of 
60 degrees results from connecting the green 
conductor to terminal E. Thus, four different 
values of phase shift may be obtained from four 
different circuit arrangements in the phase 
shifter. These four arrangements also provide 
four additional values of phase shift when the 
power supply connections to the subscriber 
terminal are reversed. This reversal shifts 
the phase of the voltage by 180 degrees and the 
phase shift at the screen of V4 is the result­
ant of this 180-degree shift and the shift ob­
tained in the phase shifter. For example, if 
the phase shifter is arranged for a lagging 
shift of 30 degrees, a reversal of the power 
supply results in a leading shift of l50 de- • 
grees. It should be noted that, whenever a 
specific value of phase shift is mentioned ih 
this section, it refers to the insertion'phase 
shift of the phase shifter with or without a 
power supply reversal. In the table of connec­
tions supplied with the phase shifter, the 
values of phase shift specified are differences 
in phase between the power supply voltage at 
the subscriber terminal and that at the common 
terminal, or the shift to be compensated for by 
the phase shifter network. When the phase . 
shifter network has been connected to compen­
sate for the phase difference between power 
supplies, the signaling system functions ex­
actly as it does when the power supply voltages 
at both terminals are in phase. -

Multi~Subscriber Terminal 

3.47 The phase shifter for the multi-subscrib-
er terminal is shown schematically in 

Fig. 42. It should be noted that this circuit 
is different from that of the phase shifter 
used with the individual subscriber terminal 
described above. The purpose of the phase 
shifter of the multi-subscriber terminal is to 
bring the voltage between plate and ground of 
each half of tube VlO into approximate phase 
with the voltage applied to each of the ringing 
generators of the common terminal. If there is 
a fixed phase difference between.the voltage 
supply at the common terminal and that applied 
to transformer Tl2 of the multi-subscriber 
terminal, the phase shifter can be adjusted to 
produce an opposite and approximately equal 
phase shift between the 60-cycle voltage at 
transformer Tl2 and that of tube VlO. As shown 
in Fig. 42 this is accomplished by utilizing 
the total voltage of both halves of the trans­
former secondary and shunting two identical 
networks, each containing a resistor and ca­
pacitor in series, across these windings. The 
function of one of these networks is shown in 
the vector diagram in Fig. 42. The voltage 
across the outer terminals of the winding of 
Tl2 or across the network is represented by 
2ET, which is twice the voltage across each 
half of the transformer winding. The voltage 
drops across the resistor and capacitor are 
represented by the vectors ER and Ee. These 
voltages will always be at right angles to each 

• Phase Shifter 

I I (T12) 

(V10) 
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other and their vector sum will always be equal 
to 2Er, The voltage impressed upon one plate 
of the triode (in series with the relay;winding) 
is Ep and is the voltage from the junction of 
the resistor and capacitor to ground, or to the 
midpoint of the transformer winding. This is 
represented by the vector Ep which extends from 
the midpoint of the vector 2Er to the intersec­
tion of the two vectors En and Ee• The phase 
shift is then equal to the angle between Ep 
and Er• 

3.48 In the phase shifter employed in the 
multi-subscriber terminal, the value of 

capacitance remains constant and the value of 
resistance is changed to vary the phase shift 
to any of the settings except zero. Changing 
the resistanqe varies the current through the 
capacitor; thus both voltages En and Ee are 
changed. Neglecting any impedance drop in the 
transformer winding, the vector sum of~ and 
Ee will always be equal to 2Er, irrespective 
of their individual values. Thus the vector Ep 
will rotate about its axis at the midpoint of 
the vector 2ET and its extremity will describe 
a semicircle as shown in Fig. 42 as the value 
of R is changed. The magnitude of Ep will 
remain constant and equal to ET. 

3.49 Four values of phase shift in addition 
to zero are provided in the multi­

subscriber terminal by making appropriate 
strappings on the phase shifter terminal strip 
(TS12) as specified in Drawing SD-95568-01 or 
in the table below. Four additional values 
are obtained by reversing the power supply 
connections to the terminal. 

Phase of Power Voltage at Multi­
Subscriber Terminal Referred to 

That at Common Terminal 

No phase difference 
Leading 30° or lagging 150° 
Leading 60° or lagging 120° 
Leading 120° or lagging 60° 
Leading 150° or lagging 30° 

Strap 
Terminals 

of TS12 

1-2 and 7-8 
1-5 and 7-11 
1-3 and 7-9 
1-4 and 7-10 
1-6 and 7-J..2 

The two phase shifts in the left-hand column 
above are obtained with opposite polings of the 
power supply voltage. For zero phase shift, 
the networks are not employed and the Rand T 
relay windings are connected directly to the 
transformer Tl2 winding terminals. 

3.50 The second network in the phase shifter 
operates in the same manner as described 

above but since the positions of the capacitor 
and resistor are transposed, the voltage Ep ob­
tained from this network will be 180° out of 
phase with the voltage Ep from the first network, 
thus maintaining voltages on the two plates of 
tube VlO, which are opposite in polarity. 
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(J) Multi-Subscriber Terminal Dialing and 
Supervision 

General 

3.51 Fig. 43 is a simplified schematic of the 
multi-subscriber terminal relay circuits 

employed in dialing and supervision. Fig. 43A 
shows the arrangement when the terminal is em­
ployed in dial service. Fig. 43B illustrates 
the changes in this circuit when manual service 
is used. The connections to the A relay wind­
ing are the same' in both cases. 

3.52 When a subscriber on the voice-frequency 
extension lifts his handset from its 

cradle, the circuit across the tip and ring of 
the voice-frequency extension is closed causing 
the line or A relay to operate from the 48-volt 
d-c supply. Resistors Rl07 and Rl08 together 
with capacitors Cl04 and Cl05 comprise a filter 
to reduce the noise which might otherwise re­
sult from the harmonics produced in the recti­
fier supplying the 48-volt d-c power, since 
this power is transmitted along the voice­
frequency extension for supplying transmitter 
current to the subscriber sets. 

