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PREFACE TO FIRST EDITION

Ta1s book is intended for electrical engineering students
and as a reference book for practicing telegraph and tele-
phone engineers and for others engaged in the arts of elec-
trical communication. It presents in a logical manner the
subject of modern overland and submarine telegraphy
from an engineering viewpoint, its theoretical and practical
aspects being correlated. No attempt is made to describe
all telegraphic devices and to explain their operation, but
rather to consider one or more representative types for the
accomplishment of the various desired objects, thus per-
mitting a presentation of the subject matter in proper per-
spective. The book is the outgrowth of the course in
Telegraph Engineering given by the author for a number
of years at the Polytechnic Institute of Brooklyn.

A knowledge of elementary electricity and magnetism
is presupposed. For understanding the mathematical
demonstrations a knowledge of algebra will in many cases
suffice, but in other cases, appearing toward the latter part
of the book, the calculus is a necessary adjunct, the study
of which frequently precedes or accompanies the vocational
studies of students and progressive telegraph workers.
That the use of higher mathematics is important in the
thorough pursuit of telegraph and telephone transmission
studies is evident from an inspection of the writings of
Lord Kelvin, Heaviside, Kennelly, Pupin, Campbell, Mal-
colm and others. Those not versed in mathematical
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processes, however, may yet share in the value of the
demonstrations by an analysis of their conclusions and an
examination of the numerical illustrations based upon them.
The solution of practical problems appended to each chap-
ter will assist in a complete understanding of the principles
presented.

The author expresses his appreciation and thanks to Mr.
Herbert W. Drake, Apparatus Engineer of the Western
Union Telegraph Company, for making helpful suggestions
and for reading the page proofs of the first six chapters.
He also gratefully acknowledges the inspiration and en-
couragement in the preparation of this work derived from
his intimate association with Dr. Samuel Sheldon, Professor
of Physics and Electrical Engineering at the Polytechnic
Institute of Brooklyn.

E. H.

BrookLyN, N. Y.
January, 1915,

PREFACE TO SECOND EDITION

IN this edition a number of changes have been made to
bring the text in accord with present practice, and a section
on carrier-current telegraphy has been added. The author
expresses his thanks to Mr. George W. Janson of the
Western Union Telegraph Company for suggestions in
the revision of the text dealmg with apparatus used by
that company.

E. H.

BrookLyN, N. Y.
September, 1922.
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TELEGRAPH ENGINEERING

CHAPTER 1
SIMPLEX TELEGRAPHY

1. Simplex Signalling. — The transmission of intelligence
between two points by means of electricity was accom-
plished in 1837 by Professor Samuel F. B. Morse of New
York University.* Seven years later he constructed the
first telegraph line in this country (Baltimore to Washing-
ton). The modernized system comprises a conveniently-
operated switch called a key, for opening and closing the
circuit at one place, a source of electric current, an electro-
magnetic receiving device capable of producing an audible
effect, called a sounder, at another place, and a line wire con-
necting the two places or stations. Signals are transmitted
over such a circuit by opening and closing the circuit by
means of the key for long and short intervals in ac- -
cordance with a prearranged code, and are interpreted
at the other station by the sounds produced by the move-
ments of a pivoted spring-controlled lever actuated by an
electromagnet which is traversed by the current pulses
established by the key. In order to transmit messages in
either direction, the apparatus mentioned is duplicated
and connected with the single line wire as shown in Fig. 1.

The earth is generally utilized as the return path for the

. * Earlier electric telegraphs are described in J. J. Fahie’s ¢ A History of

Electric Telegraphy to 1837.”
1



2 TELEGRAPH ENGINEERING

current, thereby saving the expense of another line wire
and also avoiding the additional resistance introduced
thereby. The resistance of the ground-return path GG is
negligible in comparison with the resistance of the line wire,
for 'in nearly all cases it is less than one ohm. This low
resistance is due to the enormous cross-sectional area of the
earth path, although the conductivity of the earth’s crust is
poor. Recent experiments, made by Lowy, indicate that
the specific resistance of a variety of rocks is greater than
10° ohms per centimeter cube, depending upon the amount
of moisturejin them. To attain low earth resistances it is

® ®

u%;‘ ‘;E=Lr

S S
L
o : a
+ -

B
— =

A— h—=4
=6 =

Fig. 1.

essential that good connections be made between the line
wire and earth, by iron pipes driven in damp ground or
more usually by attachment to municipal water pipes.
When the line is idle the circuit of Fig. 1 is kept closed
by means of the circuit-closing switches s, s in parallel with
the keys K, K, causing a current to flow continually from
ground G at station A through switch s, battery (or
generator) B, sounder .S, line L, sounder S, battery (or
generator) B, and switch s to ground G at station B. When
the operator at station A wishes to send messages, he
interrupts the current by opening his circuit-closer s (as
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shown in Fig. 1) and then establishes current pulses by
depressing his key for long or short intervals producing
respectively so-called daskes and dofs, various combi-
nations of which constitute the letters and numbers of a
code. These current pulses flow through the windings of
both sounders, causing the armatures on the levers to be
attracted and released repeatedly and causing the other
ends of these levers to strike against lower and upper
stops, / and ». The long and short intervals between the
two different sounds produced by striking the lower and
upper stops are translated by ear as dashes and dots by
both operators. The sending operator therefore hears his
own message and is enabled to detect possible errors; it
also serves as an indication that the line is not open-cir-
cuited. When the operator is through sending signals, he
again completes the circuit by means of the circuit-closer,
thereby enabling the other operator to answer.

The system described permits of signalling in only one
direction at a time, and is therefore called a single Morse,
or conveniently, a simplex telegraph system. It is still in
use at present for short distances, and with more sensitive
receiving instruments may be used for longer distances.

2. The Use of Relays. — The lever of a sounder must
have a certain mass so as to produce loud and distinct
sounds when striking the stops. A definite magnetizing
force is required to move the lever with positiveness in
opposition to its adjustable retractile spring. This mag-
netizing force is measured by the product of the number of
turns of wire on the sounder winding and the current
traversing it. Sounders of the usual construction require
from 150 to 500 ampere-turns for proper operation.
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On long lines having high resistance the current is
necessarily small for practicable voltages, and it would not
be feasible to use ordinary sounders wound with a great
many turns of fine wire to secure a proper magnetizing'force
because of the additional resistance introduced. Instead,
more sensitive instruments, called relays, are used, which
have light armatures with contact points that open and
close local circuits containing sounders and local batteries.
~ Such relays for simplex signalling require a magnetizing
force of from 70 to 300 ampere-turns.

For a given impressed voltage E on a perfectly insulated
ground-return line of length / miles, having a resistance of
R ohms per mile, with two receiving instruments each of
R, ohms resistance, the steady current in the circuit is

I amperes.

- £
IR+ 2R,
If Iy, be the minimum current which will actuate the

receiver, the limit of transmission for a given voltage E is

.

If ‘the electromotive force E be developed by N, series-
connected primary batteries, each of voltage e and internal
resistance R,, then replace E in the foregoing equations by
Ny (e — InminRy).

Thus, if two 20-ohm sounders requiring a current of
1 ampere be the receiving instruments on a 12.4-ohm-per-
mile ground-return line, the maximum length of line
operated on 140 volts would be

lnax =-Ii(£i-— 2 X 2o)= 52 miles;
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whereas if 150-ohm relays requiring a current of o.04
ampere be the receiving instruments, the distance of trans-
mission over this line would be
bnax = -i—(lftg -2 X 150)= 258 miles,
12.4 \0.04

a distance five times as great as before. By the use of
lines of lower resistance per unit length, the distance of
transmission can be increased in both cases.

The voltage necessary for telegraphic transmission over
a given distance can also be found from equation (1).
Voltages over 200 are rarely employed in simplex signalling.

The windings of relays and sounders are generally des-
ignated by their resistance although the number of turns
is the important consideration; this is done because of the
ease in measuring the resistance of a finished instrument.

3. Closed- and Open-circuit Morse Systems.— The
simple Morse circuit of Fig. 1 is normally closed, that is,
it carries a current when no messages are transmitted, and
is therefore called a closed-circuit system. The connections

® ©, Lo

rY, s R s
. L L s
B ~ B =

Pig. a.

of a closed-circuit system employing relays and local cir-
cuits at the stations are shown in Fig. 2, which also includes
an intermediate station. When the operator at station 4
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depresses his key the three relays R will be actuated and
their armatures will be drawn from the rear stops 7 and
strike the front contact screws f, thereby completing the
three local circuits and permitting the local batteries b to
operate the sounders. As many as thirty or forty inter-
mediate stations may be connected in series on a single
line, but only one operator can send at one time; all oper-
ators, however, may receive the message whether intended
for them or not. If another operator wishes to send he
must wait until the line is idle, or else, if the urgency of
his message warrants, he may interrupt traffic by opening
the circuit at his station with the switch s, and then trans-
mit. Such interruption also takes place when one oper-
ator wishes to verify a portion of a message transmitted by
another.

- The closed-circuit telegraph system is used throughout

the United States. It is important that the relays on a
circuit be of the same type, or, more specifically, that they
have the same number of turns on their windings for the
same core construction, so that the common current in the
circuit will occasion the same magnetizing force in each
relay and insure proper functioning of the armature.

If primary or secondary cells are used as the source of
current, they may be grouped together forming one bat-
tery at one station, may be divided into two batteries
located at the terminal stations, or may be apportioned
among the various stations forming a number of separate
batteries, care being exercised not to have some batteries
connected in opposition to others. A single battery in a
circuit conduces to uniform care of all cells and to economy
of maintenance. On the other hand, should a circuit with
a single battery at a terminal station become grounded, all
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stations beyond the ground would be rendered inoperative
and unable to communicate with each other. A ground
on a circuit with- two terminal batteries prevents through
operation, but the stations on each side of the ground can
temporarily maintain local communication.

Another simplex telegraph system is used extensively in
Europe, namely the so-called open-circuit system, in which
the main-line circuit is really normally closed but does not
include a source of current when no messages are being
transmitted. The system derives its name from the fact
that all batteries are normally open-circuited. The con-
nections of two terminal stations and one intermediate
station using the open-circuit system are shown in Fig. 3,

L - ®K L OK

IT 1.

Fig. 3.

the letters having the same significance as before. The de-
pression of a key at a station introduces the source of
current at that station into the circuit and causes the
operation of the relays at all the other stations. These in
turn operate the sounders through the local batteries, as
before. :

In the open-circuit system the voltage of the batteries
or generators at the various stations should be the same
and sufficient individually to operate the entire circuit,
whereas in the closed-circuit system the current sources
may be subdivided arbitrarily so long as the aggregate
voltage is sufficient to operate the entire circuit. Since
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current flows when no messages are sent in the closed-
circuit system, a greater amount of electrical energy is
required for the operation of this system than the open-
circuit system. When the connections of Fig. 3 are em-
ployed, the sending operator does not hear the signals
that he sends out on the line, but this disadvantage can be
avoided by shifting the relays from their present position
to the points on the line marked x and connecting the
back key contacts directly with the points a.

In the foregoing figures relays and sounders were rep-
resented as having a single core, while in reality they have
two cores connected at the rear with a soft iron yoke.
The windings on the two cores are usually connected in
series. This method of graphic representation will be re-
tained for the sake of clearness.

4. Telegraph Instruments. — Keys. A key extensively
used on closed-circuit systems is the Bunnell key illustrated
in Fig. 4. It consists of a steel lever carrying a flat hard-

Fig. 4.

rubber knob at one end, and pivoted near the other end in
trunnion screws that are mounted in uprights extending
from the elliptically-shaped brass base. The movement
of the lever is adjustable by the knurled screw at its rear
end. The other end of the lever is kept up normally by
means of the spring shown, the tension thereof being regu-
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lated by the knurled screw through the middle of the
lever. When the knob is depressed a platinum point on
the under side of the lever makes contact with a similar
point fixed in a cone-shaped cap fastened to, but insulated
from, the base. This latter contact point is connected
by a brass strip to the front binding post, which is also
insulated from the base; the other terminal is fastened
directly to the base and therefore is in metallic connection
with the contact point carried on the lever. An auxiliary
lever, called a circuit-closer, carrying a taller knob, is
pivoted on the base to move horizontally, so as to engage,
when pressed toward the key lever, an extended clip on
the fixed contact point, thereby short-circuiting the key.
In holding the key for sending,
the index finger should rest on the
knob, with the thumb and second
finger on its edge for steadying
the motion of the key. Depres-
sing the key closes or makes the
circuit and releasing the key opens
or breaks the circuit.
Occasionally horizontally-oper-
ated keys with double contacts
are employed, requiring but half
the motions in the formation of
telegraphic characters that are
necessary with the usual vertically-
operated keys. Fig. 5 shows the )
Bunnell “double-speed ” key. The Fie. 5.
lever is attached to a post at the rear end of the key by
means of a flat spring. It stands normally midway be-
tween the two platinum contacts that are supported in a
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U-shaped piece, mounted on, but insulated from, the base.
This connects with the binding post, the other terminal
being the post which supports the lever. In operating the
key, the knob should be allowed free play between thumb
and finger, and the hand given a sidewise rocking motion.
Moving the lever to the right or left closes the circuit.

