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This manual, together with TM 11487, 2 October 1944, supersedes preliminary TM 11-486, 25 February 1944.

CHAPTER 1

GENERAL

Section .

101. PURPOSE.

This manual deals with electrical communi-
cations from the systems engineering stand-
point. It is a general reference manual pri-
marily intended for use by staff signal officers
engaged in planning the electrical communi-
cation systems,—telephone, manual telegraph,
teletypewriter, and facsimile; wire and radio,
—required for theater of operations.

102. SCOPE.
a. The manual is divided into chapters as
follows:

1. General

2. Telephone systems

8. Telegraph systems

4. Facsimile systems

b. Vome-frequency and carrier telephony

over wires

6. Radio systems

7. Power

8. Foreign civil central offices
9. Outside plant
Electrical protection
11. Technical administration
. Transmission yardsticks
Chapters 1 to 11 deal with engineering con-
siderations and include sufficient detail for
general engineering. Chapter 12 has been in-
cluded to insure thorough understanding of
the transmission yardsticks which are essen-
tial in transmission engineering, both for
telephony and telegraphy.

b. Detailed information concerning electrical
communication equipment together with com-
parisons of systems, and problems which illus-
trate methods for determining the equipment
required for complete systems, are given in
TM 11487, Electrical Communication Sys-
tems Equlpment.

c. It is recognized that communication re-
quirements near the front differ from those
in rear areas. Near the front, speed of instal-

PURPOSE AND SCOPE

lation is essential and to meet this, service
requirements sometimes have to be relaxed.
Experience has shown, however, that good
workmanship is feasible, even near the front
lines, and results in superior performance of
communication systems. In rear areas, it is
necessary to approach service standards com-
Jparable to those of commercial telephone and
telegraph systems. This manual deals with
both front and rear area communications.

d. Tactical communication equipment is de-
signed for maximum ruggedness, ease of trans-
portation, speed of installation, and good per-
formance; hence, these equipments are used
extensively in forward and rear areas. As the
velume of traffic and the number and length
of circuits required in the Communications
Zone increase, it is necessary to augment the
initial network with types of equipment having
greater capabilities. For this purpose, a line
of packaged equipment has been developed
for fixed plant use; features to greatly facili-
tate its installation are included, and in other
respects it equals or approaches standard com-
mercial systems in its capability and perform-
ance. For fixed plant requirements which can-
not be met by available equipment, Army
Communications Service of the Office of the
Chief Signal Officer should be consulted.

e. It is assumed that plans will be made to
utilize to the utmost any foreign civil com-
munication equipment and wire that are found
intact or that can be rehabilitated with reason-
able effort. Chapters 5, 8, and 9 discuss some
general aspects of this problem. It is important
that all available detailed information on the
systems employed in the area under consider-
ation be obtained by the planner as early as
possible.

f. In operating an extensive communications
network it is vital to have responsibilities de-
fined. It is also important for efficient oper-
ation with minimum personnel and material
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to have definitely prescribed administrative
routines, switchboard operating practices, and
plant maintenance methods. Some general
guides on this subject of technical administra-
tion are given in chapter 11.

g. Reference is made in this manual to cer-
tain British military systems and equipment
which may be used in conjunction with United
States military systems and equipment.

h. This manual does not discuss signal in-
telligence, radar, or the important problem of
planning for messenger service. Aircraft radio
and ground radio €quipment for communicat-
ing with aircraft are discussed to the extent
that they are useful in ground communication
systems.

i. Throughout this manual references are
made to technical manuals which give detailed
information on specific systems or equipments,
In addition to these references the followmg
manuals are of value in systems engineering.

FM 11-5, Mission, Functions, and Signal

Communication in General

FM 11-21, Signal Operations in the Theater

of Operations (when published)

FM 11-22, Signal Operations in the Corps

and Army

FM 24-5, Signal Communication

FM 24-18, Radio Communication
FM 24-20, Field Wire Systems
TM 11-455, Radio Fundamentals
TM 11-456, Wire Telegraphy
TM 11-462, Signal Corps Reference Data
TM 11-475, Principles of Long Distance
Telephone and Telegraph Transmission
TM 11-487, Electrical Communication Sys-
tems Equipment
TM 11498, Fundamentals of Telephony
and Manual Telegraphy
TM 11-499, Radio Propagation Handbook
TM 11-2001, Complete 100-Mile Spiral-
Four Carrier System
TM 11-2022, Application of . Packaged
Equipment to Open Wire Lines
TM 11-2087, Installation, Operation, and
Maintenance of Open Wire Offices, Pack-
aged Equipment
i- Technical manuals and other War Depart-
ment publications may be requisitioned from
the various headquarters which are listed as
distributing agencies. This information is cov-
ered in FM 21-6, List of Publications for
Training. References herein followed by the
words when published, indicate manuals in
preparation which should not be requisitioned
until listed in FM 21-6,

Section Il.

103. MAIN FIELDS OF USE.

a. Radio communication facilities are, in
general, better adapted to rapid installation
than are correspondmg wire facilities; there-
fore radio is extensively used as a primary
means of communication during initial combat
operations. Reliable radio communication is
essential to tactical control of highly mobile
elements such as aircraft, armored units, and
amphibious vehicles, particularly during fast
moving situations. It is also essential for com-
munication over large bodies of water, over
territory controlled by hostile forces, and over
terrain where the construction of wire lines
is impractical. Radio is extensively used for
overseas communication to all parts of the
world for handling telephone, telegraph, tele-
typewriter, and facsimile message traffic be-
tween the United States and Military and
Naval forces in the various Theaters of Oper-

WIRE VERSUS RADIO

ation. In some situations it may be used as a
means for broadcasting urgent information to
friendly or hostile forces, and as an emergency
facility or standby circuit to supplement wire
communication circuits.

b. Wire facilities are more suitable for han-
dling the bulk of ground communication, par-
ticularly between permanent, semipermanent,
or temporarily-established points in a theater
or combat zone. They are also extensively used
by forward observers and in fire control net-
works, especially where security is important.

104. MAIN CHARACTERISTICS.

a. In general, radio facilities are smaller and
lighter than corresponding wire facilities and
consequently require less shipping space and
transportation facilities. Radio sets, however,
usually requnre more electrical power than cor-
responding wire facilities.
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b. The total number of radio communication
channels which can be utilized is generally
limited by frequency assignment and inter-
ference considerations. On the other hand the
total number of wire circuits which can be
utilized is generally limited only by the amount
of material and personnel available for instal-
lation and maintenance of the lines.

¢. Radio communication ranges are less pre-
dictable than communication ranges of wire
lines. At medium and high frequencies radio
transmission is subject to variations due to
changes in sky (ionosphere) conditions. Very-
high-frequéncy (v-h-f) radio transmission is
relatively free of these variations; however,
hills or other obstructions to line-of-sight
transmission will considerably affect the com-
munication range. The communication range
of some types of wire lines is adversely affected
by changing weather conditions, and depends
to some extent upon the amount of mainte-
nance and supervision exercised over the lines.

d. Radio communications can be readily ‘in-
tercepted or interfered with (jammed) by
hostile stations. This disadvantage can be min-
imized by exercising strict discipline in han-
dling traffic and by employing radio counter-
measures. Wire communication is subject to
interruption (and interception to a small de-
gree) at any point along the wire route be-

cause of physical damage from bombing, shell
fire, sabotage, etc., whereas in radio only the
antennas and terminal equipment are vulner-
able. The vulnerability of wire circuits to such
damage can be minimized by installing addi-
tional lines over alternate routes.

e. In general, radio stations are subject to
position-finding by hostile forces, with the re-
sult that the enemy may be able to obtain
valuable information. This disadvantage can
be minimized by exercising strict discipline

- and by using radio countermeasures.

f. Radio gives the enemy a greater oppor-
tunity to observe the volume and geographical
distribution of our message traffic.

g- Since most tactical radio sets are operated
on a push-to-talk basis they are not well
adapted for interconnection with standard
wire communication circuits, particularly with
circuits terminated in telephone switchboards.
Some of the newer types of radio equipment,
however, notably Radio Sets AN/TRC-1,
A.N/TRC-3, and AN/TRC-4, having the car-
rier on continuously, are suitable for such in-
terconnection and, from a switching stand-
point, may be handled in the same manner as
wire circuits. Personnel using such integrated
facilities, however, are required to observe
security rules applicable to radio transmission.

Section Il

105. GENERAL

a. The greatest advantage of the telephone
is that it affords immediate personal contact
between individuals. It is superior when ideas
must be developed or special circumstances ex-
plained speedily. The main disadvantages of
telephony are lack of a record of the conver-
sation (unless a voice recorder is used), the
tendency to- consume too much time in talk,
and the possibility of noncompliance with
security regulations. Telegraphy is basically
best suited to one-way messages or orders
which requirelittle explanation. Handling most
of the normal business by telegraph leaves the
telephone circuits free for their principal pur-
pose, which is the exchange and explanation
of ideas. One-half to two-thirds of the circuits,
in the theater of operations are telegraph.

TELEPHONY VERSUS TELEGRAPHY

b. Telegraph circuits are, in many cases,
superimposed on telephone circuits;  this is
particularly true of d-c telegraph. When tele-
graph circuits are obtained in this way, addi-
tional terminal equipment is required but there
is no increase in the amount of outside plant.

106. TRAFFIC CAPACITY.

a. A telephone channel can transmit infor-
mation in the clear faster than a single tele-
graph channel of the usual type. A fast talker
without much training can read 150 to 250
words per minute of ordinary material so that
it can be understood over a good telephone
circuit. Most military telegraph operators can
not consistently handle more than 16 words
per minute, although highly-skilled manual



}

PARS.
106-109

ELECTRICAL COMMUNICATION SYSTEMS ENGINEERING

telegraph! operators will reach about 40 words
per minute for short periods. Operators work-
ing direct-keyboard teletypewriters usually
send at a nominal speed of about 25 to 30
words per minute, but with sending from pre-
viously prepared tape the nominal speed is
about 60 words per minute. As pointed out
in chapters 3 and 11, the net speeds, including
time for typing headings and acknowledg-
ments, are somewhat less than these operating

. speeds. On specially arranged telegraph chan-

nels, employing wide frequency bands, speeds
up to about 400 words per minute may be ob-
tained by transmitting International Morse
code with automatic senders and recording
devices (for example Boehme equipment).

b. The traffic capacity of a facility suitable
for one reasonably high grade telephone chan-
nel can be increased by equipping it with a
suitable multichannel voice-frequency carrier
telegraph system. By applying six channels of
carrier telegraph to a 2-wire telephone channel
and using teletypewriters with previously pre-
pared tapes, a total of about 360 words per
minute can be transmitted in each direction.
Twelve channels of carrier telegraph may be
applied to a 4-wire telephone channel, in which
case a total of about 720 words per minute
can be transmitted in each direction.

c. When messages are enciphered, there is
little or no decrease in telegraph transmission
speed; this disregards any time required for
enciphering and deciphering. Over a telephone
circuit, an enciphered message can be read by
using the Army phonetic alphabet; the speed
is 15 to 20 words per minute, which about
equals manual telegraph speed.

107. TRAINING REQUIRED.

Very little training is required to use a tele-
phone circuit but considerable training is re-
quired to operate a manual telegraph circuit
satisfactorily. Anyone can send messages

slowly by teletypewriter, and an operator, -

after a short training period, should be able
to send from 15 to 80 words per minute. Con-
siderable training is required, however, to
maintain teletypewriters satisfactorily.

! Manual telegraphy as used here means sending
International ﬁ:se code by means of a key.

108. APPARATUS.

In size and weight of equipment, field tele-
phones and manual telegraph sets are similar.
Teletypewriter equipment is bulky and heavy
and requires power for small motors.

109. EFFECT OF IMPERFECTIONS IN
TRANSMISSION MEDIUM.

a. It is easier to transmit manual telegraph
signals than speech, over either wire or radio.
This is because of the simpler nature of the
signals, the narrower frequency band width
required, and the more effective use of trans-
mitter power.

b. On wet field wire (Wire W-110-B) in
good repair, the talking range, without ampli-
fiers, is about 11 miles, whereas the range for
d-c telegraphy is greater by several fold.

¢. Under noisy radio conditions, about 25
times as much power is required to transmit
speech as would be required for transmitting
slow-speed manual telegraph signals by the
c-w method. This assumes that the radio trans-
mitter is fully modulated by speech, which
under practical conditions often is not true;
hence, even more carrier power is required
with speech, the amount of increase depending
on the particular conditions. With single-
channel, ground-wave radio transmission, the
required power for teletypewriter is ordinarily
roughly the same as for fully-modulated
speech operation.

d. Because of limitations inherent in ma-
chine operation, such factors as rapid varia-
tions in loss and rapidly-changing noise (for
example, static) affect the intelligibility ot
speech less than that of ordinary teletype-
writer signals. However, by . using the im-
proved transmitting and receiving arrange-
ments for long-haul radio circuits, described
in chapter 8, satisfactory teletypewriter oper-
ation may be obtained where speech would be
impossible,

e. Poor transmission gives more trouble
with teletypewriter than with manual tele-
graph, because the teletypewriter, unlike g
listener, does not exercise judgment in inter-
preting signals,




CHAPTER 2

TELEPHONE SYSTEMS

Section I.

201. INTRODUCTION.

a. This chapter contains information rela-
tive to the initial steps in the engineering of
telephone communication systems. The plan-
ning of the telephone system and.the grade
_of transmission which should be the objec-
tive in order to obtain satisfactory telephone
service are discussed in section II. In estab-
lishing a telephone system, telephone station
equipment, telephone centrals, voice-fre-
quency and carrier-frequency telephone
transmission equipment, outside plant, and
radio are utilized. Sections III and IV of this
chapter describe the types of telephone sta-
tion equipments and telephone central equip-
ments which are available, and the manner
in which these equipments fit into the tele-
phone system. The related subjects of infor-
mation centers for aircraft warning systems

SCOPE

and the railway train dispatching system are
covered in sections V and VI respectively.

b. The engineering of wire telephone lines,
except where distances are short, is a broad
subject. It involves the selection and integra-
tion of types of wire facilities, repeaters, and
terminal equipments for both voice-frequency
and carrier circuits. It also embraces con-
siderations of noise and crosstalk in equip-
ment and on wire lines. There are differences
in the engineering factors as between tactical
plant and fixed plant. Long distance wire tele-
phone engineering is therefore treated sepa-
rately in chapter 5. Wire line construction is
covered in chapter 9 and radio in chapter 6.
Additional information concerning engineer-
ing, installation, op‘eration, and maintenance
of telephone systems is given in chapter 11.

Section II.

202. GENERAL.

a. A complete telephone system includes
speech transmission channels, telephones,
switching, and signaling. Throughout this
manual the term telephone transmission chan-
nel is used to denote the path which carries
a single conversation between two telephones.
For satisfactory transmission, the received
speech must be loud enough, and in addition,
certain unwanted effects including poise,
crosstalk, and the tendency of repeaters to
sing must be controlled. These effécts are the
basis of many of the limitations stated in
chapters 5 and 6.

b. Experience has shown that about 30-db
circuit loss between the usual local battery
telephones is the maximum that permits sat-
isfactory conversation for most people listen-
ing in reasonably noisy locations, and with
normal line noise. With very low room and

LAYOUT

line noise, or when each talker speaks loudly
and is willing to repeat parts not at first un-
derstood, greater losses up to perhaps 50 db
might be tolerated. However, these greater
losses should not be used as the basis for
engineering layouts, since it is practically im-
possible to be assured that talking and listen-
ing can be confined to quict locations, and
gince under trouble conditions the line loss
and the line noise may increase considerably
beyond the normal.

¢. Telephones are of two types: .battery-
vowered and sound-powered. The latter are
operated by the voice without any battery
supply. Sound-powered telephones have much
lower transmitting efficieny and can there-
fore be used only when the transmission loss
between the telephones is small. Battery-pow-
ered telephones may use batteries located at
the telephone (local battery), or may obtain
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battery supply over the loop from a telephone
central (common battery). Where a telephone
is used for a large part of the time it is de-
sirable to use battery supplied from a tele-
phone central, on account of the short life of
dry batteries. This may result in shortening
allowable loop lengths (par. 208).

d. Signaling on wire circuits is by means
of direct current, 20-cycle ac, or voice fre-
quency. Direct current is used for signaling
on loops from telephones to common battery
switchboards and on automatic signaling
trunks. Twenty-cycle ac is used to ring bells
at telephones and to signal operators over

magneto loops and ringdown trunks. Carrier

telephone channels and certain repeaters will
not transmit 20-cycle signaling; on these,
voice-frequency signaling must be used. A
voice-frequency ringer converts the 20-cycle
signal received locally to a frequency (1,000
or sometimes 500 cycles) which will pass
freely over the telephone channel. This fre-
quency is ordinarily interrupted at about 20
cycles, to provide a signal which can be dis-
tinguished from voice currents in the distant
receiving equipment. Interrupted 500 cycles
is used when tying in with British equipment.
At the other end of the circuit, the voice-
frequency ringer reconverts the received sig-
nal to 20-cycle ringing. The voice-frequency
ringing range is 80 db. In general, any Army
signaling means will function satisfactorily
over the ranges which give satisfactory
speech transmission. Specific range data for
switchboards are given in TM 11-487.

e. The 1,000- or 500-cycle signaling means
which are suitable for use on long distance
wire lines can also be used when multichan-
nel radio relay systems are employed. With
push-to-talk radio circuits these signaling
means are not used, and communication is
established either on a time-schedule basis or
by monitoring continuously at the receiver so
that attention is obtained by calling on the
circuit.

203. TELEPHONE SWITCHING PLAN.

In order to be able to extend a connection
promptly from any telephone to any other
telephone in a system, there must be a switch-
ing plan. In the simplest system, all tele-
phones can be interconnected through one
switchboard or central. In the more complex
systems, telephones served by different cen-

6

trals are interconnected over intervening
trunks. A connection may be over a direct
trunk from the originating to the terminating
central or it may be built up by switching
together trunks at one or more intermediate
centrals. For every ceptral it should be de-
termined how connections to other centrals
in the system will be established including
alternate routes, where possible, for use when
service over the regular routes is interrupted.
The determination of both regular and alter-
nate routes is closely interrelated with the
telephone transmission plan discussed in
paragraph 204. The factors involved in the
selection and engineering of trunking ar-
rangements, including alternate routing, are
discussed in section IV of this chapter and in
chapter 11; further data are in TM 11-487.

204. TELEPHONE TRANSMISSION PLAN.

a. In laying out the telephone transmission
plan for an area, two kinds of circuits must
be considered: point-to-point circuits (fig.
2-1-A), which are permanently connected to
individual telephones at each end; and
switched circuits (fig. 2-1-B), which termi-
nate at one or both ends in a switchboard, so
that connections may be established to various
telephones.

b. In order to obtain satisfactory telephone
communication on all connections which may
be set up on switched circuits, it is necessary
to form a general transmission plan which
is adhered to in laying out individual parts
of the plant. If this were not done, many con-
nections might be unsatisfactory. For exam-
ple, a connection from A to B may be good
and a connection from B to C may be good,
but a connection from A via B to C may be
entirely unusable.

¢. Switched circuits are divided into loops
and trunks. A loop terminates in a telephone
at one end and a switchboard at the other.!
A trunk terminates in a switchboard at both
ends. From a transmission standpoint there
are two kinds of trunks, terminal and via.
Terminal trunks are suitable only for connec-
tion to loops. Via trunks are suitable for con-
nection to loops or to other via trunks. A via

* The term local circuit or local is used in other liter-
ature to denote both a circuit between a telephone and
a switchboard and a circuit between two telephones.
Loogs are also known as lines, station lines, or sub-
scriber lines.
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Figure 2-2. Simple telephone transmission plans.
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trunk is sometimes called a link. Figure 2-1-B
illustrates these kinds of circuits.

d. The trunk plant comprises all switched
circuits except loops, including the trunks
from long distance centrals to local centrals
(par. 214).

e. Adequate provision of trunks of via
grade is essential to insure satisfactory trans-
mission on switched connections. Such trunks,
when used on terminal business, will have
better transmission than needed. While the
details of actual plans are complex, the princi-
ple is simple. The sum of the losges of two
loops alone, or two loops plus the maximum
trunk losses, should not exceed about 80 db.
In laying out trunk losses it is generally wise
to allow 6 db for the loss of each loop, though
in particular cases the loop loss may be less.
This leaves 18 db for the sum of the trunk
losses. This 18 db would be used up by three
6 db via trunks in tandem.

f. Figure 2-2 shows a few simple applica-
tions. In figure 2-2-A, the 30-db requirement
is met for all connections shown except the
one from theater headquarters to division
headquarters. When there is sufficient traffic
over such a channel, an improved -circuit
should be provided, for example, as shown in
figure 2-2-B, where one or more via trunks
are provided directly between theater and
Army headquarters. It may be possible to

7
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provide the improved circuit by adding re-
peaters.

g. The number and type of trunks provided
depends, among other things, on traffic re-
quirements. For example, in addition to the
via trunks, one or more terminal trunks might
be provided between division and corps, as
indicated in figure 2-2-C.

h. Variations of the plans illustrated above
can be used, if they comply with the general
principle. For example, in a situation where
not over two via trunks must be connected in
tandem, the permissible loss of each via trunk

is 9 db. Likewise, loops which are nevef
switched to trunks may have a loss of 156 db.

i. Figure 2-3 gives illustrative values of the
maximum length of various types of wire and
radio circuits which should provide satisfac-
tory voice transmission for various kinds of
switched circuits and point-to-point circuits.
Chapters 6 and 6 give additional information.

j- The grade of transmission which it is
practicable to provide will be greatly affected
by the tactical situation. Near an active front,
speed of installation is essential, and circuits
are morg liable to damage; hence transmis-

SwiTCHED CIRCUIT

Type of Circuit Tronemission Tupe of wire AP otn it
W-130-A (assault wire) 1
Loope® 6 W-110-B (field wire) 2
W-143 (long range tactical wire) 5
W-110-B 6
'W-143 nonloaded 15
CC-358-( ) (spiral-four cable) voice frequency 24
Terminal trunks® 18 'W-143 loaded 56
) 080 C-S (40%) 72
Open wire
104 C8 (40%) 100
|Lead-covered cable, repeatered Greater distance
W-143 nonloaded 5b
'W-143 loaded 19®
Via trunks 6 CC-358-( ) with CF-1 carrier 150
Open wire carrier Greater distance
Lead-covered cable, repestered Greater distance
Radio Sets AN/TRC-3 and
Radio 6 AN/TRC-4 or AN/TRC-11 and 100°
AN/TRC-12 with 4-channel carrier

» Maximum loop lengths are for local battery telephones.
With usual common battery telephones, distance for Wire
W-130-A or Wire W-110-B would be less. Sound-powered
instruments not suitable except in special situations.

® These lengths can be increased by using telephone re-

peaters on cable or open wire or by loading on cables where
not already applied (ch. 5).

¢ Can be increased by discarding the top one of the four
channels. Distance is nominal and depends on terrain,
repeater spacing, and other factors.

Figure 23. Maximum lengths of various types of circuit.
(continued on opposite page)
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Point-ro-roinT Wire Circurr

Approzimate mazimum length, miles) »

Type of wireb Local
s R

W-130-A 5 3
W-110-B 11 5
W-143 25 12

080 C-8 (40%) 120 60
Open wire:

104 C8 (40%) 165 85

PoiNT-TO-POINT RaDIO CIRCUIT
Transmission frequency Approrimate maximum lencths
25-250 megacycles, nonrepeatered 1 to 50 miles multichannel and 1 to 100 miles single channel, depending on type of
. sets and terrain. :
25-250 megacycles, repeatered Up to fairly long distances depending on type of sets and terrain.
2-25 megacycles 1 mile to very long distances depending on type of sets, terrain, and ionospheric
conditions., -

* These lengths can be increased by using telephone re-

b Allowable transmission loss of wire is 30 db with local

peaters on cable or open wire or by loading on cables where  battery telephones; 15 db with sound-powered telephones.

not already applied (ch. 5).

Figure 2-3. Maximum lengths of various types of circuit (continued).

sion may have to suffer. On this account it is
all the more important to provide good trans-
mission on trunks farther to the rear, so that
the transmission loss between telephones on
built-up connections will be reasonably sat-

isfactory. On long circuits well to the rear,
where opportunity permits, the grade of con-
struction and transmission approaches or
equals that of good commercial telephone
practice.

Section Il

205. GENERAL.

a. A telephone system consists of a network
of interconnecting wires, wire transmission
equipment, and radio equipment which provide
means for the transmission of electrical energy
between any two terminals of the system. In
order to use this network for speech communi-
cation a telephone handset, head and chest set,
or some other arrangement of microphone and
telephome receiver must be connected to each
of its terminals. The characteristics of micro-
phones and telephone receivers must conform
to the communication system with which they
are used. For example, the {ransmitting effi-

TELEPHONE STATION EQUIPMENT

ciency of sound-powered telephones makes
them unsuitable for use in extensive switched
telephone systems (par. 209); also only cer-
tain types of microphones are suitable for use
where ambient (acoustic) noise is high (par.
212b). As another example, a telephone re-
ceiver may have a peaked response-frequency
characteristic which makes it ideal for the re-
ception of Morse telegraph yet inferior for use
in a speech communication system. The prin-
cipal features of the telephones most com-
monly used in communication systems are
discussed in paragraphs 206 to 210, inclusive,
and the characteristics of microphones and
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gallephone receivers are discussed in paragraph
2.

b. Telephones and head and chest sets in-
clude a microphone (telephone transmitter)
which converts sound waves to electrical
waves and a telephone receiver which converta
electrical waves to sound waves. The effective-
ness of microphones and receivers as con-
verters of energy greatly affects the perform-
ance of a telephone system. Other factors

which affect transmission of speech and are’

of particular importance in the design of
microphones, telephone receivers, and tele-
phones include:

(1) High ambient noise (engine, gunfire,
etc.) at the talker or listener stations.

(2) Operation at extreme temperatures
and humidities,

(3) Operation with oxygen masks or gas

(4) Operation at high altitudes.

¢. A telephone usually includes signaling
apparatus consisting of a switchhook or hand
generator to signal the telephone central or
other telephones; also a bell or buzzer and, in
some cases, a lamp, by which the operator may
be signaled. Some telephones are also equip-
ped with a push-to-talk switch whereby the
microphone is connected to the circuit only
when this switch is closed.

d. A battery-powered telephone has a car-
bon microphone which requires an external
source of d-c power for converting sound
waves into electrical waves. It acts not only as
a converter of energy but also as an amplifier.
An antisidetone type of coil is utilized through
which the microphone and receiver are con-

nected to the line. This type of coil is used to .-

reduce masking of received speech by noise
picked up by the microphone, thereby improv-
ing transmission. It also reduces the volume
of the user’s own voice in his receiver thereby
tending to cause him to talk louder, thus fur-
ther improving transmission.

e. The sound-powered microphone is simi-
lar in construction to the telephone receiver,
and since no amplification is provided, such as
that inherent in the carbon microphone, its
efficiency is comparatively low. The carbon
microphone, such as that used in Handset
TS-9, is about 26 db more sensitive than the
most efficient sound-powered type, such as
that used in Handset TS-10. Because of this
low efficiency an antisidetone coil normally is

10

not used in sound-powered telephones. Specific
information regarding microphones, telephone
receivers, telephones, head sets, chest sets,
and head and chest sets may be obtained from
TM 11-487.

206. LOCAL BATTERY TELEPHONES.

a. Local battery antisidetone telephones
such as the EE-8-( ) are used on point-to-
point circuits and on loops to magneto switch-
boards. They are also used on long loops to
common battery switchboards where, because
of the high resistance of the line, an adequate
amount of direct current does not reach the
microphone. They also may be used on short
loops to common battery switchboards if com-
mon battery telephones are not available.

b. With good batteries, the direct current
through the microphone in Telephone
EE-8-( ) will be from 0.06.to 0.07 ampere.