3.53 The A relay is a parallel- or sandwich-
wound relay, depending on the type used 

{see SD-95568-01), designed to maintain the 
balance to ground of the two sides of the voice"­
frequency line. A third winding on the relay 
provides magnetic bias to keep the relay in 
its non-operated condition while the circuit 
across the tip and ring of the voice-frequency 
extension is open. Since this winding is en­
ergized from the same source as that used to 
operate the relay through its two primary wind­
ings, the effects on the operation of thls re­
lay due to changes in the voltage of the 48-volt 
d-c supply are minimized. The amount of cur­
rent through this biasing winding will permit 
satisfactory operation and pulsing of this 
relay when the leakage resistance across the 
tip and ring of the voice-frequency extension 
is as low as 5000 ohms. 

Dial Service 

3.54 In dial service, when the A relay oper-
ates, a circuit is closed from the +B sup­

ply to the plate of tube Vl. The +B supply is 
also connected through the A relay contacts to 
the winding of the B relay through resistor Rl05. 
Operation of the B relay causes the C relay to 
operate from the 48-volt d-c supply. vlhen the 
C relay operates, its functions are similar to 
the-switchhook in the telephone set associated 
with the individual subscriber terminal as 
follows: (1) to close the filament supply to 
tube V2, (2) to close the 30-volt 60-cyqle supply 
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Fig. 43 - Simplified Schematic Showing Relays Used in the Multi-Subscriber 
Terminal for Dialing and Supervision 

to t~e carrier drop for operating the relay in 
the ~oupling unit, (3) to shunt resistor Rl09 
across the normal biasing resistor R5 of 
tube Vl so that the tube will oscillate at full 
output, (4) to remove the short circuit across 
the receiving leg of the hybrid circuit so that 
voice frequencies can be tra,nsmitted from the 
demodulator to the voice-frequency extension, 
(5) to open the input circuit to tube VlO to 
disable the signaling circuit and (6) to open 
the operating circuit of the Kl relay thus 
preventing its operation unless it has already 
been operated as explained in Paragraph 3.58. 
These various operations place the multi­
subscriber terminal in talking condition and 
cause it to transmit carrier to the line. 

3.55 When the subscriber dials, the dial con-
. tacts open and close the circuit across 

the tip and ring of the voice-frequency exten­
sion and cause the A relay to pulse. As the 
A relay contacts open and close, the plate 
voltage of tube Vl is interrupted and the car­
rier transmitted by this tube is pulsed in ac­
cordance with the pulsing of the dial contacts. 
The current thro~gh the B relay winding from 
the A relay contacts is also pulsed but the 
presence of varistors RVlOO and RVlOl across 
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its winding cause the B relay to remain oper­
ated longer than the period during which the 
A relay contacts are closed. The B relay 
nevertheless does pulse under most conditions 
and it is therefore necessary to shunt the 
C relay winding with varistor RV109 so that the 
C relay remains operated continuously during 
dialing. Resistor Rl04 and capacitors Cll2 
and Cll3 form a spark killer for protection of 
the B relay contacts. The high resistance Rl05 
in series with the B relay winding make a spark 
killer across the A relay contacts in this 
circuit unnecessary. When the subscriber 
replaces the handset on its cradle, the A relay 
releases, releasing the Band C relays and re­
storing the terminal to its idle condition. 

Manual Service 

3.56 In manual service, as shown in Fig. 43B, 
the B relay and resistor Rl05 are removed 

from the circuit. The +B supply is connected 
permanently to the plate of tube Vl by strap­
ping terminals 5 and 6 of terminal strip TS3. 
Ground is connected to the A relay front con­
tact instead of the +B supply used in dial 
service, and the A relay armature is connected 
to the C relay winding instead of the plate of 



tube Vl. Thus, when the A relay operates, it 
operates the C relay directly from the 48-volt 
d-c supply. In all other respects, except that 
no dialing is done, the operation of the termi­
nal is the same as in dial service. 

Operation of Other Relays 

J.57 Referring to Fig. 41, when the ringing 
pulses are received from the demodulator 

in the multi-subscriber terminal, they are ap­
plied to the input circuit of tube VlO, as ex­
plained previously, and also through the K2 re­
lay winding in series with resistor R52. The 
pulses flowing through the K2 relay winding 
cause the relay alternately to operate and re­
lease, thus vibrating at the JO-cycle pulse 
rate. While the K2 relay contacts are closed, 
a circuit is completed from the +B supply 
through the back contacts of the R relay, re­
sistors Rll8 and Rl5 in series, the operated 
contacts of the K2 relay, the winding of the 
Kl relay, a pair of back contacts of the C re­
lay, resistor Rll9, the back contacts of the 
T relay to ground. However, the time constant 
of resistor Rll8 and capacitors Cl and ClO in 
parallel is sufficiently large so that the 
Kl relay does not receive enough energy to op­
erate it during the short period that the 
K2 relay contacts are closed. When the K2 relay 
releases, capacitors Cl and ClO discharge 
through the back contacts of the K2 relay and 
resistor R5J. The Kl relay, therefore, can not 
be operated during the fir_st several ringing 
pulses that operate the K2 relay and, as either 
the R or T relay will operate after the first 
few pulses of the ringing signal have been re­
ceived, as explained in Paragraph J.31, the 
circuit to the Kl relay is opened for the bal­
ance of the ringing interval. The Kl relay is 
therefore prevented from operating on a ringing 
signal. 

J.58 If an individual subscriber terminal on 
the same channel is in the talking condi­

tion or if a revertive call is established be­
tween an individual subscriber terminal on the 
channel and one of the subscribers on the 
voice-frequency extension in which the individ­
ual subscriber terminal party has answered 
first, carrier is transmitted back from the 
common terminal as discussed previously. In 
this instance, the K2 relay of the multi.­
subscriber ter.minal would be operated continu­
ously as long as the carrier is received from 
the common terminal and the Kl relay would then 
be allowed to operate. As soon as the latter 
operates, its winding receives ground from a 
pair of its mm contacts and the relay will 
remain operated as long as the K2 relay con­
tacts are closed even though the C relay may 
later operate and open the operating circuit, 
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as discussed below. Whenever the Kl relay is 
operated, it changes the frequency of the car­
rier transmitter from normal to revertive fre­
quency as it does in the individual subscriber 
terminal. The frequency changing circuit is 
not included in Fig. 41. 