Many semi-automatic key transmitters, called vibroplex
or mecograph transmitters, are used, and permit experi-
enced operators to signal faster than with the keys already
described. The horizontally-operated lever has a pendulum
extension having an adjustable vibration rate. To form a
dash the operator holds the key knob to the left for a suit-
able length of time; to form dots the key is moved to the
right and held there while the pendulum transmits auto-
matically any desired number of dots.

Fig. 6.

Sounders. Fig. 6 shows a typical sounder. It consists
of a horseshoe electromagnet with two series-connected
coils protected by hard-rubber shells, and a pivoted brass
or aluminum lever carrying a soft-iron armature properly
placed with respect to the magnet poles. The lever is
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pivoted near one end in trunnion screws mounted on an
inverted U-shaped standard, this end being held down nor-
mally by a spring whose compression is regulated by a
knurled screw at the top of the standard. The motion of
the lever is limited at the other upright by the two screws
at the left, their adjustment being fixable by the locknuts.
The parts mentioned are mounted on a brass surbase which
is in turn mounted on the wooden base carrying the bind-
ing posts that connect with the coil terminals. Perfect
sounders produce a clear loud tone and act quickly.
Sounders for main line use, that is for short lines without
relays, are generally wound to have a resistance of 20

Fig. 7.

ohms, but many have resistances up to 150 ohms; for
local circuit use they are usually wound to a resistance of
4 ohms. '

For enhancing and concentrating the signals emitted by
sounders, these instruments are encased in resonators, such
as shown in Fig. 7. They are especially adapted for oper-
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ators located in large offices or in noisy. railway stations,
and for operators using typewriters in recording received
messages. The type illustrated is capable of being turned
through three-fourths of a revolution, and is provided with
a message clip.

Relays. — A relay widely used is shown in Fig. 8. It
consists of a horizontally mounted electromagnet, the two
cores of which are joined at the back by a soft-iron yoke.
This electromagnet is movable longitudinally through the
bobbin guide by means of the screw at the right, so as
to vary the length of the gap between the magnet poles

Fig. 8.

and the armature, which is mounted in front of them.
This armature is pivoted at the lower end, while the upper
end or tongue plays between two adjustable screws, with
locknuts, supported on the bobbin guide. An adjustable
retractile spring suitably mounted keeps the armature
normally away from the magnet poles and against the
back stop screw which contains a small piece of insulating
material. When the relay is energized the platinum con-
tact on the tongue touches a similar contact in the front
stop screw and thereby completes the local circuit which
is joined to the left-hand binding posts. The right-hand
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binding posts are the terminals of the magnet winding, and
connect with the lines.

In practice, relays have resistances ranging from 20 to
300 ohms, but 150-ohm relays are the most extensively
used. A 150-ohm relay in considerable use consists of
6500 turns of No. 30 B. & S. single-silk-covered copper
wire and operates commercially on o.05 ampere, although
it can be adjusted to work reliably on a current as small as
o.oro ampere. The average distance between the armature
and pole faces of the magnets is about 0.03 inch. When
traversed by a 25 cycle alternating current of 0.08 ampere
the impedance of the relay is about 550 ohms.

The number of turns of copper wire which can be accom-
modated on any magnet bobbin may be quickly found by
multiplying the length of the winding space in inches by the
permissible depth of the winding in inches and dividing this
result by a winding constant for the selected wire size, values
of which constant are given in the following wire table:

Winding constants X Winding constants
Diamet. Diameter|
B.&S.| of bare B.&S. | of bare A
gage | wirein | Singlesilk-| p,neleq || 828° | Wireln | Singlesilk-| g, 0109
mils coc:p‘:‘:lire copper wire mils fccfgp‘;errﬁre copper wire
16 | 50.82 [ 0.00267 | ....... 29 |11.26 [0.000168 |o.000137
17 | 45.26 | 0.00214 | ....... 30 [10.03 [0.000I42 [0.000II3
18 | 40.30 [ 0.00173 | ....... 31 8.928 |0.000121 [0.00000928
19 | 35.89 [ 0.00138 | ....... 32 | 7.950 |o.c00105 [0.0000767
20 | 31.96 | o.00110 | ....... 33 | 7.080 [0.0000889/0.0000645
21 | 28.46 | 0.000884| 0.000845(| 34 | 6.305 |0.0000766]|0.0000484
22 | 25.35 | 0.000708| 0.000673(| 35 | 5.615 |0.0000658]|0.0000398
23 22.57 | 0.000568| 0.000534|| 36 5.000 |0.0000570(0.0000334
24 | 20.10 | 0.000458| 0.000413|| 37 | 4.453 |0.0000497|0.0000268
25 | 17.90 [ 0.000370| 0.000327|| 38 | 3.965 |0.0000437|0.0000227
26 | 15.94 | 0.000299| 0.000267|| 39 | 3.531 [0.0000388| .......
27 | 14.20 | 0.000244| 0.000210|| 40 | 3.145 [0.0000348| .......
28 | 12.64 | 0.000202| 0.000170
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When a constant electromotive force is impressed on the
terminals of a relay or sounder the current does not in-
stantly assume its ultimate value because of the inductance
of the electromagnet. As the inductance of a winding
surrounding iron depends on the current traversing the
winding and the position of the armature, it is difficult to
calculate the growth of current as a function of time for
these telegraph instruments. The lower curve of Fig. 9

Fig. 9.

shows the growth of current strength in a typical relay as
obtained experimentally by means of an oscillograph. Ab-
scissas represent time — one inch corresponds to 0.037
second; ordinates represent current strength — one inch
corresponds to 0.030 ampere. The upper curve shows the
current in the circuit controlled by the relay contacts. It
will be observed that one-thirtieth of a second elapses after
impressing voltage on the relay coils before armature chat-
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- tering ceases and the local circuit is closed. This time,
with different instruments, varies in some way with the
ratio of the inductance to the resistance of the relay.

When the impressed voltage is withdrawn the relay
armature is not immediately drawn back by the spring be-
cause of the residual magnetism in the cores. To attain
quick release the armature when drawn toward the magnet
poles should not quite touch them. This condition is ob-
tained by the stop screws or else by the insertion of small
non-magnetic pins in the pole faces so as to project about
71 of an inch.

Registers. — Where it is desired to record automatically
the received signals, as in small telegraph offices, or with

Fig. 10.

the District Telegraph Messenger Service, an ink-recording
sounder or register may be used. A register consists of an
electromagnet and a pivoted armature lever which presses
a paper tape against an inked wheel when actuated. Spring-
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driven clockwork moves the tape past the inked printing

wheel, the motion beginning at the first current impulse
and ending some seconds
after the last impulse. Fig.
10 shows a register and
Fig. 11 shows an automatic
paper winder used with it
for winding up the paper as
it is delivered from the reg-
ister.

5. Best Winding for Re-

ceiving Instruments.— On a

telegraph line the windings

on the receiving instruments

Fig. 2. might have many turns of

small wire or fewer turns of larger wire for the same wind-

ing space. The former windings require a smaller current

than the latter for a given magnetizing force, but at the

same time have a greater resistance. On reflection it will

be observed that a best winding exists for each set of

conditions, which winding results in the greatest transmis-

sion distance for lines of given cross-section. The method
of determining this ideal winding is given below.

If A be the winding space on an electromagnet in square
inches and d be the diameter of the wire over insulation in
inches, the number of turns will be *

n= dé” (2)
which takes no account of bedding of wires in preceding
layers or of interleaving insulation. If D be the wire
diameter in mils, and z be the mean length of a turn in
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inches, the resistance of the copper wire forming the wind-
ing will be
_o.8ynz ’
R, 77 ohms (3)

at 20° cent., where the constant 0.87 is the resistance of a
copper wire 1 inch long and o.oor inch in diameter.

The steady current traversing the circuit of length /
miles with N identical relays in series for an impressed
unidirectional voltage E is

E

I= R+ NR, 2mperes, (4)

where R is the line resistance per mile. The line is assumed
perfectly insulated from ground. - Therefore the ampere-
turns are

EA

nl = d’(Rl +o.821;‘zzN)’

from which

1=_4_(_IL:_°-_87_NZ).
Rd*\nI D?

Taking g as the thickness of insulation in inches,

-D + 2 g inches,
1000

and l= ;-(Ijop.;j::)z('% - 0—8%.—“;\72) miles. (s)

In order to find the maximum distance of transmission as a
function of wire diameter, this equation is differentiated
with respect to D and equated to zero. Whence

s _1742N (D) ,  1,7402N (nl) _
r E b E -

o,
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which is of the form D3 — 3 PD — 2Q = 0. To solve
this equation let D = K cos 6, consequently
K3cos*d — 3 PKcosf —2Q = o. ©)
Since 4cos*d — 3 cos 6 = cos 36
take K3 = 4,and PK = 1. Herefrom K = 2v/P. Sub-
stituting this value in equation (6) yields
2V P (4c0s8*9 — 3c0s0) =20 = 2\/}7‘cos30,
from which the value of 6 is found as

Q

0 =1cost —.
beos™ R

Therefore the solution is

: %*
D= Kcos6 =2+VPcos (% cos™! \?}5) mils.  (7)

This result gives the size of wire to be used in winding the
coils of the receiving instrument, and substituting this
value in equation (3) gives the instrument resistance.
As a numerical illustration consider relays having the
following constants:
Sectional area of winding on both coils = 4 = 1.0sq. in.,
Mean length of turn = z = 2.4 inches,
Number of relays in circuit = N = 10, .
Impressed voltage = E = 120 volts,
Ampere-turns necessary for actuation = n/ = 200,
Thickness of silk insulation = g = o.001 inch.
For these values P = 23.2 and Q = 34.8, and conse-
quently the wire diameter for the relay is

D=2V23.2 cos (} cos™ 0.312) =9.632 cos 23°57’ = 8.80 mils.

* If the fraction is greater than unity, hyperbolic cosines are taken.
For cosine tables see the Appendix.,
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- The nearest standard wire size hereto is No. 31 B. & S.
gage, for which D = 8.93 mils. Using No. 31 wire, the
number of turns on both relay bobbins is
. 1.00
(0.00893 + 0.002)*

and the resistance of the instrument is

= 8360,

087nz _ 0.87 X 8360 X 2.4
D (8.93)*

Thus the ideal relay winding for the given conditions
would consist of 8360 turns of No. 31 copper wire having
a resistance of 219 ohms. With 10 of these instruments
the maximum distance of telegraphic transmission is such
that the resistance of the whole line exclusxve of relays is
(from equation 4)

&—NR _ 120X 8360 _ 10 X 219 = 2826 ohms.
200 200

R, =

= 219 ohms.

Using a 12.4-ohm-per-mile line, this means a transmission
distance of 2826 228 miles.
12.4

The dependance of the ideal winding upon the impressed
voltage and number of relays used in the circuit, for
otherwise identical conditions assumed in the foregoing
illustration, is shown in the table on the following page.

The same method may be used in determining the most
suitable windings for main-line sounders.

In practice there are various standard relay and sounder
resistances, and for a given set of conditions, that type of
instrument winding is selected which will approach closely
to the ideal winding. Usual resistances of receiving instru-
ments are 20, 50, 75, 100, 150, 250 and 300 ohms. Ma.in—
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line relays of 37.5 ohms resistance are also used on many
commercial and railway telegraph lines.

40 Volts 80 Volts
Number
Calcu- | Nearest Maxi Calcu- | N t Maxi
rebrye | lated | B.& S, Relay | fing resist. | lated | B. & 5.| RE2Y | fine resist-
wire di-{ gage | oo | ance exclu- | wire di-| gage x:sxsi;l ance exclu-
ameter, | num- [f0FP8 | siveof |ameter | num- | 20°€ sive of
inmils | ber relays * |inmils| ber - [ ©3™8 | relays
2 6.91| 33 |506 . 1416 .01 36 |1700 4760
6 11.67| 29 | 04 576 8.371 32 | 334 2036
10 | 14.94| 27 | 39.5 367 | 10.70, 29 | 94 1340
15 18.2 25 16.4 258 12.90[ 28 61 949
20 20.9 | 24 | 10.6 1908 | 14.94| 27 39.5 734
30 25.5 | 22 4.36 137 | 18.20[ 25 16.4 516
120 Volts 160 Volts
6 6.91| 33 |[506 4248 6.04| 34 762 7028
10 8.80[ 31 |[219 2826 7.68| 32 | 334 4740
13 9.99| 30 |144 2274 8.70| 31 | 219 3841
16 11.02| 20 | 904 1916 9.60| 30 | 144 3224
20 12.28] 28 | 61 1576 10.70| 29 94 2680
30 14.94| 27 | 39.5 1101 12.90| 28 ‘| 61 1898

6. Sources of Current. — In telegraphy the current for
main and local circuits is furnished occasionally by primary
batteries (such as Gravity, Fuller, Edison-Lalande, Dry,
and Leclanche cells), more frequently by storage or second-
ary batteries, but is furnished chiefly by dynamo electric
machines.