O —s

P L, ——T
O i

Figure 24. Telephone EE-8-B.

A satisfactory grade of transmission will be
obtained between two such telephones con-
nected by lines having transmission losses up
to 30 db. Average talking into a local battery
telephone will deliver to the loop a volume in
the neighborhood of —6 vu, and for the loud
talkers the output from the telephone may be
+8 vu (ch. 12).

c¢. Handset TS-9-( ) which is furnished
as part of Telephone EE-8-( ) comtains a
compensated magnetic-type receiver in which
the diaphragm is damped and free to move at
the edge. This type of receiver reproduces
about equally well all the frequencies in the
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compared to that of the local battery tele-
phone, is given by the empirical formula,

L= -Z%—idb,whereListheamount,in

db, by which the transmitting loss of the com-
mon battery set exceeds the transmitting loss
of the local battery set, R is the total circuit
resistance, and E is the voltage of the common
battery supply.

d. The various elements of a typical loop
circuit which contribute to the total circuit
resistance and consequently to the amount of
direct current which flows through the micro-

phone are shown in figure 2-6.
| AV 1
1 = i lo 20%
VERA u] .
L3 = 24 V.
AvERSSE | | 0=
1 Lo 20"
TELEPHONE " Loge! LRaL

€ THIS IS THE AVERAGE RESISTANCE OF THE SET
WHILE TALKING INTO THE TRANSMITTER. IN
DETERMINING LOOP SIGNALING RANGES A
HIGHER FIGURE 1S ASSUMED.
TL 532168

Figure 2.6. Typical common battery loop connection.

e. Figure 2-7 shows approximate transmit-
ting losses of common battery Telephone
TP-6 compared to local battery Telephone
EE-8-( ) for different loop resistances.

Transmission loss (dd)
o ) 2ol o,
n &n:al " &n:d
0- 200 . .
200- 400 0 0
400- 600 2 1
600- 800 4 2
800-1,000 7 8

» For these short loops the common battery telephone is
slightly better than the local battery telephone.

Figure 2-7. Approximate transmitting losses of common
Tele, TP-6 ed to local Tele-

§. The receiving efficiencies of antisidetone
telephones such as common battery Telephone
TP-6 and local battery Telephone EE-8-( )
are about the same.

g- Figure 2-8 is a photograph of a typical
Telephone TP-6.

Figure 28. Telephone TP-6.

209. SOUND-POWERED TELEPHONES.

a. Sound-powered telephones are used for
point-to-point connections where the line
loss is relatively low. They can also be used
on switchboard connections where the per-
formance of dry batteries in local battery
telephones is unsatisfactory. However, sub-
standard transmission will be obtained on
switchboard connections unless the loop and
trunk losses are very low (subpar. d below).

b. Compared to the local battery Telephone
EE-8-( ), the sound-powered Telephone
TP-8 which employs Handset TS-10, is about
25 db poorer in transmitting efficiency.

¢. Handset TS-10 contains a resonant mag-
netic receiver in which the diaphragm is un-
damped and clamped at the edge and the
armature drives the diaphragm through a
mechanical coupling. In this type of receiver
greater efficiency is obtained over the con-
ventional type of magnetic receiver, where
there is no mechanical coupling between the
diaphragm and the pole pieces, without intro-
ducing an excessive amount of frequency dis-
tortion. The receiving efficiency of Telephone .
TP-8 is about 10 db better than that of Tele-
phone EE-8-( ). This 10-db improvement
in receiving efficiency is ineffective where the
line noise is high. The response-frequency
characteristics of the microphone and the re-
ceiver of Handset TS-10 are shown in figures
2-156 and 2-20.

d. The sound-powered telephone is suitable
for use on point-to-point lines which have a
maximum loss of about 156 db. If the line
noise is excessive, this limit may drop to 5 db.
If it is used in the transmission plan referred
to in paragraph 204, transmission will be
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e. Because of the relatively high impedance
of the sound-powered handset, the maximum
efficiency is obtained when no induction coil
is employed and it is connected directly to the
telephone line. On some short point-to-point
circuits where signaling is not required the
sound-powered Handset TS-10 may be used
without other parts of the telephone. Such an
arrangement is provided in Reel Equipment
CE-11 (TM 11-2250), as shown in figure 2-9.

210. SUMMARY OF TELEPHONE STATION
FEATURES.

The essential features of the above tele-
phones are summarized in figure 2-10.

211. STATION WIRING PLANS.

a. A station wiring plan consists of one or
more telephone stations with associated keys
to permit switching to different loops with-
out the assistance of a switchboard operator.
Wiring plans may also include arrangements
for intercommunication between nearby tele-
phones without going through the switchboard.
Buzzers, controlled from push buttons, are
sometimes provided for signaling in connection
with wiring plans.

836935 0—45——3
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below standard, even where the loops are very Iem |EE8-()| TPo |TPo-( )| rP-s
' ghort, since the trunks alone may exceed 15
db. Type of | Leather Metal None Leather
case or canvas (desk set) | or canvas
Type® LB LB CB 8P
Battery Dry Dry CB None
supply batteries | batteries
Ringer Yes Yes Yes Yes
Generator Yes Yes No Yes
Push-to- Yes Yes No No
talk switch
Dial No No Optional No
Induction AST o AST None
coil
Handset TS9-( )| TS9-( ) d TS-10-( )
Switch- Mag or Mag CB Mag
board* CB®
L 83w Technical |TM 11-457 TM ™ ™
Figure 29. Reel Equipment CE-11. Manual  |TM 11-333] 112059 | 11458 | 11-2043

* LB =local battery; CB =common battery; SP =sound-
powered; AST =antisidetone; Mag = magneto.

b Telephone EE-8-( ) uses dry batteries for transmitter
supply when connected to CB switchboard.

¢ Telephone TP-9-( ) includes amplifiers in microphone
and receiver circuits.

4 Part of telephone, no separate nomenclature.

Figure 2.10. Summary of telephone station features.

b. The simplest wiring plan is a 2-position
key such as Switchbox BE-54-A which enables
a telephone to be connected to either one of two
loops. A group of six mechanically interlocked
push buttons such as the Western Electric Com-
pany key No. 6021K can be provided to pick
up any one of six loops. A key can be provided
at one telephone to cut off another telephone
from a loop. Arrangements for holding super-
vision on loops are sometimes provided so that
a call on a loop can be held while the telephone
is connected to another loop or local intercom-
municating line. Various wiring plans are de-
scribed further in TM 11474,

212. MICROPHONES AND TELEPHONE
RECEIVERS.

a. General. In addition to the microphones
and receivers used in telephones, a variety of

13
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(4) Microphone T-80-( ), which is
worn at the throat, is also used where ambient
noise is extremely high. The intelligibility of
speech transmitted by this microphone is ap-
preciably poorer than speech transmitted by
Microphones T-17-( ) or T—46—-( ),because
it picks up only the low-frequency throat sounds
and does not pick up the higher frequencies de-
veloped in the head cavities, which are neces-
sary for good intelligibility.

(5) Microphones of the ANB-M-C1 and |

T-44-( ) types (fig. 2-14) which are for use
in oxygen masks are designed for greater effi-

l‘"

TL S206S

Figure 2-14. Microphone. ANB-M-C1
(Cover M-369 removed).

ciency at high than at low voice frequencies.
This complements the response of the enclosure,
wherein the low frequencies of speech are re-
inforced, so that the response characteristic
of such a mask-microphone combination is es-
sentially flat.

(6) Figure 2-15 shows the response-fre-
quency characteristics of representative micro-
phones. They indicate the relative efficiencies
of these microphones at different frequencies

in the speech transmission band. These effi-

ciencies are shown in db relative to a reference
condition, which is arbitrarily located in the
general neighborhood of the curve for the mi-
crophone in Telephone EE-8-( ).

c. Telephone Receivers.

(1) Compensated magnetic receivers such
as those used in Head and Chest Sets HS-17-
( ) and HS-19-( ) and in Headset HS-80-
( ) (TM 11-487) are suitable for the recep-
tion of speech as they reproduce about equally
well all the more important frequencies in the
speech transmission band. They are about equal
in performance to the receiver in Handset TS~
9-( ). The performance of the compensated

212
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TL 83067

Figure 2.15.

igure 2.15. Rupo;‘:fonquacy characteristics of
magnetic watch-case type receiver under con-
ditions of high ambient noise has been im-
proved with the development of new types of
ear cushions. The large volume of enclosed air
in over-the-ear Cushion MC-114 used with
Headset HS-17-( ) results in an appre-
ciable loss in receiving efficiency. In the de-
velopment of the ANB-H type receiver the
use of a smaller Cushion MC-162-( ) (Head-
set HS-83-( )) gives a better seal against
interfering noise and a wider response-fre-
quency range is also obtained. This type of

TL S3078

Figure 2-16. Head and Chest Set HS-17.
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H$-30 —

CORC —
CD-605

L

jo— TRANS-
FORMER

HIGH IMPEDANCE
SINGLE CORD

16

Figure 2-17. Headset HS-33.

HS-30—

CORD
CD-604
6 INCHES
LONG

CORD
CD-307-A

HIGH IMPEDANCE
WITH BAIL-0OUT

TL 33076

Figure 2-18. Headset HS-30.

receiver is particularly effective when listen-
ing to a microphone such as the T-17-( )
which discriminates against low-frequency am-
bient noses. Headset HS-30—( ) uses hearing-
aid type receivers with Inserts M-300, which
provide a good seal against interfering noise.
It can be worn under the battle helmet. This
headset replaces the headset used in the above
head and chest sets and in many other headsets.
Photographs of typical Head and Chest Sets
HS-17-( ), Headset HS-33-( ), and Head-
set HS-80-( ) are shown in figures 2-16,
2-17, and 2-18, respectively and cording ar-

HS-30 HS$-30

L 'y g';CTION —

CORD
CD-933

© INCHES
LONG

r

CORD -
co-874

| i d
i

LOW IMPEDANCE LOW IMPEDANCE
WITH BAIL-OUT SINGLE CORD

TL S307S

1]

CORD
CD-307-A

Figure 2-19. Headset HS-30-( ), cording arrangements.
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rangements which are available for use with
Headset HS-80—( ) are shown in figure 2-19.

(2) The resonant magnetic receiver such
as that used in Headset P-16 is most suitable
for the reception of tone signals if the reson-
ant peak of the receiver matches the frequency
of the tone. Its use should be confined to the
reception of tone telegraph signals.

(8) Figure 2-20 shows response-fre-
quency characteristics of representative tele-
phone receivers. They indicate for the differ-
ent receivers the sound power output with
frequency. The efficiencies are shown in db
relative to a reference condition which is ar-
bitrarily located in the general neighborhood
of the curve for the receiver in Handset
TS-9-( ).
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200 300 400 500 600 800 1000 2000 3000 4000
FREQUENCY IN CYCLES PER SECOND
LEGEND:
I R-13,ALSO R-2,R-2-A, R-3,R-14,AND R-1$
(RESONANT MAGNETIC)
T UNIT OF TS-9,ALSO R-21,AND R-22
(COMPENSATED MAGNETIC)
IO R-30-(  J(COMPENSATED MAGM:'nc)
IZ ANB-H-1 (COMPENSATED MAGNET
X UNIT OF TS-10 (SOUND Powen:o)
TL 53068
Figure 2-20. Response-frequency characteristics of
telephone receivers.

Section IV. TELEPHONE CENTRALS

213. INTRODUCTION.

The principal equipment in a telephone cen-
tral is a switchboard for interconnecting loops
and trunks. The central may include power
equipment, distributing frames, and protec-
tors; testing, monitoring, observing, and re-
cording equipments; repeaters, carrier
equipment, telegraph equipment, and various
accessories. This section describes the princi-
pal features of switchboards and closely asso-
ciated equipments. Telegraph equipments are
described in chapter 3, repeaters and carrier
equipments in chapter 5, power equipment in
chapter 7, and protectors in chapter 10. Data
and brief descriptions covering these equip-
ments are contained in TM 11-487.

214. TYPICAL CENTRALS.

a. General. A telephone central is generally
located near the center of the area which it
serves and is connected by loops to the tele-
phones in the area, and by trunks to centrals
in other areas. The size of the area served by
a switchboard is determined by a combination
of many factors including the number of tele-
phones in the area, the distribution of traffic
between the telephones, the availability of cer-
tain types of wires and switchboards, the per-
missible transmission losses, and the 51gna11ng
ranges. The objective in planning the size of
an area is to keep at a minimum the quantity
of materials for loops, trunks, and switch-

boards and to produce maximum efficiency in
the operation and maintenance of the com-
munication system. In general, one large cen-
tral is preferable to several smaller centrals
in the same area because the larger central
will provide the better telephone service as a
result of fewer trunked calls and a larger and
more efficient team of maintenance and op-
erating personnel; this is discussed further in
chapter 11.

b. Typical Centrals for Small and Large Areas.
Typical centrals for small and large areas are
illustrated in figure 2-21. In a small area, such
as Area A in this figure, only a single central
may be provided, while in a larger area, such
as Area B, several centrals may be provided.
A central which serves loops and has all of its
trunks terminated in the same area is called a
local central. One which handles only long
distance traffic is called a long distance (LD)
central. Army centrals commonly handle both
local and long distance traffic and such a cen-
tral 1s called a combined local and long dis-
tance central.

c. Switchboards for Telephone Centrals. The
switchboards used in Army centrals are of
various types and these are broadly classified
as tactical switchboards which are designed
for use principally in forward areas, and
fixed plant switchboards which are like those
designed for civil telephone central offices. The

17
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Figure 221. Typical centrals for small and large areas.

principal features of the switchboards which
can be regularly procured for Army centrals
are described in the following paragraphs of
this section. Foreign civil central office switch-
boards which can be interconnected with these
Army switchboards are described in chapter

d. Typical Trunks. The trunks between cen-
trals in different areas are called long distance
trunks. Trunks between centrals in the same
area are called local trunks if they are not
used on connections to long distance trunks.
If they are used for long distance calls, they
are called long distance switching trunks.
Trunks of this type are provided between a
local central and a combined local and long dis-
tance central or a local central and a separate
long distance central. However, a separate
group of local trunks may be provided between
local centrals and combined local and long dis-
tance centrals if the traffic is heavy. A via grade
of transmission is. generally provided on long
distance trunks while the terminal grade of
transmission is provided on local trunks (par.
204). The trunks between telephone centrals
are classified as ringdown or automatic, accord-
ing to the type of signaling. Trunks which use
ac for signaling are known as ringdown
trunks, and those which use dc for signaling
are known as automatic trunks. Two-way
ringdown trunks are commonly used between

18

Army switchboards. These are also used be-
tween these switchboards and civil magneto
central offices. Trunks which are automatic in
one direction and ringdown in the other direc~
tion (called common battery trunks) are
generally provided between Army switch-
boards and civil common battery central
offices.

e. Typical Loops. The loops which connect
telephones to centrals are classified as mag-
neto or common battery according to the types
of telephones and signaling. The telephones
on magneto loops are equipped with hand gen-
erators (sometimes called magnetos) for sig-
naling, and the microphones are energized by
local dry batteries. Telephones EE-8-( )
are commonly used on magneto loops. The
telephones on common battery loops are
equipped with switchhooks for signaling and
the microphones are generally energized by
currents which flow over the loops from a
common battery in the central. Telephones
TP-6 are generally used on common battery
loops. A local battery Telephone EE-8-( )
can be used on a common battery loop when
the screw switch in the telephone is in the
position for common battery signaling with
the switchhook; in this case however, micro-
phone current is obtained from the batteries
in the telephone. The telephones on both types
of loops are equipped with bells which ring
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when 20-cycle ringing voltage is applied to
the loops at the switchboards. All common bat-
tery switchboards can be connected to at least
a few magneto loops in addition to the com-
mon battery loops. Magneto switchboards
have no provision for common battery loops.

f. Typical Centrals for a Communications Zone.
Figure 2-22 illustrates the types of switch-
boards which may be used in centrals which
make up a communications zone. In this illus-
tration the communications zone is divided
into three areas, each large enough for several

local centrals. The First and Second Army -

Headquarters in the combat zone each have
only a single central. In the areas, trunks are
provided to the switchboards of civil telephone
systems over fixed plant equipment. Connec-
tions to the combat zones are established over
tactical equipment through switchboards such
as those of the First and Second Army Head-
quarters. Connections from combat zone
switchboards to the areas further to the rear
may be established over direct trunks or over
trunks connected in tandem through inter-
mediate switchboards. The trunks between
areas are terminated on long distance or on
combined local and long distance switch-
boards.

g. Mobile Centrals. Mobile centrals can be as-
sembled by mounting tactical switchboards
and associated equipment such as carrier
terminals in mobile shelters or semitrailers.
Arrangements for such centrals are described
in chapter 11.

215. TACTICAL SWITCHBOARDS.

a. Tactical switchboards are ruggedly con-
structed to withstand frequent moving and
are designed for quick installing and dis-
mantling, as may be required in forward
areas. These switchboards are available .in
various sizes from one position with a capacity
of six loops up to 8ix positions with a capacity
of 540 loops. Each of the switchboards having
a capacity of 40 loops or less is an individual
position containing all of the equipment re-
quired for operation, including protectors and
binding posts for the line wires. The larger
tactical switchboards are components of tele-
phone central office sets. These have separate
components for the power equipment, test
equipment, and distributing frames with pro-
tectors. Cabling arrangements include rubber-
covered cables which are attached to binding
posts or screw terminals without soldering.

b. The small tactical switchboards which
have capacities of 12 loops or less are of the
magneto monocord type such as the Switch-
board BD-72 (par. 219). The functions of a
small tactical magneto switchboard can also
be performed by Emergency Switchboard
SB-18/GT or by a group of Adapter Plugs
U-4/GT (par. 218) with Telephone
EE-8-( ). The next larger tactical switch-
board is the magneto cordless Switchboard
BD-95 (par. 220) which has a capacity of 20
loops or trunks. The larger tactical switch-
boards are of the manual cord type (par. 221)
and may be either magneto or common bat-
tery. The largest tactical switchboards are of
the multiple common battery type (par. 223)
with universal cord circuits (par. 231) which
can be connected to magneto and common bat-
tery loops.

216. FIXED PLANT SWITCHBOARDS.

a. Switchboards of the fixed plant type are
less rugged than the tactical switchboards and
are practically the same as those used in com-
mercial telephone systems. They are more
suitable than tactical switchboards for stable
situations particularly for very large installa-
tions, and over a long period of time they will
have less maintenance and will give better
service than tactical switchboards. Most of the
cables to these switchboards are textile in-
sulated and the wires are soldered to term-
inals. They require various amounts of auxil-
iary equipment depending on their size and
application, including distributing frames,
protectors, power plants, test equipment, and
relay racks; and they should generally be en-
gineered and installed by experienced men.
These switchboards are furnished through the
Army Communications Service on . specific
order.

b. The sizes of these switchboards are from
one position with 12 loops up to about 60 posi-
tions with about 3,000 loops. The smallest of
these is the common battery cordless switch-
board described in paragraph 220. The next
larger switchboards are of the single position
nonmultiple cord type (par. 222), with capac-
ities from 60 to 100 loops per position. The
largest switchboards are of the multiple com-
mon battery type described in paragraph 223.

217. DIAL SWITCHBOARDS.

a. Step-by-step and all-relay types of dial
switchboards are available for certain fixed
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be connected to a loop while it is also connected
to another loop or trunk. Ringing on a loop to
. which a plug is connected lights the neon glow
lamp in the plug. An audible signal is not ob-
tained when the neon lamp lights, except that
the ringer of the Telephone EE-8-( ) will
* sound if it is connected to a loop while ringing
occurs. A luminous dot is provided on each side
of the plug to facilitate locating and handling
in darkness. The number of the line to which
a plug is connected can be written in pencil or
ink on a luminescent backed designation strip
which is embedded in the surface of the plug.
Such numbers are visible in silhouette against
the luminescent background“under black-out
conditions. The uses of these plugs are de-
scribed in TB SIG 61 (to be superseded by
TB SIG 147 when published).

219. MONOCORD MAGNETO SWITCHBOARDS.
The smallest switchboards are of the mag-

neto monocord type. These switchboards are

available in capacities from four loops as pro-

vided by Switchboard BD-9 up to 12 loops as’

provided by Switchboard BD-72. The latter
switchboard is shown in figure 2-24. The
equipment for each loop or trunk is princi-
pally a cord, a jack, a drop, and a 2-way
lever-type key. Ringing from the distant end
of the loop operates the drop. The operator’s
telephone is connected to the loop by the op-

38"

Figure 2-24. Switchboard BD-72.
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eration of the key in one direction. Operation
of the key in the other direction connects the
hand generator to the loop. A connection be-
tween two loops is established by connecting
the cord of one loop to the jack of the other
loop. :

- \4 o ‘ )
T 54838, ;
Figure 2-25. Switchboard BD-95.

220. MANUAL CORDLESS SWITCHBOARDS. :
Two types of manual cordless switchboards
are used in Army communication systems.
One is switchboard BD-96 (fig. 2-26) which
has capacity for 20 magneto loops or trunks.
The other is the Western Electric Company
No. 506B switchboard which has a capacity
for 12 common battery loops and five common
battery trunks. Each of these has five connect-
ing paths which permit five simultaneous calls.
However, Switchboard BD-95 has means
for readily splitting the connecting paths in
the middle of the switchboard by changing
cross-connections in the back of the switch-
board, thus providing two groups of 10 loops
with five connecting paths for each group. A
common battery Telephone EE-91 with a
Handset TS-12-( ) is normally used with
this switchboard. This equipment, however,
is not a component of Switchboard BD-95.
Under the split condition, the operator’s tele-
phone is patched to the last group of 10
loops or trunks, by connecting a patching
cord between the operator’s test jack and the
line test jack of any one of the 10 loops or
trunks. A vertical row of three 2-way lock-
ing, lever-type keys is provided for each
loop or trunk and a similar row of keys is pro-
vided for the operator’s telephone. Eac*- key
can be operated up or down from normal ; thus
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there are six operated key positions for each
loop or trunk. Five of these positions are asso-
ciated with the five connecting paths, respec-
tively. The sixth pomtion on the keys for loops
and ringdown trunks is used for ringing. This

gsixth position on the keys for common battery .

trunks is used for holding connections to other
switchboards. A connection from one loop or
trunk to another loop or trunk is established
by operating the associated keys to the same
connecting path. Ringing signals are indicated
on lamps in Switchboard BD-95; it is equipped
with one lamp for each loop and one lamp for
each trunk. Ringing on common battery trunks
in the Western Electric Company No. 506B
switchboard operates drops. Switchhook su-
pervisory signals from common battery tele-
phones are indicated in this switchboard on
magnetic signals, one of which is provided on
each loop and on each connecting path.

221. CORD SWITCHBOARDS.

a. The manual switchboards larger -than
those of the monocord and cordless types are
of the cord type. Connections through these
switchboards are established by cord circuits
terminated in pairs of cords. To establish a
connection, one cord of a pair is connected
to the jack of a calling loop or trunk and the
other cord of the pair is connected to the jack
of the called loop or trunk. Supervisory sig-
nals during connections over the cord circuits
are indicated on drops or lamps associated with
the cords. Signals on loops and trunks, while
the cords are disconnected, are indicated on
drops or lamps associated with the jacks. Con-
nections to the operator’s telephone are estab-
lished through cord circuit keys. Similar keys
are provided in the cord circuits for ringing
on the loops and trunks. Further information
on cord-type switchboards is given in para-
graphs 222 and 228.

b. The smallest cord switchboard is the tac-
tical magneto Switchboard BD-91-( ) with
20 magneto loops, 4 manual and dial common
battery trunks, and 8 cord circuits. A similar
switchboard with 40 loops and 12 cord cir-
cuits is Switchboard BD-96 shown in fig-
ure 2-26. The smallest common battery cord
switchboard is Switchboard BD-89—( ) (part
of Telephone Central Office Set TC-2) with
20 magneto loops, 87 common battery loops, 1
dial trunk, 2 common battery manual trunks,
and 13 cord circuits. A substitute for the
TC-2 is Telephone Central Office Set AN/

TTC-1 (TM 11-2002) which includes switch-
board SB-27/TTC-1 (Western Electric Com-
pany No. 561B PBX, X-66070A) with 20 mag-
neto loops, 40 common battery loops, 8 manual
and dial common battery trunks, and 10 cord
circuits. The latter switchboard is also used
in fixed plant service. Most of the other switch-
boards have 15 cord circuits per position. The
largest multiple switchboards have 17 cord
circuits per position.

Figure 2.26. Switchboard BD-96.

c. The cord circuits are of various types, but
all in a particular switchboard are the same.
The principal distinguishing features among
cord circuits in different switchboards are re-
lated to the signaling and battery supply con-
ditions. Magneto cord circuits provide signal-
ing by ringing only and do not include bat-
tery supply circuits (par. 224). Common
battery cord circuits include battery supply
circuits (par. 227) and provide signaling in
response to the flow of the battery supply cur-
rents. These cord circuits are classified as
local cords (par. 230), universal cords (par.
231), and PBX cords (par 232). Cords may
be connected to outside conductors through the
Jjacks of various line and trunk circuits. Some
of the line circuits are described in paragraph
223. Some of the trunk circuits are described
in paragraphs 233, 234, and 286.

222. NONMULTIPLE SWITCHBOARDS.

a. Positions. A switchboard having not more
than one or two positions is of the nonmul-
tiple type in which each loop and each trunk
appears on only one jack. A single-position
nonmultiple fixed plant switchboard is shown

23
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Figure 2-32. Series multiple line circuit.

c. Bridged Multiple. The large multiple
switchboards which are equipped with the
smaller jacks without cut-off springs are
known as bridged multiple switchboards be-
cause all of the jacks on each loop are bridged
in parallel (fig. 2-33). A line relay is connected
to each loop through normally closed contacts
of a cut-off relay. This relay is operated when
a plug of a cord is connected to any one of
the associated jacks. The operating circuit for
the cut-off relay is from battery over the sleeve
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JACK AND LAMP

INTERMEDIATE
MULTIPLE
JACR AND LAMP

of the cord to the sleeve of the jack, and then
through the winding of the cut-off relay to
ground. A typical example of a bridged mul-
tiple switchboard is the Western Electric
Company No. 11 switchboard illustrated in
figure 2-31. The advantages of a bridged mul-
tiple in comparison with a series multiple are
in the elimination of the cut-off springs in the
jacks. This simplifies installing, reduces con-
tact maintenance, and permits conference
service between three or more telephones by
LAST
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means of two or more cord circuits connected
to multiple jacks on the same loop.

d. Lamp Sockets. Lamp sockets are provided
with all multiple jacks in some common bat-
tery switchboards but lamps are placed in
these sockets only at positions where it is de-
sired to have the incoming calls answered.
The maximum number of line lamps permissi-
ble on each loop is generally not -more than
two without a line relay (series multiple) nor
more than five with a line relay (series or
bridged multiple) ; three are most generally
provided.

e. Multiple Wiring. The wiring between mul-
tiple jacks and between lamp sockets is in
fabric-covered cables which are laid on long
pins or a shelf. The individual wires (called
skinmers) which extend from the cables to the
terminals of the jacks and sockets are flexi-
ble enough to permit removal of the jacks to
the rear of the switchboard for maintenance,
replacements, or cable extensions.