3.59 As shown in Fig. 41, contacts on the 
Kl relay also open the circuit between 

the demodulator and tube VlO; thus if an indi­
vidual subscriber terminal on the channel is 
in use, speech modulated carrier, which would 
then be present on the carrier line and would 
be received and demodulated by the multi­
subscriber terminal, could not accidentally 
operate the signaling circuit. When the C re­
lay is operated during a call under conditions 
where the Kl relay is not operated, the former 
opens the circuit to the input of tube VlO and 
thus prevents speech modulated carrier from 
causing false operation of the signaling cir­
cuit. Should the C relay operate before the 
Kl relay, the latter can not operate since its 
operating circuit is opened by a pair of con­
tacts on the C relay. 

4. CONNECTION TO CENTRAL OFFICE 

(A) Voice-Frequency Line Connections 

4.01 The voice-frequency line from the central 
office is connected as shown in Fig. 35. 

The tip and ring voice-frequency line conduc­
tors are carried from the unit terminal strip 
through back contacts of the B relay to 1-mf ca­
pacitors, thence through the ringing relay 
windings to ground. In the stand-by condition, 
the common terminal ts thus connected to re­
spond to ringing current from the local office. 
In the talking condition, the B relay is oper­
ated and the tip and ring conductors are car­
ried through front contacts of the B relay, 
thence through the voice-frequency pad, if 
used, to terminals 5 and 6 on the unit terminal 
strip. 

(B) Pad 

4.02 The pad incorporated in the common termi-
nal is a balanced structure made up of 

resistors R51 to R58 and capacitor CJ2. i,w, 11 

"X, 11 "Y," and "Z" strapping options are pro­
vided for connecting the pad for 0-, 2-, 4-, 
and 6-db loss, respectively. The tip and ring 
leads from the pad are connected to terminals 5 
and 6, respectively, on the unit terminal strip. 
The tip and ring leads to the 4-wire terminat­
ing set line terminals connect to terminals 3 
an_d 4, respectively, on the unit terminal strip. 
These two pairs of terminals are strapped to­
gether by meqns of short leads clamped under 
binding head screws to complete the circuit 
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between the 4-wire terminating set and the line. 
This provides for convenient segregation of the 
line from the equipment to facilitate testing. The 
proper strapping of the pad is used to build out 
the voice-frequency loop to a total of 6 db + l db. 
The pad employs 1/2-watt, 5 per cent resistors. 

(C) Balancing Network 

4.03 A 4-element balancing network is provided 
in the common terminal for balancing the 

voice-frequency line. The elements of this net­
work consist of two groups of series resistors, a 
capacitance element, C31, and an inductance ele­
ment, L5, as shown in Fig. 35. The resistance 
elements consist of resistors R33 to R41 and 
R42 to R50. Each of the resistance elements can be 
strapped for Oto 2220 ohms in 10-ohm steps. 
One-half watt, 5 per cent resistors are used. 

4.04 The capacitive element is a multi-unit ca-
pacitor (187A) made from ten individual 

units with one side of each unit connec~ed to a 
common terminal all of which are enclosed in a 
single can. The other terminal of each unit can 
be connected or strapped as required to obtain 
total values between O and o.413 mf in about 
0.002--mf steps. The values of the individual units 
and their manufacturing limits are shown below: 

Unit 
No. 

1 
2 
3 
4 
.5 
6 
7 
8 
9 

10 

Nominal 
Value -

mf 

.002 

.002 

.oo4 

.007 
.012 
.020 
.034 
.0.58 
.100 
.174 

Maximum Minimum 
Value - Value -

mf mf 

.00266 .00133 

.00266 .00133 

.0048 .0032 

.0084 .0056 

.0141 .0094 

.023.5 .016.5 

.0400 .0280 

.0682 .0478 
• 11.5 .085 . 
.200 .148 

4. 0.5 The inductive element is•a 2.51B retardation 
coil consisting of a tapped winding on a 

toroidal core. The nominal inductance between 
various pairs of terminals is shown in the follow­
ing table. The manufacturing tolerance on the 
inductance is+ 10 per cent between terminal 1 
and any other terminal. For other terminal com­
binations the variation may be greater. 

Terminal 
No. l 2 i_ JL .5 

2 17 
3 78 26 
4 100 40 2 
.5 lll 48 4 
6 122 .56 7 
7 133 64 10 3 
8 14.5 74 14 6 3 

Inductance - mh 

The d-c resistance of the coil between termi-
nals land 8 is about 34 ohms. 
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(D) Signaling Range 

4.06 With the Ml system, the limitation in 
the signaling range in either direction 

over the voice-frequency loop is the same as 
for any other loop in the office. As with 
any voice-frequency loop, whenever the nominal 
signaling range for the office is exceeded, a 
long line supervisory circuit is required for 
extending the range of d-c supervision. The 
same long line supervisory circuit used for 
voice-frequency lines is satisfactory, but 
lines sufficiently long to require its use are 
subject to the usual voice transmission degra­
dation due to the additional loop loss intro­
duced. 

(E) Connection to Magneto Office 

4.07 When the Ml system is used from a magneto 
office, it is necessary to use an auxili­

ary conversion circuit (SD-141.52-01) for oper­
ating the incoming signal at the operator's 
position and to provide the divided-code ring­
ing feature where required. This circuit is 
located in the magneto office and requires a 
battery (air cells or storage battery) of ap­
proximately 10 volts in the office for opera~ 
tion of the signals. 

(F) Operation with Various Ringing Systems 

4.08 The arrangements at the common terminal 
for receiving the ringing signal from the 

local office are designed primarily for those 
switchboards which transmit 20-cycle current 
over either the tip or the ring side of the 
line to ground. The application of ringing 
current at the central office over both the 
ring and tip side of the line to ground will 
operate both the ringing relays at the common 
terminal siimlltaneously and, hence, the bells 
of all parties of the carrier channel will 
ring. Offices which are equipped for transmit­
ting superimposed ringing signals for 4-party 
full selective ringing could also operate the 
common terminal ringing relays but, of course, 
only two groups of subscribers could be rung 
selectively since the RR and RT relays are not 
able to differentiate between superimposed 
positive and superimposed negative rings over 
either side of the line to ground. 