PYimary Batteries. — Primary cells consist of two dissim-
ilar metals (or one may be carbon) immersed in an electro-
lyte; and when these are connected externally by means of
an electric circuit, the chemical energy of the cell is gradually
converted into electrical energy, and a current is main-
tained in the circuit. By this action one of the metal
electrodes, the anode, is slowly consumed. To prevent
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the adhesion of liberated gas at the other electrode, or
cathode, during current delivery, a depolarizer is em-
ployed which combines readily with the gas evolved. In
some cells, as in the Fuller and Leclanche types, the cathode
and depolarizer are contained in porous cups. When com-
mercial metals containing impurities are used, the anode is
also consumed by local action without contributing to the
production of current in the circuit. - This deleterious proc-
ess, which goes on whether the cell delivers current or not,
is minimized by amalgamation of the anode.

Cells such as the Gravity, Fuller and Edison-Lalande
types are suitable for closed-circuit work, while the Dry
and Leclanche cells are suitable for intermittent service.

Of primary batteries the Gravity cell is the most exten-
sively used in telegraphy. Fig. 12 shows the Crow-foot
gravity cell, the copper being placed in
the bottom of the jar and the zinc sus-
pended from the upper edge. Zinc
sulphate (ZnSO,) is the electrolyte and
copper sulphate (CuSO,) is the depo-
larizer of this cell, which yields a volt-
age of about 1.0, and has an internal
resistance of approximately 2 to 3 ohms.

When a battery furnishes current to
several circuits, its internal resistance
causes the current in each circuit to become less as the
number of circuits connected in parallel to the same bat-
tery increases.

Storage Batteries. — Storage or secondary batteries are
reversible cells which can be charged from some source of
direct current and later discharged. Charging increases
the chemical energy of the cell, and this energy reverts to

Fig. 1a.
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electrical energy during discharge. “The usual form of
storage battery consists of a lead peroxide (PbO,) positive
grid and a spongy lead (Pb) negative grid in an electrolyte
of dilute sulphuric acid of specific gravity 1.2. During
discharge these electrodes are gradually changed to lead
sulphate (PbSO,), a poor conductor of electricity. Re-
charge converts the electrodes to their initial states. The
voltage of the cells when fully charged is 2.5, and the voltage
beyond which it is inadvisable to discharge them, because
of otherwise excessive sulphating, is 1.8.
The rating of these storage bat-
teries in ampere-hours is based on
a uniform 8-hour discharge. A more
rapid discharge results in a lowered
ampere-hour capacity. The capacity
of a cell depends primarily on the
size and number of plates and their
character, and is generally from 40
to 60 ampere-hours for each square
foot exposed surface of positive plate.
Fig. 13 shows a j56o0-ampere-hour
storage cell made by the Electric
Storage Battery Company.

The Edison storage battery is also
suitable for telegraphic purposes. Its positive electrodes
consist of grids of nickel-plated steel supporting nickel
oxide intermixed with flakes of pure nickel, and the nega-
tive electrodes consist of similar grids containing iron
oxide. The electrolyte is a 21 per cent solution of caustic
potash in distilled water and is contained in a nickel-plated
sheet-steel case. '

The ampere-hour capacity of these batteries is based on
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a s-hour discharge rate. The voltage of a cell is 1.2 at
normal discharge; for charging 1.85 volts are required per
cell. Fig. 14 shows the appearance of an 8c-ampere-hour

Fig. 14.

Edison storage battery, and also the positive (at the right)
and negative plates.
Storage cells may be charged directly from direct-current
service mains or through boosters and motor-generators.
" If only alternating current is available, it may be changed
into direct current for the charging of storage batteries by
means of electrolytic or mercury-vapor rectifiers, or by
means of converters or motor-generators. v
Generators. — Electric generators are extensively used in
large telegraph offices for the operation of long lines and
local instruments. They may be driven by steam or gas
engines, but more generally by electric motors which re-
ceive either direct or alternating current from service
mains. For the operation of telegraph circuits of all types
different voltages are required from about 25 to 400 volts.
The voltages now considered standard for main-line
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operation are 8o, 110, 1bo, 240 and 320 by the Western
Union Telegraph Company, and 83, 125, 200 and 385 by the
Postal Telegraph-Cable Company, while for local circuit
operation they are 8o and 110 with the former and 40 volts

e

Frt 15.
with the latter company. The generatorsfor the two higher
voltages are generally duplicated so as to permit of re-
versal of potential, as necessary in duplex and quadruplex
service (see Chapters II and III). With printing tele-
graph systems 110 volts are generally used.

Fig. 16.

The arrangement of generators at a telegraph office is
shown in Fig. 15, the voltages indicated being those of the
Postal Telegraph-Cable Company. Protective resistances,
7, in series with each telegraph line, are used to prevent in-
jury to the machines in case of short-circuits, etc. Fig. 16
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shows the appearance of General Electric Company motor-
generator sets each composed of a direct-current motor
and generator. The 220-volt 3-wire direct-current system
with neutral wire grounded is sometimes used, where avail-
able, for telegraphic purposes. Dynamotors and rectifiers
are also frequently employed.

It is common practice to have a source of electromotive
force at both ends of simplex lines instead of a single
source of equal total voltage at one end, because of better
line operating characteristics during wet weather.

7. Telegraph Codes. — Telegraph codes consist of vari-
ous combinations of dots, dashes and spaces for the rep-
resentation of letters, numerals and punctuation marks.
Two codes are in extensive use, the American Morse, or
simply Morse, and the Continental Morse, or simply Con-
tinental. The Morse code is used throughout the United
States and Canada for overland signalling except in print-
ing telegraphy. In punctuation, however, the Phillips
Punctuation code has generally superseded it because of
its greater completeness. The Continental, or so-called
universal code, is in use throughout the world for sub-
marine telegraphy and also in almost every country except
those mentioned for overland signalling. The codes are
given on the two pages following.

In the code characters the length of a dot is taken as
the unit of measurement of dashes and spaces. The ordi-
nary dashes are thfee times as long as dots, the long
dashes for letter / and cipher in the Morse code are re-
spectively five and seven times as long as a dot, the spaces
between the elements of letters are equal to dots, the
longer spaces in the letters C, O, R, ¥, Z and -& of the
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Morse code are twice as long as dots, and the spaces be-
tween letters and between words are respectively three and
six times as long as dots.

The Continental code, having more dashes than the
Morse code, requires a little longer time in the transmission
of any given message expressed in that code than when
expressed in Morse code.

A partial list of abbreviations used in commercial teleg-
raphy follows:

Scotus — Supreme Court of the United States
Bk — Break :

Ck — Check
Fm — From
Ga— Go ahead

Min — Wait a minute

Nm — No more

No — Number

x (placed after check) — Get reply to message

XXX ...— Omission

4 — Where shall I go ahead?

8 — Wait, I am busy

Thus, in case of doubt as to the accuracy of a transmitted

message, the receiving operator breaks and sends the let-
ters bk, ga and the last word correctly received; whereupon
the sending operator continues from that word. Abbre-
viations used in differentiating the various classes of tele-
graphic service are given in § 8 of Chap. V, and of cable
service are given in § 10 of Chap. XI.

8. Telegraph Lines. — Galvanized iron, hard-drawn
copper and occasionally steel wire are used for telegraph
lines. The sizes generally employed on overhead lines are
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from No. g to 14 B. & S. (Brown & Sharpe) gage copper
wire and from No. 4 to 12 B. W. G. (Birmingham Wire
Gage) iron wire. The increasing use of hard-drawn copper
wire for telegraph lines is due to its having a lower resist-
ance than iron for the same tensile strength, and to the
fact that it is practically non-corrosive. Telegraph con-
ductors in cables for transmission over relatively short
distances are of from No. 14 to 19 B. & S. soft copper.

The weights, diameters and resistances of telegraph line
wires are given in the following table:

.

Hard-drawn copper wire Galvanized iron wire (E. B. B. quality)
B.&S.|p, Weight in | Resistance | o - | Diam- | Weight in | Resistance
o | Rl | pounds v | Sl | PG| e | s e | Sl
9 | 114.4 208 4.22 4 238 787 5.97
10 | 101.0 166 5.28 5 220 673 6.98
11 90.74 132 6.65 6 203 573 8.20
12 80.81 105 8.36 7 180 450 10.44
13 71.96 83 10.55 8 165 378 12.43
14 -| 64.08 65 13.29 9 148 305 15.41
10 134 250 18.80
Soft copper wire 11 120 200 23.50
. 12 109 165 28.48
14 64.08 65 13.12
15 57.07 52 16.54
16 50.82 42 20.67
17 45.26 32 26.55
18 40.30 25.6 33.60
19 35.89 20.7 41.47

Temperature rise increases the resistance of copper
0.24 per cent per degree fahr. and increases that of iron
0.35 per cent per degree fahr. reckoned from o° fahr.

Copper-clad or bimetallic wire is also used to some extent
for telegraph lines. It consists of a steel core to which is
welded a coating of copper, forming a wire of high tensile
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strength .and fairly low resistance. Several grades are
available that differ in conductivity, depending upon the
relative amounts of copper and steel used.

Bare overhead conductors are supported by glass insu-
lators mounted on wooden, or sometimes concrete and steel
telegraph poles. These points of support offer leakage cur-
rent paths from the conductor to ground. Even in dry
weather the insulation resistance between the conductor
and ground is not infinite, but of the order of 10 to 100
megohms per mile of line, while in wet and foggy weather
the insulation resistance may fall to a fraction of 1 megohm
per mile.

In the foregoing pages only perfectly insulated lines were -
considered. On actual lines, because of the distributed
nature of the leakage paths, it is more difficult to determine
the exact relation between the various factors involved.
A rough approximation on lines of short or medium length
to the actual conditions is obtained by considering all the
leakage paths to be grouped into one equivalent path at
the middle point of the line, as shown in Fig. 17.

Fig. 17.

It is evident from the figure that even though the circuit
is open at one station, current flows from the battery at the
other station through the relay, part of the line, and the
equivalent leakage path to ground. It follows, therefore,
that at no time is the current flow in the receiving in-
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struments wholly interrupted; and consequently their re-
tractile springs must be adjusted to release the armatures
on a certain minimum current strength. In damp weather
when the insulation resistance of the line is lowered the
relays must be more delicately adjusted, because the
currents flowing in the circuit when one switch and when
both switches are closed are more nearly equal.

Thus, on a 6oo-mile No. 9 B. & S. ‘aerial copper line
having a 250-ohm relay and an 8o-volt battery at each
end, and having an insulation resistance of 10 megohms
per mile, the steady current traversing the relay when one
key is open is

I= 8o = 0.0044 ampere,

250 + 300 X 4.22 + 10,000,000

- and when both keys are closed the current is

I= 2 X 8
2 X 250 + 600 X 4.22
On the other hand, if the insulation resistance be taken as
one-half megohm per mile, the current when one key is
open would be

= 0.0528 ampere.

8o
250 + 300 X 4.22 +5%°°

I= =0.034 ampere,

showing that under these conditions the relay must be
adjusted to operate on 0.0528 ampere and release the
armature on o.034 ampere. If so adjusted and if the in-
sulation resistance falls still lower, the line would be ren-
dered inoperative.

With assigned insulation resistance, terminal resistance
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and relay adjustment, it is possible, on the basis of the
foregoing paragraphs, to determine the maximum permis-
sible length of line for line conductors of any size. Let

! = maximum length of ground-return line in miles,

R = line resistance per mile in ohms,

R, = resistance of each relay in ohms,

N = number of relays in circuit (assumed uniformly

distributed between terminal stations),

R; = insulation resistance per mile in ohms,

E = voltage impressed at each end of line,

I, = current in amperes necessary to actuate relay, and
I, = current in amperes which will just cause release’

of armature,
E
then I, = ¥R K R/ €)]
— +-—- —
2 .2 )
2E
and IL = VR, +Rl‘ ®

Eliminating E from equations (7) and (8), and solving for /,
there results,

N R, _ 2 I gR'- _
s S Yr Ay AR
from which the maximum transmission distance is
__NR \[(NR,z 2K,
b=—r ™t 2R)+R(11—Iz)’ ©

an expression not involving the impressed voltage.