224. MAGNETO SWITCHBOARDS.

a. Magneto switchboards are the simplest
types of switchboards, principally because
they are arranged for local battery telephones
and for signaling by means of hand generators
and drops. The smallest magneto switchboards
are of the monocord type described in para-
graph 219. These are available with capacities
of 4, 6, or 12 loops or trunks. Emergency
Switchboard SB-18/GT consisting of Adapter
Plugs U-4/GT can be used instead of small
magneto switchboards (par. 218). A cordless
magneto Switchboard BD-95 (par. 220) has
a capacity of 20 loops or trunks. Tactical cord-
type magneto switchboards are available in
capacities of 20 or 40 loops or trunks. Similar
fixed plant switchboards are available with a
capacity of 100 loops or trunks. All magneto
switchboards supplied for Army communica-
tion systems are of the nonmultiple type.

b. All signaling to and from magneto
switchboards is by means of ringing. Thus a
telephone user must exert conscious effort at
the beginning and end of each call to signal the
switchboard operator. When one loop is con-
nected through a magneto switchboard to an-
other loop, the ringing from one telephone will
ring the bell at the other telephone unless the
switehboard cord circuits are of the nonring
through type.

28

c¢. Dry batteries are required at magneto
switchboards for the operators’ telephones and
for audible signals associated with the drops.

225. COMMON BATTERY SWITCHBOARDS;
GENERAL.

A common battery switchboard is distin-
guished, principally, by its storage battery
which is common to all of the battery supply and
automatic signaling circuits in the switchboard.
Battery supply for telephones on the loops is
obtained from the cord circuits except in the
cordless switchboard where it is obtained from
the switchboard connecting paths. Other bat-
tery supply circuits are provided for the oper-
ators’ telephones. Automatic signaling circuits
are associated with the line and cord lamp sig-
nals which are controlled from the switch-
hooks of the telephones on the loops. Similar
signals are controlled from ringing on the
trunks. These features contribute to high op-
erating efficiency and are particularly desir-
able in large centrals.

226. COMPARISON OF COMMON BATTERY
SWITCHBOARDS WITH MAGNETO
SWITCHBOARDS.

a. The advantages of common battery
switchboards in comparison with magneto
switchboards are principally as follows:

(1) Automatic signaling in response to the
movements of the switchhooks at the telephones
provides fast and reliable signals with almost
no conscious effort by the telephone users. This
reduces the work of the switchboard operators
by eliminating, to a great extent, the need for
monitoring and challenging to avoid excessive
holding of trunks after conversations are fin-
ished.

(2) A single storage battery for the switch-
board and associated telephones is more desir-
able than dry batteries.

(8) A common battery telephone is lighter
than a magneto telephone because it does not
contain a hand generator or dry batteries.

b. The disadvantages of common battery
switchboards are in the working limits for sig-
naling on the common battery loops. These lim-
its are based on the operating capabilities of the
switchboard and require that the insulation re-
sistances of these loops be maintained at more
than 10,000 ohms. The insulation resistances on
magneto loops can be as low as 1,000 ohms. The
higher insulation resistances require greater
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care in the construction and more labor in the
maintenance of the outside plant. The permis-
sible conductor resistances of common battery
loops are from 50 ohms to 1,000 ohms depending
on the particular switchboard, whereas mag-
neto loops can generally have 2,000 or 3,000
ohms, provided that voice transmission consid-
erations permit. Working limits are discussed
further in paragraph 237 and in TM 11-487.
On long loops, transmission is poorer with
common battery telephones than with local
battery telephones (par. 208e).

227. BATTERY SUPPLY CIRCUITS.

a. Repeating Coil Type. The battery supply
circuits in the cord circuits of some switch-
boards such as the Western Electric Company
No. 11 switchboard are of the repeating coil
type with a 24-volt battery, as illustrated in fig-
ure 2-34. In this circuit, the battery is connect-
ed in series with the windings of the repeating
coil and the voice currents follow the same path
as the battery supply currents through the
battery. Although the voice currents from many
different circuits pass through the same bat-
tery, these currents do not produce crosstalk be-
cause the impedance of the battery is very low
(less than 0.1 ochm), provided that the leads to
the battery are arranged properly.

REPEATING COIL )
TO 70
LOOP _] 24 8 | LOOP
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_te 2
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Pigure 2-34. Repeating coil 24-volt battery supply circuit.

b. Bridged Impedance Types. Battery supply
circuits of the bridged impedance types are
arranged with the battery connected in series
with retardation coils or relays which are
bridged across the voice channels in the cord
circuits. A battery supply circuit with a single
bridged impedance is illustrated in figure
2-35-A. A similar circuit with two bridged im-
pedances is illustrated in figure 2-35-B. The
d-c resistance of each of the inductors is
small enough to permit the flow of an adequate
amount of battery supply current for the tele-
phone. However, their impedance to voice-fre-

606935 O0—45——4

quency currents is high enough to avoid exces-
sive transmission loss. In cord circuits such as
those of the Western Electric Company No.
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Figure 2-35. Single and double bridged impedance battery

supply circuits.

551 switchboard, a single bridged impedance
circuit is provided. In cord circuits such as
those of Switchboard BD-110-( ), two
bridged impedances are provided, one for the
front cord and the other for the back cord,
and capacitors are connected in series with
the voice channels between'the bridged im-
pedances (fig. 2-35). In the double bridged
impedance type of battery supply circuit, each
loop connects to a separate relay while in the
single bridged impedance circuit both loops
connect to a single retardation coil. The single
bridged impedance type of circuit is suitable
only where most of the loops are relatively
short because the shunting effect of a short
loop reduces the battery supply to a longer loop
on the same cord circuit.

228. SIGNALING ON COMMON
BATTERY LOOPS.

When a call to a cord switchboard is origi-
nated at a common battery telephone, direct
current flows from the switchboard line cir-
cuit such as that shown in figure 2-32 or fig-
ure 2-33. This causes the lighting of all line
lamps connected to that line. When the call is
answered by an operator, the flow of current
from the line circuit is cut off by the connec-
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tion of a cord to a jack, but then the battery
supply current flows over the loop from the
cord circuit. Battery supply currents flow
.through the windings of relays, the contacts of
which control the supervisory lamps or signals.
Telephones are signaled from the switchboard
with ringing current applied to the loop by
the operation of a ringing key in the cord cir-
cuit.

229. COMMON BATTERY CORD CIRCUITS.

The cord circuits in common battery switch-
boards contain the battery supply circuits de-
scribed in paragraph 227; they also- contain
relays and lamps for producing supervisory
signals; and they include keys for ringing on
loops and trunks, and for connecting the cir-
cuits to the operator’s telephones. The different
types of common battery cord circuits are
broadly classified local cords, universal cords,
and PBX cords. All cords in a single type of
switchboard are of the same type.

230. LOCAL CORD CIRCUITS.

The battery supply circuits in the local cords
are of the 24-volt repeating coil type (fig. 2-34)
or 48-volt double-bridged impedance type (fig.
2-85-B). These battery supply circuits are al-
ways connected to the plugs of the cord circuit.
Local cord circuits are the same on connections
to magneto loops as on connections to common
battery loops. The magneto loops and ringdown
trunks associated with these cord circuits are
terminated in relays which convert the incom-
ing ringing signals into common battery sig-
nals before they are transmitted to the cord
circuits. An example of a switchboard with
this type of cord circuit is the Western Elec-
tric Company No. 11 switchboard. .

231. UNIVERSAL CORD CIRCUITS.

a. Principal Features. Universal cord circuits
are provided in switchboards which are de-
signed for use with a considerable number of
magneto loops in addition to the common bat-
tery loops. A universal cord circuit has its
battery supply circuit in use only when the
cord is connected to a common battery loop.
At other times, such as when the cord circuit
is connected to a ringdown trunk or to a mag-
neto loop, a ringing bridge, instead of the bat-
tery supply circuit, is provided in the cord
circuit. The transfer from the ringing bridge

to the battery supply circuit is accomplished
by a relay which is operated over the sleeve
of the cord in combination with the sleeves of
the jacks. In a typical switchboard with uni-
versal cords such as Switchboard BD-110-
( ), the circuits from the sleeves of the jacks
on magneto lines are open and the circuits
from the sleeves of jacks on common battery
loops are closed to the battery. When a cord
is connected to one of these closed circuits,
the sleeve relay in the cord circuit operates
and connects the battery supply circuit. When
a cord is connected to a ringdown trunk or a
magneto line with an open sleeve, this sleeve
relay does not operate, thus providing the cir-
cuit arrangement for receiving ringing sig-
nals without the battery supply circuit. The
ringing signals are indicated on cord circuit
recall supervisory lamps. In Switchboard BD-
110-( ), a recall ringing signal is provided
in addition to two common battery supervisory
lamps for each cord circuit. In some other
switchboards, only two lamps are provided for
each cord circuit and these are arranged for
recall ringing signals in addition to common
battery signals.

b. Nonlocked-in versus Locked-in Recall Sig-
nals. The recall ringing signals on the univer-
sal cord circuits in some switchboards such
as Switchboard BD-110—-( ) are nonlocked-
in, that is, the recall supervisory lamps are
lighted only for the duration of ringing. The
recall ringing signals in other switchboards
are locked-in; that is, the lamps remain lighted
after ringing ceases until the associated op-
erator’s talking key is operated. The non-
locked-in signals may be somewhat undesir-
able under conditions where it may be neces-
sary to ring several times to attract the at-
tention of an operator. The locked-in signals
avoid the necessity for ringing more than once
to produce a steady signal. At switchboards in
which the same cord lamps are used for recall
ringing signals and for common battery
signals, the locked-in recall signals may tend
to delay the operators in disconnecting cords
from common battery loops because they will
have to challenge and be sure that each call
is finished before the cords are disconnected ;
or they will have to trace the cords to the
jacks and ascertain whether it is connected
to a magneto loop or common battery loop. This
situation could be avoided in such switchboards
by handling the magneto lines at positions
which are different from those where the com-
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Figure 2-36. Part of universal cord circuit in Switchboards BD—M—( ) and BD-110-( ) showing additional relay
and wiring for locked-in recall ringing signals.

mon battery lines are handled. In switchboards
such as the BD-110-( ), having separate
lamps or drops for recall ringing signals, the
locked-in feature would be satisfactory from
an operating standpoint.

¢. Conversion from Nonlocked-in to Locked-in
Signals. The nonlocked-in ringing signals on
Switchboards BD-80—( ) and BD-110-( )
can be converted to locked-in signals by adding
one relay and associated wiring to each cord
circuit as shown in figure 2-86. Any relay hav-
ing at least one pair of make contacts and a
winding suitable for operation on 48 volts
is usually satisfactory for this addition. The
resistance of this winding should not be less
than about 1,000 ohms to avoid overheating
while operating. The winding of this relay
is connected in parallel with the lamp and its
contacts are connected in series with a nor-
mally closed pair of contacts on the associated
talk key. The circuit through these two pairs
of contacts is connected to ground so that
when the added relay operates it will lock
operated until the talk key is operated. This
relay operates from the same voltage that
lights the lamp when ringing is received. It
remains operated until the operator answers
the ringing signal by operating the talk key.
The extra contacts on the talking key have
been provided in all Switchboards BD-80-
( ) and BD-110-( ) but are not used with
nonlocked-in signals. The details of these modi-
fications are described in MWO SIG 28 (when
published).

232. PBX CORD CIRCUITS.

a. The designation PBX is derived from the
words Private Branch Exchange which is used
to describe a civil telephone switchboard lo-

cated on a subscribers premises and arranged
to connect the loops on the same premises to

.each other and to trunks extending to a tele-

phone central. A PBX may also be connected
to tie trunks extending directly to other PBX’s
and to off-premise extensions to distant tele-
phones. The operating features of a PBX are
designed for maximum efficiency on the most
common types of connections occurring on
subscriber premises, namely: those from one
short loop to another short loop and those be-
tween such a loop and a trunk to a central
(called PBX trunk) which terminates at the

central in a common battery station line cir-

cuit. These line circuits are designed primarily
for connections to common battery telephones.
Therefore the signaling arrangements utilize
ringing outgoing from the central to signal
the PBX operator and direct current, also
from the central, for supervision between the
PBX or telephone and the central. The trunk
circuits from Army PBX’s which use these
signaling arrangements are called common
battery trunks and are described in paragraph
234.

b. Switchboards such as the Western Elec-
tric Company No. 551 switchboard which were
originally designed for PBX’s in commercial
telephone systems are equipped with cord cir-
cuits similar to universal cord circuits. Each
cord circuit has two - different transmission
conditions. One is the battery supply condi-
tion like that shown in figure 2-34 which is
used on loop-to-loop connections. The other
condition is-a bridged impedance without con-
nections to the battery and with a ringing
bridge like that shown in figure 2-37. This is
used on connections from loops to common bat-
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tery trunks. The bridged inductor has a rela-
tively low d-c resistance but its impedance to
voice currents is high enough to avoid exces-
sive transmission loss. When this d-c bridge is
connected to a common battery trunk, current
flows from the distant switchboard, over the
trunk and through this bridge. This current
controls the supervisory signals in the distant
switchboard. A ringing bridge which consists
of a relay in series with a capacitor is con-
nected in parallel with the d-c bridge. It in-
dicates ringing signals which are sent from
the distant switchboard. The supervisory re-
lay adjacent to the d-c bridge controls the
supervisory signals from the switchhook of
the telephone on the loop.

’
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OF OTHER RELAYS R'R'éEAYG
-

- -l- T0

’)/ Lj%ii COMMON

|~ BATTERY
RE TARDATION
coiL

J0
LOOP |
TRUNK

L [l

/

SUPERVISORY
RELAY

) TL 54985
Figure 237. PBX cord circuit, cutthrough condition.

¢. A cord circuit of the type shown in figure
2-37 is known as a cut-through cord because
battery supply currents from the common bat-
tery trunk flow through the cord circuit to
the telephone on the loop. With such circuits,
in combination with common battery trunks
which are similarly cut-through, the battery
supply currents through the telephones on the
loops depend on the battery supply circuits in
the central. This battery supply condition may
be troublesome on trunks to some foreign
civil centrals having high resistances in their
battery supply circuits as described in chapter
8. Cut-through cords are generally advantage-
ous on trunks to American civil centrals be-
cause they provide practically the same bat-
tery supply for PBX telephones as is obtained
by other common battery telephones connected
to the central. The cut-through cords also mini-
mize the current drain from the PBX battery.
Some common battery trunks are equipped
with repeating coils and associated arrange-
ments which include battery supply circuits so
that the battery supply currents to the tele-
phones on the PBX loops are derived from the
PBX batterv even though the cord circuits are
of the cut-through type.
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d. Switchboards having cords of the non-
cut-through type may be used as PBX’s when
equipped with suitable common battery trunk
circuits (par. 284).

e. Each PBX cord also has a night and
through-dial key which is not supplied with
other types of cord circuits. The operation of
this key permits incoming and outgoing, man-
ual or dial calls to pass directly to and from
the station and the central, through the cord
circuit, without the assistance of the PBX
operator. This key is used in Army telephone
systems only on night calls and through-dial
calls to civil centrals. The operation of this
key converts the cord circuit practically into
a patching cord. Only the winding of the su-
pervisory relay remains connected in series
with the cord, and in most PBX'’s the ringing
bridge also remains connected across the cord
but without the d-c retardation coil bridge
shown in figure 2-87.

233. TWO-WAY RINGDOWN TRUNK
CIRCUITS.

The switchboard circuits for 2-way ring-
down trunks are the same as those for magneto
loops. In magneto switchboards, each of these
circuits contains a drop for indicating the
ringing signals. In common battery switch-
boards equipped with universal cord circuits,
each of these trunk circuits contains either
a drop like that of a magneto switchboard, or a
relay which operates and locks when ringing.
is received and lights the lamps connected to
it. In common battery switchboards equipped
with local cord circuits, each ringdown trunk
circuit contains several relays; some are used
for converting incoming ringing signals into
common battery signals to the cord circuit
and others are used for transmitting ringing
signals from the cord circuit through the trunk
circuit to the outside conductors. These trunks
are arranged to respond to 20-cycle ringing.

234. COMMON BATTERY TRUNK CIRCUITS—
OUTGOING AUTOMATIC AND INCOMING
RINGDOWN.

Common battery trunk circuits are provided
in common battery switchboards on trunks to
civil common battery central offices. These cir-
cuits are designed to be connected to common
battery station line circuits in the civil cen-
tral. Each trunk circuit includes a relay which
responds to ringing on an incoming call from
the civil central and lights the associated lamps

. in the switchboard, When the call is answered
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by connecting a cord to the trunk, a d-c bridge
is connected across the trunk to cause the flow
of direct current over the conductors to con-
trol the supervisory signals. The simplest com-
mon battery trunk circuit is that provided in
PBX switchboards such as the Western Elec-
tric Company No. 551 switchboard. When such

.a switchboard is connected to a dial central,

the dial provided in the operators telephone
circuit connects through the cord circuit to
the trunk circuit on outgoing calls. The com-
mon battery trunks in switchboards having
local or universal cord circuits are equipped
with dial jacks whereby calls may be completed
through dial centrals. With such a trunk cir-
cuit the operator connects a dial cord to a dial
jack, dials the desired number, and removes
the dial cord immediately.

235. 'TWO-WAY AUTOMATIC TRUNK
CIRCUITS.

The supervisory signals on 2-way automatic
trunk circuits are controlled by the flow of
direct currents over the outside plant conduc-
tors without ringing. These trunks are not
used extensively in Army communication sys-
tems. The simplest circuits for a 2-way auto-
matic trunk consist of a regular common bat-
tery line circuit at one switchboard connected
to a similar line circuit at the other switch-

board. However, a reversal is made in the tip
and ring conductors between the two line cir-
cuits and each circuit is modified by disconnect-
ing the path from the tip side of the line
through the cut-off jack or relay to ground
(figs. 2-32 and 2-38). With this arrangement
the line relay at one switchboard is operated
from the connection of ground to the tip side
of the trunk through the cord circuit at the
other switchboard. When the call is answered,
the supervisory signals in the cord circuits are
controlled from the flow of the battery supply
currents from both the cord circuits in series.
These currents flow because the two batteries
in the different switchboards are connected
in series aiding as a result of the reversal in
the trunk conductors. At the end of the call,
when a cord is disconnected at one switch-
board, the cord supervisory lamp lights at the
other switchboard. The line lamp at the switch-
board where the cord is disconnected lights
and remains lighted until the cord at the other
switchboard is disconnected. This relighting
of the line lamp is somewhat undesirable on
trunk circuits of this type. It is avoided in
more complicated types of trunk circuits. This
simple type of automatic trunk circuit may
also be undesirable because of noise induction
in areas where the trunk conductors are ad-
jacent to power circuits.
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Figure 238, Ringing Equipment EE-101-A,
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236. VOICE-FREQUENCY RINGERS.
Voice-frequency ringing must be used on
trunks operating over carrier channels and on
trunks equipped with composite sets or voice-
frequency repeaters which are not arranged
for 20-cycle operation. Twenty-cycle ringing
may be used on nonrepeatered, noncomposited
voice-frequency trunks and on repeatered
voice-frequency trunks arranged to relay or
bypass the 20-cycle ringing at the repeaters.
On 2-way ringdown trunks requiring voice-
frequency ringing, 20-cycle ringing is used
between each of the trunk circuits and the
nearest voice-frequency ringer. The ringing
between two voice-frequency ringers at op-
posite ends of the same trunk is by means of
either 500 cycles or 1,000 cycles, interrupted

L 53203

Figure 2.39. Ringer package; voice frequency; 4 circuit
& X-618204.

or noninterrupted. One-thousand cycle ringing
interrupted at a rate of 20 cycles per second
is standard for Army use. Five-hundred cycle
ringing, either interrupted or noninterrupted,
may be used on interconnections with foreign
systems. The allowable loss between voice-
frequency ringers is about 80 db. This, in gen-
eral, permits satisfactory ringing over any
Army long distance trunk which is satisfac-
tory for speech transmission. The ringers at
opposite ends of a circuit must use the same
frequency interrupted at the same rate. Fig-

“ A}

ure 2-38 shows Ringing Equipment EE-101-
A which consists of two 1,000/20-cycle ring-
ers. This is a part of Ringer Set TC-24 and
is designed for use with tactical equipment
such as Telephone Terminal Set TC-21. Fig-
ure 2-39 shows the packaged voice-frequency
ringer which consists of four 1,000/20-cycle
ringers arranged for fixed plant applications.
The individual ringers in this package are
electrically the same as Ringing Equipment
EE-101-( ). These and other available ring-
ers are described in TM 11-487.

237. WORKING LIMITS.

a. General. The lengths and gauges of the
wires in the loops and trunks are limited by
transmission and signaling conditions. The
transmission limits are established by the
transmission plan discussed in section II of
this chapter and are expressed in terms of the
maximum loss in db which can be tolerated.
The signaling limits are controlled by the type
of signaling and the type of switchboard.
Signaling limits are expressed in terms of the
ohms resistance permissible in the conductors
of the loops and trunks. The signaling limits
of the various switchboards are specified in
TM 11-487. The actual working limit of a
loop or trunk is determined by the signaling
limit or the transmission limit, whichever is
the smaller. The conductor loop resistances
and transmission losses of various lengths and
gauges of conductors are enumerated in figure
2-40. For example, consider the problem of
determining the proper kind of wire for a
loop from a Telephone Central Office Set TC-1
to a Telephone EE-8-( ) over a distance of
10,000 feet with common battery signaling
and local battery talking. Assume that the
transmission plan permits a maximum loss of
6 db in the loop. Reference to the table of
working limits for this central office set in
TM 11-487 indicates that the resistance of
the conductors in the loop should not exceed
500 ohms. Reference to figure 2-40 indicates
that Wire W-110-B will be satisfactory for
this loop because the length of this wire pro-
ducing 6—db loss is between 11,300 and 12,800
feet and its resistance is between 400 and 450
ohms. Of course, wire having less transmis-
sion loss and less resistance per unit length
such as Wire W-148 would also be satisfac-
tory. Wire W-130-A would not be satisfac-
tory because 10,000 feet of this wire would
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Belibeard. Nenloaded wires (wef) Nonloaded cablea
el Paper insulated
. per i
(ohms) oss 100 | 00| M |w-130-Alw 108 |woss
o @ €% | €% |woe CSEA 160a | 190a | t10u
50 2.0 3.5 6.2| 10.0 0.4 1.4 7.4 2.9 6.3 3.1 1.5
75 3.2 5.2 9.7 15.6 0.7 2.1] | 11.3 4.4 | 100 4.6 2.3
100 4.1 70| 123| 2.8 0.9 2.8' 15.3 5.9 13.3 6.1 3.1
125 51| 105] 154 280| 11 ] 3sf][1so] 73| 167] 77 [ 88
150 6.1 105 | 18.5| 31.2 1.3 4.2 || 2.7 8.8 | 20.4 9.2 4.0
175 7.1 123 | 21.6| 364 1.6 5.0 ]| 2651 10.3 | 23.3 | 10.7 5.3 (#db
200 8.1 14.0 | 24.7| 41.6 1.8 5.7 |] 30.3]} 11.8 | 26.7 | 12.3 6.2 (limit
225 9.1 15.8 | 27.7| 46.8 2.0 6.4 ] 34.1 13.2 | 300 | 13.8 6.9
10.2 | 17.6 | 30.9( 52.0 2.2 7.1 |]37.9]| 14.7 | 33.4 15.3 7.7

11.2 | 19.4 | 34.0] 54.2 2.4 7.8 | 41.7§) 16.2 | 36.7 16.9 8.5
12.2 | 21.1 ]| 37.2] 62.5 2.7 8.5 | 45.5}] 17.6 | 40.1 18.4 9.2
13.2 | 229 | 40.2]. 67.7 2.9 9.2 | 49.3 19.1 43.4 19.9 | 10.0
14.2 | 246 | 43.8) 72.8 3.1 9.9 |53.1] 206 | 46.7]| 21.5 10.8
153 | 26.4 | 46.4| 78.1 3.3 ] 106 |56.9 | 22.1 ] 5.1 23.0 11.6 [%-db
16.3 | 28.2 ] 49.4| 83.2 3.6 | 11.3 ] 60.7 | 23.5 | 53.4]| 4.5 12.4 |limdt

250

275

300

325

350

875

400

450 18.3 | 31.7] 55.6| 93.6 40 [ 128 [|es.2] 26.5| 60.1]| 27.6 | 13.9

500 2083 | 35.2 | 61.7] 104.1 4.5 | 14.2 20.4 | 66.7]| 30.7 | 15.5

550 224 ] 38.7| 67.8] 114.4 49 | 15.6 32.4 | 734 | 33.7 | 17.0 [6-d
600 24.4] 422 | 74.1] 125.8 5.3 1] 17.0 35.3 | 80.1 | 36.8 | 18.5 |kmi
650 26.4 ] 45.8 | 80.2] 135.3 5.8 | 18.4 38.3 | 8.7 | 39.8 | 20.1

700 274 ] 49.3 ] 8.4 | 145.7 6.2 | 19.9 41.2 | 93.5 | 42.8 | 21.7

750 30.5| 528 | 92.6| 156.2 6.7 | 21.3 44.1 | 100.0 | 45.9 | 23.4

800 32.5 | 56.3 | 8.7 | 166.4 7.1 | 22.7 47.1 [ 106.6 | 40.1 | 24.7

850 34.5 | 50.8 | 104.9] 176.9 7.6 | 24.1 50.0 | 113.4 | 52.2 | 26.3

900 3.6 | 63.3 ] 111.1] 1875 8.0 | 25.5 55.2 | 27.8

950 38.6| 66.8 |117.3] 197.5 8.5 | 26.9 58.2 | 20.4

1,000 40.6 | 70.4 | 123.5] 208.0 89 | 27.4 61.3 | .30.9

1,100 4.7] 775 ]135.9] 239.0 9.8 | 31.2 67.6 | 34.0

1,200 48.8 | 84.5 | 148.4 | 249.5 | 10.7 74.0 | 37.1

1,300 52.8] 901.5 | 160.6 | 270.6 | 11.6 40.2

1,400 56.8] 98.6 |173.0 | 201.4 ] 12.5 43.3 ﬁs-db
1,500 60.9 |J105.0 | 185.4 | 812.5 46.5 (limit
2,000 81.3.[J141.0 | 247.0 | 416.5 o
2,600 102.0 | 176.0 | 309.0 | 522.0

3,000 122.0 | 211.0 | 871.0

* The data given in this table are based on the following wire characteristics:

Nonloaded wires (wef) Nonloaded cables
Ttem : Paper insulated
080 104 - :
ki o5 % | 9% WoLs | W-110-B | W-143 | oo _gis
CC-355-A 16 ga. 10 ga. 22 ga.
ohms/mile 130.0 75.0 42.8 25.3 | 590.0 | 186.0 35.0 90.0 42.0 86.0 | 171.0
ohms/M ft 24.6 14.2 8.1 4.8 | 112.0 35.2 6.6 17.0 8.0 16.2 32.3 .
db/mile (wet) 0.37] 0.31] o. 0.18] 6.50{ 2.80 1.200 1.70
db/M ft (wet) 0.07 o0.08] o. 0.03] 1.23] 053] 0.23 o0.32 :
db/mile 0.73| 1.08 1.79
db/M ft 014/ 020 0.34

Figure 240. Lengths of station line wire and cable for various switchboard transmission and working limits.
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have a loss of more than 12 db and a resist-
ance of more than 1,100 ohms.

b. Limits for Ringdown Loops and Trunks. The
working limit for 20-cycle signaling on ring-
down loops and trunks without repeating coils
or other intermediate line equipment is gen-
erally about 3,000 ohms. This is established by
the ringing voltage and the sensitivity of the
ringers, drops, or relays which respond to the
20-cycle ringing voltage. On similar trunks
equipped with a ring-through repeating coil
at each end, the working limit is reduced to
about 2,000 ohms. Insulation resistances down
to about 1,000 ohms can generally be tolerated
on these trunks. On trunks equipped with tele-
phone repeaters or carrier terminals, the sig-
naling is by means of 500 cycles or 1,000 cycles
between ringers and is by means of 20
cycles between the ringers and the terminals
(par. 236).

c. Limits for Common Battery Loops. The work-
ing limits for common battery loops are estab-
lished principally by the transmission losses,
including the battery supply losses (par. 208),
and the supervisory relays in the cord cir-
cuits. On loops connected to line circuits with-
out line relays, the brilliancy of the line lamps
may also be controlling. The insulation re-
sistance of the loops is sometimes a limiting
factor because the supervisory relays must
release while current is flowing through the
insulation resistance. In general, the insula-
tion resistance of common battery loops
should be greater than 10,000 ohms. To obtain
such insulation resistance, a high grade of
maintenance on the outside wires, cables, and
terminals is required.