... 
4,09 Offices equipped to transmit harmonic 

ringing over E·i ther side of the line to 
ground are also able to operate the ringing 
relays at the common terminal, provided that 
one of the frequencies near 20 cycles is used. 
Selective ringing based on frequency separation 
has not been provided. 



5. TRANSMISSION FEATURES 

(A) Frequency .Allocation 

5.01 The transmitting and receiving frequency 
allocations for each channel are such 

that interchannel crosstalk is minimized. The 
second harmonic of any frequency in the low 
group falls midway between the bands of two of 
the frequencies in the high group as shown in 
Paragraph 1.06 . .Also, interference from 2A-B 
modulation products is reduced in this system 
allocation. 

5.02 Channel lAuses :frequencies below 200 kc 
and above 400 kc, hence this channel 

-will not, in general, be subject to inter­
ference from air-navigation aid transmitters 
because the latter allocations usually lie 
between 200 kc and 400 kc. 

(B) Common Terminal Receiving Filters 

5.03 A typical loss-frequency characteristic, 
relative to mid-band loss, of the com­

mon terminal filters is shown in Fig. 44. 
The input filters provide the main part of 
the selectivity. This provision guards against 
the possibility of overloading the input tube 
with power from the adjacent normal or rever­
tive frequency or from other high level fre­
quencies which may be on the line. The fil­
ters also discriminate against crosstalk from 
the second harmonic of the common terminal 
transmitting frequencies. The interstage 
coupling filter and the output filter add 
further selectivity and shaping, which, added 
to that of the input filters, provide a flat­
ter characteristic in the pass band and some­
what steeper cutoff than could readily be 
obtained by input filters alone. Each 
FL2 filter is tuned with a particular FL3 fil­
ter and the two are furnished as a pair. 
Likewise, an FL6 filter and an FL7 filter 
are tuned and furnished as a pair. Replace­
ments of these units must be made in pairs 
in order to assure satisfactory over-all tun­
ing. 

(C) Subscriber Terminal Receiving Filters 

5.04 A typical loss-frequency characteristic, 
relative to mid-band loss, of the sub­

scriber terminal receiving filters is shown in 
Fig. 45. As in the common terminal, the input 
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filters provide the main part of the dis­
crimination and the interstage and output 
coupling filters contribute additional cor­
rection and selectivity to smooth out the 
pass-band characteristic and provide steeper 
cutoff. The pass band is slightly wider and 
less steep than that provided by the common 
terminal, since the adjacent frequencies are 
15 kc apart instead of the lO-kc difference 
between the normal and revertive frequencies 
at the common terminal. Each FL2 filter is 
tuned with a particular FL3 filter and the 
two are furnished as a pair. Replacements 
of these units must be made in pairs in order 
to assure satisfactory over-all tuning. 

(D) Subscriber and Common Terminal Transmit­
ting Filters 

5.05 The loss-frequency characteristic of 
the subscriber and common terminal 

transmitting filters, referred to mid-band 
loss, is shown in Fig. 46. Since the sub­
scriber terminal transmits either the normal 
or revertive frequency, its pass band is 
considerably wider than that of the common 
terminal transmitting filter. 

(E) Coupling Unit Filters 

5.06 The broad band filters, FLl, in the 
various types of coupling units have 

step-down impedance ratios to adjust the line 
impedance to that of the other filters and 
carrier drop wire. The tuning of FLl, in 
combination with the coupling capacitance, 
is such that the band of frequencies for 
the entire system is passed and some selec­
tivity is obtained against frequencies out-
side this band. Two types of broad band fil­
ters are used depending on the type of coupling 
unit. The 161A filter, used with the bridging 
subscriber coupling unit, has an impedance 
ratio of about 750:100 ohms between its line 
and drop terminals, respectively. The 
161B filter or 205A repeating coil, used 
with the broad band coupling unit or with 
the terminating subscriber coupling unit, 
has an impedance ratio of about 600:100 ohms 
between the line and drop terminals, respec­
tively. 

5.07 The loss-frequency characteristics of 
filters FL2 and FL3 when associated with 

the broad band filter FLl are shown in Fig. 47. 
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TABLE 2 - THROUGH AND BRIDGING LOSSES OF COUPLING UNITS 

Type of 
Coupling 

Unit 

Bridging 
Subscriber 

Terminating 
Subscriber 

Broad Band 
(except 
transfer) 

Transfer 

Station T-ype of 
Condition Loss 

(Stand-by) Through 
( ) Bricysing 
( ) 
( ) 
( ) 
( In use) Through 
( ) Bridging 

(Stand-by) Through 
( ) 
( In use) Through 

Any Through 

Any Through 

In some cases, with the multi-subscriber termi­
nal, these filters are installed in the termi­
nal unit its elf instead of in the coupling unit. 
The approximate absolute bridging and through 
losses of the complete coupling units are given 
in Table 2. 

S.08 The comparatively high through loss of 
the coupling units at the receiving fre­

quency results from a design such that a cor­
respondingly low bridging loss is obtained. 
The subscriber terminal has enough receiving 
gain to compensate for this through loss, and 
the loss of the unit does not affect the signal­
to-noise ratio. However, in the transmitting 
direction the signal-to-noise ratio is de­
creased by the amount of the through loss and 
hence it is kept as low as practicable. 

(F) Over-All Frequency Characteristic 

S.09 Typical over-all voice-frequency response 
curves are shown in Figs. 48, 49, So 

and Sl for each direction of transmission. For 
comparison, curves are included showing the 
frequency response of a local battery sub­
scriber set circuit. The method of deriving 
these curves is shmm in the figures. 

Loss - db 

Receiving Trans. 
Freq. of Freq. of Other 

Station Station Freq. 