As a numerical illustration, consider a No. 9 B. & S.
copper conductor having a 250-ohm relay at each end
which is adjusted to operate on 0.06 ampere and release
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on o.04 ampere. For an insulation resistance of 4 megohm
per mile, the maximum permissible length of line is

] =_2X250 + (250)2+2Xo.o4>(500,ooo
2 X 4.22 4.22 4.22 (0.06-0.04)

= — 59.3 + 691.0 = 631.7 miles.

The voltage of the battery at each end should be

=!23(NR,+RI) = 9—'29—6(2 X 250 + 4.22 X 631.7)
= g5 volts,

as obtained by using equation (8).

This approximate solution of the telegraph circuit will
be referred to again because it is less involved than the
exact solution which is considered in Chap. X. Experi-
ence has proven that the maximum distance of trans-
mission on long aerial lines is limited principally by line
leakage.

9. Speed of Signalling. — The speed with which signals
may be transmitted over a telegraph line depends upon
three factors, namely the speed of the sending operator,
the nature of the line, and the responsiveness of the receiv-
ing instrument.

An experienced operator can send from 30 to 4o five-
letter words per minute by hand transmission. Semi-
automatic devices may be availed of to raise this sending
speed. Much higher speeds are attainable by automatic
transmitters, as described later (§ 1, Chap. IV).

It was pointed out in the last section that the current
through the receiving device connected to a leaky line
does not cease altogether upon opening one key. It is
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evident that the greater the line insulation resistance the
more rapid will be the current change in the relay coils
with movements of the key, and consequently the quicker
the actuation and release of the relay armature. On a
long line with considerable leakage, rapid signalling may
cause the duration of contact for dots to be so short as to
prevent the current in the relay from attaining a value
. sufficient to attract its armature. More deliberate or
“heavy ” sending must then be resorted to, implying
slower signalling speed. Thus, the shorter the line the
higher may be the speed of signalling.

Further, the line itself, especially if a cable, limits the
speed of transmission. As most large telegraph offices are
in the business centers of cities, short sections of nearly all
long aerial lines are placed in cables under ground and there-
fore the speed of signalling on these lines is limited by the
cable sections. In cables a conductor is very near its
return conductor or the grounded sheath, and conse-
quently its electrostatic capacity is high. It will be
shown in § 4 of Chap. XI, that the signalling speed over
cables (having negligible inductance and leakahce) is in-
versely proportional to the product of total line capacity
and total line resistance. That is, if C be the capacity in
farads per mile of conductor, and R be the resistance in -
ohms per mile, then

Signalling speed % ——— ©D ( 7)) CRI" (10)
where / is the length of the cable in miles. This propor-
tionality shows that for a given size of cable the signalling
speed varies inversely with the square of its length.

It is safe to say that the speed possibilities on long
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fairly well insulated aerial lines even with short cable sec-
tions is greater than the operating speed of the receiving
instruments. In § 4 it was stated that the time of current
growth in a relay depends upon the ratio of its inductance
to its resistance. Rather than increase the relay resistance
to obtain rapid response, it is more advisable to reduce its
inductance. This may be done by decreasing the number
of turns, by connecting the two coils in parallel instead
of in series, by increasing the reluctance of the magnetic
circuit either by removing the iron yoke or by lengthening
the air gap between armature and magnet cores, and by
using a shunting condenser. Some of these suggestions,
however, conflict with the conditions for maximum mag-
netization with a given current.

The necessary mass of the relay armature should. be
apportioned in such a way as to possess the least moment
of inertia about the pivots so as to acquire a high velocity
under the action of a given force. The greater part of
its mass should therefore be near the axis. The contact
points, however, are preferably placed far from the pivots
in order to reduce the angular motion of the armature and
permit signals to follow each other in rapid succession.
By embodying the features mentioned relays have been
constructed which respond to signals sent at speeds as
high as 400 words per minute.

10. Simplex Repeaters. —It was shown in § 8 that
leakage is the important factor in limiting the distance of
telegraphic signalling. Using a No. 9 B. & S. copper con-
ductor with two 250-ohm relays with given adjustment
(which implies a given signalling speed) it was found that
the maximum permissible length of line is 631.7 miles
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when the insulation resistance is assumed as 3 megohm
per mile. If a No. 6 wire, which has double the cross-
section (R = 2.09), were used instead, the maximum length
.of line under otherwise identical conditions would be 865.9
miles. Thus, using a conductor of twice the size and
costing twice as much would only increase the distance of
transmission 37 per cent. It is apparent from this illus-
tration that the cost of transcontinental telegraphy over a
single continuous circuit would be prohibitive.

If such long lines are subdivided into several shorter
sections, say from 300 to 600 miles in length, each section
terminating in a relay, signals may be automatically trans-
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Fig. 18.

mitted thereby into the next section, and so on to the
terminus of the line, without requiring unduly large line
conductors. The speed of signalling will then be that of
the section which allows the slowest transmission less the
speed loss in the relays. Two-line sections of such an
arrangement are shown in Fig. 18, from which is seen the
possibility of transmitting toward the right, but also the
futility of endeavoring to transmit in the opposite direc-
tion. In order to permit of signalling in either direction,
the intermediate relays Rs, R; . . . are replaced by re-
peater sels.

A repeater set consists of two relays and two transmit-
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* ters which are electrically and mechanically arranged to
allow signalling in either direction and in such a way as
to automatically prevent one transmitter breaking at the
repeater station the line circuit which it controls when
that circuit is repeating into the other. Two standard
closed-circuit repeaters which accomplish these results will

- now be described.

Weiny-Phillips Repeater. — The connections of a Weiny-
Phillips repeater set are shown in Fig. 19, in which T and T’

BF_«‘l!b a!H '
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Fig. 19.

are the transmitters, and R and R’ are the relays. Each
relay has an extra magnet, H or H’, called a holding-coil,
mounted above the ordinary magnets so as to act on the
same moving element, as illustrated in Fig. 20. Its wind-
ing has a tap at its middle point, so.that if current enters
at this point, it will traverse the two parts of the winding,
a and b, in opposite directions, and consequently produce
no magnetization in the core. The transmitter T has a
small auxiliary lever m, insulated from and controlled by
the main lever, each lever making contact with a platinum
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contact point when the magnets of the transmitter are °
energized. The switches s and s’ on the transmitters

aage @a-.

- enable an operator to sever the two circuits, leaving each
complete in itself for simplex operation. Fig. 21 shows the
Weiny-Phillips transmitter.

Fig. a1.

Normally, when both the eastern and western circuits
are closed at the distant stations, current flows through all
magnet windings of the repeater set. Thus, normally,
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current flows from the western station through the main-
line coils of relay R, circuit-closing switch of the key K,
and contact ¥ (which is closed) of the transmitter 7", to
ground at G’. Similarly, current flows from the eastern
station through R, K, and y to G. Both relay armatures
are therefore attracted and keep the transmitter coils
energized through the batteries B and B’. The contacts
x, y and 2, 5" are thus normally closed and currents from
the batteries B, and B, flow through both windings of the
holding coils. Generators are very frequently used instead
of batteries.

When the western operator opens the circuit preparatory
to signalling, the main-line coils of relay R are deprived of
current and the armature is released, inasmuch as the hold-
ing coil H exerts no attraction due to the neutralization of
magnetizing forces developed in the two windings. This
results in opening the circuit of the magnet of transmitter
T and the release of its armature. The positions of the
moving elements of the instruments at this instant are as
shown in Fig. 19. The circuit of the winding ' of the
holding coil H’ is broken at x and consequently the un-
interrupted current flowing through its associate winding
@’ holds the tongue of relay R’ against its contact stud
irrespective of current condition in the main-line coils.
This in turn maintains current flow through the winding of
transmitter 7’ and prevents the opening of the western
circuit at y’, and the opening at x’ of coil b of the holding
coil H, which is therefore not magnetized. In this way
the continuity of the western circuit is preserved at the
repeater while repeating eastward. A moment after
breaking the circuit at x, the eastern circuit is broken at
y and the distant relay releases its armature.
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When the western operator depresses his key, relay R
will be actuated, and then the transmitter T closes the
eastern circuit at y, which is followed by’ the closing of
coil ¥’ at x. The distant eastern relay is thus energized.
Signalling in the reverse direction is accomplished in the
same manner.

Front-contact Shuni-locking Repeater. — The repeater set
used by the Western Union Telegraph Co. consists of two
relays R and R’ equipped with locking magnets L and L/,
and two transmitting relays-T and 7’ having main and
auxiliary contacts M, 4 and M’, A’ respectively; the con-
nections are shown in Fig. 22.
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Fig. 22.

The. contacts of the transmitter are so arranged that
when the armature is released the auxiliary contact opens
a little before the main contact, and when the armature is
attracted by its magnet it closes a trifle later than the main
contact. The auxiliary contact A is bridged across the
locking magnet L, similarly contact 4’ is bridged across L'.
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‘Normally, when no messages are being transmitted, the
windings of the relays and transmitters carry current, but
the locking magnets are short-circuited by the auxiliary
contacts. Thus, the western line current flows through
relay R, traverses contact M (which is closed) of the trans-
mitter T, and passes through generator G to ground.
Similarly, the eastern line current goes through relay
R, contact M’ and generator G’ to ground. Both relay
armatures are held in their forward positions and as
a result contacts x and «’ are closed. In consequence,
local battery (or generator) B energizes transmitter T
through contact #’, and also energizes transmitter T~
through contact x.

When the western operator opens his key prior to signal-
ling, relay R loses its magnetism and its armature falls
back, thereby opening the magnet circuit of transmitter 7"
at contactz. When the lever of this transmitter is released,
contact A’ opens and then contact M’ opens. The former
action removes the short-circuit around magnet L’ and
current from battery B energizes it; the circuit includes
retardation coil ¢’ which helps to speed up the action of
" the locking magnet. The armature of the right-hand relay
will therefore be kept attracted even if current flow through
magnet R’ should cease, thereby keeping the magnet of
transmitter T energized and preserving the continuity of
the western circuit at contact M. The opening of contact
M’ above referred to, causes the relay at the eastern station
to release its armature, which action was desired by the
.western operator when opening his kéy. The operation
of the repeater when closing the western key is easily
+ traced.
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Signalling in the reverse direction can be traced through
the repeater in the same manner.
 Other Repeaters. — Many other closed-circuit simplex
repeaters are in use, among which may be mentioned the
Milliken, Ghegan, Horton, Neilson and Toye repeaters.* {
They all differ in the methods employed to prevent one
transmitter .breaking the circuit, that is repeating into the
- other circuit. Repeaters may also be arranged for re-
peating into two or more circuits; the Maver multiple
repeater * is one of this type.

For the satisfactory operation of repeaters, attendants,
each in charge of a certain number of sets, are required to
supervise the working of the repeaters and make such ad-
justments as are necessary to maintain uninterrupted
service despite changes in weather. conditions and irregu-
larities in sending. With several types of self-adjusting
repeaters, such as the Catlin and D’Humy repeaters,t this
supervision may be dispensed with.

There are various types of open-circuit repeaters, the
simplest of which, employing only two double-contact re-

Fig. a23.
lays, is represented in Fig. 23. When no messages are
being transmitted, no current flows through the line wires
and repeater relays, and consequently both relay arma-

* For description see Maver’s “ American Telegraphy.”
1 Described in McNicol’s “ American Telegraph Practice.”
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tures rest against their upper contact studs. When the
western operator depresses his key, relay R’ attracts its
armature, and current, supplied by battery B’, flows over
the eastern line. , At the same time the magnet circuit of
relay R is broken at the upper contact point so that the
continuity of the western circuit remains uninterrupted.

PROBLEMS.

1. How far would it be possible to telegraph over a perfectly
insulated ground-return line having 8.36 ohms resistance per mile of
length with an impressed voltage of 120, if the current necessary to
actuate the two 75-ohm relays is 0.07 ampere?

2. How many gravity cells, each having a voltage of 1.0 and an
internal resistance of 2.5 ohms, would be required to transmit signals
over an 8o-mile telegraph line which has a resistance of 5.28 ohms per
mile and is equipped with two 150-ohm relays requiring a current of
0.04 ampere?

3. Three relays are adjusted to operate on 250 ampere-turns,
and have the following constants:

Relay No. 1 20 ohms resistance......... 2400 turns,
Relay No. 2 75 ohms resistance......... 4500 turns,
Relay No. 3 150 ohms resistance. ........ 7500 turns.

If these relays were connected in series across 20-volt mains, which
relays would operate? What voltage would cause all three to oper-
ate?

4. What is the best winding for four main-line sounders operating
on 400 ampere-turns when used on a telegraph line which requires
40 volts? The sounders are of identical construction and have a
winding cross-section of 0.9 square inch and a mean length of turn
of 2.2 inches; double-cotton-insulated wire to be used, the insulating
covering being four mils thick.

5. Over how long a line, having 13.3 ohms resistance per mile,
could the four sounders of the preceding problem operate when the
impressed voltage is 40 volts?