238. DISTRIBUTING FRAMES.

The connections from outside wires to a
switchboard having a capacity for 40 loops or
more, are completed through a separate dis-
tributing frame such as Frame FM-19 shown
in figure 2-30. This frame consists of terminals,
some for the outside wires and others for the
inside wires. Cross-connecting wire is used to
connect the outside terminals to the inside
terminals. This wire can be readily trans-
ferred between terminals, thereby providing
flexibility in the assignments of the outside
wires to various switchboard circuits.

239. PROTECTORS.
Protectors are provided in telephone cen-
trals on the wires coming in from outside for

36

the purpose of protecting the switchboards
and associated equipment from damage which
might otherwise result from lightning or ac-
cidental contacts between communication ecir-
cuits and high-voltage power lines. Protectors
are frequently located on distributing frames.
Protection is discussed in chapter 10 and var-
ious kinds of protective equipment are de-
scribed in TM 11-487.

240. POWER EQUIPMENT.

The storage batteries in telephone centrals
are charged by rectifiers connected to 50— or
60—cycle engine-driven generators or com-
mercial power sources. The 20-cycle ringing
voltage is obtained from ringing vibrators,
static ringing machines, or rotating ringing
generators. Power equipments are described
in chapter 7 and in TM 11-487.

241. MONITORING, OBSERVING, AND
RECORDING EQUIPMENT.
Equipments which may be installed in cen-

trals for use in monitoring, observing, and

recording on local and long distance telephone
connections are described in TM 11-487. One
of the observing cabinets is designed for con-
nection to a long distance trunk and includes
arrangements to prevent the completion of
each call until cleared by the observer. A
group of these cabinets can be associated with
a group of long distance trunks by means of
a patching cabinet having a capacity of 10
trunks. Another cabinet is arranged for mon-
itoring on any one of 30 loops or trunks. This
cabinet includes lamps which respond to com-
mon battery or ringdown signaling to indicate
when calls are in progress. Another cabinet is
designed for observing on any one of five
common battery loops. A film-type recorder,
which embosses the sound track on cellulose
acetate tape, may be used for recording con-
versations in connection with the monitoring
and observing cabinets.

242. TESTING AND MAINTENANCE.

a. When outside wires develop faults such
as contacts with ground, short circuits,
crosses with other wires, or open circuits, the
service on these wires can be restored by
using testing equipment to locate the troubles.
This equipment includes voltmeters or Wheat-
stone bridges or both, in combinations with
tones, ringing voltages, and d-c voltages.
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Types of such testing equipment which may
be used in centrals are Test Set EE-65-( ),
Test Set TS-27/TSM, Test Board BD-101,
Cabinet BE-70, Test Set AN/FCM—4
(mobile test unit X-63699A), and Test
Set AN/FCM-5 (test and control board
X—-66034A). This equipment is also used to
locate faults on wires and equipment inside
the centrals. After troubles have been located,
they can be cleared by the use of various types
of maintenance equipment. The features of
these test sets, test equipments, and mainte-
nance equipments are described in TM 11-487.
Information on testing and maintenance pro-
cedures is given in chapter 11.

b. The tests which can be performed with
test equipment installed in telephone centrals
are briefly as follows:

(1) Test calls can be originated and an-
swered on magneto and common battery loops:.

(2) Tests can be made with a voltmeter
or voltohmmeter to check the continuity of a
circuit and detect accidental grounds, short
circuits, crosses, and opens.

(8) Ringing voltage can be applied to a
circuit as a step in detecting grounds, short
circuits, or opens.

(4) The -capacitance from a line to
ground or to another line can be indicated by
the swing of a voltmeter needle in combina-
tion with the initial application of a potential
through the voltmeter to the line.

(5) Voltages can be measured.

(6) Conductor loop resistance and insu-
lation resistance can be measured with a volt-
ohmmeter or Wheatstone bridge.

(?) Approximate locations of open cir-
cuits on open wire lines can be estimated from
capacitance tests with a voltmeter.

¢. A small central with a fixed plant switch-
board will ordinarily be equipped with a port-
able Wheatstone bridge such as Test Set 1-49

for use in locating faults on outside lines and
for miscellaneous measurements of resistance.
A central at a terminal of a main cable route
will generally contain a Test Set AN/FCM-4
(mobile test unit X—63699A) for use in lo-
cating and analyzing faults on the wires. In
large centrals a Test Set AN/FCM-5 (test
and control board X-66034A) will generally
be provided.

d. When a loop or trunk goes out of order,
the following procedures may be adopted to
clear the trouble. The trouble is analyzed by
making over-all ringing and talking tests.
Then specific tests are made to trace the
trouble step by step. In the smaller centrals,
these tests may be made with a voltmeter at
the switchboard. In the larger centrals, they
may be made with the test unit or test board.
The line is sectionalized and analysis tests are
made on each section. When the section with
the trouble is determined, the test board or
testing equipment nearest to the trouble is
used for locating it more closely. Finally the
trouble is found by physical inspection.

e. Test and control board equipment pro-
vides jacks and paching cords for removing
circuits from service such as may be required
for trouble tests, routine tests, or transmission
measurements. It also provides arrangements
for monitoring and talking on the lines. The
monitoring jacks may be arranged in some
test boards to make the circuits test busy at
the associated switchboards so as to avoid in-
terference between the regular traffic and test
calls and give full control of the circuits to the
testers. In centrals where these automatic
make-busy featuregs are not provided, it will
be necessary for-the tester to ask an operator
to make the eircuit busy at the switchboard.
The latter procedure is followed in centrals
with Switchboards BD-80-( ), BD-110-
( ), or smaller switchboards.

Section V. AIRCRAFT WARNING SYSTEMS

243. INFORMATION AND OPERATIONS CENTERS.

Information and operations centers are used
in aircraft warning systems to receive infor-
mation on activities of enemy and friendly
forces in different areas, to plot this informa-
tion so that it can be readily visualized and
analyzed, and to transmit it and operational

orders to the organizations concerned for their
information and action. This equipment con-
sists of telephones, relays, jacks, lamps, power
plants, and furniture arranged to be quickly
unpacked and installed and subsequently
packed and transported in motor vehices. Sev-
eral different types of equipment which are
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tifiers, etc. A booklet entitled Maintenance of
Way Manual; Military Railway Service; Sup-
plement A ; Telephone, Telegraph, and Signals
is available from The Director General, Mili-
tary Railway Service, Washington 25, D. C.
In the past, commercial literature such as
Western Electric Company’s Bulletin No. 672A
has been furnished with some of this equip-
ment. T/O and E 55-227 lists the communica-
tion personnel and equipment of the Mainte-
nance of Way Company of a Railway Operat-
ing Battalion. The following field and techni-
cal manuals also contain pertinent informa-
tion :
FM 55-50, Military Railroads and Military
Railway Service :
FM 55-55, Railway Operating Battalion
(superseding TM 5-406)
TM 11-2256, Amplifier No. SBLH
TM 11-2257, Rectifier Power Units No. 1152
and No. 1161

246. TELEPHONE SYSTEM.

a. A railway train dispatching telephone
system is a special form of long distance tele-
phone party line with selective ringing, which
enables a train dispatcher to call individually
any one of the way stations on the line. The
lines usually are open wire, and the Military
Railway Service has purchased No. 9 B&S
gauge (114-mil) copper wire such as that
used in commercial train dispatching installa-
tions. If it is planned to use cable for any part
of the line, it may be necessary to obtain cable
which is specially designed to withstand the
high signaling voltages which may be used, as
the normal telephone cables are not designed
to withstand these voltages. The operating
limits of the equipment provided are such
that a 114-mil copper open wire line may be as
long as about 500 miles and have as many as
60 way stations; if any substantial amount of
cable is used, the range will be less.

b. The dispatcher listens continuously on
the line by loudspeaker or head receivers, and
he talks to way stations through a chest micro-
phone. He rings the bell at the individual way
station by means of selector calling keys which
control the application of 200- to 500-volt 314-
cycle alternating current to the line. This 314-
cycle alternating current operates the way-
station selectors.

¢. The way-station operators do not listen
constantly because they have various duties

to perform. When they have occasion to talk
to the dispatcher, as for example, to report the
passing of a train, they listen on the line and
if it is idle they talk to the dispatcher. The
telephones at the way stations are of a special
push-to-talk type which cause relatively small
transmission loss to other way stations when in
the listening condition. Low loss under this con-
dition is important because a large number of
stations may listen on a line simultaneously.

247. EMERGENCY SERVICE.

Emergency communication service is re-
quired when the telephone train dispatching
circuit is out of service because of trouble.
The Military Railway Service plan provides
two separate wires for single Morse manual
telegraph operation. At each station each wire
is equipped with suitable station equipment.
These telegraph wires parallel the train dis-
patching telephone wires and are used for both
regular telegraph service and emergency train
dispatching.

248. DISPATCHERS' EQUIPMENT.

a. Dispatchers’ Telephone Equipment. Tele-
phone equipment with a head receiver which is
provided for each dispatcher is shown in figure
2-42. During periods when the dispatcher does

HEAD AND
CHESY SET

FJACK
BOx
TELEPHONE —EoOT
TRANSMISSION I
EQUIPMENT SWITCH
BOX —— ——
o TL 546‘!;§
Sacwie s Rk

Figure 242, Dispatcher’s siasion telophone oquipment, -
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mal. Thus, this one key can be used for calling
any of the way stations.

¢. Selector Apparatus Case. The selector call-
ing keys are connected to a selector apparatus
case shown in figure 2-45, which contains the
apparatus by which the d-¢ impulses from the
keys control the 814-cycle alternating current
for transmission to the line.

d. Power Supply. The 3l4-cycle alternating
current is derived from direct current by means
of a reversing relay in the selector apparatus
case. The d-c voltage is obtained from a power
supply unit that can be set to produce various
potentials between 200 and 500 volts dc. The
voltage is adjusted for proper operation of
the way station selectors and is governed by
the length of line and number of selectors
on the line as explained in paragraph 251.

249. WAY-STATION EQUIPMENT.

a. Telephone Equipment. The telephone pro-
vided in each way station is shown in figure
2-46. It uses a microphone and head receiver
which are similar in their electrical character-

7

Figure 246, Waystation telephone,

istics to the microphone and receiver of Tele-
phone TP-6. A push-to-talk button is provided
in the associated desk set box.

b. Selector Set.

(1) A selector set is provided at each way
station. The selector and the selector set of
which it is a part are shown in figures 2-47
and 2-48 respectively.

COVER
. -~ CODE
v WHEEL

r“.-:a'“
s Y .
I TN 3

t’_ t —

> f

\j
*
CLAMPING - oo - 51" - o
STuD

TL 4843

Figure 247. Selector (W estern Electric Company
No. 60AP).

(2) The selector has a toothed code wheel
and when this wheel has advanced to the 17th
step it closes a local battery circuit which rings
the way-station bell. Each station has assigned
to it a 3-digit code, and the sum of the three

, digits of each station code is 17. The dispatch-

er's calling keys introduce short pauses be-
tween the three digits.

(8) The selector code wheel at each way
station is advanced by the 31%-cycle impulses
which are sent by the calling key at the dis-
patcher’s station, Only those code wheels stay
in the advanced position, during the pause,

TL. L4844

Figure 248. Selector set (W estern Electric Coni,
No, 162C), by
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which have a code pin inserted in the code
wheel at the step which corresponds to the
number of impulses sent from the dispatcher’s
key. The’ code wheels of selectors at all other
stations return to the zero position during the
pause.

(4) The impulses of the second and third
digits sent from the dispatcher’s key again
advance the code wheels, some from the ad-
.vanced position and others from zero. How-
ever, only the selector which has code pins to
hold the code wheel during the pauses between
the first and second and between the second
and third digits will advance to step 17 and
ring the bell.

(5) For example, a way station with a
ringing code 8-5-4 has code pins set at steps
8, 13, and 17 on the code wheel.

(6) After a ringing interval of about two
seconds, the dispatcher’s key sends a release
impulse which restores the way station selec-
tor to normal.

(7) As the bell is rung, a tone is also sent
onto the line which is called the answer-back.
This indicates to the dispatcher that the bell
is ringing. .

(8) The code pins can be set for 78 dif-
ferent combinations.

250. SPECIAL ADJUNCTS.

* Train dispatching - telephone circuits can
be arranged to provide for the fcllowing fea-
tures:

a. A simplex telegraph circuit can be ob-
tained between two or more places along a line
without interfering with telephone service.
This circuit can be operated single or duplex,
manual, or teletypewriter.

LooP RE&ISTANC? OF LINE IN OHMS

A Q0K 122a 1284 anna an

NORM:,L OPERATING VOLTS
~

‘40 80 120 160 200 240 280 320 360 400 440
LENGTH OF LINE IN LOOP MILES OF 114 MIL COPPER WIRE
TLB4828
Figure 2-51. Range of No. 160 type selectors for various
line voltages and numbers of bridged selectors
(no transformer).

b. Branch or spur lines can be connected.

c¢. Way-side telephones in pole boxes or
portable telephones with a line pole for making
connections to line wires can be used at points
along a line for telephoning the dispatcher.
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40 80 120 160 200 240 280 320 360 400 440
LENGTH OF LINE IN LOOP MILES OF 114 MIL COPPER WIRE
TLS4827
Figure 2.52. Range of No. 160 type selectors for various
line voliages and numbers of selectors (one No.
3414 transformer).

251. OPTIONAL METHODS OF SELECTOR
OPERATION.

a. Two arrangements are available for con-
necting selectors at the dispatcher’s station and
way stations to the telephone line, namely:
the standard arrangement and the transformer
arrangement. The standard arrangement pro-
vides a greater range and more stations for a
given line voltage. Kowever, with the trans-
former arrangement other desirable features
such as additional telegraph circuits between
way stations can be obtained.

b. The circuit operating principles of these
two arrangements are illustrated in figures
2-49 and 2-50. Signaling range data corres-
ponding to these two circuit arrangements are
shown in figures 2-51 and 2-52 respectively.
In the latter range chart, one No. 341A trans-
former is assumed to be in the circuit. If the
circuit includes more than one transformer,
the ranges will be less than those indicated.

252. PROTECTION.

Because of the high voltages present, pro-
tector blocks with higher than normal break-
down voltage must be used at the dispatcher’s
station and at all way stations. Normal fuses
(7-amp.) are used at all stations




CHAPTER 3

TELEGRAPH SYSTEMS

Section 1.

301. MAJOR COMPONENTS OF TELEGRAPH
SYSTEMS AND NETWORKS.

Telegraph systems serving areas of moderate
extent include central office and station equip-
ment operating in conjunction with wire or
radio transmission circuits or a combination
of wire and radio. Comparatively simple facili-
ties which would be characterized as telegraph
circuits rather than systems are shown by fig-
ures 3-1 and 3-2, the connecting circuits be-

REPEATER | -— [ aereaten
on iyt or
LINE UIT WIRE LINE LINE UNIT

l w l E-T!IJTVKVIRITER l ” l

TL S4979

Figure 3-1. Direct (point-to-point) d-c wire
teletypewriter circuit.

. tween the teletypewriter stations being direct

(point-to-point) wire and radio connections,
respectively. A system is made up of numerous
components, including stations with their in-
dividual extensions (local lines), main trans-
mission circuits, terminal and repeating equip-
ment, retransmitting equipment, switchboards,
and branch circuits extending to outlying lo-
calities. A relatively simple system involving
such components is shown in figure 8-8. Fur-
thermore, systems utilizing wire and radio fa-
cilities are combined to form a rather exten-
sive network to provide communication
throughout a theater of operations as illus-
trated in figure 8-4.

302. MESSAGE HANDLING METHODS.
Messages may be sent directly from a sta-
tion to one or more distant stations over fixed

656935 0—45——F0

WIRE AND RADIO TELEGRAPH SYSTEMS

circuits or over built-up circuits involving one
or more switchboards. Messages may also be
relayed semiautomatically or manually from
one circuit to another, that is, received at an
intermediate point and retransmitted to one or
more other points. Teletypewriter operation
with semiautomatic relaying is used to handle
practically all of the traffic in the Army Com-
mand and Administrative Network which is
discussed in chapter 11. Teletypewriter equip-
ment should be manned by personnel having
some degree of skill. Messages sent by all forms
of telegraph usually are writton out before
transmittal and before delivery; this written
record is a very valuable feature. Telegraph
circuits, particularly those using teletypewrit-
ers, may be used also for interchanging infor-

] mel0 — ‘
o S % 1l
(= L,___:j
I o [ neceiven !" = |I'Mlﬂ’ﬂ!| l KEVER __||
== ==
bl 1
ATION AND STATION ANO
TeLETYPE- TeETYPE-
WRITER WRITER
QU 1PMENT £ 1PRENT
SIGNAL CENTER A sicNAL ceNTER B

Figure 3-2. Direct (point-to-point) radio teletypewriter
circuit,

mation in a conversational manner. Automatic
switching to a very limited extent and on a
specially engineered basis is used whereby a
connection is established by switches actuated
by certain teletypewriter characters.
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Figure 33. Teletypewriter system with wire (d-c and carrier) and radio transmission circuits.

303. INTERNATIONAL MORSE-CODE VERSUS
TELETYPEWRITER OPERATION.

a. International Morse-code Methods and
Speeds.

"(1) In manual telegraphy the signals are
formed as dots and dashes by the operation of
a telegraph key by a trained operator. They
are received as audible tone signals and re-
corded by hand or on a typewriter. The signals
shown in figure 3-5-A illustrate the formation
of typical characters. As indicated, a dot sig-
nal followed by a space of equal length is called
a dot-cycle or sometimes simply a cycle. Cer-
tain administrations use a unit of speed called
the baud, which is a rate of 1% cycle per second.
Thus a speed of 23 dot-cycles per second may
be expressed as 46 bauds. Since the baud is a
unit of speed, it is incorrect to speak of a
character or word as consisting of so many
bauds. With average operators, a speed of 10
to 16 words per minute may be expected and
perhaps twice as much with skilled operators.

(2) The International Morse Code is also
used with automatic sending equipment, par-
ticularly where speeds up to about 400 words
per minute or more are desired, such as on
certain long-haul radio circuits. In this case, a

46

punched tape is prepared by operating a key-
board; this tape is fed into a keying head
capable of sending at a readily adjustable
speed which is in accordance with circuit
capabilities and traffic requirements. It is cus-
tomary to assume that the average word con-
sists of six characters, including one for a space
at the end of the word. Use is being made of
the test word CODEZ as a standard-length
word in determining military speeds; on this
basis a speed of 100 words per minute cor-
responds to 50 dot-cycles per second.! At com-
paratively low speeds, the signals may be re-
ceived by ear. Generally, at speeds over about
25 words per minute, the signals are received
by means of an ink recorder and transcribed
by one or more operators at an average speed
of about 835 words per minute for each opera-
tor. Sent and received tapes are illustrated
in figure 8-6. Automatic equipment used for
International Morse-code operation is de-
scribed in paragraph 330.

1 The transmission of the word CODEZ and the fol-
lowing space utilizes a transmission time equivalent to
that of 30 dot-cycles. Therefore, a speed of 100 words
per minute is 3,000 dot-cycles per minute or 50 dot-
cycles per second.
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Figure 3-4. Typical theater teletypewriter network.

b. Teletypewriter Methods and Speeds.

(1) The form of teletypewriter signals is
shown in figure 3-5-B; these signals are dis-
cussed jn more detail in chapter 12. The letters
and the space between words are all of equal
length and the code is slightly more efficient in
the use of line time than the International
Morse code. Signals are produced by the opera-
tion of a teletypewriter keyboard similar to

f -] ' w ] 1 8 1
e 1 B

| INTERNATIONAL MORSE CODE ‘l
oele-
] A
_} N eace 0y S
., .I-!ii!!i.'l-.H ..I.Z!.-.:l-!:. i
B

TELETYPEWRITER CODE WITH START AND
870P PULSES. TLS3RI-S

Figure 3-5. Telegraph codes, typical characters.

that of a typewriter, and the corresponding
characters are typed in page form or on tape
by machines at both sending and receiving sta-
tions. Signals may also be sent from a punched
tape prepared locally by a perforator which

§
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Figure 3-6. International Morse-code tapes.
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has a keyboard similar to that of the teletype-
writer. A sample of this tape is shown in fig-
ure 8-7. Teletypewriter signals may be received
over a line by a typing reperforator, which re-
cords the message as partial perforations and
as typed characters on the same tape. Some typ-
ing reperforators have keyboards from which

8 089° © o888° 9808 833% 8o o

0000000000000000000000000000000
[} 00 000 000 O (o] o
o 0o °883°8 8  8oo 00 809
TL 54910
Figure 3-7. Perforated teletypewriter tape.

tape may be prepared locally. The typing re-
perforator may also be used as a teletypewriter
in sending messages. The form of tape, il-
lustrated in figure 3-8, is called chadless and
may be used for retransmitting the message.
As a general rule, American Army teletype-
writer equipment operates at a nominal speed
of 60 words per minute, that is, 368 operations?
per minute (opm). This speed may be increased
to a nominal speed of 66 words per minute (404
operations per minute) to work with British
teleprinters. However, for interoperation,
other factors are important (par. 850). When
sending directly to a circuit from a keyboard,
the average operator will type at a nominal
re.te of 26 to 30 words per minute; because of
the transmission of headings, nontyping selec-
tions, etc., the corresponding net message
(text) speed is about 23 words per minute.
When sending from tape at normal machine
speed of 60 words per minute the average mes-
sage (text) speed is about 50 words per
minute.

“ACLAZEI00335 380K 30 o o
5%3 ) 355333%%3%333333333&
=) :o: 3333 3 jole) 255 !go ~
TL 83221-8
Figure 38. Chadless (partially perjorated) teletypewriter
tape 1with typing.

(2) A few teletypewriter circuits, wire
and radio, are being operated on a provisional
basis at 100 words per minute. Operation at
this speed requires modifications of teletype-
writer equipment and associated testing ar-

2 An operation is considered to be a typing character
or a nontyping selection. Examples of nontyping selec-
tions are carriage return and line feed.

rangements. The modifications consist of in-
troducing certain new parts and changes in
adjustments. Also, new requirements, are im-
posed on transmission facilities because the
signaling speed is about 87 cycles per second
as compared with about 23 cycles per second
for 60 word-per-minute service.

c. Relative Advantages.

(1) The advantages of teletypewriter
operation as compared to manual telegraph
operation are: high average speed, automatic
reception of multiple copies in typed form
at one or more points, use of operators with a
lower degree of skill, possibility of regenerat-
ing signals automatically, and relaying of mes-
sages from circuit to circuit by means of tapes.
The main disadvantages as compared to man-
ual telegraphy are: size and weight of the
equipment, complexity requiring skilled main-
tenance forces, need for high grade circuits,
and need for about 100 to 800 watts of power
per station.

(2) In the manual Morse method, the
operators may reduce speed to meet the capa-
bilities of the circuit. The use of manual Morse
generally permits operation under more ad-
verse circuit conditions than either teletype-
writer or voice. Its main disadvantages are
relatively slow speed and the need for more
skillful operators. For operation on wire lines,
manual telegraph uses simple sets which are
readily portable and operable from batteries.
These sets are relatively inexpensive, small in
size, and light in weight (seven pounds with-
out typewriter). The weight is roughly 1/50
that of teletypewriter station equipment.

(8) Automatic Morse operation is par-
ticularly advantageous ir the case of a cir-
cuit which is operable for only a small part
of the time, for example, on certain h-f radio
circuits operating over paths near a magnetic
pole a large amount of traffic can sometimes
be moved in a few hours, using a speed of sev-
eral hundred words per minute. The speed of
automatic Morse operation may be regulated
to suit the capabilities of the circuit. However,
this equipment is complicated, requires about
500 to 600 watts of power, is heavier and
larger than comparable teletypewriter equip-
ment, and trained personnel is required to
transcribe the signals from the received tape.
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304. TRANSMISSION.

a. Dotting Speeds. Telegraph signals are
sent at different rates, depending on the method
of working and on circuit conditions. In man-
ual International Morse the rate of sending
dot-cycles is from about 6 to 15 cycles per sec-
ond, the average being about 8 cycles per
second. In teletypewriter operation, the line
speed in dot cycles per second is set by the ma-
chine independently of the rate at which the
keyboard is operated. The speeds are approxi-
mately 28 and 25 cycles per second for nominal
word speeds of 60 and 66 per minute (368 and
404 operations per minute), respectively. In
automatic Morse-code operation, the speed of
signaling may reach 100 dot-cycles or more.

b. Frequency Band Widths. Although tele-
graph signals are made up of pulses during
which the operating current substantially
reaches a steady value, they also contain alter-
nating-current components of different fre-
quencies; the range of essential frequencies
from the lowest to the highest is called the
signal frequency band. It is necessary to pro-
vide a circuit having the proper characteristics
to transmit this band. In the case of a d-c tele-
graph circuit, this band ordinarily extends
from zero cycles per second, that is, direct
current, up to about three times the maximum
speed in dot-cycles per second. Thus, in manual
telegraphy a band of about 50 cycles in width
would ordinarily be adequate. In teletypewriter
operation (60 word-per-minute speed) a band
about 75 cycles wide is desirable; in high-
speed automatic Morse-code operation, a band
several hundred cycles in width may be re-
quired for the highest speeds. In carrier and
radio telegraph, when current of a single tone
or frequency is keyed on and off, the required
band is twice as wide, extending in each diree-
tion from the carrier frequency by the amount
required for the d-c case. When two frequencies-
(one for marking and another for spacing®)
and two channels are used, the band width is
again doubled. With tone modulated radio
telegraph, the whole voice band is generally
used

SA signaliﬁ interval during which current flows
through the teletypewriter receiving magnet is called
a mark, and the circuit is said to be marking. When no
current flows through the magnet, the signal is called a
space, and the circuit is said to be spacing.