13.0 
o.8 0.2 or 0.2 or 

less less 

13.0 6.o 
o.8 3.0 o.S or 

less 

ll.O 

11.0 6.o 

About 0.7 db at all frequencies 

About l.l db at all frequencies 

S.lO In measuring the frequency characteristic 
in the direction from common terminal to 

subscrib~r terminal (Fig. 48) and from common 
terminal to multi-subscriber terminal(Fig. So), 
an input level of -30 dbm is used (assuming no 
voice-frequency pad) in order to prevent the 
volume limiter from changing the shape of the 
derived curves. The shape of the curves will 
vary slightly for input level values higher 
than -30 dbm but will be substantially the same 
for lower levels. Because of the volume lim­
iter action of the common terminal, the over­
all net loss increases when the input level is 
raised. Hence at -S dbm and at lOOO cycles, 
the over-all net loss will be approximately 
lS db greater than the values shmm for an in­
put level of -30 dbm. Extreme tube and line 
voltage variations, especially when occurring 
in additive combinations, might change the car­
rier circuit net loss by as much as S db. The 
selectivity of the various filters in the car­
rier circuit accounts for the sharp high­
frequency cutoff shown in Figs. 48 and So. 

S.ll At about -18 dbm input level, the lOOO-
cycle net loss is about the same for the 

two types of circuits sho,m in Fig. 48. For 
input levels in the region of about -30 dbm, 
the over-all net loss of the carrier circuit is 
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about 8 db less at 1000 cycles than that of a 
local battery circuit. For input levels in 
the region of about -5 dbm, the 1000-cycle net 
loss of the carrier circuit is about 7 db great­
er than that of a local battery circuit. 

5.12 It is noted that the over-all net loss 
of a carrier circuit composed of a common 

terminal transmitting to a subscriber terminal 
(Fig. L.8) is approximately 3 db less at 1000 cy­
cles than that of a common terminal transmit­
ting to a I!Illlti-subscriber terminal (Fig, So). 
The additional loss of the latter circuit is 
due to the I!Illlti-subscriber voice-frequency 
circuit arrangement which is necessary to pre­
vent singing under certain conditions. 

5.13 In the direction from the subscriber ter-
minal to the common terminal and from 

multi-subscriber terminal to common terminal 
also, tube and line voltage variations may 
change the over-all net loss by as I!Illch as S db 
for extreme cases. The sharp high-frequency 
cutoff in the carrier circuits shown inFigs. 49 
and 51 is due to the various filters in the 
carrier circuit. 

(G) Carrier Transmitting Levels 

S.14 The transmitting level of the unmodulated 
carrier into 100 ohms terminating the 

subscriber terminal in place of the drop wire 
is anproximately +27 dbm. 

5.15 The transmitting level of the unmodulated 
carrier into 100 ohms terminating the 

multi-subscriber terminal, where the 151 and 
152-type filters are not included on the basic 
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unit (option V omitted), in place of the drop 
wire, is about +27 dbm. Where the filters are 
included on the panel, the unmodulated carrier 
level is approximately +25 dbm. 

5.16 The transmitting level of the unmodulated 
carrier into 100 ohms·terminating the 

common terminal in place of the drop wire is 
about +25 dbm. 

5.17 The slightly lower transmitting level 
from the common terminal is due to the 

higher mid-band loss of the output filter at 
this terminal. The greater mid-band loss of 
the common terminal output filter.as compared 
to that of the subscriber or ITilllti-subscriber 
terminal output filter results from the nar­
rower band providing for the transmission of 
only a single carrier frequency from the com­
mon terminal to the subscriber or ITilllti­
subscriber terminal. 

(H) Volume Limiter Operation 

5.18 The volume limiter characteristic is 
shown as the solid curve in Fig. 52. 

The dotted extrapolation of the straight line 
portion of the curve representing the input­
output level relationship shows that severe 
overloading would result on many local calls 
if no limiting were used. The limiting cir­
cuit is designed to take effect at approxi­
mately the -30 vu input level point. The con­
trol exercised by the limiter prevents the 
carrier from being more than 100 per cent mod­
ulated by peaks in the voice input except for 
rare cases where exceptionally loud talkers 
are talking over short subscriber loops. The 
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lack of limiting action in the low input range 
improves the sensitivity in this region by a 
little more than 15 db over what it would be 
without limiting. During speech transmission 
the signal-to-carrier-line-noise ratio is im­
proved by nearly the same amount on calls 
through the central office, but is improved by 
only 3 or 4 db on revertive calls. 

(I) Automatic Gain Control at Subscriber Ter­
minal 

5.19 A typical curve demonstrating the action 
of the AGO in the subscriber terminal 

receiver strapped for minimum (normal) gain is 
shown in Fig. 53. The automatic control starts 
to be effective at input levels of about 
-35 dbm. For input level changes of 50 db in 
the normal operating range of the receiver the 
output level change is in the order of 6 db. 
The action of the control in the nrulti­
subscriber terminal is similar. 
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Fig. 53 - Typical Automatic Volume Control 
Performance - Subscriber Terminal 
Receiver 

(J) Automatic Gain Control at Common Terminal 

5.20 Typical curves demonstrating the action 
of the AGC in the common terminal normal 

and revertive receivers are 'shown in Fig. 54. 
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Fig. 54 - Typical Automatic Volume Control 
Performance - Common Terminal 
Receivers 

These curves are based on nu.nimum (normal) gain 
strappings of both receivers. The lower out­
put of the normal receiver as compared to that 
of the revertive receiver is due to the divi­
sion of output current over two paths (see 
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Paragraph 2.52). For input level changes of 
about 30 db in the normal operating range of 
the receivers, the output level change is in 
the order of 3 db. 

(K) False Operation 

5.21 Heavy static voltages appearing at the 
input to a subscriber terminal may, in 

extreme cases, operate the'K2 relay and result 
in bell tapping or false rings. However, the 
poling feature provided in the subscriber ter­
minal receiver where divided-code ringing is 
used, whereby the receiver is energized only 
about half of the time for the receipt of in­
coming signals, assists in guarding against 
false operation. This is because it is un­
likely that static surges are consistently 
synchronized with the 60-cycle supply. False 
operation of the ringer due to static is also 
reduced by the shunt placed across the ringer 
when Kl is unoperated. Both K2 and Kl have 
to operate and Kl has to remain operated during 
two or more operations of K2 in order for a 
false ring to occur. 

5.22 With the multi-subscriber terminal, in 
addition to the poling feature, a network 

at the input of tube VlO attenuates the first 
one or two pulses. Also the T and R relays in 
the ringing circuit are each shunted by a 4-mf 
capacitor. This capacitor makes the relay in­
sensitive to short transients and prevents 
false 'operation on static bursts or other 
interference which might not have been fully 
suppressed by the above-mentioned network. 
The features are described in Paragraphs 3.31 
and 3.32. 