6. Four separate telegraph lines, each having a total resistance of
1000 ohms including receiving instruments, are supplied with cur-
rent by one battery of 100 gravity cells, which has an internal re-
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sistance of 220 ohms. Determine the current strength in a circuit
when only one circuit is closed and also when all four circuits are
closed.

7. Read the following message:
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8. What would be the costs per mile of two telegraph lines of
standard sizes having approximately 10.5s ohms resistance per mile,
one constructed of galvanized iron and the other of hard-drawn
copper wire? The costs of iron and copper may be taken as 4} and
16 cents per pound respectively.

9. A 4goo-mile No. 6 B. W. G. aerial iron line, having a 250-ohm
relay and a 120-volt generator at each end, shows an insulation re-
sistance of 1 megohm per mile in wet weather. What currents flow
through one relay when the key at the other station is open and
when closed ?

10. Calculate the maximum permissible length of a No. 10 B. & S.
copper telegraph line having six 250-ohm relays which are adjusted
to operate on o.05 ampere and release on o0.025 ampere, if the in-
sulation resistance of the line be taken as } megohm per mile. Com-
pute the proper voltage to be impressed at each end.

11. If the speed of telegraphic signalling over a 10o-mile cable
of No. 16 B. & S. copper, having a capacity of o.12 microfarad per
mile, is 200 five-letter code words per minute, what would be the
possible signalling speed over a 6o-mile cable of No. 19 B. & S. wire
having a capacity of o.11 microfarad per mile?



CHAPTER 1I
DUPLEX TELEGRAPHY

1. Duplex Telegraph Systems.— By duplex signalling
is meant the simultaneous transmission of signals in oppo-
site directions without interference over a single line.
Four operators are required for each duplex circuit, one
sending and one’ receiving operator at each station. The
message capacity of a duplexed line is therefore twice that
of the same line when operated simplex. When telegraphic
traffic over a given line exceeds that which can be handled
satisfactorily by simplex signalling, it is advisable to install
the necessary apparatus at the terminal stations for duplex
signalling, thereby avoiding the expense of erecting another
line. Duplex telegraphy was first performed in 1853 by
Dr. Wm. Gintl; its practical operation began about 1868.

Duplex circuits do not permit of the intromission of inter-
mediate stations, but repeating stations may be inserted
on long duplex lines. In telegraph systems intended for
duplex signalling, the receiving instruments at both sta-
tions must be in circuit at all times ready to respond to
signals sent from the distant station, and yet so designed
that the receiving instrument at each station will not
respond to signals sent by that station. These condi-
tions are met in various ways in the different duplex
systems.

There are two systems of duplex telegraphic trans-
mission: the dzjferentzal duplex, and the bridge duplex

45
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systems.* Both of these can be applied to operation using
currents in one direction, or using currents in both direc-
tions, giving rise to the so-called single-current and polar
methods respectively. Of the four arrangements indicated
the two which are used in present practice are: the polar
differential duplex and the polar bridge duplex.

2. The Differential Duplex. — The operation of the dif-
ferential duplex can best be explained on the basis of
single-current operation. This method, known as the
Stearns duplex, utilizes a differential relay as the receiving
instrument. This is a relay with two windings, identical as
to number of turns and resistance, through which currents

® >
S

Fig. 1.

may flow in the same or in opposite directions around its
iron cores. The corresponding turns of the windings are
preferably wound side by side so as to avoid the formation
of consequent magnetic poles. For clearness in diagrams,
however, these windings will be shown as being adjacent.

The scheme of connections of the differential duplex is
represented in Fig. 1, which shows a line L extending be-
tween the two stations 4 and B, having a ground return

* Early duplex schemes are described in Prescott’s “Electricity and the
Electric Telegraph.”
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path. The relays R and R’ have two windings each (g, b
and a’, ¥’), the common terminal being joined to the levers
of keys K and K’ respectively. The similar batteries
B and B’ are connected with like poles to the front con-
tacts of the keys, while resistance coils d and d’, having a
resistance equal to the internal battery resistance, are con-
nected to the rear key contacts. In this way the resistance
of the circuit is unaltered whether the keys are on the front
or the rear contacts. The resistance coil 7 is adjusted to
have a resistance equal to that of the line xy plus the
resistance from the point y to ground at G’ and the ground
resistance G’ to G, and similarly the coil 7’ to have a re-
sistance equal to that of the line plus that from the point
x to ground at G and back to G’ (the ground resistance
being usually neglected). With this adjustment, if a cur-
rent enter either relay at the junction of its two coils, it
would divide equally between the two paths to ground
presented to it, each path including one of the relay coils.
The equal components of this current in the two coils
circulate around the core in opposite directions and
consequently the magnetomotive force developed by one
is neutralized by that developed by the other, thereby
exerting no attractive force on the relay armature.

The resistances of the coils » and 7’ are experimentally
adjusted in practice so that the home relay is not affected
by movements of the keys. The resistances may, however,
be determined as follows: The resistances of the two bat-
teries will be assumed equal and of value R, ohms each,
the resistances of the two relays likewise of R, ohms each;
then from the symmetry of the circuit the two coils r
and ' will also have equal resistance, say r ohms. The
line will be assumed perfectly insulated from ground and
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of resistance Rl ohms. For exact neutralization of mag-
netizing forces in the two relays, the resistance of the
one path,

Birim, )
must equal that of the other path, which is
Re+ZymBp 1 . (2)
2 2 1, 1
R, 1% +r

Whence (7 =% — R (R, + Ze 4 7)= Ry (B 40),
2 2 2
and rz_er—(R,R,,-prRz.'.]_af_,_R;;E_l):o.

Therefore the resistance of each coil is

y = %’ + VRIFR)RFR+4R). ()

Thus, if 200-ohm relays are connected to the ends of a
2000-ohm line and if a 200-volt gravity battery having 250
ohms internal resistance be employed at each end, then
the resistance coils 7 and »’ would each have a resistance of

r=%°+i\/(2ooo+2oo)(2ooo+2oo+4><2so)

= 2327 ohms.

These values are indicated in Fig. 2, and it may be verified
that the resistances of the four paths: m, n, p, m —G, p,
m, q, G—G', t, g, m, G—q, s, ¢, g, are all equal and have a
resistance of 2677 ohms.
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An inspection of Fig. 1 will reveal the principle of opera-
tion of this system. If neither key be depressed, no cir-
cuit containing an E.M.F. is closed and therefore no relay
is actuated. The depression of only one key at either
station will fail to actuate the relay at that station because
of equal and oppositely directed currents in the halves of

Ry = 100 4+ 100 Rl = 2000 100 4+ 100 =Ry

G’/

its relay coils, but will actuate the relay at the remote sta-
tion because of the additive action of these currents. The
depression of both keys connects both batteries in opposi-
tion and, since no current then flows in the line wire nor in
the line coils b, @/, of the relays, both relays are actuated
by the currents flowing in their other coils. Although a
key has no control over the home relay, it will be ob-
served that when both keys are depressed each relay is
operated by current from the home battery.

Thus in this system a relay is properly actuated when-
ever the key at the other station is depressed regardless of
the position of the other key.

In the numerical illustration, the steady currents in
milliamperes traversing the relay coils under the various
conditions, are readily seen to be those given in the follow-
ing table. The figures following the braces give the
equivalent currents through one coil and the stars indicate
the operation of the relays.



50 TELEGRAPH ENGINEERING
CURRENTS IN RELAY COILS
Rewy | ol | kol | KorKoow | Bonken | KoyKoons
R |5 | ofe | Gfe | st |aafm
Bo| g | e | Gfm| gl | Gl

In the manipulation of the two keys as shown, there are
constantly recurring intervals during which the key levers
are in an intermediate position, touching neither contact
stud. This condition is apt to cause confusion of signals,
especially on leaky lines. In differential duplex circuits
where primary cells are used, this confusion of signals may
be avoided by the employment of transmitters so designed
that contact is made with one stud an instant before con-
tact is broken with the other. The appearance of such
continuity-preserving transmitters, operated magnetically by
means of a local circuit, is shown in Fig. 3.

Fig. 3.

The connections of one station of a duplex circuit using
this transmitter, are shown in Fig. 4, wherein T is the
transmitter, and j and % are the contact studs, the other
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letters having the same significance as before. The trans-
mitter has an auxiliary spring lever, insulated from the
main lever, which may make contact either with the fixed
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Fig. 4.

stud j or with the stud % attached to the main lever. When
the key is depressed the contact at j is made before that at
k is broken, and when the key is released, the contact at &
is made before that at j is broken. In this way the circuit
from m to ground is always complete. The momentary
short-circuits of the line battery during the excursions of
the transmitter lever do not prove injurious to the battery.

3. Artificial Lines. — The resistances r and »’ of Fig. 1,
each possessing a resistance equal to that of the line plus
that of the terminal apparatus at the remote station, are
aptly termed artificial lines. But, since actual telegraph
lines have electrostatic capacity with respect to ground,
for more exact imitation the artificial lines should also
have capacity. When the artificial line has the same
capacity as the line wire, then the currents through them
and through the relay coils will rise and fall at the same
rate. That this result is essential is evident from the fact
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that if the current should rise more quickly to its ultimate
value or decay more rapidly to zero in one relay coil than
in its companion coil, the armature would give a momen-
tary kick and produce a false signal upon each depression
or release of the home key. When the resistance and
capacity of the artificial line in a duplex circuit are so
adjusted that the depression of a key produces no effect
upon the home relay, the circuit is said to be balanced.
The arrangement of an artificial line which is used by
the Postal Telegraph-Cable Company for duplex telegraphic
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signalling is given in Fig. 5. The resistance between the
terminals 4 and B can be varied from 10 to 11,100 ohms,
and each of the two condenser sets can be adjusted from o.1
to 3.0 microfarads. This wide adjustment permits of its
use on lines of different lengths, resistances and capacities.
Parts of the 400- and 1600-ohm resistances are connected in
series with the two condenser sets in order to vary the time
of their charge and discharge to approximate the cor-
responding times for the line.

The design of the Western Union artificial line is shown
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in Fig. 6. The resistance between the terminals “ Ground ”’
and “ Relay ” can be varied from 25 up to 11,000 ohms,
and each of the three condenser sets can be adjusted from
4 to 3§ microfarads. One of the resistances connected in
series with the condensers can be varied from 25 to 125

%B¥hhl2 L 21%%%

Fig. 6.
ohms, the next adds from o to 600 ohms and the third
adds 200 to 1000 ohms. When a line becomes leaky in wet

weather, the resistance of its artificial lines must be lowered
for balance.

4. Polarized Relays.— The polar duplex telegraph
systems depend for their operation upon reversals in the
direction of current flow. In this system, the function of
the key is not to make and break the circuit as in the
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Stearns duplex, but instead to present alternately the
positive and negative poles of the battery to the line.
Obviously the receiving instrument employed must oper-
ate upon current reversals, and such an instrument is
called a polarized relay.

The principle of the simple polarized relay may be ex-
plained with the aid of Fig. 7. A U-shaped permanent
magnet magnetized to have two equal South poles as indi-
cated at (@) has pivoted at its mid-point a soft iron arma-
ture which projects upward and plays between two pole
pieces that are attached to the ends of the magnet, as
shown at (b). The North magnetic pole is then shifted
to the position shown, and it is evident that the armature

‘%: :Cétn

(@)

Fig. 7.

will remain against whichever pole piece it is placed, for no
retractile spring is used. A winding surrounds each pole
piece and the two windings are connected in series. Re-
membering that a current traversing a winding around an
iron core will cause the formation of magnetic poles as
shown at (d), it will be evident that if a current traverses
the windings as indieated by the arrows at (c) the mag-
netization due to the permanent magnet in the left-hand
pole piece will be partially neutralized while that in the
other pole piece will be strengthened. Consequently the
armature will be drawn over toward the stronger right-
hand pole piece, and make contact with the right contact
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screw. If the direction of current flow be reversed, the
left-hand pole piece will be the stronger and therefore the
armature will make contact with the left-hand contact
stud. Thus, every time the direction of current changes,
the armature will move from one contact screw to the
other.

The windings of the polarized relay may also be wound
differentially in the same way as with the ordinary or neu-
tral differential relays, already described.

Each coil contains an equal number of __; p=4
turns belonging to the two windings. To — m’%m
avoid complicated diagrams, differentially- —

wound relays will be represented as in

Fig. 8, with a tap m at the middle point
of the winding. When current is sent through the coils
differentially in either direction the armature will not move
from the position previously assumed.

Fig. 9.

Fig. ¢ shows one form of differentially-wound polarized
relay. The armature is pivoted in a brass casing just
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below the upper end of the semicircular-shaped permanent
magnet and extends between the adjustable pole pieces of
the electromagnet coils that are mounted on the other end
of the permanent magnet. The post supporting the con-
tact points is shown at the left.