¢. Wire Transmission. The two general types
of wire telegraph circuits are dc and carrier.
Carrier telegraph facilities operating in the
voice range between 300 and 2,400 cycles per
second generally form the main transmission
circuits for long and medium distance com-
munication on land lines. D-c¢ circuits are used
especially for the sherter facilities, including .
extensions to stations and branch circuits to
outlying offices. Wire telegraph circuits will,
in general, furnish dependable and accurate
service if reasonable standards of circuit lay-
out and maintenance are adhered to.

d. Radio Transmission. Although radio trans-
mission provides a high degree of flexibility
for point-to-point communication from a sta-
tion to any one of a large number of stations
and for broadcasting to a plurality of stations,
transmission is, on the whole, less dependable
than that over wires. This is because of vari-
able conditions in the transmission medium
and the possibility of accidental or intentional
jamming. The transmission impairment is not
only in the form of displacements of transi-
tions between marks and spaces (time distor-
tion) but also in variations in strength of re-
ceived signals and the occasional obliteration
of the received signals by interference. Single-
channel and multichannel teletypewriter cir-
cuits are operated satisfactorily over radio
links within limits of distances from a few
thousand yards to many thousands of miles.
International Morse-code operation is being
replaced in some cases by teletypewriter op-
eration. Most of these applications make use of
radio facilities operating within either the h-f
or v-h-f range, but in polar latitudes radio fre-
quencies in the order of 50 to 200 kilocycles
are used. For operation in the h-f range over
radio circuits using sky-wave transmission, it
is generally desirable to use diversity opera-
tion. Thus signals may be received simultane-
ously at two or more locations separated by
several wavelengths (space diversity), or each,
signal may be sent simultaneously at two or
more frequencies to be combined at the re-
ceiving station (frequency diversity). Where
space is limited, two different adjacent anten-
nas, such as vertical and horizontal, or differ-
ently-oriented horizontals, may give some im-
provement by providing polarization-diversity
reception. Further information regarding tele-

49



PARS.
304-305

ELECTRICAL COMMUNICATION SYSTEMS ENGINEERING

typewriter operation over radio will be found
in section VII. Refer to chapter 6 for general
information on radio transmission, including
antennas.

e. Repeaters. The limiting length of a tele-
graph circuit, either wire or radio, is generally
reached when a signal becomes so weak as
to be incapable of actuating the receiving ap-
paratus properly, when the waveshape is modi-
. fied s0 that the time distortion of the telegraph
impulses is excessive, or when the received
signal strength is too low to override the in-
terference, Usually the circuit can be extended
by inserting a repeater before the limiting
length is reached. In d-c telegraphy, such a
repeater involves reception of the signals
by means of a relay and automatic retransmis-
sion using a local source of energy, such as a
set of batteries or rectifiers. In carrier or radio
telegraphy, the signals may be converted to
d-c form before retransmission, or the re-
peater may be a vacuum-tube device merely to
amplify them. In teletypewriter operation, a
regenerative repeater may be used at an inter-
mediate point. This repeater will automatically
retransmit the received signals in practically
perfect form if they have not suffered an
amount of distortion which would cause errors
in the copy in a teletypewriter at that point.
The punching of a tape by a reperforator and
retransmission from a transmitter-distributor
is also a means of regenerating signals. This
method is applicable to both wire and radio
circuits.

f. Single and Duplex Methods cf Operation.

(1) Over wire circuits, telegraph opera-
tion which is limited to one direction at a time
is known as single- or half-duplex operation;
a break feature is provided to enable the re-
ceiver to stop the sender. In radio operation,
such to-and-fro service using only one radio
frequency assignment is called either simplex
or one-way reversible; in teletypewriter serv-
ice, no break feature is provided but in manual
circuits there may be a break-in feature. The
term half-duplex as applied to radio is used
to describe to-and-fro teletypewriter service
using two radio-frequency assignments with
a break feature. As noted in paragraph 805d,
the term simplex also applies to a method of
using wires to obtain d-c telegraph simultane-
ously with telephone.

(2) In any telegraph circuit (wire or
radio) in which independent transmission

paths are provided for the two directions of
transmission, it is possible to transmit mes-
sages in both directions simultaneously. This
is known as duplex operation, and is also called
full-duplex operation. This method involves
certain inconveniences from an operating
standpoint, but allows moving approximately
twice as much traffic as the single method.
Carrier telegraph is particularly suited to the
duplex method. With radio circuits, the du-
plex method requires different frequency as-
signments for the two directions of transmis-
sion.

305. D-C WIRE TELEGRAPHY.

a. Neutral. D-c neutral circuits operate on
the basis of current for marking and no cur-
rent for spacing. A metallic pair or a wire with
ground return may be used between the send-
ing and receiving points. Figure 8-9 shows
schematically a manual neutral circuit. Simple
open-and-close operation is sometimes used
between teletypewriters connected directly to
the line without line relays; in such cases, op-
eration between teletypewriters is limited to
distances in the order of a mile when field wire
is used. This limitation is imposed primarily

}INTERRWTER
! HEADSET
R_ﬂﬁ—-‘--‘ |:

RELAY i +

: L TL $3223-8
Figure 3-9. Neutral telegraph circuit (mantual operation).

by signal distortion resulting from varying
weather conditions. This distortion cannot be
readily compensated for in the adjustment of
the teletypewriter mechanism. However, this
form of signal distortion can be overcome to a
certain extent by interposing an adjustable
receiving relay between the line and the tele-
typewriter, as shown in figure 3-10. At A the
relay is biased mechanically; at B the bias is
electrical.

b. Polar. In d-c polar circuits, approxi-
mately equal values of positive and negative
voltage are applied alternately to the line at
the transmitting end. At the receiving end, a
polar relay responds to the direction of the cur-
rent rather than to its magnitude. A one-way
polar telegraph circuit (fig. 3-11) generally
uses one line conductor with ground return,
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Figure 3-10. Neutral telegraph circuit (teletypewriter operation).

but two conductors may be used on a metallic-
return basis. A 2-path polar circuit consists of
two one-way polar circuits and is suitable for
duplex operation provided the local circuits are
so arranged. The British have a reversible
one-way polar arrangement which uses one
wire and reverses the direction of transmission
by switching, which is automatic in the case
of teletypewriter operation. This reversible

arrangement does not lend itself to duplexing -

or multisection connections, and it is also sub-
ject to false operation when idle. American

SEND RECEIVE
;lll -:_.—
-'-_H""-g_ po:m -l- '

RELAY
TL S3224-8

Figure 3-11. One-wway polar telegraph circuit.

teletypewriters are not arranged for reversible
one-way polar operation. See paragraph 350
for interoperation of Bntlsh and American
teletypewriters.

c. Polarential. A polarential circuit (fig. 3-
12) provides practically the equivalent of a
half-duplex 2-path polar circuit and uses only
one line conductor instead of two. In a polar-
ential circuit, the transmission in one direction
is polar, and in the other direction it is equiva-

" lent to polar as far as the receiving relay is

concerned. This polar equivalent is attained
by providing the receiving relay at the polar-
sending end with a local bias current which in
magnitude is midway between the marking line
current and the spacing current. The trans-
mitting arrangments at the two terminals
of a polarential circuit are dissimilar; one end,

referred to as the polar-sending end, applies
equal voltages of opposite polarities for mark-
ing and spacing and the other end, referred to
as the differential-sending end, applies ground
for marking and positive polarity for spacing.
The operating ranges of polar and polarential
circuits are substantially the same, and exceed

STATION B
STATION A N
POLAR SENDING o EnGme
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Figure 3-12. Polarential telegraph circuit.

that of a neutral circuit provided with an ad-
justable receiving relay. No adjustment is re-
quired in equipment operating on a polar or
polarential basis to compensate for varying
weather conditions. In the case of distributed
leakage, there is little difference between the
transmission capabilities of a polar and polar-
ential circuit. However, a polar circuit will
tolerate somewhat more leakage concentrated
at one part of the line, and somewhat more
difference of ground potential between the ter-
minal points, than a polarential circuit.

d. Simplexed Circuits. D-c telegraph circuits
are generally obtained from conductors which
are used simultaneously for telephone purposes
rather than by the use of conductors exclusively
for telegraph purposes. One method of doing
this is by simplexing (fig. 3-13), wherein one
winding of a repeating coil or transformer is
connected across the line pair and a point
midway between the coil terminals of this line
winding is connected to the telegraph equip-
ment. With reasonably good impedance bal-
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ance between the two wires of the pair, tele-
graph currents will divide approximately
equally between the two wires and hence will
not interfere with telephone transmission. A
noise killer is often included in the transmit-
ting branch of the telegraph repeater to reduce
noise in the telephone circuit. The telephone
currents will not introduce any material volt-
age in the telegraph circuit since they are
transmitted on a metallic basis.

REPEATING REPEATIN¢
COIL COIL ¢

TELEPHONE LINE TELEPHONE

r--—--—

0-¢c 0-C
TELEGRAPH| |TELEGRAPH

l 1 TLS32268 |

Figure 3-13. Simplexed circuit.

e. Composited Circvits. The compositing
method for deriving d-c telegraph -circuits
.from wires used for telephone circuits is
based on frequency discrimination, that is, fil-
tering, which is a method of selecting the de-
sired electrical frequencies and rejecting
others. A composite set (fig. 3-14) consists of
a retardation coil and capacitors, and pro-
vides a low-pass filter (0 to about 80 cycles)
for the telegraph currents and a high-pass
filter for the telephone currents. The composit-
ing method has the advantage of providing
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Figure 3-14. Composite set.

two telegraph channels from a pair of wires.
A composited circuit can be phantomed but not
simplexed. Compositing is usually applied to
open wires in order to derive as many d-c facili-
ties as possible. Generally the effect of leakage

is less on composited telegraph circuits than
it is on simplexed circuits.

f. Telegraph Extonsion Circuits. Circuits of
this type, sometimes referred to either as lo-
cal extensions, d-c extensions, or loop circuits,
are operated on a d-c basis. They are used to
extend circuits from the local side of carrier
telegraph line terminals and d-c telegraph re-
peaters to teletypewriter equipments located
in stations or signal centers. Furthermore,
this type of circuit is used to interconnect the
local sides of line equipment, that is, carrier
terminals and d-c repeaters, at an intermedi-
ate point with or without teletypewriter equip-
ment. Extensions may be operated neutral
half-duplex, neutral full-duplex, 2-path polar,
or polarential. Neutral full-duplex and 2-path
polar extension circuits require two indepen-
dent transmission paths to the teletypewriter
station. Extensions operating on a neutral
basis may use either a metallic or a ground-
return circuit. To minimize interference, me-
tallic return is preferable, when conductors
are available. When interference is not the con-
trolling factor, ground return would be used in
some cases because of the lower total line cir-
cuit resistance.

306. MULTICHANNEL VOICE-FREQUENCY
CARRIER WIRE TELEGRAPHY.
a. General.

(1) In general, carrier telegraphy uses
an alternating current of fixed frequency for
each channel, which is switched on and off at
the sending end by a sending relay actuated
by d-c signals. Frequencies in the voice-fre-

_ quency band which are used for carrier tele-

graph systems (roughly 300 to 2,400 cycles)
are given in the frequency allocation chart
in chapter 5. The carrier currents are trans-
mitted through their respective channel filters,
and at the receiving end are separated by
filters and then rectified in detectors to re-
produce the original d-c signals. Circuits suit- -
able for telephone transmission are used, and
only a'small part of the total voice band width
available is required for each telegraph chan-
nel. Simultaneous operation of several (2 to
12) telegraph circuits may be obtained in the
voice range, each circuit being capable of
duplex operation.

(2) Carrier telegraph systems are oper-
ated sometimes on 2-wire circuits and- some-
times on 4-wire circuits or the equivalent in
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which the transmission in the two directions is
independent. In 2-wire carrier telegraph opera-
tion, different frequencies are used for the two
directions of transmission. In the 4-wire case,
the same frequencies may be used for both
directions. When using the same frequencies
in this manner the requirements as regards
crosstalk between the two sides of the circuit
are more severe for full-duplex telegraph op-
eration than they are for telephone operation.
Excecrsive crosstalk coupling between the two

~ gides of the circuit will cause serious impair-

ment of telegraph signals transmitted in one
direction because of the telegraph currents
sent in the opposite direction on the other side
of the circuit.

(8) The power levels used in carrier tele-
graph systems must be properly coordinated
with the telephone transmission levels. If the
net loss from the originating long distance
telephone switchboard to a point in the circuit
is 0 db, this point is said to be at 0-db trans-
misgion level. The power in dbm (db referred
to one milliwatt) per carrier telegraph chan-
nel, at a point of 0-db transmission level, is

known as the specific telegraph level. Typical |

specific telegraph levels for various types of
circuits are given in the following table for gen-
eral information purposes. Various particular
adjustments of telephone and telegraph equip-
ment gains or losses are made in order to real-
ize such telegraph levels. For specific informa-
tion, see the manuals on particular telegraph
and telephone ecuipments.

elephona spetem (ch. ) Sro Gy ™

Telephone Terminal CF-1-( ) (carrier)

4-channel v-ftelegraph.................... -10

6-channel v-ftelegraph.................... —10

12-channel v-f telegraph. . .................. -18
Type C or H carrier telephone

6-channel v-f telegraph.................... -12

12-channel v-f telegraph, on type C.......... —-15

11-channel v-f telegraph, ontype H.......... -18
Voice-frequency loaded cable (4-wire)

6-channel v-f telegraph. ................... -18

12-channel v-f telegraph.................... -21

b. Carrier Telegraph on Spiral-four Cable. Car-
rier telegraph systems are available for oper-
ation on one or more of the four telephone chan-
nels of a spiral-four cable system using Tele-
phone Terminal CF-1-( ). This equipment can
also be used on other wire telephone circuits,
and on radio circuits as covered by paragraph

342. A schematic of a 4-channel carrier tele-
graph terminal (Telegraph Terminal CF—2-
( )) is shown in figure 8-15. Telegraph Ter-

TLS3227-8

Figure 3-15. Elementary Schematic of Telegraph Terminal
CF-2-( ). ph

minal CF-2-( ) with or without the addition
of Telegraph . Terminal CF—6 may be operated
on either a 2-wire or a 4-wire basis and are
normally associated with Telephone Terminal
CF-1-( ). In this case the method of
.operation is designated 2-wire or 4-wire, de-
pending upon whether the connection between
Telephone Terminal CF-1-( ) and Telegraph
Terminal CF-2—-( ) uses 2 wires or 4 wires.
If a 2-wire connection is used, four telegraph
circuits can be obtained, using four frequencies
for one direction of transmission and four for
the opposite direction. The addition of Tele-
graph Terminal CF-6 to Telegraph Terminal
CF-2-( ), connected 2-wire, provides two
additional 2-way circuits making a total of six
2-way circuits. If a 4-wire connection is used
between the CF-1-( ) and two CF-2-( )
terminals, the eight available telegraph trans-
mission frequencies can be used in each direc-
tion of transmission, thereby providing eight
2-way telegraph circuits. In this case, the ad-
dition of two Telegraph Terminals CF-6 will
increase the number of 2-way telegraph cir-
cuits to 12. Telegraph Terminal CF-2-( )
may be operated on channels of the British Ap-
paratus Terminal Carrier Telephone (1 + 4),
on types C or H carrier telephone systems, or
in general over any good telephone channel.
¢. Carrier Telegraph on Type C or H Carrier
Telephone System. Another telegraph system
(packaged equipment), providing 6 or 12
channels on-a 4-wire basis, is also available for



PARS.
306-307

ELECTRICAL COMMUNICATION SYSTEMS ENGINEERING

operation on type C or H carrier telephone cir-
cuits or on 4-wire cable circuits with suitable
loading. The same frequencies are used in
both directions of transmission. Channel 2
of a type C system is normally used for tele-
graph when only one telegraph system is re-
quired; two or all three channels of a type
C system may, however, be used for telegraph
if desired. In a type C system carrying tele-
graph, the channels used for telephone serv-
ice must be equipped with volume limiters
to prevent interference with the telegraph.
In the case of type H, the number of tele-
graph channels or the quality of transmission
for a given number of channels is somewhat
restricted, depending principally on the sta-
bility of the system from a level standpoint.
Telegraph channel 1 is generally not usable.
Channels 2 to 12 can be operated simultane-
ously provided line variations are very small.
Best results are obtained by using channels 2
to 6 inclusive, or 7 to 12 inclusive.

307. SPEECH-PLUS-SIMPLEX AND SPEECH-
PLUS-DUPLEX SYSTEMS.

a. General. These systems are designed to
derive carrier telegraph from a portion of the
frequency band used by a telephone channel
while retaining the use of the channel for
speech transmission. The speech-plus-simplex
(S + SX) system, which is British, provides
service in both directions on a circuit but in

only one direction at a time. The speech-plus-
duplex (S + DX) system is used by the British
and the American Army, and provides full-
duplex service but may be operated half-duplex
if required.

b. $ 4 SX. The British speech-plus-simplex
equipment is furnished in three types: S4 SX
Nos. 1, 2, and 8. Nos. 1 and 2 are arranged to
use carrier frequencies of 300, 900, and 2,300
cycles per second. The No. 8 equipment uses
frequencies of 300, 1,740, and 2,300 cycles per
second. With any one of these three types of
equipment, two telegraph circuits, together
with a speech channel, may be obtained by using
the 300-cycle and the 2,800-cycle channels for
telegraph and the intervening band of fre-
quencies for the telephone channel. One S 4
SX system normally uses either the 800-cycle
or the 2,800-cycle frequency and uses the
same frequency in both directions of trans-
mission. Two such systems are therefore re-
quired to obtain two telegraph circuits from
one speech channel. When adverse line condi-
tions interfere with transmission, the tele-
phone can be abandoned and the telegraph
worked at one of the emergency frequencies of
900 cycles or 1,740 cycles. In the S 4 SX equip-
ment, the carrier is transmitted for spacing
and interrupted for marking.

¢. $ 4+ DX. In the speech-plus-duplex system
(British and American), a band from about
1,500 to 2,000 cycles is eliminated from the
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speech transmission circuit and used for tele-
graph. purposes. The carrier midband fre-
quencies employed are 1,680 cycles for one
direction of transmission and 1,860 cycles for
the othel: direction. Carrier is transmitted
fox: r.narkmg and interrupted for spacing. The
British equipment is known as British Appa-
ratus, V.F. Telegraph, S 4+DX. The American
equipment, Telegraph Terminal TH-1/TCC-1,
is shown schematically in figure 3-16. Further
information on Telegraph Terminal TH-1/
TCC-1 and its use will be found in paragraph
333. Interoperation of the British and Ameri-
can speech-plus-duplex equipment is described
in paragraph 361. The British S 4 SX equip-
ment is not operable with S 4+-DX equipments
gince the two use different frequencies.

d. Use of S + SX and § + DX Systems. These
systems have the advantage that the telegraph
circuit can be set up quickly without arranging
for simplexing or compositing, or setting up
intermediate telegraph repeaters. The removal
of the 1,600— to 2,000-cycle band from the
speech circuit and the losses at other frequen-
cies caused by the S 4+ DX apparatus often pro-
duce impairment in speech transmission as
discussed in paragraph 838h. It is generally
desirable to confine the use of speech-plus-
duplex equipment to cases where facilities and
time are insufficient to provide a telegraph cir-
cuit by other means. When these systems are
used, telegraph levels must be coordinated
with the telephone layout, and telephone net
losses for the S 4 DX system are restricted,
as discussed in paragraph 888.

308. METHODS OF OPERATING RADIO TELETYPE-
WRITER CIRCUITS.

a. Single Channel.

'(1) General. Single-channel teletype-
writer operation over h-f or v-h-f radio may be
accomplished by modulating or keying the
radio transmitter in a number of ways, de-
pending upon the type of radio transmitter,
radio receiver, and teletypewriter terminating
equipment used, and upon the distance of
transmission. The more common methods are
degcribed in subparagraphs (2) to (6) below,
and transmission comparisons relative to these
methods of operation are given in paragraph
809. C-w and single-tone modulation are ap-
plicable to manual and automatic Morse opera-
tion as well as to teletypewriter operation.
Two-tone modulation and frequency-shift

methods are used especially for teletypewriter
operation.

(2) Cw (Keyed Carrier). This is a
method in which the radio transmitter emits a
radio-frequency wave during closure of the
teletypewriter contacts (marking signal) and
emits nothing during spacing signals. For re-
ception of this type of signal, the radio receiver
includes a beat-frequency oscillator to provide
the audible tone from the output of the re-
ceiver to the teletypewriter receiving circuit
whenever a marking signal is received. There
is no tone during a spacing signal. A teletype-
writer receiving circuit, capable of amplifying
and rectifying the tone signals obtained from
the output of the receiver and of operating the
receiving teletypewriter in response to these
tones is required for operation with the radio
receiver.

(8) Single-tone Modulation. In this
method, the radio-frequency carrier emitted by
a radio telephone transmitter is generally
modulated with an audible tone during tele-
typewriter marking signals and unmodulated
during spacing signals. In some cases, how-
ever, the carrier wave may be modulated for
the spacing signal instead of for the marking
signal. The term tone-modulation is applied to
this method of modulation.* It is applicable to
either an amplitude-modulation or frequency-
modulation radio system suitable for speech
transmission. A teletypewriter sending circuit
that furnishes, for example, an audible tone
for marking and no tone for spacing is re-
quired for operation with the transmitter. A
teletypewriter receiving circuit that amplifies
and rectifies the tone signals and operates the
receiving teletypewriter in response to these
tone signals is required.

(4) Two-tone Modulation. With this
method the radio-frequency carrier emitted by
a radio telephone transmitter is modulated
with one audible tone during marking signals
and by another audible tone during spacing
signals. It is applicable to either an amplitude-
modulation (a-m) or a frequency-modulation
(f-m) radio system suitable for speech. A tele-
typewriter sending circuit that furnishes one
audible tone for marking and another for spac-

4 The term mew is not used in this chapter since in
radio parlance its use is rather indefinite and is related
to a number of different methods of keying. It is some-
times used to mean single-tone modulation. For further
discussion of tone-modulation and mcw, see chapter 6.
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ing is required for operation with the transmit-
ter. A teletypewriter receiving eircuit, equipped
with band filters, a fast-acting wide-range cur-
rent limiter, an amplifier-detector for receiving
marking signals, an amplifier-detector for re-
ceiving spacing signals, and a receiving relay,
is used with the radio receiver to provide the
operating currents to the teletypewriter in
response to the tones obtained from the output
of the receiver.

(5) Frequency Shift. This is a method in
which a radio wave having a particular fre-
quency is emitted by the radio transmitter
during teletypewriter marking signals and an-
other radio wave of the same amplitude but
slightly different frequency is emitted during
spacing signals. This method is sometimes
called carrier shift. Radio transmitters cap-
able of c-w emission operating in the h-f range
may be arranged for use with this method. A
suitable transmitter keying arrangement must
be provided to shift the radio frequency. A con-
ventional h-f receiver can be used provided that
suitable radio teletype terminal equipment is
available. The radio receiver is equipped with
a beat-frequency oscillator to provide the two
tones, one for marking and the other for spac-
ing, from which the marking and spacing tele-
typewriter pulses are derived. A teletypewriter
receiving circuit, equipped with band filters, a
fast-acting current limiter, an amplifier-de-
tector for marking signals, an amplifier-de-
tector for spacing signals, and a receiving
relay, is used with the radio receiver to supply
the operatmg currents to the receiving tele-
typewriter in response to the tones obtamed
from the output of the receiver.

(6) Diversity Operation. If receptlon is
on a space-diversity basis, two receiving an-
tennas spaced a few wavelengths apart, two
radio receivers, and two teletypewriter re-
ceiving circuits with one polar relay for op-
erating the receiving teletypewriter equipment
are used. If reception is on a frequency-di-
versity basis, the transmitter is modulated with
two audible tones during marking signals and
by two other audible tones during spacing sig-
nals. In this latter case, both the teletype-
writer sending and receiving circuits become
more complicated than for space-diversity re-
ception, but only one receiving antenna and
one radio receiver are required. Two-tone
modulation operation may use space diversity
with or without frequency diversity. Fre-
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quency-shift operation is commonl.v on 8
space-diversity basis.
b. Multichannel.

(1) General. Where multichannel tele-
typewriter operation is required over radio,
the single-tone modulation method may be
used where the transmission is by ground
wave, as is ordinarily the case with v-h-f radio
circuits. The 2-tone modulation method is used
primarily to aid in overcoming the effects of
fading which is experienced on h-f radio cir-
cuits using sky-wave transmission (ch. 6).
Transmission comparisons of the single-tone
modulation and the 2-tone modulation method
for multichannel teletypewriter operation will
be fourd in paragraph 310.

(2) Single-tone Modulation. In multi-
channel radio teletypewriter operation using
the single-tone modulation method, the carrier
cmitted by the radio telephone transmitter
may be modulated simultaneously by a num-
ber of audible tones, one for each teletype-
writer channel. In each channel, the tone is
usually sent when the teletypewriter sends a
marking signal and in this case no tone is sent
for spacing. The teletypewriter connecting cir-
cuits are fundamentally the same as for single-
channel single-tone modulation operation.

(8) Two-tone Modulation. In the case of
2-tone. modulation multichannel operation,
each channel is arranged fundamentally in the
same manner as for 2-tone modulation single-
channel operation. The teletypewriter con-
necting circuits are basically of the same
design as for single-channel 2-tone modulation
operation.

309. TRANSMISSION COMPARISON CF SINGLE-
CHANNEL TELETYPEWRITER METHODS OF
OPERATION.

a. Relative Transmitter Power Required for
Morse, Teletypewriter, and Voice. Various types
of radio transmitters and receivers and meth-
ods of operation have different effectiveness in
overcoming electrical interference or noise.

Method of operation carmiar power e
Manual Morse, ¢-W...........cccoiiinnnnnnn. 1
Automatic Morse, &-W......................... 10
Teletypewriter, ¢-W.............ccccevunne.n... 20
Teletypewriter, single-tone, a-m................ 40
Teletypewriter, 2-tone, a-m.................... 10
Teletypewriter, frequency-shift................. 5
Yoice, full transmitter modulation, a-m.......... 25
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Therefore, different amounts of transmitter
power are required for overcoming a given
strength of interference. Some order-of-mag-
nitude comparisons of relative power required
per channel, based largely on experience, are
given in the above table in which it has
been assumed that the receiver band-width is
roughly the same throughout and that the
transmitter is approaching full modulation.
In this table manual Morse, automatic Morse,
and voice are listed for reference purposes only.
Furthermore, the table applies more particu-
larly to ground-wave than to sky-wave trans-
mission ; that is, little or no fading is assumed.
These figures are to be considered as general
guides only, and do not necessarily apply
exactly to any particular case, since much de-
pends on the design of the transmitter and re-
ceiver, the radio frequency used, the band
width of the receiver, and the skill of the op-
erating personnel, as well as the nature of the

interference. With c-w manual telegraphy, re-
sults depend, to a large extent, on the skill and
experience of the receiving operator in copy-
ing signals through interference and in ad-
justing the radio receiver; for example, a
particularly good operator may receive signals
successfully through 6 to 15 times as much
interference as an ordinary operator. The
above estimates assume that the operator has
fair or moderate skill. It is assumed that in
teletypewriter service comparatively few err-
ors are permissible and that in automatic
Morse-code operation an easily legible tape
record is required.

b. Relative Transmitter Power Required, Fur-
ther Comparisons for Teletypewriter Operation.
Figure 8-17 gives some data for various meth-
ods of operating single-channel teletypewriter
circuits over radio. These are intended to in-
dicate, as a first approximation, the relative
transmitter power required for representative

Estimated relative ts of transmitler power required
Au;c:eddd Jor satisfactory teletypewriter operation (db)
Method of H-l. M7 radi . Pass Oan
operation - cauipment riypeor Ground-wase A-f or +-h-f Sky-wate h-f tranamission
circuil (cycles) [ (881 diversity space-diversity
recepliond receptiond

Tg or a-m tp type, with c-w keying of
Cw transmitter, and c-w (beat-frequency) 1,000
oscillator in receiver

s Qe 0°

: 100 +10to 04 Do not not
A-m tp type transmitter and receiver recommended
Single-tone 2,000 +16 to 464 compare
modulation 100 + 2to —2¢ these not
F-m tp type transmitter and receiver recommended
2,000 + 4to 0 columns
Two-tone | A-M tp type transmitter and receiver 200 ¢ + 6 to —44| horizontally® —-5to —15
tion F-m tp type transmitter and receiver 200 ¢ Oto —4- No data
Frequency | Tg or a-m h-f tp type, with c-w 2,000« ) —4 -17
shift (beat-frequency) oscillator in receiver

* A-m =amplitude modulation; f-m =frequency modula-
tion; tp =telephone; tg =telegraph; c-w = continuous wave.