5.23 In the direction from subscriber termi-
nal to common terminal, static crashes 

have to be sustai.ned long enough to operate 
the P, A and B relays in order to flash the 
operator or seize a line circuit. The capaci­
tor shunt across the P relay winding in the 
stand-byconditionmakes it insensitive to short 
pulses of static. A similar shunt is employed 
across the RC relay winding. 

(L) Frequency Stability of Crystals 

5.24 The frequency stability of the crystals 
is ~n the order of~ 0.04 per cent in­

cluding variations due to temperature changes 
over the widest likely range. This amounts to 
a maxinrum of about± 62 cycles variation at 
155 kc and about,± 168 cycles at 420 kc. 
Should a third party come on a carrier channel 
when it is in use for a revertive call, two 
frequencies of the same nomina~ value and of 
the revertive call allocation will be transmit­
ted on the carrier line. The difference in the 
two actual frequencies, however, will appear 



as a beat at the output of the revertive call 
receiver at the common terminal. If this beat 
results from two subscribers located near each 
other on the carrier line, it may produce 
annoying interference but would not preclude 
emergency use of the channel to call medical 
aid or to report a fire. If one of the inter­
fering subscribers is located near the common 
terminal and the other at the remote end of 
the line section, the gain of the revertive 
receiver is under control of the higher level 
carrier, and hence transmission from the re~ 
mote subscriber to the common terminal is de­
graded by the difference in line attenuation 
between the two interfering subscribers and 
the common terminal. However, emergency in­
terruption by the remote subscriber will ½e 
possible. The maximum frequency of the inter­
fering tone for any case would be in the order 
of 336 cycles or twice the maxinrum deviation 
of the top channel frequency from its nominal 
value. Should the revertive frequency crystals 
of two interfering subscribers be within a few 
cycles of each other, the beat might be of such 
a low frequency that little annoyance from the 
note itself would be apparent. However, the 
gain of the revertive call receiver would be 
under control of the higher level carrier. 

6. LIST OF SUPPLEMENTARY HlFORMATION 

(A) Circuit Drawings (Not Attached) 

SD-14152-01 - Auxiliary Circuit for Magneto 
Office 

SD-95105-01 - Subscriber Terminal 

SD-95110-01 - Common Terminal 

SD-95h30-0l - Telephone Choke Unit 

SD-95h31-0l - Bridging Subscriber Coupling 
Unit 

SD-95h32-0l - MlSh Terminating Subscriber 
Coupling Unit 

SD-95h33-0l - Broad Band Coupling Unit 

SD-95550-01 - MlS5 Terminating Subscriber 
Coupling Unit 

SD-95568-0l - 11ulti-Subscriber Terminal 

Attached: 
Tables 3 through 6 
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(B) Equipment Drawings (Not Attached) 

ED-10653-01 - Auxiliary Circuit for Magneto 
Offices 

ED-91975-01 - Subscriber Terminal 

ED-92011-01 - Common Terminal 

ED-92031-01 - Cabinet for Outdoor Pole 
Mounting 

ED-92032-01 - Modification Kits for Oil 
Circuit Reclosers 

ED-92093-01 - Telephone Choke Unit 

ED-92094-01 - Bridging Subscriber Coupling 
Unit 

ED-92095-01 - .MlSh Terminating Subscriber 
Coupling Unit 

ED-92096-01 - Broad Band Coupling Unit 

ED-92256-01 - Phase Shifter 

ED-92298-01 - MlS5 Terminating Subscriber 
Coupling Unit 

ED-92312-01 - Bay Equipment Arrangements 
for Central Office Installa­
tions 

ED-92h6h-Ol - Multi-Subscriber Terminal 

(C) J Specifications (Not Attached) 

J98701 - Type Ml Carrier Telephone System 

(D) List of Attachments 

Table 3 - Carrier Terminal Circuit Elements 
Dependent on Frequency 

Table h - Constants of Elements in Sub­
scriber Terminal 

Table 5 - Constants of Elements in Multi­
Subscriber TernRnal 

Table 6 - Constants of Elements in Common 
Terminal 

Page 59 
59 Pages and Attachments 



, 



SECTION A807.001 

TABLE 3 - CARRIER TERJ.mlAL CIRCUIT ELlliENTS DEPENDENT ON FREQUENCY 

Subscriber Terminal and !.!ulti-Subscriber Terminal 

Freq. KC n Y2 ~ C22 FLl FL2 FLJ FL4 FL5 ~ FLll 

155 154A 155A 156A 157A 152A 
185 154c 155c 156c 157C 152C 

200 154D 155D 156D 157D 152D 
215 154E 155E 156E 157E 152E 
230 154F 155F l56F l57F 152F 

290-300 22DG or 22DA ~~~ ~~ ~~~!! 510 mmf 680 mmf 153A 151A 
320-330 22DG or 22DA 430 mmf 550 mmf 153B 15].B 
350-360 22DG or 22DA 22DG or 22DA 360 mrnf 453 mmf 15JC 151C 

380-390 22DG or 22DA 22DG or 22DA 330 mmf 380 mmf 153D 151D 
4lO-L20 22CG or 22CA 22CG or 22CA 270 mmf 325 mmf 15JE 151E 

Common Terminal. 