In practice polarized relays usually have resistances of
from 50 to 500 ohms, and will operate satisfactorily on
currents of from 5 to 200 milliamperes. When traversed
by currents of from 10 to 15 milliamperes, the inductances
of such relays are from 1.5 to 6 henrys when the air gap
between armature and pole faces is about o.02 inch.

5. The Polar Differential Duplex. — The connections
‘of a polar differential duplex for primary battery opera-
tion are shown in Fig. 10. The pole-changing trans-
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mitters, represented by C and C’, consist of double arma- -
ture relays, each armature playing between two contact
studs. When the key K is not depressed, retractile springs
hold the armatures x and y respectively in contact with
the positive and negative terminals of the battery B, but
when the key is depressed the armatures are attracted
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and x and y are respectively in contact with the negative
and positive poles of the battery. In other words, depres-
sion of the key reverses the polarity of the home battery
with respect to the circuit.

The differentially-wound polarized relays are shown at
P and P’ and control the operation of the local sounders
S and S’ respectively. The letters s and 7 on the relay
poles represent the South and North poles due to the
permanent magnets alone. The properly-balanced arti-
ficial lines are shown at AL. The proper resistance of
the artificial line may be calculated similarly to the method
given in § 2.

When both keys are open, it is seen that the negative
terminals of both main batteries are connected to the
mid-points of the relay windings, and that therefore no
current traverses the line coils g, a; and e, e, of the relays.
Currents, however, will flow in the artificial line coils b, &
and f, f1, and these are in such direction as to strengthen
the left-hand poles of the polarized relays and weaken their
right-hand poles, and consequently both armatures will
be drawn to the left and away from the sounder contacts.
Hence both sounders are idle when both keys are open.

If only key K be depressed, the positive pole of battery
B is connected to the line and the conditions are exactly
as represented in the figure. About twice as much cur-
rent flows through the line coils of the relays as through
the artificial line coils, so that the operation of the relays
depends upon the direction of current in the line coils.
The current in the coils ¢ and a; strengthens the left-hand
pole and weakens the right-hand pole of relay P, and con-
sequently the armature stays away from its sounder con-
tact. At the other station the current in the line coils
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e and ¢, strengthens the right-hand pole and weakens the
left-hand pole of relay P’, and therefore the armature
closes the local circuit and the sounder S’ responds. In
like manner the depression of key K’ only will operate
the sounder S. Thus, the manipulation of one key
controls the operation of the distant sounder, but does not
control the home sounder.

When both keys are simultaneously closed, no current
again flows over the line, because the positive poles of
both batteries are in contact with the line. The currents
in the artificial line coils are now in such a direction as to
weaken the left-hand poles and strengthen the right-hand
poles of both relays. Both armatures are then held against
the local circuit contacts and both sounders operate. In
this way signalling can be carried on in opposite directions
over a single wire. If relays are used that have their
armatures magnetized South, reversal of the batteries will
cause the system to operate in the same way.

Continuity-preserving pole-changers may be used with
polar duplex systems if current is supplied by primary
batteries, but their use is not so important as the use of
continuity-preserving transmitters with differential duplex
systems. For, assume key K to be depressed while key K’
is open, and consider the instant when the armatures of
the pole-changer C are midway between their contacts.
The battery B is then completely cut off from the circuit
and the line circuit is completed to ground at G only
through all coils of the relay P and the artificial line. The
line current from battery B’ flowing through these coils of
the home relay strengthens the left-hand pole and weakens
the right so that sounder .S does not operate. At the other
station more current traverses the coils f, fi than the coils
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e, ¢, and consequently the left-hand pole of relay P’ is
strengthened and the other is weakened, so that sounder S’
is not operated until the armatures of the distant pole-
changer touch their front contacts. Conversely, sounder
S’ will release its armature at the instant when armatures
z and y leave their front contacts. Again, assume that key
K is held down, as in Fig. 10, which means that the relay
armatures of P and P’ are respectively on their left and
right contact studs, and that sounder S’ is actuated. If
now key K’ is also depressed the pole-changer C’ operates,
and its armatures will be drawn toward their front stops.
Consider the instant when these armatures are in their
intermediate positions, touching neither contacts. The
battery B’ is then completely isolated, and the only path
for the line current at station B is through all four coils
of relay P’ and through the artificial line to ground at G'.
The current supplied by battery B enters the relay P at
junction y and divides between the line and artificial line
coils. The current through the coils of relay P’ keeps the
right-hand pole magnetized stronger than the left so that
sounder S’ will remain actuated. At the other station
more current flows through the coils b and &, than through
the others, and is in such direction as to magnetize the
right-hand pole stronger than the left and consequently
the sounder S will operate as soon as the armatures z’ and
9y’ leave their rear contacts. Conversely, sounder S will
remain actuated until these armatures again touch their
rear contacts. Thus false signals can hardly ensue with
the polar duplex if properly balanced.

A polar duplex circuit is balanced in practice by first
adjusting the polarized relays, with all current cut off, so
that the armatures will move with equal force from their
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.intermediate positions to either stop and remain there.
Then connect the relays in circuit. At one station alter-
nately depress and release the key while varying the re-
sistance of the artificial line until such manipulation of the
key does not alter the behavior of the home relay. The
capacity of the artificial line is adjusted by first moving
back that magnet pole piece which is on the side away
from the local circuit contact, and then, starting with all
the condensers in circuit, gradually diminish the capacity
and alter the resistances in series with the condensers,
while depressing and releasing the key at intervals, until
the relay armature will not kick with every movement of
the key. This adjustment signifies that the current grows
and decays simultaneously in both relay windings. Then
restore the pole piece to its proper position, and the balance
is complete. The other station is adjusted similarly.

A single-armature pole-changer, such as illustrated in
Fig. 11, is extensively used with duplex telegraph circuits

Fig. 11.

when operated by generatdrs. The armature moves be-
tween two contacts, one being connected to the positive
terminal of one generator and the other contact to the
negative terminal of another similar generator, the two
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other generator terminals being grounded as shown in
Fig. 12. Another generator supplies current to the local
pole-changer “circuit. The same generators may furnish
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current to other duplex circuits, by connecting these cir-
cuits, each with protective fuses, f, f, f, to the positive and
negative bus-bars.

This figure shows the transmitting arrangement used by
the Postal Telegraph-Cable Company. At the instant of
transferring contact from one stud to the other a spark is
produced and drawn across the air gap, thereby bridging
the two 200-volt generators through the 300-ohm protec-
tive resistances. These resistances (usually in lamp form)
protect the machines in cases of accidental short-circuit.
This spark is effectively quenched by the provision of a
discharge path to ground through a j-microfarad con-
denser, for each machine, as shown. Three-hundred ohm
or 6oo-ohm protective resistances are usually connected in
series with the generators.

In order to find the current strength in the various por-
tions of a polar duplex circuit let R,, R,, Rl and 7 be re-
spectively the resistances of the polarized relays, battery or
protective resistance in series with generator, perfectly in-
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sulated line, and artificial line, let I, I, and I, be respectively
the current supplied by each battery or generator, current
in artificial line and current in line wire, and let E be the
voltage of each battery or generator. Then, when both
keys are open or both closed

I=1=-—2%L

Botrtr

and I; = o; (4)

when one key is closed

BRIl 2E=RD g rontn, )
T & |

E(2R,+ R+ 27)
Ro(R, + R) + (2 + 1) (R, + R + 2R)

In order to have I, twice as great as I, the artificial lines

whence I =

- (6)

should have a resistance of r = %’5 + RI.

Where only generators of higher voltage are in service,
as necessary for the operation of long quadruplex telegraph
circuits (see next chapter), the potential may be reduced
to values sufficient for duplex operation by the intro-
duction of a leakage path to ground. The connections of
one station of such a leak duplex circuit, as used by the
Postal Telegraph-Cable Company, are shown in Fig. 13.
Fourteen-hundred-ohm resistances are in series with the
generators, and 2200-ohm shunt or leak paths are provided
to ground. The difference of potential between the point

2200
1400 + 2200
volts and this occurs when the armature is midway between

y and ground does not exceed X 380 or 233
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the pole-changer contacts. Assuming that each winding of
the polarized relay has a resistance of 150 ohms and that

ks

3
< -| 380 +
m:; v 2200 *n¢
< . uL— LINE
b
!?L' Fig. 13. =G

the artificial line has a resistance of 1700 ohms, this poten-
tial difference would fall to

380
(1700 + 150) 2200
2200 + 1700 4 150

380 — 1400 or 159 volts,

1400 +

when the armature makes contact so that no current flows
over the line. In this way the voltages available at the
pole-changer contacts are rendered materially less than the
terminal voltages of the generators.

6. Improved Polar Duplex. —The arrangement of the
improved polar duplex circuit due to Davis and Eaves and
now employed by the Postal Telegraph Company is shown
in Fig. 14. The principle of operation is identical with
that already described in connection with Fig. 10, and it
will be observed that the transmitting arrangement used
is that of Fig. 12. The additional features of this duplex
circuit are the resistances g, 4, 7, k, / and m and the con-
densers ¢, ¢/, ¢ and ¢, the functmns of which will be ex-
" plained presently

It was pointed out in the last section in describing the
polar duplex circuit, that with the home key open, (1) the
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home sounder is not operated until the distant poje-changer
armature touches its front contact and (2) that it will
cease to operate at the instant this armature leaves this
front contact. Also, that with the home key closed,
(3) the home sounder will operate as soon as the distant
pole-changer armature leaves its rear contact and (4) will
remain actuated until this armature again touches its rear
contact. Thus, conditions 2 and 3 permit of faster trans-
mission of signals than the others. The introduction of
the non-inductive resistances g, %, j and k, each of 500-
ohms resistance and the 12-microfarad condensers ¢ and ¢’

LINE

Fig. 14.
is for the purpose of quickening transmission for the slow
conditions (1) and (4).

When both keys are open the negative generator termi-
nals touch armatures y and y’ of the pole-changers and no
current traverses the line, line coils of both relays, or re-
sistances g and j. Currents, however, flow from the gen-
erators to ground, through the artificial lines, lower relay
windings and resistances £ and % back to their respective
generators. As a consequence the condensers ¢ and ¢’ will
be charged respectively to the potential differences exist-
ing across the resistances % and %, the plates w and z being
charged positively. If, now, key K is depressed, the -
armature y of pole-changer C travels from the rear to the
front contact. In its intermediate position, the armature
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isolates the generators D. A current now flows from the
generator D’ to ground, through the left-hand artificial line,
relay P, resistances / and g, line, upper coils of relay P’ and
resistance j back to the generator; and this eurrent is
about one-half that which flows from the same generator
through the right-hand artificial line, lower coils of relay
P’ and resistance k back to the generator. The charge on
condenser ¢ remains practically unchanged because its
potential difference, that across coils g and %, is due to a
current of approximately. half the initial strength though
double the initial resistance. This condenser will produce
no appreciable discharge.

At the other station, however, the potential difference of
condenser ¢’ is now that across coil £ minus that across
coil 7, and is therefore approximately half that possessed
before and in the same sense. This condenser will then
discharge partially and a current pulse flows from ¢ through
the lower coils of relay P’, both artificial lines, relay P,
resistances g and £, line, upper coils of relay P’ to the other
condenser terminal at p. This current does not affect the
relay P, but it does tend to operate the relay P’ momen-
tarily. This discharge current through all coils of P’ is in
the same direction as that which will flow through its
upper coils when the pole-changer armature y reaches the
front contact. Thus the condenser discharge begins the
operation of the home relay at the instant the distant
pole-changer armature leaves the rear contact, and this
operation is completed by the generators as this armature
reaches its front contact. The improvement for the fourth
condition can be traced similarly.

The function of the four 6oo-ohm non-inductive resist-
ances /, /', m and m’, with the four 1-microfarad condensers
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¢, &, ¢ and ¢’ shunted around the relays is to provide an
auxiliary path to ground, for inductive disturbances from
neighboring telegraph, telephone or high-tension transmis-
sion lines, which does not include the relay windings, thereby
eliminating such interference with the operation of the
duplex circuit. The shunt circuits offer a further advantage

in that the first portion of the current pulse for each

signal over this home shunt path reaches the other end of
the line a little in advance of the current which passes
through the home relay windings. This action assists in
attaining a high signalling speed.

7. Short-line Duplex. — The circuit of the Morris
duplex, which. system is successfully employed by the
Western Union Telegraph Company on many short lines,
is shown in Fig. 15. It utilizes a neutral relay at one sta-

Fig. 1s.

tion and a polarized relay at the other, and employs main-
line generators at one station only. The artificial line has
a resistance equal to the resistance from the point x to
ground at G’. The resistance of the compensating rheo-
stat r; is adjusted so that three times as much current flows
through the line when the key K’ is depressed as when K’
is open. These conditions are:

’=RI+RP+71: (7)
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— 2R R +27)

and "n= 22 11:: +RRj'_:2'Z +R,+2(RI+R,), (8)
where R, and R, are the resistances of the polarized and
differential neutral relays respectively, R, is the resistance
in series with the generator, R/ is the resistance of the
assumedly perfectly-insulated line and r is the resistance
of the artificial line. * Thus, if Rl = 1000 ohms, R, = 300
ohms, R, = 200 ohms and R, = 400 ohms, then

r = + 1400,

600 (200 + 2r!
Nn=

800 + 27
whence r = 4966 ohms and 7, = 3566 ohms.