® Figures in ground-wave column should not be compared
with those in sky-wave column as the data do not indicate
the relative efficiencies of ground-wave and sky-wave
transmission.

*The 0-db figure is chosen arbitrarily as a reference for
comparison with the other methods.
| 4 First figure assames 30 percent modulation of trans-
! mitter; second figure assumes 100 percent.

« First figure assumes 30 percent of full degree of mod-
ulation for which transmitter was designed; second figure
assumes full modulation.

 Assumes marking and spacing filters each having a pass
band of 100 cycles.

s By closely regulating the oscillator frequency in the
radio transmitter and receiver these pass-band widths may
be reduced with an attendant reduction in transmitter
power.

Figure 3-17. Comparison of various methods of operating single-channel teletypewriter circuits over radio.
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receiver pass bands under average conditions.
It will be noted that the differences are not
large with ground-wave transmission, whereas
with sky-wave transmission the frequency-
shift and 2-tone a-m methods offer a great ad-
vantage.

* ¢ Audio Pass-band Widths. As regards the
width of audio pass bands of receiving cir-
cuits, the single-tone and 2-tone modulation
methods have the practical advantage over the
other methods in that frequencies of audio
signals delivered to the teletypewriter -con-
necting circuits do not vary appreciably, and
narrow band filters may, therefore, be inserted
in the receiving teletypewriter circuits to eli-
minate some of the noise that would otherwise
interfere with reception. For 60-word-per-
minute teletypewriter service, a filter having
a pass band of 100 cycles (6-db point®) may
be used with the single-tone modulation
method; and for 2-tone modulation two 100-
cycle filters will permit satisfactory operation.
With the c-w and frequency-shift methods,
where frequency drift of transmitter and re-
ceiver oscillators becomes a factor, such nar-
row filters cannot ordinarily be used. The
width of the pass band of the receiving circuit
with the c-w method may be as narrow as
about 1,000 cycles, and with the frequency-
shift- method it may be about 2,000 cycles,
with the average types of radio sets. A greater
degree of protection against noise can be ob-
tained by further narrowing these pass-band
widths, if stable oscillators are used in the
radio sets or if proper compensation is pro-
vided for the frequency drifts of transmitter
and receiver oscillators ; this may require auto-
matic frequency control or frequent monitor-
ing by skilled operators.

d. Degree of Modulation. In comparing the
various methods from the standpoint of their

- ability to overcome the effects of noise, with

the single-tone and 2-tone modulation methods,

best results are obtained if the transmitter is
fully modulated. Under this condition a larger
portion of the total power transmitted is con-
tained in the intelligence-bearing sidebands
than when the transmitter is only partially
modulated. For example, with only 30 percent
amplitude modulation 10 times as much power

¢ This a rough measure of the boundaries of a band-
pass filter. The 6-db points are the two frequencies at
which the loss in the filter is 6 db greater than the mini-
mum loss in the pass band.

ELECTRICAL COMMUNICATION SYSTEMS ENGINEERING

is required to maintain the same .signal-to-
noise ratio as with full modulation. With the
c-w and frequency-shift methods, this problem
is not present because both are essentially 100-
percent modulation schemes.

e. Radio Relay Operation. Where it is desired
to transmit beyond the limit of a single radio
section with ground-wave transmission, v-h-f
radio equipments suitable for speech trans-
mission, such as Radio Sets AN/TRC-1, -3, or
-4, may be used to provide operation over sev-
eral radio sections in tandem. In this case the
single-tone modulation method is used. Multi-
section operation is, of course, more compli-
cated than single-section operation, as radio
relay equipment is introduced. The length of
each section may also have to be reduced below
that for single-section operation, because the
noise present in each section contributes to
over-all degradation of transmission. H-f
radio equipment is not recommended for mul-
tisection ground-wave transmission because of
the relatively large amount of interference
from noise in the h-f range.

f. Ground-wave Transmission. Any of the
methods described in paragraph 308a may be
used to provide a single-channel teletypewriter
circuit over a radio link where ground-
wave transmission is used. With ground-wave
transmission the permissible distance for sat-
isfactory teletypewriter operation with any of
the methods will depend on the power trans-
mitted, the radio frequency used, the antennas
used, the terrain, and the amount of noise in
the radio path. The distance ranges can be
estimated from the information in chapter 6,
together with the table in paragraph 309a and
figure 8-17. Since transmission is on a ground-
wave basis there should be little or no trouble
from fading.

g. Sky-wave Transmission.

(1) General. For distances beyond the
ground-wave transmission range, sky-wave
transmission may be used with radio sets op-
erating in the h-f range. The permissible dis-
tance of transmission will depend on the power
transmitted, the radio frequency used, the
types and directivity of antennas used, and
the amount of noise in the radio paths. In addi-
tion, the distance will depend largely upon the
severity of fading encountered in the sky-wave
paths. The frequency-shift, 2-tone modulation,
or c-w methods may be used in that order of
preference from a transmission standpoint.
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The single-tone modulation method is not
recommended.

(2) Overcoming the Effects of Fading.
Various methods may be used to cope with fad-
ing. To overcome the effects of rapid fading
prevalent in sky-wave transmission, and par-
ticularly of flat fading (uniform over the fre-
quency range of the receiver pass band) of the
telegraph channel, a preferred method is to use
either frequency-shift or 2-tone modulation
transmission in combination with a compen-
sating arrangement such as a wide-range fast-
acting constant-output current limiter in the
receiving circuit. The limiter attenuates high
currents and amplifies weak currents so as to
practically eliminate amplitude variations and
thereby furnish the detectors with signals of
a constant amplitude. In either the frequency-
shift or 2-tone modulation cases, the limiter
may be used effectively because a radio wave
is emitted at all times. In the c-w system,
it would cause éonsiderable trouble by am-
plifying the noise energy received during
the no-signal or spacing intervals. Either the
frequency-shift or 2-tone method of working
with a limiter reduces the effects of flat fading
and is of some advantage for selective fading
(nonuniform over frequency range of the re-
ceiver pass band). Furthermore, noise com-
ponents superimposed on the received signals
will cause little interference as long as they
are materially less in amplitude than the sig-
nals. The effects of fading (either flat or se-
lective) may be substantially reduced by using
space diversity, in which the receiving ar-
rangement consists of two or more antennas
spaced a few wavelengths apart, with indi-
vidual radio receivers and receiving circuits
connected to a common receiving relay.

310. TRANSMISSION COMPARISON OF MULTI-
CHANNEL TELETYPEWRITER METHODS OF
OPERATION.

a. General.

(1) In multichannel operation, it is ex-
pedient to use the tone modulation meth-
ods of operation. In the case of ground-wave
transmission systems, single-tone modulation
is preferable because of its simplicity ; for sky-
wave transmission, the 2-tone modulation
method should be used to combat fading. In
the v-h-f range, single-tone can be used on
multisection radio circuits.

(2) As regards relative transmitter
power required, receiver band width, etc., the

transmission comparisons given in paragraph
309 and figure 8-17 for single-channel opera-
tion are generally applicable. However, there
is an additional limitation that may materially
reduce the ability of a multichannel system to
operate satisfactorily. Since several different
audio-frequency currents are applied simul-
taneously to the radio transmitter, it is neces-
sary in a multichannel system to reduce the
input level of current delivered by each chan-
nel to the transmitter sufficiently to prevent
the composite current, made up of currents
from all channels, from having peaks that
will overload the transmitter. This reduction
is a function of the number of channels and
the type of equipment used ; for example, with
four channels it is 6 to 12 db. The resulting
signal-to-noise ratio in this case is correspond-
ingly less per channel than it would be with the
same system lined up and operated on a single-
channel basis.

(8) In the single-tone modulation case,
when all teletypewriter channels are marking,
the radio-frequency carrier is modulated by
all the channel tones; when all channels are
spacing the carrier is unmodulated. Therefore,
the degree of modulation varies with signaling
on the various channels. This is not true with
2-tone modulation operation. In the case of
2-tone modulation multichannel operation,
each channel is arranged fundamentally in the
same manner as for 2-tone modulation single-
channel operation.

b. Twin-channel Single-sideband System. A
suitable though elaborate arrangement for
obtaining multichannel radio teletypewriter
operation over long distances makes use of
twin-channel single-sideband radio telephone
equipment operating in the h-f range. Two
radio telephone circuits are normally obtained
over such a radio link, one telephone cireuit
using the spectrum of the lower sideband and
the other using the spectrum of the upper
sideband. Each sideband, therefore, carries
intelligence independently of the other. In
addition, a large portion of the radio-fre-
quency carrier is suppressed, which further in-
creases the efficiency of the transmitter from
a radio transmission standpoint. Such a tele-
phene channel may be used for multichannel
teletypewriter operation. When a telephone
channel of a twin-channel single-sideband sys-
tem is used for multichannel telegraph service,
the other telephone channel can be used for
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telephone, multichannel telegraph, or other
service; however, some sacrifice in the power
per channel will be required. The system is
many db better than the single-tone modula-
tion method described in paragraph 808b from
the standpoint of transmitter power required
for satisfactory teletypewriter operation over
long distances. To care for the fading prob-
lems prevalent in long distance sky-wave
transmission, limiters are provided in the re-
ceiving teletypewriter circuits and frequency
diversity is used. Frequency diversity rather
than space diversity was chosen for this par-
ticular system mainly because sufficient radio
receivers were not available initially to pro-
vide space-diversity reception. From a trans-
mission standpoint, there is apparently little
difference between the two schemes as regards
their effectiveness in overcoming selective
fading.

311. RADIO TELETYPEWRITER ARRANGEMENTS;
FIXED PLANT AND TACTICAL.

a. Radloteletypewnterarrangements avail-
able for fixed plant installations include:

(1) A single-channel system using space-
diversity with frequency-shift transmission
and using’' Radio Teletype Terminal Equip-
ment AN/FGC-1 at the receiving point. This
equipment may be used on circuits up to sev-
eral thousand miles in length.

(2) A multichannel system using 42B1
carrier telegraph equipment which provides
six single-tone modulation wide-band tele-
graph channels. This equipment, described in
paragraph 341b, is generally used with short-
haul v-h-f radio circuits.

(8) A 2-tone modulation multichannel
carrier telegraph arrangement for application
to single-sideband radio telephone systems op-
erating in the h-f range. Such a system is in
use between theater headquarters and con-
tinental United States.

b. Multichannel radio teletypewriter cir-
cuits can be set up, using tactical radio sets
operating in the v-h-f range, together with
Telegraph Terminals CF-2-A, CF-2-B, and
CF-6.

¢. Except for Radio Set AN/MRC-2 (par.-
347c), standard arrangements for single-chan-
nel radio teletypewriter circuits using tactical
radio sets are not at present generally avail-
able. Arrangements can be improvised, based
upon the use of Telegraph Terminal CF-2-B,
fixed plant Radio Teletype Terminal Equip-
ment AN/FGC-1, or British Telegraph Ap-
paratus Mark III 2-Tone.

d. For use of speech-plus-duplex systems on
radio, refer to paragraph 333i.

e. Both fixed plant and tactical radio tele-
typewriter arrangements are discussed in
more detail in section VII of this chapter.

Section IIl.

312. GENERAL.

a. Telegraph circuit layouts are formed by
combining line sections and extensions. A line
section includes terminal repeater equipment
as well as line conductors. Extensions are de-
fined in paragraph 305f.

b. In planning circuit layouts, it is essential
to have information on the maximum operable
lengths of the various types of line sections
and extensions. Furthermore, it is important
to evaluate the transmission capabilities of
the individual line sections and extensions so
as to select suitable facilities and properly
locate repeaters, including the regenerative
type. The use of transmission ratings, known
as coefficients, will aid in the efficient use of
available facilities and in planning additions.

¢. This section provides general inferma-

LAYOUT OF WIRE TELEGRAPH CIRCUITS

tion regarding laying out wire telegraph cir-
cuits. For further information, reference
should be made to TM 11-2001, TM 11-2022,
and TM 11-2087.

d. With manual operation using Morse code,

, the circuit layout problem is usually compara-

tively simple. The circuits are usually short
and nearly always on a single-section basis
since they are generally confined to the for-
ward area. Except for paragraph 816, this
section discusses the layout of telegraph .cir-
cuits for teletypewriter service only.

313. MAXIMUM LENGTHS D-C TELEGRAPH
LINE SECTIONS.

a. The distances which can be operated
satisfactorily are limited by different con-
giderations for different types of circuits and
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Mazimum length per aection (miles)
Type of cirewit and equipment Type of wire e sesion Each ”,:‘:'““";“'“" -
Neutral operation
W-110-B 40 ‘Not used
Simplexed field wire with Line Unit BE-77, BE-77-A,
BE-77-B W-143 35+ Not used
Simplexed field wire with Switchboard BD-100 and Line W-110-B Not used 25
Unit BE-77, BE-77-A, or BE-T7-B :
W-143 Not used 25
N Polar or polarential operation with Repeaters TG-30 or X-8188/
W-110-B 50 40
Simplexed field wire
W-143 75 40
16 B.&S. ga. 135 125
Simplexed lead sheath cable 19 B.&S. ga. 125 125
22 B.4&S. ga. 80 75
Simplexed open wire open wire b b
165 copper 200 200
128 copper 200 200
104 copper 200 200
80 copper 150 135
128 409, C-S 150 135
Composited open wire 104 409, C-8 135 100
80 40%, C-8 95 50
‘ 125 30% C-8 185 100
104 309, C-8 100 75
109 GS 45 25
83 GS 25 15

» The recommended lengths are for average leakage and
eapacitance conditions andshould bereduced when these con-
ditions are extreme. The recommended length of Wire
W-143 is below that for Wire W-110-B with these line units
on account of the method of limiting line current used in
these units. The resulting distribution of capacity and re-
sstance produces an unfavorable waveform with Wire
W-143. The operating range with Wire W-143 would be
greater if lower voltages and terminating resistances were
used.

b For maximum lengths of simplexed open wire, use 100
miles or {wice the maximum length for composited wire,
whichever is less.

¢ The two sections are joined without using a regenerative
repeater and the intermediate repeating arrangement is a
Telegraph Repeater TG-31, two Repeaters TG-30, two
X-61824 d-c repeaters, or a Switchboard BD-100 connection.

Figure 3-18. Recommended maximum lengths for d-c telegraph line sections.

656935 O—456——6
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operating conditions. Important factors are
leakage, capacitance, and resistance of the
line, ground resistance, waveshape distortion,
and interference. Figure 3-18 gives recom-
mended maximum section lengths for single-
section and 2-section teletypewriter operation
of d-c telegraph line sections without regen-
eration. These are intended to be used as a
guide in laying out circuits and should not be
considered as exact figures. The line section
lengths given are independent of the lengths
of the extensions. The data are for 60-word-
per-minute teletypewriter service. For 66-
word-per-minute service, reference should be
made to subparagraphs e and f below. The
lengths given in figure 8-18 are based on the
following assumed conditions:

(1) Field Wires W-110-B or W-143 on
wet ground or in water with a capacitance to
ground of 0.8 mf per mile and a leakage to
ground of 0.26 megohm per mile.

(2) Open wire leakage of 0.25 megohm
per mile to ground.

(8) Open wire leakage of 3.5 megohms
per mile between wires of a pair (ungrounded).

(4) Resistance of ground connection (as
for example, one or more ground rods to
earth) about 200 ohms for one telegraph cir-
cuit and 20 ohms for a common ground con-
nection used by more than one telegraph
circuit.

(5) Little or no interference or ground
potential.

(6) Maximum temperature of 130° F.

(7) Standard paper-insulated lead-sheath
cable of a commercial grade.

b. Under average or better than average
conditions it may be possible to use greater
lengths. Field wire may be suspended on poles
or trees or laid on dry ground; this will not
permit greater lengths of Wire W-110-B to
be used except where consistently low tem-
peratures exist, since the maximum length
given is set by line and ground resistance.
With Wire W-143, however, resistance is not
the limiting factor and the lengths may be in-
creased materially, perhaps by a factor of 2
or 8, under consistently good conditions. With
copper open wire 104 mil and larger, the
maximum length is determined mainly by
leakage. Under consistently dry conditions the
length of a single section of large gauge cop-
per open wire may be increased considerably.
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With open wire lines of small gauge copper
and lines of poorer conductivity than copper,
such as 080- and 104-mil copper-steel, the
lengths are limited by distortion introduced
by the line resistance and the characteristics
of composite sets and noise filters; these
lengths should not be materially increased
under any condition. If there is material elec-
trical interference, such as severe lightning
or more than 5 to 10 volts of a-c power induc-
tion or d-¢c ground potential difference, the
maximum lengths may need to be reduced,
depending upon the amount of interference.

¢. The maximum lengths for each section of
a 2-section d-c circuit are generally lower than
that for a single section, With copper open
wire lines 104 mil and larger, however, the
limit is determined mainly by the leakage, and
the maximum section lengths are about the
same for both cases. In many cases, particu-
larly with cable, the maximum lengths are in-
fluenced by other factors, such as interference
between telegraph circuits and telephone re-
peater spacing.

d. Ground return is assumed for operation
of d-c line sections. With metallic return,
using two simplexed pairs, the distance be-
tween stations with Wire W-110-B for one
section should be reduced from 50 miles to
about 80 miles. The lengths given for other
types of wire apply to both methods of opera-
tion.

e. It is recommended that for 60-word-per-
minute circuits no more than two d-¢c line
sections should be used in tandem for tele-
typewriter service without a regenerative
repeater. At 66 words per minute, a regenera-
tive repeater may be required at every inter-
mediate office.

f. At 66 words per minute, a reduction in
length of section is required in order to main-
tain the same transmission quality as at 60
words per minute. A number of factors contri-
bute to this reduction, and not all wires are
equally affected; but as a general engineering
rule the reduction should be in the order of 20
percent.

314. MAXIMUM LENGTHS FOR CARRIER
TELEGRAPH LINE SECTIONS.

The maximum lengths for carrier telegraph
sections are generally set by the requirement
that the telephone circuits involved be suitable
for furnishing good telephone service. How-
ever, in the case of Telegraph Terminals
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. . . . Cireuit, & Mazimum length
Type of operation Line transmission equipment ﬂ:m"::u:' apl;udum ,-"" o n(cn:cl::t)on
Field Wire W-~110-B to TG-30 25+
or X-61824 repeaters
Terminal CF-2-A, .
Polar or polarential, CF-2-B, CF-6 Field wire W-143 to TG-30 or X-61824 40+
ground-return X-61822, TH-1/TCC-1 |__ Tepeaters
Open wire or cable to X-61824 repeater 100* (not to
exceed 1,250
ohms)
Terminal CF-2-A, Any type wire, to a teletyepewriter® 10
CF-2-B, CF-6
X-61822, TH-1/TCC-1
Terminal CF-2-A, Any type wire to line unjt or Switchboard 25
X-61822 BD-100
Terminal CF-2-B, Any type wire to line unit 16
Neutral, ground or CF-6, TH-1/TCC-~1
metallic return
Terminal CF-2-B, Any type wire to SBwitchboard BD-100 12
CF-6, TH-1/TCC-1
Repeater TG-80, Field wire or cable to a teletypewriter® or 5
X-61824 line unit or 8witchboard BD-100
Repeater X-61824 Open wire to a teletypewriter® or line unit 10
or Switchboard BD-100
Polar, ground-return Repeater X-61824 Any type wire to a 2-path polar 10
termination
Neutral, ground or metallic | Regenerative repeater Field wire or cable to a teletypewriter® 20
return. Signals regener- X-66031 (cast ext neut | - -
ated to and from station to pos batt, or west ext) | Open wire to a teletypewriter® 30
Neutral, ground or metallic | Regenerative repeater Wire W-110-B or W-143 or 5
return. Signals not re- X-66031 (east ext neut cable to a teletypewriter®
generated to and from 3-way)
station Open wire to a teletypewriter? 10

s If an intermediate d-c repeater is used to increase the
length of the extension circuit of a v-f carrier telegraph
terminal, for the first section use the length given in this
table; the second section may use any of the lines of

figure 3-18 and corresponding mileage given in the column
headed Each of two sections tn tandem.

b With a line relay having a modified bias circuit. Refer
to TM 11-2022, .

Figure 3-19. Recommended maximum lengths for telegraph extension circuits.

CF2-( ) and CF-6, the maximum loss
should not exceed about 25 db between tele-
graph terminals. If extensions from Tele-
phone Terminal CF-1-( ) to the telegraph
terminals are involved, these should be rela-
tively quiet and should not have a loss in
excess of about 8 db each. Packaged carrier
telegraph equipment is installed in the same
office as the carrier telephone equipment, con-
sequently the loss in the extension is prac-
tically zero. Several carrier telegraph sections
may be included in a multisection network
provided the over-all limiting coefficient (par.
317) is not exceeded.

315. MAXIMUM LENGTHS FOR TELEGRAPH
EXTENSIONS.

a. Recommended maximum lengths for ex-
tension circuits are given in figure 3-19. The
data are for teletypewriter service at a speed
of 60 words per minute (wpm). For 66-word-
per-minute service reference should be made
to subparagraph d below. They are based on
the same assumptions as those used for the
lengths given for d-c line sections in figure
3-18 with respect to leakage, capacitance to
ground, temperature, and interference.

b. Where there is a teletypewriter station
at an intermediate point (such as the inter-
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mediate station at C in figure 3-23), the maxi-
mum distance to the station is 10 miles when
the station is located between carrier tele-
graph terminals and 5 miles when it is located
between d-c repeaters or between a carrier
terminal and a d-c repeater.
¢. When lengths greater than those shown

in figure 3-18 for simplexed operation are
required, a single wire may be used for
ground-return operation using no simplex
coils. The other side of the pair may be
used for telegraph in the case of open wire
lines. This precludes the use of these wires
for telephony. The lengths given for simplexed
circuits may then be about, doubled if the
resistance of the wire plus ground resistances
will permit the required current to be ob-
tained.

"~ d. If the maximum lengths given in figure
3-19 are used for operating at a speed of 66
words per minute, transmission will be
slightly inferior to that at 60 words per min-

oute. In the case of the longer lengths, it may
be worth while to make a reduction of about
10 percent in length to overcome this.

316. MAXIMUM DISTANCES FOR MANUAL
TELEGRAPH ON WIRES.

It is in general possible to operate Morse-
code manual telegraph over greater distances
and over poorer circuits than any other form
of electrical communication available. How-
ever, field telegraph sets are designed to meet
a variety of line conditions and some sacrifices
in the transmission possibilities have been
made to secure flexibility, simplicity, and light
weight. Telegraph Set TG-5-A has much
lower impedance and its line relay is less
sensitive than that of Telegraph Set TG-5-B
(par. 829). With low-impedance lines, such as
field wire on wet ground and open wires in
wet weather, Telegraph Set TG-5-A is prefer-
able to Telegraph Set TG-5-B. The latter set
is preferable for use on dry, high-resistance
lines and those having high ground-connection
resistance, It is also preferable in cases where
Telegraph Set TG—5—A does not have sufficient
sensitivity. It should ordinarily be possible to
operate over simplexed field wire on wet
ground up to 40 or 50 miles with reasonably
low ground resistance; with specially skilled
operators, the distance might be about doubled.
With field wires suspended from trees or poles,
the maximum distance will probably be about
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100 miles except in case of unusually heavy
leakage, such as might be experienced with
damaged insulation. Wire W-143 will gener-
ally permit manual operation over a length
materially in excess of that of Wire W-110-B.
Best results with the TG-5-B will be secured
if the transmitting operator takes a good grip
on the key and manipulates it in a forceful
snappy manner with moderate spring tension
80 as to minimize travel time of the key. This
will tend to eliminate false signals at the
transmitting end caused by transients. Tac-
tical d-c repeaters (pars. 327¢ and d) are
supplied with a manual Morse operating
arrangement. This feature is intended for
emergency use when teletypewriters are not
available. Regenerative repeaters can not be
included in a manual telegraph layout.

317. TELEGRAPH TRANSMISSION
COEFFICIENTS.

a. A figure or coefficient may be assigned
to each part of a network so that, by adding
the figures for the parts operated in tandem,
it can be predicted whether or not transmis-
sion over the circuit will probably be satisfac-
tory. In teletypewriter operation, the use of
regenerative repeaters effectively breaks the
network into independent circuits as far as
the computation of coefficients is concerned.
A further explanation of telegraph transmis-
sion coefficients will be found in chapter 12.

b. The limiting value of the sum or over-all
coefficient for sections in tandem depends
somewhat upon the grade of service desired.
The recommended limit for high-grade mili-
tary teletypewriter service is 15. Circuits hav-
ing-this limit should have no more than about
one error in about 1,600 characters (one in 4
minutes of continuous operation at 60 words
per minute) as a long-time average. This
should not be considered a hard and fast limit.
If a lower grade of performance is acceptable,
particularly if occasional periods of unservice-
ability are permissible, it may be found prac-
ti(():able to use a limiting coefficient as large as
20.

c. The coefiicient values given in figure 3-20
are estimates of the probable service perform-
ance of the circuits including the line conduc-~

_tors and terminating equipment. They apply

for either 60 or 66 words per minute, the
effect of the higher speed being compensated
for by a reduction in the recommended maxi-
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mum lengths of d-¢ line sections and exten-
sions as shown in paragraphs 813f and 315d.
It will be noted that the coefficient values in
this manual are not on precisely the same
basis as those in TM 11-2022. The principal
difference is that in TM 11-2022, one figure is

Type of circuit Ccefficient
Carrier section 2.5-5
'é‘iegmph One d-c section 57
sections Two d-c sections in tandem ' 0-12
Three or morc d-c sections in Not
. tandem recommended
Bwitchboard | Each line 2-7
BD-100 lines
Polar or polarential from a
carrier terminal to the line
side of a d-c repeater © 57
. Neutral to a teletypewriter
Extenml.m"mon or to a line unit from a d-c
telegraph repeater......... 0-2
Neutral to a teletypewriter
or to a line unit from a
carrier telegraph terminal 0-5

Figure 3-20. Telegraph coefficients.

given for a particular circuit whereas in fig-
ure 3-20 minimum and maximum figures are
given to cover a wide range of conditions. The
smaller of the coefficients for a given case is
intended for comparatively short lengths oper-
ating under favorable conditions while the
larger figure applies to longer lengths operat-
ing under less favorable conditions. The larger
figures should be applied whenever there is
doubt that the equipment and lines will be
maintained properly, or when it is suspected
that interference might be a factor of im-
portance.

d. Operation of carrier telegraph over
spiral-four cable and operation of carrier tele-
graph by means of speech-plus-duplex should
generally be assigned a higher coefficient than
operation over 16-, 19-, or 22-gauge cable or
type C or H carrier on open wire.

e. In the case of d-c line sections, two sec-
tions in tandem provide partial cancellation
of bias but there will be more likelihood of
interference. This case has a higher rating
than the single section case but not twice as
much.,

f. A d-c telegraph section consists of a re-
peater, a line to a distant point, and a repeater
at that point. A carrier telegraph section
similarly consists of a telegraph channel ter-
minal, a line to a distant point generally
equipped with vacuum-tube carrier telephone
repeaters, and the distant telegraph channel
terminal.