Freq. KC n Cl _2___ FLl FL2 FL3 FL4 FL5 FL6 FL7 FL8 Fl.9 

155 21EG or 21EA JOO mmf 430 mmf 158A 
185 21EG or 21EA 180 mmf JOO mnf 158c 

200 21EG or 21EA 160 mmf 2uo mmr 158D 
215 21EG or 2lEA lJO mmf 200 mmf 158E 
230 21EG or 2lEA 100 mmf 150 mmf 158F 

290 159A l50A 156G 157G 
JOO 159B 160B 156H 157H 
320 l59C l60C 156J l57J 

330 159D 160D 156K 157K 
350 159E 160E 1561 157L 
360 159F 160F 1561! 15711 

380 159G 160G 156N 157N 
390 159H 160H 156P 157P 
ulO 159J 160J 156R 157R 

L20 159K 160K 156s 157S 



Element 

Rl 
R2 
R3 
R4 
RS 

R6 
R7 
R8 
R9 
RlO 

Rll 
R12 
Rl3 
Rl4 
RlS 

R16 
Rl7 
Rl!3 
Rl9 
R20 

Cl 
C2 
C3 
C4 
cs 

C6 
C7 
ca 
C9 
ClO 

Cll 
Cl2 
Cl3 
Cl4 

R21 
R22 
R23 
R24 

SECTION A807,001 

TABLE 4 - CO!ISTANTS OF ELEl.lfillTS Ill SUBSCRIBER TERMINAL 

Description Eler.:ent 

5100 ohms Cl5 
!.t70 oh= 
3,3 regohms 
1000 ohms 
0,22 megohm G16 

Cl7 
51,000 ohms G18 
10,000 ohms Gl9 
51,000 ohos C20 
18,000 ohms C21 
270 ohms C22 

C23 
3,3 i:iegohms 
820 ohms Tl 
3900 ohms T2 
2200 ohms 
470 ohms Vl 

V2 
1000 ohms VJ 
51,000 ohms V4 
100 ohms 
100,000 ohms RV2 
3300 ohms RVl 

Tiro 1-mf sections 
0.01 rnf ICl 
330 mrnf K2 
See Table 3 
Three 0,1-mf units Y2 

0.01 mf 
100 mrnf 
220 mmf 
0.001 mf 
2 mf 

0.006 mf 
0.01 mf 
0.01 rnf 
0.01 mf 

6200 ohms 
12000 ohms 
0,1 megobl!I 
0,1 megohm 

n 
Ll 
L2 
L3 
L4 

FlJ. 
FL2 
FL3 
FL4 
FLS 

COUSTANTS OF ELEl.!E?lTS IN PHASE SHIFTER 

C24 

Description 

Terms 1 and 4, so mf, 25 V 
Tert:!S 1 and 2, 75 mf, 200 V 
Terms 1 and 3, 75 mf, 200 V 

o.os mf 
27 1'llilf 
o.os mf 
1000 mrnf 
1000 rnnf 
o.006 mr 
See Table 3 
0,01 rnf 

646A Input Transformer 
381C Transformer 

400B vacuum Tube 
398A Vacuum Tube 
399B Vacuui:i Tube 
401A Vacuui:i Tube 

400A Varistor, Germanium 
J<S-l3u87 Varistor, 17 Selenium 

Discs, 1-1/2 11 

UA79 Relay 
J<S-14499 Relay 

See Table 3 
See Table 3 

296A Retard. Coil, 0.4 mh 
2961.. Retard. Coil, 0.4 mh 
296G Retard. Coil, 4.Smh 
296B Retard. Coil, 5.3 mh 

See Table 3 
See Table 3 
See Table 3 
See Table 3 
See Table 3. 

Tiro 0.1 mf Sections 



SECTIOO A807 .001 

TABLE 5 - CO!ISTANTS OF ELE!.!E:!ITS n: MULTI-SUBSCRIBER TERllTIIAL 

Element Description Element Description 

R3 3 .3 megohms en 0.006 mf 
R5 0.22 megohm Cl2 Q.01 mf 

R6 Sl,000 ohms Cl3 0.01 mf 
Cl4 0.01 mf 

R7 10,000 ohms Cl5 Terms 1 and 4, so mf, 25 V R8 51,000 ohms Terms l and 2, 15 mf, 200 V 
R9 18,000 ohms Terms l and 3, 75 Ill', 200 V 
RlO 270 ohms 

Rl1 3.3 regohms Cl6 0.05 mf 
Cl7 27 mmf 

R12 820 ohms Cl8 0.05 mf 
RlS 470 ohms Cl9 1000 mmf 
R16 1000 ohms C20 1000 mmf 
Rl7 Sl,000 ohms 
R18 100 ohms C21 0.006 mf 

RSl 20,000 ohms C22 See Table 3 

RS2 3900 ohms C23 0.01 mf 

RS3 470 ohms ClOl Two 2 m.r sections 

RlOl 910 ohms Cl02 0.003 mf 
Cl.OJ Two 0.01 mf sections R102 Sl,000 ohms Cl04 200 mf, 100 V 

Rl03 2200 ohms ClOS 200 mf, 100 V Rl04 470 ohms 
RlOS 33,000 ohms Cl06 4 mt 
R106 5100 ohms Cl07 4 mr 

Cl08 o.s mf Rl07 100 ohms C109 0.05 mf 
R108 100 ohms cno o.s mf 
Rl09 1300 ohms 
RllO 1.0 megohm Clll o.s mf 

Rlll 1.0 megohm Cll2 0.05 mf 

R112 1.0 regohm Cll3 o.os mf 

Rll3 11,000 ohms T2 381c Transforrer 
Rll4 33,000 ohms TlO 647B Input Transformer 
RllS O.Sl megohm Tll 189C Repeating Coil 

P.116 10,000 ohms T12 381D Transformer 

Rll7 10,000 ohms Vl 400B vacuum Tube 
Rl18 18,000 ohms V2 398A Vacuum Tube 
Rll9 470 ohms V3 399B Vacuum Tube 
R120 1330 ohms v4 401A Vacuum Tube 

Rl21 13,300 ohms VlO 396A Vacuum Tube 

Rl22 1330 ohms uo 13D Resistance Lamp 
Rl23 1330 ohms JO. UA79 Relay Rl24 13,300 ohms K2 KS-14499 Relay Rl2S 13,300 ohms 

Rl26 13,300 ohms A 280AJ or 239JK Relay 
B KS-13600 Relay R127 13,300 ohms C U189 Relay 

RVl Iffi-13487 Varistor, 17 SeleniUl!I R KS-11:499 Relay 
Discs, 1-1/2 11 Dia. T KS-11:499 Relay 

RVSl 4ooc Varistor, Germanium RR UA79 Relay 
RT UA79 Relay 

RVlOO uOOB Varistor, Germanium Yl See Table 3 
RV101 400B Varistor, GermaniUl!I Y2 See Table 3 RV102 KS-13488 Varistor, 12 Selenium 