The function of the repeating sounder RS is to eliminate
false signals when key K is depressed while the other key
is held down. The reversal in magnetization of relay R
takes place quickly and before its armature has an oppor-
tunity to fall back to its rear contact and open the circuit
of sounder S. In view of the foregoing descriptions, the
operation of this duplex system may be readily understood
without further comment, by tracing the conditions when
no keys, either of the two keys, and both keys are depressed.

-+ 3000,

8. The Bridge Duplex. — The form of the bridge duplex
circuit resembles that of the Wheatstone bridge, in having
four arms with the home receiving instrument connected
across opposite arm junctions, as shown in Fig. 16. For
the station A the bridge arms are: winding a of the re-
tardation coil I, line xy plus the paths from y to ground at
the right-hand station, artificial line 4 L,, and the winding b
of the same retardation coil. The arrangement for station
B is identically the same. The simple polarized relays are
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connected across the junctions x, w and y, z. The artificial
line at each station is adjusted to equal the resistance of
the line and the apparatus at the distant station, and the
resistances of the two coils of each retardation coil are equal.

When both keys are idle, the armatures of the pole-
changers C and C’ rest against their rear stops which are
joined to the positive generator terminals, and therefore
no current traverses the line wire. At station 4 a current
divides at the point m, one part traversing winding ¢ and
relay P, and the other part traversing winding b, both

LINE

Fig. 16.

currents then combining at the point w to iow through the
artificial line AL, to ground and back to the other generator
terminal; while at station B, a current divides at the
point #, one part traversing winding ¢ and relay P’, and
the other part traversing winding d, both currents then
combining at the point z to flow through the artificial line
AL, to ground and back to the other generator terminal.
It will be observed that the direction of the currents through
the two relays is such that the relay armatures touch their
idle contacts and therefore do not close the local sounder
circuits, as indicated in the figure.

When the key K is depressed, the armature of pole-
changer C touches the negative generator terminal, and
consequently more current flows over the line than through
either artificial line, and this current flows from y to x.
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The line current entering at the point y is made up of the
current coming through the coil ¢ and that coming from z
through the relay P’. The direction of this current is
such that the right-hand pole of the relay will be more
strongly magnetized than the left and consequently its
armature closes the sounder circuit. At station A4 the
arriving current divides at the point x, and that part
which traverses the relay P is in such direction as to mag-
netize the left-hand pole more strongly than the right, so
that this relay will not close the sounder circuit. Thus,
the depression of one key controls the operation of the
distant relay and sounder.

If both keys are closed, both pole-changer armatures
will be in contact with the negative generator terminals,
and again no current will flow over the line. Currents will
now flow through relay P’ from z to y, and through relay
P from w to x, and their direction is such as to magnetize
the right-hand poles stronger than the others and con-
sequently the relay armatures will close both sounder cir-
cuits. Although each relay is caused to operate by its
home battery, yet its action is controlled entirely by the
distant key. .

It will be noted that each receiving instrument is always
shunted, so that only a part of the generator current can
flow through the relay. The magnitudes of the currents
in the various paths can best be compared by means of a
numerical illustration.

Using 8oo-ohm polarized relays, 300-ohm resistances in
series with each generator, and retardation coils with 500
ohms resistance per winding, at the-ends of a 19oo-ohm
perfectly-insulated line, requires that the artificial lines be
adjusted to have a resistance of 2500 ohms. The joint re-
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sistance of the paths from the points x or y to ground at
the corresponding station is then 60oo ohms (calculated
according to equation (9) following); thus the resistances
of the artificial lines are correct, viz. 19oo + 600 = 2500
ohms. The steady currents, in milliamperes, flowing
through these paths for various sending conditions with
150-volt generators, are given in the following table, and
their directions are indicated by 4 and — in connection

a = 800 Rl = 1900 © = 800

AAAAAA

%.
o

Fig. 17.
with the scheme of Fig. 17, the 4 sign signifying a cur-
rent flowing upwards or toward the right, while — denotes
a current flowing downwards or toward the left. The stars
represent the operation of relays.
CURRENTS IN BRIDGE DUPLEX CIRCUIT

é A 3, é
o o Y - o ~
Condition Sgi3 &
. HEEHSHEFIEE
+ -
M
Neither key depressed.......... +48|+13|+35| 13 |—48| ©0 (—48[—13 [—13(—35/+48
Key K depressed............... —120(—71|—49|—13 |+36(—84| —36|+13*| —71|—49|+120
Key K’ depressed.............. +120|+471(+49|+13* —36|+84|+36| —13 |+71|4-40|—120
Both keys depressed........... —48{—13|—35|+13%+48 o [+48|+13%+13]+35) —48

1 By equation (80) of Chap. X.
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The resistance of the terminal apparatus when @ = b is
calculated from the equation
R =aP(2R,,+a) +RbAT(2_a+P) + aAL (a + P) ©)
(20+P)(&+AL)+a(a+P) ’
which is obtained by an application of Kirchhoff’s laws.
Since, for a perfectly insulated line

AL = Ry+ RI,

by combining with equation (¢) there results that the
proper resistance of the artificial line should be

aL =21 1viRyiie . (10)
where Q=2 (0+2R) (Rlz_:f)l,-'- RP@+Ry) (11)

The bridge-duplex arrangement used by the Western
Union Telegraph Company embodies various improve-
ments on the system described, and will now be considered.

The. retardation coil comprises two 500-ohm coils wound
upon a circular core of rectangular cross-section, made up

“of soft iron wires. The core has an inside diameter of 33
inches, an outside diameter of 5§ inches, and is 1} inches
wide; it is composed of about 6000 turns of No. 26 B. & S.
annealed iron wire. Each winding has 7900 turns of No. 29
B. & S. double-cotton-covered copper wire and has a re-
sistance of about 400 ohms. Its resistance is brought up
to 500 ohms by adding approximately 110 turns of No. 28
german silver wire wound back on themselves, to render
'this compensating winding non-inductive.

Each 500-ohm coil possesses considerable inductance,
and consequently a current coming over the line wire meets
at first with great opposition in traversing the retardation
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coil, because of the counter electromotive force of self-in-
duction which is developed in it. This electromotive force
is in such direction as to assist in the rapid growth of cur-
rent in the polar relay to a value momentarily greater
than the steady value. This initial pulse of current
through the relay causes its armature to be moved from
stop to stop with great rapidity. The retardation coils do
not hinder outgoing currents very much because differing
currents pass through the two windings of the coils differ-
entially, and the magnetism developed in the core by one
winding is neutralized to some extent by that developed
by the other, and hence the coils for this condition are less
inductive than before.

In order that the speed of pole-changer armatures shall
“be high, two series-connected electromagnets are provided
on each instrument, one on either side of the armature.
The iron cores of the front magnet are laminated while
those of the rear magnet are solid and surrounded by
copper sleeves, thereby causing the magnetism to be es-
tablished much more rapidly in the front than in the rear
magnets. Light retractile springs hold the armatures
against their back contacts when the keys are elevated.
When the key is depressed, current flows through both
pole-changer electromagnets, but the armature is drawn
toward the front contact because sufficient attraction is
first exerted by the front magnet. As the armature is
now further from the rear magnet, subsequent full magneti-
zation of this magnet cannot cause its return. However,
when the key is released, the rear magnet retains its mag-
netism much longer than the other, and consequently the
armature is brought over to its rear contact far more
rapidly than if the spring alone were acting. "
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~ The winding of each electromagnet (composed of two
cores) of the pole-changer has a total resistance of 400
ohms.

~ A milliammeter, reading to 50 milliamperes in either
direction, is placed in series with the polarized relays to
measure the current flowing and to facilitate line balancing.
When the artificial line resistance and capacity are so ad-
justed that the milliammeter needle is practically unaffected
by the manipulation of the home key, a good working
balance is established.

For increasing the resistance of short lines for operation
at the voltages usually employed in duplex signalling, a
line-resistance box is used at each station. It contains
two separate and identical sets of resistances (five 250-ohm
resistances in each set) simultaneously adjustable by means
of a double lever. These resistances are interposed in the
real and artificial lines at the points w, x, y and 2, Fig. 16.
The variation of each line resistance requires an adjust-
ment of the distant artificial line. The insertion of this re-
sistance, which is almost perfectly insulated from ground,
in the line circuit during wet weather, raises the apparent
insulation of the whole line, that is the insulation resist-
ance per ohm of line is greater than before.

The method of quenching the sparks produced at the
pole-changer contacts is similar to that shown in Fig. 12,
but the ground connection at the point x is replaced by a
20-ohm resistance lamp connected in series with the con-
densers; or a single ¥ mf. condenser may be used instead
of the two 4 mf. series-connected condensers. In practice
non-adjustable 1 mf. condensers are also connected to the
points m and n of Fig. 16, their other terminals being
grounded. '
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9. Advantage of Double-current Duplex Systems. — It
has been inferred in Paragraph 1 that the single-current
duplex is infrequently used because of the superiority in
practice of the polar differential and bridge systems, the
latter being called double-current duplexes. Considerable
difficulty is experienced in maintaining operation over
single-current duplex lines when the weather is unfavor-
able, because the line insulation is poor. That this is the
case can be seen from the following illustration.

In § 2 a 474-mile, 2000-ohm differential duplex line with
two 200-ohm relays was considered. A 200-volt gravity
battery having an internal resistance of 250 ohms and a
2327-ohm artificial line was employed at each end. The

2827
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Fig. 18.

table in that section shows the current strengths in the
relay coils when the line is perfectly insulated. If the in-
sulation resistance should fall to 1 megohm per mile, and
considering the distributed leakage to be concentrated at
the middle of the line, the conditions are representable by
Fig. 18.

It can readily be verified that the currents then travers-
ing the relay coils, under otherwise identical conditions,
will be as shown in the following table. The figures fol-
lowing the braces give the equivalent currents through one
relay coil. \
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CURRENTS IN NEUTRAL RELAY COILS, EXPRESSED IN

MILLIAMPERES
Neith
Relay | Coil 1;5' de | KeyKouly | Bothkeys | Key K'only .
a ) 67 72 5 }
R b o}o 85 18 32}4" . 52 57
a’ o 52 32 85
B | e | Sis | e | &ims

To assure satisfactory operation under these conditions the
relays must be adjusted so that they will not operate on
18 milliamiperes through one coil, but will operate on 40
milliamperes. For longer lines or for poorer insulation this
margin of 22 milliamperes will be reduced and operation
rendered unsatisfactory.

Consider a polar duplex line to have the same constants.
When this line is perfectly insulated, the currents travers-
ing the relay coils are as tabulated below, the values being
computed in accordance with equations (4), (5) and (6).

CURRENTS IN POLARIZED RELAY COILS, EXPRESSED IN

MILLIAMPERES

Relay Coil ,fi:i{i ’&; Osgmw
R 5 s | S2)us
BO| G| gt | s

When the line is poorly insulated, and the multitude of
leakage paths be considered grouped at the middle point ¢
of the line, and one key be depressed, this point ¢, being
midway between + 200 and — 200 volts, will be at zero
potential with respect to ground, and consequently leak-



76 TELEGRAPH ENGINEERING

age will cause no alteration in current distribution, and the
current values in the last column still apply. The follow-
ing table shows the currents then traversing the relay
windings for all key positions. A margin of at least 40

CURRENTS IN POLARIZED RELAY COILS, EXPRESSED IN

MILLIAMPERES
Reay | Coi ’%&:‘iﬁ* Ong key only
RO G| R | gt
' r ” Sfe | i

milliamperes is effective for operating the relays. Of course,
if these leakage paths were considered uniformly distrib-
uted along the line, the tabulated values would be altered
somewhat, but it is clear that the double-current duplex
systems are not as sensitive to weather variations as is the
single-current system and consequently excel it in operation.

10. Duplex Repeaters. — Duplex repeaters are not as
complicated in theory as simplex repeaters, for it is only
necessary to connect the magnet of the pole-changer that
controls one circuit with the contact points of the receiving
relay of another line. A still simpler arrangement, dis-
pensing with pole-changers, and called a direct-point re-
peater, is widely used.

Polar Direct-point Repeater. — The schematic diagram
of the polar direct-point repeater is given in Fig. 19. The
repeating station is equipped with four generators, D; and
D, two differentially-wound polarized relays, P, and P,
and two artificial lines. The elements of the originating
and receiving stations 4 and B are also shown. When
both keys K and K’ are elevated they rest on the rear con-
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tacts which are connected to the negative generator termi-
nals. For this condition all four relay armatures will rest
against their left contacts, as indicated in the figure. The
armatures of repeater relays P, and P, will be against the
negative contacts of generators D; and D,, no current will
flow over either line wire, and sounders S and S’ will not
be actuated.