318. APPLICATION OF TELEGRAPH
COEFFICIENTS TO CIRCUIT LAYOUTS.

a. In using the coefficients, a diagram is
drawn for a tentative layout and a coefficient
is selected for each part of the telegraph cir-
cuit. Then a computation is made of the over-
all coefficient from each station to every other
station, assuming no regeneration. If any such
over-all figure materially exceeds the desired
limit, it will then be necessary either to sub-
stitute better transmission sections or to di-
vide the circuit into parts by the insertion of
one or more regenerative repeaters. Since
such a repeater reforms and retimes the sig-
nals, it is necessary only to compute the over-
all coefficient from each terminal to a regen-
erative repeater and from one regenerative
repeater to another and then see whether or
not the limit is exceeded. Where a regenera-
tive repeater is used at a 8-way point to
derive a branch circuit, it may be connected
to provide complete regeneration either in the
main circuit or in the branch circuit but not
in both circuits. It is necessary to take this
into account in applying coefficients to such a
circuit. '

b. Comparatively large values, sometimes
in excess of those given in figure 3-20, should
be applied where any one of the following
conditions is extreme or where several exist in
combination :

(1) Lines at or somewhat above the mile-
age limits given.

(2) Lines seriously affected by moisture
(continued rain, slush, or immersion).

(8) Poor maintenance.

(4) Excessive ground-connection resist-
ance. ' .
(5) Serious interference, such as that
from power systems, other communication
circuits, frequent thunderstorms, or ground-
potential differences.

¢. The smaller values should be applied for
favorable conditions, such as with: '
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(1) Short line sections under good con-
ditions, such as, in dry climates.
(2) Unusually well-maintained and ad-
justed equipment.
d. Intermediate values should be applied for
average conditions.

319. EXAMPLES OF TELEGRAPH CIRCUIT
LAYOUT.

a. The following examples illustrate the use
of coefficients in circuit layout work.

b. The layout in figure 8-21 is a simple one,
consisting of two line sections for service

2 ©)
REP E RER Tr
s ——— ———— s
e e e
STATION A POLARENTIAL  POLARENTIAL  STATION B

SIMPLEXED SIMPLEXED
WIRE W-110-8. WIRE W-10-8

NOTE:
TELEGRAPH COEFFICIENTS ARE CIRCLED.
TL 54992
Figure 3-21. Use of telegraph coefficients,
simple layout.

between stations A and B. Two d-c polarential
line sections using Wire W-110-B simplexed
are used with two terminal repeaters and one
intermediate repeater. A teletypewriter is
connected with short cords to the station ter-
minal repeaters. The sections are at or near
their maximum lengths and moderate inter-
ference is present, so that the maximum co-
efficient 12 (fig. 8-20) is assigned for the two
d-c sections. The coefficient for the teletype-
writer connections at the terminals is 0;
therefore the total coefficient is 12 and the
circuit should be satisfactory.

¢. An example of a layout for switched serv-
ice is shown in figure 8-22, which illustrates a
switched connection to three stations, A, B,
and C.

(1) Service to A is given over a d-c
polarential section using 80 miles of sim-
plexed Wire W-143. This is well below the
maximum length but is assumed subject to
leakage and interference, so a coefficient of 6
is assigned. The teletypewriter at station A
is connected directly to the repeater; this con-
nection has a coefficient of 0. The office con-
nection from the switchboard to the Repeater
TG-80 takes a coefficient of 2.

(2) Service to station B is on a neutral
basis over 25 miles of simplexed Wire W-143
to a Line Unit BE-77-A and then direct to a
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teletypewriter. This operates under severe
conditions and takes a coefficient of 7.

(8) Service to station C is over an office
connection to a carrier terminal, over a 100-
mile carrier telegraph section on spiral-four
cable and a 5-mile neutral extension to a Line
Unit BE-77-A, and then directly to a teletype-
writer. The coefficient for the connection from
the switchboard to the carrier terminal is 2
and that for the carrier section is 8.5. The
neutral extension is short, 5 miles, and a coeffi-
cient of 2 is assigned. The teletypewriter is
connected directly to the line unit and the
coefficient for this is 0.

(4) The sum of the coefficients from sta-
tion A to station B is 15; from station B to
station C is 14.5; and from station A to station
C, is 15.5. This layout would accordingly be
considered satisfactory for usual service re-
quirements.

STATION A

REP. O
e,
|  D-C POLARENTIAL
(© ! 30 ML SIMPLEXED
[} WIRE W-i43
® STATION B
REP. T
T6-30 ] UNIT @
D-C NEUTRAL |BE-77-A
25 MI. SIMPLEXED
@ SWITCHBOARD WIRE w-143
-1
TELEG.
&zm @ T o
ki BT
OFFICE
CARRIER
100 MI.CABLE
ASSEMBLIES
@ CC-358< Y WITH
TEARRIEA -
EQUIPMENT :’Et'icbg
| O —— R
(CARRIER)
NEUTRAL EXTENSION
[ Mu.Rgmm.cxzo @ S‘I‘ATg)N c
WIRE W-143 LINE
P
NOTE BE-77-A
TELEGRAPH COEFFICIENTS ARE CIRCLED.
TL 54990

Figure 3-22. Use of telegraph coefficients,
switched connection.

d. An example of a more complicated lay-
out, including fixed plant and tactical equip-
ment, is given in figure 8-23. The circuit from
station A to station B, together with a branch
to stations C and D, involves the following:

(1) At station A, a teletypewriter with
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aline relay is connected by a 6-mile local exten-
gion circuit over 19-gauge cable to a d-c re-
peater. A coefficient of 2 is assigned to this
extension circuit.

(2) A 50-mile line section of composited
104-mil 40 percent copper-steel operates on a
2-path polar basis. The length is well below

*6i824 |

D<C T
REP

SMI 12 GA.CABLE
STATION A

loc poLar
® 1130 My, composiTen
104 MIL 407, CU- STEEL

~ [x-éi1822
x-gi824 X-6603 X-66031 o022
RER RER REP. oy
01824
D-C
RER
CARRIER
D-C POLARENTIAL 200M. |
® | «0m.smpLexen P4
8O MIL WITH TYPE C @
409, COPPER-STEEL CARRIER TELEPHONE |
TERMINAL EQUIPMENT
X-01824
D-C
REP. | 3 . *
19 GA.CABLE X-6is22
@ CARRIER
TERMINAL]
STATION C |
x-gia24
TELEG.
o iy
RRIER
© ! e o
. X
WIRE W-H0-B IA?SIE‘:‘::':'
1ES
@ -388-¢ Y Wi @
REP TELEPHONE
e T | RRIER
EQUIPMENT
STATION D TELEG.
) CF-2-8
m& ARRIER)
ARE CIRCLED.
D-C POLARENTIAL
6 Mi. SIMPLEXED @
WIRE W-143 '
®
REP
TT Preee— T6-30
STATION B
TL 54991

Figure 3-23. Use of telegraph coefficients, fixed layout.

the limit and interference and leakage are as-
sumed to be small, so the minimum cofficient
of 5 is selected.

(8) A carrier section operates over 200
miles of 104-mil copper open wire in tandem

with a 100-mile section of Cable Assembly
CC-858-( ) (spiral-four). The open wire
section is good, and a coefficient of 2.5 is as-
signed. The spiral-four section is given a co-
efficient of 4.

(4) An extension circuit from the car-
rier terminal to B operates on a polarential
basis over 6 miles of simplexed Wire W-143.
Although this is short, leakage and mainten-
ance conditions are assumed to be below aver-
age and a value of 6 is assigned.

(5) The branch extending to stations C
and D comprises a polarential section using
40 miles of simplexed 80-mil 40-percent cop-
per-steel wire, coefficient 6; a 3-mile 19-gauge
cable loop (6 miles of wire) to an intermediate
station C, coefficient 1; a polarential line of
20 miles simplexed Wire W-143 to station D,
coefficient 6. The lengths and operating condi-
tions are such that a low coefficient value was
assigned to the extension circuit and interme-
diate values for the line sections.

(6) The over-all coefficient for the circuit
from station A to station B via the 3-way
point is 19.5; from station A to station D it
is 20; and from station B to station D it is
25.5. Since the coefficient is greater than 15
between any two stations it will be necessary
to use regenerative repeaters to divide the
circuits into parts. To provide full regenera-
tion; that is, signals sent from any station will
be regenerated before reception by the other
stations, two regenerative repeaters have been °
included in the layout representing the central
office at the 3-way point. The total coefficient
for any part of the circuit from any station
to a regenerative repeater will now be less
than 15.

320. EMERGENCY LAYOUTS BASED ON
TELETYPEWRITER ORIENTATION RANGES.

a. In certain cases it will be necessary to
set up teletypewriter circuits on nonstandard
facilities, or on conductors of unknown type
and condition, or with abnormal interference,
leakage, vacuum-tube repeater adjustment, or
the like; this might occur particularly in mak-
ing use of more-or-less damaged facilities.
When a section becomes available, a fair idea
as to its transmission capabilities may be
obtained quickly (assuming teletypewriters to
be available) by measurement of the orienta-
tion range at each end, as explained in chapter
12.
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b. With this knowledge, a decision may be
reached as to whether a circuit is likely to be
suitable for service on a single-section basis
or in tandem with other sections. The follow-
ing table gives figures which should generally

be met in order for a section to be suitable for
various cases.

¢. Thus, if the range as measured on each of
two sections is at least 50 percent, the two
sections may be used in tandem; if each meas-
ures 60 percent, four sections should generally
work satisfactorily. This assumes that the
centers of range coincide within a few divi-
sions and that the extensions at the terminals
are short. It will be desirable to make occa-
sional range checks to determine whether
there has been material change in the trans-
mission quality of the facilities,

Section IV. STATION AND SIGNAL CENTER EQUIPMENT

. Minimum
No. of sections to be Y ton range
operated in tandem per section (percenl)
L T .38
S 50
- 2 55
PPt 60
321. GENERAL.

a. This section pertains to station and sig-
nal center equipments used essentially by
operators for sending and receiving. In some
cases the station or signal center equipment
will be connected over d-c telegraph circuits
to line transmission equipments located in
nearby offices; and in other cases the line
transmission equipment may be located in the
station or signal center.

b. The equipments referred to in this sec-
tion are classified, in a general way, as tactical
- and fixed plant equipment. Electrically these
two classes are interchangeable. However,
* tactical equipment is characterized by its
portability and ease of installation. Fixed
plant equipment is not as readily moved from
one location to another and considerably more
time is required for installation and greater
protection against weather must be provided.
On the other hand, fixed plant equipment is
normally capable of handling a greater volume
of traffic.

¢. Equipment information on telegraph sets,
teletypewriter sets, and repeater sets, includ-
ing information on their major components,
will be found in TM 11-487 and the informa-
tion therein includes weights, dimensions, dis-
placements, and stock numbers.

322. TELETYPEWRITER EQUIPMENT.

a. Types of Keyboards. Two types of key-
board and type-bar arrangements are avail-
able. These are known as communication and
weather. Both are the same in lower case but
differ in some of the upper case characters.

The communications arrangement has punc-
tuation marks where the weather arrange-
ment has symbols, such as arrows to indicate
wind direction, for transmitting weather data.

b. Basic Forms of Recording and Sending.
Two basic forms of teletypewriter record-
ing are used. One of these is type copy on a
page; the other is perforations in tape with
or without typing on the tape. Equipment
which records the message in typed characters
and in perforations in a tape is a typing reper-
forator. The basic forms of sending are direct
sending manually from a keyboard or sending
automatically by means of perforated tape
from a transmitter-distributor.

c. Use of Perforated Tape.

(1) Without Typing. Figure 8-24 repre-
sents equipment such as. a model 19 teletype-
writer set which has facilities for locally per-
forating a tape which does not carry typing.
A sample of this tape is illustrated in figure
3-T7. After the tape is prepared by operating a
keyboard, it is passed through a transmitter-
distributor which sends the message signals
to the line. A page copy of the message may
be made on the teletypewriter of the set simul-
taneously with perforation of the tape, or
alternatively as the message is sent to the line.
As another alternative, the teletypewriter
keyboard may be used for sending directly to
the line without perforating tape and with a
home copy made simultaneously. A page copy
of any incoming message may be made on the
teletypewriter. The model 19 teletypewriter
set is described in paragraph 825b.
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PAGE COPY
OF INCOMING
ANO OUTGOING
MNESSAGE
SENDING
AND REGCEIVING
TELETYPEWRITER
/ TRANSMITTER SENDING AND
DISTRIBUTOR RECEIVING CIRCUIT
RATOR —
KEYBOARD
1 1
L Il
LJ PERFORATED TAPE u
OUTGOING MESSAGE
——FOR PERFORATING TAPE
OR SENDING TO LINE
TL 54909

Figure 3-24. Page teletypewriter with perforator and transmitter-distributor.

(2) With Typing. Figure 3-25 represents
equipment such as Reperforator Transmitter
TG—26-A. The typing reperforator perforates
tape and types on it at the same time; this
can be done locally from the keyboard, or from
incoming line signals. Also, the set includes a
transmitter-distributor for transmitting from

the tape, This form of tape is called chadless,

the perforations being partial in order to re-
tain paper for the typed symbols. The perfora-
tions for a character are offset 6 spaces to the
left of the printed character. A sample of this
tape is illustrated in figure 8-8. If required,
tape perforated in accordance with incoming
line signals may be passed directly to a trans-
mitter-distributor associated with another

CONNECTED TO MAKE
SENDING AND PAGE COPY OF INCOMING
ma | RSSO
TELET ITER LOCALLY AS REQUIRED.
KEYBOARD
L)

LINE 1
ANO RECEMING
—— TYPING —< i
/J REPERFORATOR
.
TRANSMITTER
DISTRIBUTOR
LINE 2
= KEYBOARD o —
BRSO |
OUTGOING MESSAGE
o e L, resrons
L
CIRCUIT OR PREPARED TP o Senong
LOCALLY TO LINE
T TL 53222-8

Figure 3-25. Typing reperforator with keyboard and transmitter-distribusor.
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line. Thus, arriving signals which are some-
what distorted but still suitable for producing
a correct copy on the typing reperforator are
retransmitted undistorted, with the same
quality as signals originating at that point. As
shown in figure 8-25, a teletypewriter may bc
connected in the circuit with the typing reper-
forator or transmitter-distributor to make a
page copy of an incoming or outgoing message.
Reperforator Transmitter TG-26-A is de-
scribed in paragraph 824b.

(8) Usage Comparison. Both of these ar-
rangements meet the requirements for signal
centers where it is often necessary to handle a
large volume of traffic, because the tapes may
be prepared locally and characters sent to the
line automatically at the maximum line circuit
gignaling speed which may be 60 words per
minute or higher. A set with a typing reper-
forator has the advantages that messages may
also be received on perforated tape and the
characters are printed on the tape, which facili-
tates handling the message. For retransmis-
sion, the transmitter-distributor may be con-
nected to the proper outgoing line by patching,
or the tape may be taken from the typing re-
perforator and inserted in a transmitter-dis-
tributor associated with the proper line.

323. SIGNAL CENTER SEMIAUTOMATIC TELE-
TYPEWRITER OPERATION.

a. A signal center is a unified collection of
several agencies of signal communication
equipped to transmit and receive messages by
electrical means and by other means if re-
quired. The term signal center includes a mes-
sage-center section and a cryptographic

section if required. A signal center may be -

established at a point, fixed or mobile, and will
be charged with the receipt, transmission, and
delivery of official messages. The traffic engi-
neering and management of signal centers is
discussed in chapter 11.

b. In signal centers with heavy traffic loads,
messages are normally handled by teletype-
writer equipment. Typing reperforators are
used for receiving messages and transmitter-
distributors for sending. This basic plan is
known as semiautomatic tape-relay operation
and such installations are specially engi-
neered. Sending and receiving equipments are
physically disassociated so as to concentrate
similar work operations. Typing reperforators
are grouped in receiving cabinets, and trans-
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mitters are arranged on sending tables and
driven by a common motor.

¢. Message and channel numbers, for iden-
tification and for making a record of the pas-
sage of the message through relay offices, are
transmitted automatically from previously
prepared tapes. Monitoring equipment is used
to make a tape record of outgoing messages,
and this tape may be used for rerunning a
message if required.

d. On certain lines in large signal centers
where the traffic load is especially heavy, two
transmitters are associated with one circuit
in such a manner that a message tape inserted
in the idle transmitter will automatically be
numbered and sent as soon as the working
transmitter becomes idle.

324. TACTICAL TELETYPEWRITER STATION
EQUIPMENTS.

a. Teletypewriters TG-7-A, T7G-7-B, and
16-37-B. Teletypewriter equipments for tac-
tical usage are arranged so that connections

POWER SELECTOR SWITCH - : .

Figure 3-26. Teletypewriter TG-7-B.

may be established rapidly by cords without
the use of tools. The equipments are portable
and transported in wooden chests. Tactical
teletypewriters require more protection from
the weather than is provided by their carrying
chests. Page-type teletypewriters supplied with
communications symbols are Teletypewriters
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writer set (fig. 8-31) is often used. The set
consists of a page teletypewriter, the keyboard
of which may be used to send to the line or to
perforate the tape, a transmitter-distributor
for tape sending, and a rectifier for furnishing

ENOING AND
RECEIVING
TELETYPEWRITER

—

oL TL53238
Figure 331. Model 19 teletypewriter set.

de for local circuits. The teletypewriter sup-
plied with a model 19 teletypewriter set is
equipped with a line relay. The motor in the
teletypewriter and the motor in the transmit-
ter-distributor is a governed series motor. The
teletypewriter is supplied with either a com-
munication or a weather keyboard.

c. Signal Corps Nomenclature for Model 15
and Model 19 Teletypewriter Sets. Joint Army-
Navy nomenclatures for models 15 and 19 tele-
typewriter sets which have been assigned
recently are given in the following table. Sets

Joint Army-Nasy ;‘:um description,
Teletypewriter TT-5/FG Code 2.18A-1 '
(communications keyboard).. . .. (model 15 printer set)
Teletypewriter TT-8/FG Code 2.16A-1
(weather keyboard)............ (model 15 printer set)
Teletypewriter TT-7/FG Code 4.15A-1
(communications keyboard)..... (model 19 printer set)
Teletypewriter TT-8/FG Code 4.13A-1
(weather keyboard)............ (model 19 printer set)

furnished according to these nomenclatures
include tables and rectifiers in addition to the
teletypewriter equipments.

d. 132A2 Teletypewriter Set.

(1) This equipment, for use especially
on radio teletype circuits, includes a typing
reperforator (without keyboard) and a trans-
mitter-distributor, mounted on the top of a
cabinet-type table. The exterior appearance of
this equipment is similar to that of the 138A2
set shown in figure 8-32. A synchronizing cir-
cuit, a power supply rectifier, miscellaneous
control apparatus, and a tape storage bin are
located inside of this cabinet. The typing re-
perforator records the incoming message on a
tape in the form of perforations and printed
characters. The outgoing message, in the form
of perforated tape, is sent from the transmit-
ter-distributor.

TRANSMITTER-
DISTRIBUTOR —TAPE SPLICER
ER TAB
NSER
‘PING
'ERFORATOR
TL 54934

Figure 332. 13342 teletypewriter set.
(2) The synchronizing circuit keeps the
typing reperforator in synchronism with

automatic signals received from the distant
sending station in case a start or stop pulse,
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!
133 A2 SET

o

MON.
LOCK~-UP

RADIO RECEIVER MONITOR CONTROL
RADIO RECEIVER CONTROL

o

(USED ONLY WHEN ARRANGED FOR MONITOR ON
SIMPLEX)
TYPING REPEATER
REPER- LINE FROM RADIO RECEIVER
FORATOR |@— <@ POLAR
TRAN REPEATER
m:f.s LINE YO RADIO TRANSMITTER
— POLAR—o

RADIO TRANSMITTER CONTROL

SEND SEND 3 REC.
MON.

TL 332488

Figure 3-33. 13342 teletypewriter sé: connected to a radio circuit, simplex or duplex ‘opa'atiou.

or even several characters are lost because of
interference or fading on the radio channel. A
key is provided for cutting out the synchron-
izing circuit when radio transmission condi-
tions do not require its use, or when the set
is used on wire circuits.

(8) A tape splicer may be mounted on
top of the typing reperforator and a number-
tab dispenser may be located on the side of the
typing reperforator beneath the tape splicer.
These are designated in figure 8-32. The tape
splicer is used to join message tapes so that
continuous transmission of a number of tele-
typewriter messages may take place. The
splicer is also used to splice message-identify-
‘. ing numbers in the message tapes. The number-
tab dispenser contains these message-identi-
fying numbers in the form of a roll of per-
forated tape with consecutive numbers
preceded by and followed by a number of
“letters” characters. The letters characters
provide space on the tape for tearing and
splicing.

e. 133A2 Teletypewriter Set.

(1) This set, used on radio or wire cir-
cuits, includes a typing reperforator (without
keyboard) and a transmitter-distributor,
mounted on a cabinet-type table as shown in
figure 3-32. These units perform the same func-
tions as the typing reperforator and trans-
mitter-distributor of the 132A2 set described
in subparagraph d above. The 133A2 set con-
tains two polar-relay repeaters, a power supply
rectifier, and two control keys. These control
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keys are used with the single-channel radio
teletype system using Radio Teletype Ter-
minal Equipment AN/FGC-1 as the receiving
teletype terminal. The synchronizing circuit
supplied in the 182A2 set is not furnished in
the 133A2 set and therefore greater stability
of the radio circuit is required. The tape splicer
and number-tab dispenser may be used in the
same manner as described for the 132A2 set.

(2) A diagram of the 133A2 set connected
to a radio circuit is shown in figure 8-33. The
repeaters provide polar transmission to and
from the radio transmitter and radio receiver,
respectively. The control features permit turn-
ing the radio transmitter on and off, monitor-
ing when transmission is taking place on a
simplex basis, and arranging the Radio Tele-
type Terminal AN/FGC-1 sc that noise and
interference will not cause extraneous opera-
tions of the typing reperforator when the dis-
tant radio transmitter is off-the-air.

(8) A diagram of two 133A2 sets operat-
ing over a wire circuit is shown in figure 8-84.
One of the 133A2 sets might be replaced by a
138A1 set (subpar. f below) or a Teletype-
writer Set AN/TGC-1 (subpar. h below) or
similar equipment, with or without interven-
ing line transmission equipment.

f. 133A1 Teletypewriter Set. Like the 182A2
and the 133A2 sets, the 133A1 set includes a
typing reperforator and transmitter-distribu-
tor for receiving and sending messages in per-
forated tape form and has the same general ap-
pearance as the 133A2 set shown in figure 8-82.
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Figure 3-34. 13342 teletypewriter sets connected to a wire line, duplex operation.

The set contains one repeater unit, for send-
ing or receiving polar signals. By the use of a
second repeater unit, it may be arranged both
to send and to receive on a polar basis. A com-
mon use of the 138A1 set is in local circuits
(called room circuits), but it may be used
with certain limitations in connection with
wire or radio circuits. The radio receiver and
transmitter control features of the 133A2 set
are not provided. A tape splicer and number-
tab dispenser may be used if required.
g. XD91 Transmitter-distributor (Two-channel
Start-stop).
(1) Thetraffic capacity of circuits operat-
ing either simplex or duplex may be doubled
under favorable conditions by the use of a 2-

TRANSMIT
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SENO- STOP LE
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NO-STOP LEVER—

TRANSFER RELAY
BEMIND COVER — -~

MOTOR SWITCH -—-—

TRANSMITTER 8 -
s

SINGLE -DOUBLE CHANN
TRANSFER LEVER - —

Figure 3-35. XD91 transmister-distributor.

channel XD91 transmitter-distributor (fig.
3-35) to send to the radio channel. This re-
quires that the channel be capable of trans-
mitting 46-cycle signals, which may be done
on systems having sufficient band width, such
as those using Radio Teletype Terminal Equip-

ment AN/FGC-1. Any d-c or extension circuits
which may be involved must also be capable of
transmitting 46-cycle signals. This method of
operation is called diplex. In diplex operation
the normal start and stop pulses are-trans-
mitted, but each of the five selecting pulses is
divided in half. The first half of each of the
five normal pulses carries the intelligence of
one channel (Transmitter B, fig. 3-35), while
the second half carries the intelligence of the
other channel (Transmitter A, fig. 8-35). A
second typing reperforator, connected in series
with the typing reperforator of the 182A2 set
or the 133A2 set, is used to receive the second
channel. The two typing reperforators are kept
in synchronism by the start and stop pulses.
One typing reperforator is oriented to receive
the first half-pulses vwhile the other is oriented
to receive the second half-pulses. The traffic
capacity in doubled, for example, from a nom-
inal 60 words per minute to 120 words per
minute for simplex operation. The capacity is
120 words per minute in each direction or 240
words per minute in the two directions com-
bined on a duplex basis.

(2) The 2-channel transmitter-distribu-
tor is substituted for a single-channel transmit-
ter-distributor on the 132A2 set, the 133A1 set,
or the 133A2 set. Two tapes may be sent from
the unit simultaneously, and either tape may
be started and stopped independently of the
other. Since the same start and stop pulses
are used, the synchronizing unit of the 132A2
set is effective on each channel. When the
traffic is light, or if the radio channel tempor-
arily deteriorates so that it will not transmit
120 words per minute, the transmitter-distri-
butor may be switched to single-channel opera-
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tion, in which case it sends 60-word-per-minute
signals. The second typing reperforator is then
shut down.

h. Teletypewriter Set AN/TGC-1.

(1) This equipment, known as a semi-
automatic packaged unit, is for use in signal
centers where a number of teletypewriter lines
terminate. It provides a means for receiving
messages from any line on perforated tape
with typing, and permits tearing the tape into
message tapes for manual insertion in trans-
mitter-distributors for sending to other lines,
as may be required. Teletypewriter Set
AN/TGC-1 is supplied in a console-type cab-
inet 65 inches high and 24 inches wide, and
includes a multiple transmitter-distributor
(two message transmitters and one number
transmitter, subparagraph (2) below) driven
by a common motor and two typing reperfor-
ators without keyboards. It also includes a
motor-driven tape winder, a rectifier, and tape
feed-out arrangement, together with the nec-

essary centrols and alarms. This unit (fig.

8-86) may be used to terminate two separate
circuits which may be operated either single
or duplex. Duplex operation may be either
neutral or polar. Typical line circuit connec-
tions for Teletypewriter Set AN/TGC-1 are
shown at A and B in figure 8-37. At A the set
is shown operating duplex on one line, and at B
operating on two lines, one single and one
duplex. .

oumsLEX
LINE

| — WINDER
TYPING

MULTIPLE
TRANS.-DIST
COMMON MOTO!

ORIVE

L— MESSAGE TAPES

Figure 3-37. Teletypewriter Set AN/TGC-1, typical line circuit connections.
P4
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Figare 3-36. Teletypewriter Set AN/TGC-1.

(2) When the unit is used for terminating
one circuit, one typing reperforator is used
for recording the received message and the
other for monitoring on the sending side of
the circuit to provide a copy of the transmitted
message. With this circuit arrangement both
message transmitters are used and the message
numbers are inserted automatically and trans-
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MULTIPLE
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DRIVE
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Figure 3-38. Elements of a single-channel radio teletype terminal and signal center.

mitted by the number transmitter. When both
message transmitters are used on one circuit,
they are arranged for tandem operation where-
by a tape inserted in the idle transmitter will
be automatically numbered and sent when the
 working transmitter becomes idle. The num-

bers sent from the number transmitter are pre-
pared as perforations in a tape and stored on
a number-tape reel, the capacity of which is
about 750 numbers.

(3) When used for terminating two cir-
cuits, a typing reperforator is assigned to each
circuit. The number transmitter may be asso-
ciated with one of the message transmitters,
and short lengths of perforated tape with tab
numbers are sent from the other message
transmitter. These numbers are stored on the
tab-number reel.

(4) The transmitter-distributor and re-
perforators operate at 60 words per minute.