Discs, l-J/2 11 Dia. u 296A Retard. Coil, 0.4 mh 
RV103 400B Varistor, Germanium 12 296A Retard. Coil, 0.4 mh 
RV104 400B Varistor, Germanium 13 296G Retard. Coil, 4.Smh 
RVlOS 400B Varistor, Germanium L4 296B Retard. Coil, 5.3 mh 

RV106 400B Varistor, Germanium FU See Table 3 
RV107 400C Varistor, Germanium FL2 See Table 3 
RV108 400C Varistor, Germanium FL3 See Table 3 
RV109 400B Varistor, Germanium FL4 See Table 3 

Cl Two 1 mf sections FLS See Table 3 

C2 0.01 mf FLlO See Table 3 
CJ 330 mmf FLU See Table 3 
c4 See Table 3 Fl 0.8 Amp. (JAG) Slo-Blo 
cs Three 0.1 mf sections Littelfuse 
C6 0.01 mf 
C7 100 mmf 
CB 220 mmf 
C9 0.001 mf 
ClO 2 mf 



SECTION !807.001 

TABLE 6 - CONSTANTS OF ELE'.lENTS IN COMMON TEIDIINAL 

.Element Description ~ Description 

Rl 1.0 megohm R61 5100 ohms 
R2 51,000 ohms R62 18,000 ohms 
R3 4700 ohms R63 10,000 ohms 
R4 51,000 ohms R64 200 ohms 
R5 0.47 ohms 

Cl See Table 3 
R6 0.47 ohms C2 220 mmf' 
R7 0.22 megohm C3 See Table 3 
R8 0.22 megohm C4 220 l!lllli' 
R9 820 ohms C5 27 mmf 
RlO 820 ohms 

c6 A, 0.125 mf - D, 
Rll 1000 ohms 0.075 mr 
Rl2 1000 ohms C7 0.001 mf ,, Rl3 51,000 ohms ca 4 mt 
Rl4 51,000 ohms C9 0.001 mf 
Rl5 10,000 ohms ClO 3300 mmf 

Rl6 200 ohms en 0.1 mf 0,1 each A, 
Rl7 3 .3 iregohms B, and D 
Rl8 0.2 mgohm Cl2 A, 0,5 mf - B, 0.5 mf 
Rl9 0.2 megohm 
R20 .51,000 ohms Cl3 0.05 mf 

Cl.4 0.05 mf 
R21 10,000 ohms Cl5 0.01 mf 
R22 18,000 ohms 
R23 51,000 ohms Cl6 0.01 mf 
R24 10,000 ohms Cl7 0.006 mf 
R25 18,000 ohms Cl8 360 mmf 

Cl9 o.006 mr 
R26 12,000 ohms C20 0.05 mf 
R27 12,000 ohms 
R28 1000 ohms C21 200 mf, 100 V 

R29 O.l iregohm C22 Tiro 1-mf uni ts 
R30 12,000 ohms C23 200 mf, 100 V 

C24 0.265 rnf min., 
R31 270 ohms 0.275 mf max. 
R32 1200 ohms C25 0.265 mf min., 
R33 10 ohms 0.275 mf max. 
R34 20 ohms 
R35 30 ohms C26 Tiro l-mf·u.11its 

C27 0.1 mf each A, B, 
R36 51 ohms and D 
R37 100 ohms C28 0.006 mf 
R38 200 ohms C29 Tiro 75-mf-units, 200 v 
R39 300 ohms One 50-mf unit, 25 V 
R40 510 ohms C30 200 mf, 100 V 

R4l 1000 ohms C31 Adjustable O to 
R42 10 ohms 0.346 mf 
R43 20 ohms C32 2 mf 
R44 30 ohms C33 0.05 mf 
R45 51 ohms C34 0.01 mf 

C35 0.01 mf 
R46 100 ohms 
R47 200 ohms Vl 400B 
R48 300 ohms V2 398A 
R49 510 Olm! V3 399B 
RSO 1000 ohms V4 401A 

vs 399B 
R51 no ohms v6 401A R52 no ohms 
R53 15 ohms V7 376B 
RS4 7S ohms va 376B 
R55 510 ohms V9 G.E. NE21 

VlO G.E. NE21 
R56 510 ohms FLl See Table 3 
RS7 1500 ohms FI.2 See Table 3 
R58 1500 ohms FL.3 See Table 3 
RS9 470 ohms FL!i See Table 3 
R60 200,000 ohms FL5 See Table 3 



~ 

FL6 
FL7 
FL8 
FL9 

Ll 
L2 
L3 
L4 

L5 

L6 

n 
Tl 

T2 
T3 

RVl 
RV2 
RV3 
HV4 
RV5 

SECTIOO A807 .001 

TABLE 6 - CO?ISTANTS OF ELEMENTS m C01lli!ON TERMINAL (Contd.) 

Description Element Description 

See Table 3 RV6 D-170622 Varistor (Thallium 
See Table 3 copper oxide, 10-1/16" discs) 
see Table 3 RV7 D-170622 Varistor (Thallium 
See Table 3 copper oxide, 10-1/16" discs) 

RV8 l!S-13487 Varistor (Selenium, 
296E Retard. Coil - 2.06 mh 17, 1-1/2" discs) 
296E Retard. Coil - 2.06 mh RV9 KS-13488 Varistor (Selenium, 
296B Retard. Coil - 5.3 mh 12, l-1/2" discs) 
307K Retard. Coil - 0.4 

h min., ave. 0.7 h p l!S-14499 Relay 251B Retard. Coil - Adjust-
able 0.25 mh to 150 mh A KS-13600 Relay-in 28 misc. steps 

RC KS-14499 Relay" 

296C Retard. Coil - 4-5 mh 
RCl 111.339 Relay-

See Table 3 

38ln Transformer B Y302 Relay-

647B Input Transformer ID' J2 Relay-

189C Repeating Coil 
RR J2 Relay-

400A Varistor, Germanium 
400A Varistor, Germanium Fl 0.5 amp. (3AG) Slo-Blo Litt.el-400A Varistor, Germanium 
400A Varistor, Germanium fuse 
400A Varistor, Germanium 
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