326. SIGNAL CENTER TELETYPEWRITER EQUIP-
MENT USED WITH RADIO TELETYPE TERMINAL
EQUIPMENT AN/FGC-1. '

a. Teletypewriter Equipment. Reception at the
signal center may take place on the typing
reperforator of a 132A2 teletypewriter set
(par. 825d) or on the typing reperforator of
2 133A2 teletypewriter set (par. 325e).
Transmission may be from a single-channel
transmitter-distributor normally supplied with
these sets or from an XD91 transmitter-dis-
tributor (2-channel start-stop) described in
Par. 326g. The elements of a single-channel

06935 0—45—7

radio teletype terminal (AN/FGC-1) and
associated signal center are shown in figure
3-38. TM 11-2207 covers a radio teletype signal
center.

b. Circuits between Radio Stations and Signal
Center. The circuits from the radio receiving
and radio transmitting stations to the signal
center operate on a d-c basis. Normally a
metallic circuit is used between the radio re-
ceiving station and the signal center, although
a metallic or ground return circuit may be
used between the signal center and the radio
transmitting station. The allowable length of
circuit varies greatly, depending on the type
of line facility used. Reasonable maximum dis-
tances for single-channel (28-cycle signals)
ground return operation are 15 miles of cable
or 100 miles of open wire with average ground-
potential and ground-resistance conditions.
For single-channel metallic operation, these
distances might be doubled providing the line
resistances do not exceed 4,150 ohms (send-
ing) or 3,700 ohms (receiving). In the case
of diplex operation (par. 325g), these dis-
tances will have to be reduced in most cases
for satisfactory operation because of the use
of 46-cycle signals.

327. TELETYPEWRITER LINE UNITS AND D-C
TELEGRAPH REPEATERS.
a. General Comparison.
(1) In tactical teletypewriter systems,
either a line unit or a d-c telegraph repeater
(terminal or intermediate) should be used be-
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tween the line and the teletypewriter sending
and receiving equipment. Jacks are provided
on line units and d-c repeaters for the send
and receive cords of the teletypewriter equip-
ment which is generally placed close by. The
personnel in the station or signal center main-
tain the service adjustments, required for line
circuit operation by means of the external con-
trols on the line unit or d-c telegraph repeat-
ers. Line units provide neutral line transmis-
gion and d-c telegraph repeaters provide
polarentml or two-path polar line transmis-

sion.

(2) In fixed plant teletypewriter systems
the station teletypewriter equipment usually
contains a receiving relay in the teletype-
writer, in which case no line unit or d-c re-
peater is required at the station. Transmission
to and from the station is usually on a neutral
basis. The station personnel make no line cir-
cuit or extension circuit adjustments, since
they are made by the maintenance personnel
at the repeater equipment located at the cen-
tral office (sec. V).

(8) A line unit contains a line relay
which receives signals from the line and oper-
ates the receiving selector magnet of the tele-
typewriter in a local circuit. The sending con-
tacts of the teletypewriter, when connected to
a line unit, open and close the line circuit di-
rectly for sending. The line relay in the line
unit responds to these outgoing signals and
operates the receiving magnet to provide a
local copy in the same manner as it operates
the receiving magnet on incoming line signals.

(4) In the tactical d-c telegraph repeater
the receiving relay operates the receiving se-
lector magnet on incoming signals but it does
not respond to outgoing signals. The sending
contacts of the teletypewriter operate sending
relays in the repeater, and the contacts of
these relays send signals to the line circuit.
Arrangements are made to provide a local
copy of the sent signals.

b. Line Units BE-77, BE-77-A, and BE-77-B.
Line units are used generally to connect Tele-
typewriter TG-7-A or —B or the typing reper-
forator of Reperforator Transmitter TG-26—-A
to a neutral line transmission circuit or a
neutral extension circuit. All line units con-
tain, in addition to the line relay, a rheostat
for adjusting and a meter for measuring the
line current. Line Unit BE-77-A (fig. 8-39)
and Line Unit BE-77-B contain, in addition
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to these features, a bias measuring circuit for
use in adjusting the line relay and a means for
measuring the voltage of the power supply.
Line Unit BE-77-B is the same as Line Unit
BE-77-A except for minor apparatus differ-
ences. Line Unit BE-77 does not contain the

“*NE BINDING F=~=<

TL 9320
Figure 339. Line Unit BE-77-A.

bias measuring feature or a means for meas-
uring the voltage of the power supply, these
features being obtained by using Bias Meter
1-97-A and Voltmeter IS-170 in combination
with the line unit. Line units are equipped
with jacks for connecting the teletypewriter
send cord and receive cord and binding posts
for making line and ground connections.

c. Repeater TG-30 (Terminal). This repeater,
shown in figure 8-40, is used for making con-
nections from a polarential or 2-path polar
line circuit to Teletypewriter TG-7-A or -B,
or to a neutral type local circuit, such as that
used in Switchboard BD-100, Line Unit
BE-77, BE-77-A, or BE-77-B, Telegraph
Terminal CF-2-A or -B, Telegraph Terminal
CF-6, and Telegraph Terminal TH-1/TCC-1.
The polarential or 2-path polar line side may
extend to another Repeater TG-30 or similar
polarential or 2-path polar termination such
as furnished in the carrier telegraph termi-
nals. Repeater TG-80 is commonly used for
point-to-point teletypewriter circuits on long
field wire lines with or without a Repeater
TG-31 (Intermediate) described in subpara-
graph d below. The 2-path polar line oper-
ating feature is intended primarily for operat-
ing to British terminal units referred to in
section IX. The local sides of two Repeaters
TG-30 may be connected for intermediate
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operation and, if required, a teletypewriter
may be used in the local circuit for sending
and receiving, but the connection between the
repeater and teletypewriter should be limited
to the length of the teletypewriter cords. The
repeater operates on 115- or 230-volts, 50-60-
cycle ac, or on a nongrounded source of 115-
volts dc, such as supplied by a gasoline-engine-
driven power unit. A-c power is converted to
dec by a built-in rectifier. Repeater TG—-30 pro-
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Figure 340. Repeater TG-30 (terminal).

vides half-duplex service only. A manual tele-
graph set utilizing an oscillating circuit with
an adjustable tone is built into the equipment,
and a telephone headset is supplied. The re-
peater is supplied complete in a wooden car-
rying case.

d. Repeater TG-31 (Intermediate). This equip-
ment repeats directly from one line circuit to
another and provides a means for connecting
a teletypewriter to send simultaneously to both
lines and to receive from either line, one at a
time. The repeater is arranged for polarential
line operation only and it is always a differen-
tial sending repeater. It may be used to ex-

tend the operating range of certain circuits

on which the terminal equipment is arranged
for polarential (polar sending) operation. This
repeater may be used on an unattended basis
with power supplied by dry batteries or stor-
age batteries or other stable power sources.

The battery voltages should be checked every
2 or 3 days. The power source may be 115- or
230-volts, 50-60-cycle ac, 12-volt storage bat-
teries, 115-volt dry-battery, or 115-volt dc from
a gas-engine power unit. If some other d-c
source is used the positive side must not be
grounded. The a-c or a 12-volt storage-battery
source is converted to the required d-e volt-
age by a built-in rectifier and a vibrator is in-
cluded for use when the power source is 12-
volts de. This is the only d-c telegraph repeater
available for storage-battery and dry-battery
operation. A teletypewriter cannot be used
with the repeater when the power source is
dry batteries or storage batteries. Like Re-
peater TG-30, Repeater TG-31 is supplied in
a wooden carrying case and includes a manual
telegraph set.

o. X—63638 / Telegraph Repeater. This re-
peater, which is no longer in production, is
arranged for 2-path polar line operation. The
local side may be connected to teletypewriter
equipment located nearby. One local pair of
wires is required for the sending circuit and
another pair for the receiving circuit. This
equipment was produced in small quantities
pending the development of Repeater TG-30.
The X-63638 telegraph repeater is arranged
for operation only on 115-volt, 50-60-cycle ac.
A built-in rectifier converts ac to dc. The re-
ceiving relay 209FG per D-163120 may be
adjusted without using a polar relay test set,
as covered in Western Electric Company in-
struction book X-63639.

328. TELETYPEWRITER POWER AUXILIARIES
AND TELETYPEWRITER SUPPLIES.

a. Rectifiers. Selenium dry-disc rectifiers,
such as Rectifier RA-37 and Rectifier RA-87,
are used as one means of supplying the direct
current required for line and local circuits
when the primary power supply is alternating
current. These rectifiers are components of
tactical teletypewriter sets. They are portable
and supplied in wooden chests from which
they are removed for service. Fixed plant tele-
typewriter sets also use selenium-disc recti-
fiers which are electrically similar to the tac-
tical rectifiers but mechanically designed for
mounting on teletypewriter tables. The d-c
voltage output of the rectifiers may be ad-
justed to compensate for normal a-c voltage
variations; automatic regulation to compen-
sate for short period a-c voltage variations
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is not provided. The rectifiers are available for
frequencies of 256 and 50-60 cycles and for a-c
input voltages of 115 volts or of 230 volts
with provision for a 115-volt, a-c source for
teletypewriter motors.

b. Power Units. When no other power source
is available, gasoline-engine-driven generator
sets may be used at outlying teletypewriter sta-
tions and, in some cases, in signal centers to
supply power for line and local circuits and
for teletypewriter motors. At a station con-
sisting of a line unit or repeater and one tele-
typewriter, Power Unit PE-77 with a rated
output of 250 watts may be used. Power units
of a higher rating are available for larger
groups of teletypewriters and for use in sig-
nal centers. For example, Power Unit PE-75
with a rating of 2,600 watts is a typical unit.

c. Teletypewriter Supplies. All teletypewriter
equipments require lubricating oil and lubri-
cating grease for proper operation. The one
type of oil and one type of grease which are
available (TM 11-487) are obtained through
normal supply channels. Page teletypewriters
require rolls of paper and inking ribbon. Typ-
ing reperforators require rolls of tape and
inking ribbon. Keyboard perforators require
tape. The chest for Line Unit BE-77,
BE-77-A, or BE-77-B may be obtained with
a supply of paper and ribbon for use with a
teletypewriter. The chest for Line Unit
BE-77-A or -B, when furnished with Reper-
forator Transmitter TG-26-A or TG-27-A,
may be obtained with a supply of tape and
ribbon. Teletypewriter rolls of paper may be
procured for single copies, or with carbon
paper for duplicate or triplicate copies.

329. MANUAL TELEGRAPH SETS.

a. Telegraph Sets TG-5—-A and TG-5-B are
tone telegraph sets of the open-circuit d-c type
used for telegraph communication. A few in-
termediate stations may be used between ter-
minal stations. These sets consist essentially of
an electromechanical oscillator also known as
an interrupter or howler, a line relay, a tele-
graph key, and a headset. The oscillator is
used only to convert the d-c line signals to an
audible tone in the headset. Telegraph Set
TG-5-B is shown in figure 8-41. The line re-
lay in Telegraph Set TG-5-A is a 600-ohm
relay and about 1.0 to 1.5 milliamperes mini-
mum operating current is required. It has air-
gap and spring tension adjustments. The line

Figure 3-41. Telegraph Set TG-5-B.

relay in Telegraph Set TG-5-B is a 4,400-ohm
relay and requires about 0.2 milliampere mini-
mum operating current. It has spring tension
adjustment only. The liné battery is normally
a 22.5-volt dry battery and the local battery
for operating the interrupter is normally a
3-volt battery. Two batteries may be used to
provide a 45-volt line battery when required.
The sets are equipped with a calling-in bell
which is disconnected when the headset is
plugged in.

b. By the use of an adapter cord, a manual
telegraph set may be used as a tone keyer for
the transmitter of certain radio sets designed
for voice operation. This adapter cord may be
used with Radio Sets SCR-508, SCR-&10,
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SCR-608, SCR-610, or SCR-A19. It is fur-
nished with a Plug PL-56 containing a 400-
ohm resistor for connecting to the telegraph
set and a Plug PL-68 for connecting to the
radio set.

330. AUTOMATIC KEYING AND RECORDING
EQUIPMENT.

a. Boehme equipment is generally used to
automatically transmit and receive Interna-
tional Morse-code telegraph signals primarily
on radio. The operating speed is adjustable and
it may be operated up to about 400 words per
minute. The equipments are arranged on tables
at the transmitting and receiving points.

b. At the transmitting point the equivalent
of dots and dashes are perforated in tape
(fig. 3-6) by the use of a Wheatstone perfora-
tor which has a typewriter keyboard. The
tape is then run through a keying head
mounted on a keying head drive. The keying
head, controlled by the perforated tape, sends
mark and space signal conditions to the exter-
nal circuit to the radio transmitter. The basic
principles of a neutral keying circuit and a
polar keying circuit are illustrated in figure
3-42. Figure 3-43 is a diagram of the principal
units used on a transmitting table. Figure 3-44
is a photograph of a Boehme keying head, type
4-E with keying head drive, type 4-D.

Figure 3-43. Transmitting table equipment.

L 83237-3 I;I
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. L 53240
Figure 3-44. Boehme g head, type 4-E with
keying head drive, type 4-D. }

c¢. At the recéiving point, the principal
equipments are a Boehme ink recorder and re-
corder driving unit, a tape puller with mag-
netic release attachment, a tape puller with
rewind reel attachment, and a tape bridge.
Recorder BC-1016, instead of Boehme record-
ing .equipment, is sometimes used for receiv-
ing signals. The Boehme recorder driving unit

I
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REEL ATTACHMENT RECORDER DRIVING WT‘ ] RECEIVER
3MOT USED FOR WIRE LINE RECEPTION
: TL-34963

Figure 3-45. Block diagram of equipment elements at a receiving terminal.
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Figure 3-46. Receiving table equipment.
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Figure 3-47. Boehme ink recorder, type 4-G.

receives keyed-tone dot and dash signals from
a radio receiver or similar source and converts
the signals to direct current to operate the ink

recorder. The coil in the ink recorder actuates
a fountain-type pen which makes a record on
the tape symbolic of dot and dash signals. The
c¢lements of a typical arrangement at a receiv-
ing terminal are shown in figure 8-45. Receiv-
ing table equipment is illustrated in figure
8-46. A photograph of a Boehme ink recorder,
type 4-G is shown in figure 3-47.

d. Boehme operating equipment is em-
ployed in Radio Set AN/MRC-1 which pro-
vides facilities for high-speed automatic Inter-
national Morse-code c-w transmission and
reception in addition to the normal functions
of Radio Set SCR-899 (component of
AN/MRC-1). Radio Set AN/MRC-1 is housed
in two shelters, a transmitting Shelter HO-17
and an operating Shelter* HO-17 or HO-27.
The transmitting shelter includes the radio
transmitter, amplifier, and one receiver. The
operating shelter includes three radio receivers
and the Boehme equipment. The Boehme equip-
ment consists of a keying head and a hand
keying circuit, a Wheatstone tape perforator,
a recorder driving unit, an ink recorder and
associated tape puller, two tape bridges, and
two tape pullers with winding reels. Running
spares for each major component of Radio Set
AN/MRC-1 are supplied in their respective
shelters.

Section V. TELEGRAPH LINE

331. GENERAL.
a. This section pertains to equipments
which are generally located at an office at the

TRANSMISSION EQUIPMENT

termination of a line transmission section,
such as an open wire line, spiral-four cable,
or field wire. Extension circuits may extend
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| polarential operation. Channels 1 to 6 are fur-
nished in the X-61822A package and channels
7 to 12 in the X-61822B package®.

333. SPEECH-PLUS-DUPLEX SYSTEM USING
TELEGRAPH TERMINAL TH-1/TCC-1.

a. A general description of this system in-
cluding a schematic diagram is in paragraph
807. Figure 3-61 is a photograph of the equip-
ment.

N . TLS3240-3
' Flgure 351. Telegraph Terminal TH-1/TCC-1.

b. The telegraph and speech channels de-
rived from the common telephone circuit are
entirely independent on the office side of the
terminal. The d-c telegraph loop options are
neutral half-duplex, neutral full-duplex, polar-
ential, and 2-path polar. Carrier is on for
mark and off for space.

c. The telegraph terminal may be stacked
with telephone and telegraph packaged equip-
ments. The equipment contains a power sup-
ply unit using a selenium-disc rectifier. Run-
ning spares are included.

d. The telephone branch of the terminal in-
cludes a 1,000- or 500-cycle voice-frequency
ringer for ringing over the common circuit.
The telephone branch also includes a neon tube
limiter circuit designed to prevent interference
into the telegraph, caused by peaks of signal-
ing or speech voltages originating in the tele-
phone branch of the system and acting on non-
linear elements, such as amplifiers, in the
common branch. The limiter should be in-
cluded, and voice-frequency ringing used, when
the common circuit includes a repeater or other

*The freauencies used are shown in the telegraph
frequency allocation chart in chapter 5.
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amplifier or a modulator. In other cases, 20-
cycle or d-c signaling may be employed as an
option without the limiter.

e. Telegraph Terminal TH-1/TCC-1 is de-
signed to transmit either one of two values
of telegraph power: —8 dbm and +4 dbm
(ch. 12). The values of —8 dbm will always be
used except on telephone lines containing no
repeater, amplifier, or modulator or where a
long connection, equivalent to approximately
7-db attenuation, is used between Telegraph
Terminal TH-1/TCC-1 and the telephone or
radio terminal.

f. The 1,800-cycle loss between two Tele-
graph Terminals TH-1/TCC-1 ordinarily
should not exceed about 25 db. The telegraph
receiving terminal has sufficient gain to permit
reception of powers as low as —53 dbm at
1,800 cycles (that is, over a loss of 60 to 57
db), but powers as small as this will be usable
only if circuit noise and interference from tele-
phone into telegraph are very low.

9. A separate filter, Filter F-2/GG, can be
used to bypass the telegraph circuit from one
telephone circuit to another without any other
telegraph equipment. If this filter is located
near a 2-wire intermediate telephone repeater,
the impedance irregularity introduced by the
filter will tend to restrict the repeater gain
obtainable without repeater singing.

h. When Telegraph Terminal TH-1/TCC-1
is applied to a telephone circuit, allowance
should be made in the circuit layout for re-
sulting impairment to speech transmission.
The suppression of the band of frequencies
between 1,600 and 2,000 cycles in the speech
branch, impairs intelligibility because of the
distortion and loss in volume. Tests have indi-
cated that on circuits of good quality, this
suppression is equivalent to increasing the net
loss of the telephone branch by about 5 db.
Qualitative observations on a long wet Wire
W-110-B circuit indicated that the transmis-
sion impairment is less for such a circuit. The
1,000-cycle attenuation through each terminal,
including the limiter, is about 1.5 db. Hence,
the total transmission impairment in ordinary
cases is about 1.6 4 1.6 4+ 5 = 8 db for a pair
of terminals. When telephone circuits equipped
with this apparatus are connected together,
the transmission impairment, as compared to
that without apparatus, is about 8 db for the
first link, plus 8 db for each additional pair of
termmals or of Filters F-2/GG.
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333-334

i. Telegraph Terminal TH-1/TCC-1 can be
apphed to multichannel radio relay systems
using carrier telephone terminals. It cannot
be used on radio circuits operating on a push-
to-talk basis since it requires that the circuit
be capable of simultaneous transmission in
both directions. Modification of radio circuits
normally push-to-talk, in order to use this
terminal, is not recommended. It would in-
volve the use of two radio-frequency assign-
ments, one for each direction of transmission,
equipment changes, and new operating pro-
cedures to prevent singing, since Telegraph
Terminal TH-1/TCC-1 is on a 2-wire basis.

334. D-C TELEGRAPH REPEATERS.

a. General. D-c telegraph repeaters are clas-
sified broadly as terminal repeaters, inter-
mediate repeaters, and regenerative repeaters.
Terminal repeaters are arranged for connec-
tions to a line on one side and to an extension,
including teletypewriter equipment, on the
other side. Intermediate repeaters are ar-
ranged for direct repetition between two line
sections, and their use on certain kinds of wire
increases the allowable over-all circuit length
between terminals. Since regenerative repeat-
ers reform and retime the signals, they extend
the over-all allowable circuit lengths of tele-
typewriter networks by increasing substanti-
ally the number of sections operable in tandem.
Regenerative repeaters (par. 885) do not in-
crease the length of a line section.

b. Tactical D-c Repeaters. Repeater TG-30
(Terminal) and Repeater TG-31 (Intermedi-
ate) are suitable for office installations as well
as for stations and signal centers. If desired,
these repeaters may be removed from their
wood carrying cases and mounted on 19-inch
relay racks or the equivalent. Office installa-
tions of Repeater TG-30 will generally consist
of connecting the local side to a carrier tele-
graph terminal or to Switchboard BD-100, in
order to provide longer circuits than can be
obtained with the polarential circuit termina-
tion integral in the carrier terminal or the
neutral circuit termination in Switchboard
BD-100. Such applications require use of Re-
peater TG-30 at the outlying end of the circuit.
Repeaters TG-30 and TG-81 are described in
paragraph 327,

¢ X-61824 D-c Telegraph Repeater. This re-
peater is packaged equipment for use in fixed
and semifixed plant and lacks the portable fea-

tures of tactical d-c repeaters. A photograph of
this packaged equipment is shown in figure
8-52. The line side is electrically equivalent
to the line side of Repeater TG-30 and hence
provides polarential or 2-path polar operation.
This equipment is operable over a line circuit
to a Repeater TG-30. The extension side is
arranged for neutral half-duplex, neutral full-
duplex, and 2-path polar operation. The neu-
tral half-duplex and neutral full-duplex ter-
minations are suitable for interconnection with
other packaged telegraph equipment, such as
the X-61822 v-f carrier telegraph terminal

_and the X-66031 d-c regenerative telegraph

. ALARM LAMP
guieE, o~
METER AND
MONITORING RE! MONITORING,
SPARE 10 AMP FL KEY PANEL
SPARE RECTIFIt JACK FIELD
TuBE .
$PARE POLAR-
l- REP 1
PATCH CORD - I"“" a
4130 VOLT
RECTIFIER
l —130 vOLT
RECTIFIER
FusEs
AC DISTRIBUT r—convmltmt
OUTLET BOX conven

E—
T 83232

Figure 3-52. X-618244 d-c telegraph repeater package.

repeater. Two d-c repeaters are supplied in a
8-foot 6-inch metal cabinet which also con-
tains positive and negative 180-volt d-c regu-
lated rectifiers for operation on 115-volts 50-
60-cycles ac. Two repeaters in the metal cab-
inet comprise the X-61824A d-c telegraph
repeater package. The two repeaters in one
cabinet, or two repeaters in different cabinets,
may be interconnected locally to provide the
equivalent of an intermediate repeater, and a
teletypewriter, regenerative repeater, or both
may be inserted in series in the extension cir-
cuits. The line operating range of the X-61824
d-c telegraph repeater is the same as Repeater
TG-30, and they may be operated on the same
types of conductors.

87



Digitized by GOOS[(),



p—— ———— e —

PAR.

CHAPTER 3. TELEGRAPH SYSTEMS 336
135 M1 368 0P M
A T .o:°:.g.°3;. T [Ree SAME AS (&) REGH T ===
COPPER STEEL

75 Ml 404 O PM.

100M! 3680 P M, | i
A ]
B T Q) T | 1 [SAMEAS ) o LlpegH v |PAMEAS(A)] o | y [SAMEAS(A) ; UpegH v f—--
104 MIL 4L P
COPPER STEEL
s LEGEND: .
- CARRIER CARRIER =
C | REG T D-C TELEGRAPH
REPEATER
D-C POWER FROM D-C TELEGRAPH
REPEATER CABINET M V-F CARRIER TELEGRAPH
c CHANNEL TERMINAL:

v |EXTENSION EXTENSION
D &aRmer ! <> B
T REG

INI
T ReG < oo T r_:ASET

SEE NOTE
T EXTENSION

E  Dime
WEST

D-C LINE
: T

]
BRANCH
CIRCUIT

NOTE

==« D-C LINE SECTIONS

REG| D-C REGENERATIVE
TELEGRAPH REPEATER

WITH REGENERA-

THIS D-C REGENERATIVE REPEATER IS REQUIRED IF NECESSARY
TO PROVIDE REGENERATION ON "LINE WESTY, WLINE EAST ", AND

"BRANCH CIRCUIT.!

T ranEATERS LINE RELAY EQUIPPED
AS REQUIRED. LA
TT | TELETYPEWRITER
CARRiER_| V ' CARRIER
UiNe wesT] & [ | REC TNeEast
l SEE NOTE
T EXTENSION
'
'
j I
D-C LINE 1
HIRa
1
BRANCH
CIRCUIT
TLS3246-8

Figure 3-54. Typicel uses for regenerative repeaters.
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Figure 3-55. Repeater TG-30 connected to X-66031
dc regenerative telegraph repeater.

repeater may be arranged for balanced loop
or open and close loop operation to meet par-
ticular service requirements. Service will be
on a half-duplex basis except with carrier tele-
graph terminals which may be arranged for
either half- or full-duplex service. In prac-
tically all cases standard operating practices
and line-up procedures are used throughout.

b. Use with Repeater TG-30. The X-66031
d-c regenerative telegraph repeater may be
used with Repeater TG-30 as shown in figure
3-55. A separate 1,600-ohm resistor connected
to negative battery is required for connection
to the No. 2 LOCAL binding post of each Re-
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peater TG-30. The 1,600-ohm 10-watt fixed
resistor (Stock No. 8Z26160-15) which is a
replacement part for Line Units BE-77-A and
-B may be used. An external source of positive
and negative 1380-volt battery is required as
described in subparagraph e below.

SL S

a
WESTl x-66031 %

EAST
EXTENSION
=130V 4130V

NEUT
HALF DX
FULL oxJ'°1'.’°3

CF-2-C)
CF-6
TH-1/TCC-I

I—NLEG Rec T $*P0ros a:c':rll
a. I
OPERATE TO NEUT =

TO NEG BAT,, NEUT.

TO POS BAT,OR

NEUT. THREE WAY

AS REQUIRED. TLS4999

Figure 3-56. Telegraph Terminal CF-2-( ). CF-6, or
TH-1/TCC-1 connected to X-66031 d<
regenerative telegraph repeater.

¢. Use with Carrier Telegraph Terminals. The
regenerative repeater may be used between
any combination of Telegraph Terminals
CF-2-( ), CF-6, or TH-1/TCC-1. The car-
rier terminal extension circuits (loops) are
electrically equivalent to those in the X-61822
packaged carrier telegraph terminal. A source
of positive and negative 180-volt telegraph
battery is required for the regenerative re-
peater as described in subparagraph e below.
Figure 3-56 shows a block diagram of a typical
connection.

"ANY LINE IN SWITCH-
BOARD LINE MUST
SUPPLY =119V
MARKING.

b OPERATE TO NEUT
TO NEG BAT,NEUT =
TOPOS BAT. OR
NEUT THREE WAY '

AS REQUIRED.

TLS4090

Figure 3-57. X-66031 d-c regenerative telegraph repeater
connected to a line in Switchboard BD-100.

d. Use with Switchboard BD-100. The regen-
erative repeater may be used with ‘any line
circuit terminating at a Switchboard BD-100
as shown in figure 3-67 or it may be used as
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a cord circuit repeater as shown in figure 3-568

to regenerate all signals received and retrans-
mitted in a switchboard connection. A cord,
for example Cord CC-68 (modified), can be
used to connect the regenerative repeater into
the vacant lower jack of a Switchboard BD-100
connection. Any or all of the four regenerator
units in an X-66081A cabinet may be modified,
The 1,600-ohm resistor required for connec-
tion to terminal 5 may be secured as described
in subparagraph b above.

e. Power Supply for Regenerative Repeaters.
The motor on the regenerator panel requires
about 150 watts at 105- to 125-volts, 50- to 60-
cycles ac and the alarm circuits require about
6.6-volts ac. The transmission circuits requi<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>