The depression of key K causes a greater current to flow
over the western line and line coils of relays P and P,
than through their artificial line coils, and its direction
will be such as to move only the armature of relay P; to
the right, thereby touching the positive generator termi-

Fig. x.g.

nal of D;. A greater current will then flow over the
eastern line and line coils of relays P; and P’ than through
their artificial line coils, and its direction is such as to
move only the armature of relay P’, which then closes the
local sounder circuit. Thus key K controls the operation
of repeater relay P, of relay P’ and of sounder S’ at the
remote station. In the same way key K’ controls the
operation of repeater relay P,, relay P and sounder S.
When both keys are depressed it will be seen that all
relay armatures press against their right-hand contacts, no
current flows over either line, and both sounders are oper-
ated. Thus messages being transmitted in opposite direc-
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tions over a single wire are simultaneously repeated without
interference.

Fig. 20 shows the connections of the direct-point duplex
repeater used by the Postal Telegraph-Cable Company.
The principle of operation is identical with that just de-
scribed, but there are several additional features. For the
operation of reading sounders S; and S, at the repeating
station, the leak relays L; and L, in series with 20,000-ohm
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resistances 7, 7 (shunted by 1-mf. condensers) are bridged
from ground to the armatures of the repeater relays P,
and P,. The transmission of signals from one station to
the other through the repeater for the various positions -of
the keys can readily be traced, the pole-changers Cand ('
remaining in the positions shown.

This repeater arrangement permits of separatlon, by
the upward movement of the switches a and o/, into two
polar-duplex sets. Thus duplex signalling may be effected
between the left-hand station and the repeater station by
manipulating the key K; and the distant key, and also
distinct duplex signalling may be carried on between the
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repeater station and the right-hand station by manipulat-
ing the key K, and the distant key. These sets differ from
those described in connection with Figs. 10 and 12 only in
the introduction of the leak relays. The unmarked coils
are 300-ohm protective resistances.

Bridge Direct-point Repeater. — The arrangement of the
repeater used with the bridge duplex by the Western
Union Telegraph Company is shown in Fig. 21. The in-
strument positions represented are for the normal con-
dition, that is, no signals being sent in either direction,
the positive generator terminals being connected to the

WEST LINE EAST LINE
: Fig. a21.

line at both stations. Reference to the explanation of the
bridge duplex and Fig. 16 will indicate that the armatures
of the two repeater relays P, and P and consequently
‘those of the leak relays L, and L, rest against their left-
hand contacts. Further, no current traverses the two
line wires, and the two reading sounders S; and S, at the
repeating station are not actuated.

When the key at the western station is depressed,
thereby bringing the line in contact with the negative
terminal of the home generator, current will flow through
the repeater relay P; from the point x to y, and conse-
quently its armature will be drawn over to the right.
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This will cause the operation of sounder S; through the
leak relay L,, and the negative generator terminal will be
in contact with the junction # of the right-hand retardation
coil. Current will then flow over the eastern line and
through the relay P, from the point ¥’ to 2’ so that the
armatures of relays P, and L, will remain as shown. The
eastern line current is in such direction as to operate the
polarized relay and sounder at the eastern station (see § 8).

The depression of both keys will cause all armatures to
rest against their right-hand contacts, thereby actuating
the sounders S; and S4 and also the sounders at the termi-
nal stations. -

When the double-throw triple-pole switches a and b are
moved to the left, the repeater is separated into two dis-
tinct bridge-duplex sets that differ from that already de-
scribed only in the addition of the leak relays. It can be
seen, then, that the western and repeating stations and
that the repeating and eastern stations can engage in
separate duplex signalling, both the repeater and leak re-
lays being in use in this divided service. The resistances
r are adjustable to have the following values: 8,ooo, 12,000,
16,000 and 20,000 ohms.

11. Half-set Repeaters. — Where it is found desirable to
join a duplex line with a simplex line for through simplex
operation in either direction, a half-set repeater is used.
One-half of the apparatus necessary for a simplex repeater
of any type will serve as a half-set repeater.

The connections of a Weiny-Phillips half-set repeater
joined between a simplex line and a polar-duplex circuit
are shown in Fig. 22. The repeater apparatus is shown
between the two broken lines, while the simplex and
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duplex receiving apparatus are shown respectively on the
left and right sides as 4 and B. This apparatus is usually
interconnected at a switchboard by means of flexible
double-conductor cords equipped with plugs or wedges
which fit into appropriate jacks, these cords being repre-
sented, for the sake of simplicity, by dotted lines.

The operation of the repeater transmitter T is con-
trolled by the armature of the polarized relay P, and the
operation of the pole-changer C is controlled by the arma-
ture of the repeater relay R;. The function of the differ-
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ential holding coil H of the Weiny-Phillips relay has been
explained in § 10 of Chap. I.

In the normal condition, when the distant keys on both
lines are depressed (or circuit-closers closed) current flows
over the simplex line, distant relay and relays R and R,
and the duplex line will be in contact with the negative
generator terminal. The armature of relay P will rest
against the right-hand contact regardless of the position of
the armature of the pole-changer C (because the distant
pole-changer makes contact with the negative generator
terminal), and consequently the armatures of sounder Ss
and of transmitter T will be attracted. Equal and oppos-
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ing currents traverse the windings of the holding coil A
so that its core is not magnetized; nevertheless the arma-
ture of the repeater relay will be ‘attracted owing to the
current in the main coil R;. The attraction of this arma-
ture closes the magnet circuit of pole-changer C and its
armature places the negative generator terminal in con-
tact with the junction m of the relay windings. This
action does not affect relay P, but the distant polarized
relay on the duplex line responds and operates its local
sounder.

When the key at the distant office on the simplex line
" is raised, no current flows through this line and relays R and
Ry, and, therefore, their armatures will be released. The
armature of the repeater relay opens the circuit of the"
pole-changer magnet which causes the positive battery
terminal to be placed on the junction m. The relay P
will not be affected, but the distant relay on the duplex
line will open the home sounder circuit. In this way
signals formed by the key on the simplex line are repeated
to a distant station on a duplex line.

If, instead, the distant key on the duplex line be raised,
the armature of relay P will be drawn over to the left-
hand side, causing the magnet of transmitter T to be de-
energized. This action opens the simplex line at x, and
consequently the distant sounder on the simplex line re-
leases its armature. Although no current flows through
the relay R; the magnetism developed in the core of the
holding coil H by current in one of its coils is sufficient to
hold over the armature, which action keeps the distant
sounder on the duplex line energized. When the key at
the remote end of the duplex line is again depressed, the
armature of relay P is drawn to the sounder contact and
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the armature of the transmitter is again attracted, thereby
closing the simplex line at the repeating station. Thus
the composite circuit operates as a closed-circuit simplex
line.

Some important duplex circuits are operated simplex
through half-set repeaters by current reversals instead of
ordinary Morse simplex operation, because of higher speed
possibilities and lesser dependence upon weather con-
ditions. The Associated Press leased wire is operated in
this way, the signalling being carried out by mecograph
transmitters.

PROBLEMS.

1. A perfectly-insulated Stearns duplex line has a resistance of
1500 ohms and is equipped with a 140-ohm differential relay at each
end. If the battery resistance is 200 ohms, calculate the proper re-
sistance of the artificial lines.

2. When one key of the circuit of Prob. 1 is closed, thereby in-
troducing a 16o-volt battery, how much current flows through the
line and through each artificial line?

3. A 2000-ohm polar differential-duplex lme has a 300-ohm relay
and a 2644-ohm artificial line at each end. Using 6oo-ohm re-
sistances in series with the 200-volt generators, determine the current
strength in each relay coil for the various positions of the signalling
keys.

4. If the line of the preceding problem be operated on 380 volts
as a leak duplex with 2200-ohm leak paths, compute the current
strengths in the relay coils when one key is depressed and when bot.h
keys are either raised or depressed.

5. A Morris duplex line, having 80o ohms resistance, employs a
300-ohm polarized relay at one end and a 140-ohm differential neutral
relay at the other end. Using Goo-ohm protective resistances in
series with the generators, determine the proper resistance values of
the artificial line and compensating rheostat.

6. Derive equation (9) for the terminal resistance of a bridge-
duplex circuit.
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7. What should be the resistance of the artificial lines used with
a perfectly-insulated bridge-duplex circuit having a 1000-ohm line,
when using 60o-ohm polarized relays, 200-ohm protective resistances
and 500-ohm (each winding) retardation coils?

8. If in unfavorable weather conditions the line of Probs. 1 and 2
has a total leakage resistance to ground of 1500 ohms, considered
concentrated at the mid-point of the line, determine the relay ad-
justment that will cause satisfactory operation.



CHAPTER III
QUADRUPLEX TELEGRAPHY

1. Quadruplex Systems. — A quadruplex telegraph sys-
tem provides for the simultaneous transmission of two
groups of signals in one direction and also two groups of
signals in the opposite direction without interference over
a single telegraph line. When in full use, eight operators
are required for each quadruplex circuit, two receiving
and two sending operators being located at each terminal
station. Quadruplex signalling was devised by Thomas
A, Edison, and was first placed in operation in 1874 by the
Western Union Telegraph Company. It is now employed
on many lines over distances up to 500 miles.
~ Quadruplex systems are generally based on a combi-
nation at each station of the single-current and double-
current duplex systems, which have been described in the
foregoing chapter. The single-current, or Stearns duplex,
permits of the simultaneous transmission of one message
in each direction through changes in current infensity, and
the double-current system, either differential or bridge
duplex, permits of the simultaneous transmission of one
message in each direction through changes in current
direction. When these duplex systems are combined to
form a quadruplex circuit, the latter is called the polar
side, or first side, of the system, and the former is called the
neulral side, or second side, of the system.

The manner in which these systems are combined is
8s
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illustrated in Fig. 1, which shows one station 4 equipped
with apparatus only for sending and the other station B
equipped with apparatus only for receiving messages.
This circuit permits of the simultaneous transmission of
" two independent messages over one wire in the same
direction, which transmission is called diplex signalling.
Key K is a form of continuity-preserving pole-changer,
which, when depressed, causes its lever contact ¢ to raise
the upper spring # away from the fixed contact , and per-
mits the lower spring / to follow until it strikes against this
fixed contact. The key K’ is a transmitter which changes
the number of cells of the battery B which is included in
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Fig. 1. *

the circuit. Both keys are normally held in their upper
positions by retractile springs. Relay R is a neutral relay
which has its spring so adjusted that the armature will not
be attracted when the small current, supplied by the left-
hand part, or skort end, of the battery traverses the relay
winding, but will be attracted when supplied with current
from the entire, or long end, of the battery. Instantaneous
reversal of current direction has no effect upon this relay
(see §3). The polarized relay P responds only to cur-
rent reversals and is not influenced by changes in current
intensity, so long as this intensity exceeds 3 to 5 milli-
‘amperes.

When neither key is depressed the short end of the
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battery is in circuit and key contacts a and b are re-
spectively connected to the negative and positive battery
terminals. It will be seen that the current then flowing is
not strong enough to operate the neutral relay R and is
in the wrong direction to operate the polarized relay P.
When key K is depressed (as shown in the figure) the cur-
rent flowing is not altered in intensity, but is reversed in
direction, and consequently relay P responds and causes
the actuation of its sounder S; through the local battery
B’.  When key K’ is also depressed the direction of current
flow remains unaltered but its intensity is now sufficient to
operate neutral relay R, which in turn operates sounder S;.
Thus, pole-changing key K controls the polarized relay,
and the transmitting key K’ independently controls the
neutral relay, thereby enabling the simultaneous trans-
mission of two messages from one station to another over
a single wire.

2. Operation of Quadruplex Systems. — By duplicating
the apparatus necessary for the diplex circuit just de-
scribed and employing differentially-wound relays and an
artificial line at each end of the line wire, as in the duplex
systems, it is possible to send two messages in each direc-
tion at the same time, thereby affording quadruplex tele-
graphic signalling. Such a quadruplex circuit extending
between two stations A and B, and operated by batteries,
is shown in Fig. 2. It will be observed that the pole-
changers C and C’ are electromagnetically controlled by the
keys K and K’, and that the transmitters T and 1" are
similarly controlled by the keys K, and K;. The short
ends of the main batteries B and B’ are connected in circuit
when the keys K; and K are open, and the entire batteries
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are in circuit when these keys are depressed. The figure
shows the long-end battery to have three times as many cells
as the short-end battery. The positive and negative ter-
minals of these batteries are connected to the line junctions
%, ¥, when the keys K and K’ are raised and depressed
respectively. '
The figure represents the condition when the circuit is idle,
all four keys being in the raised position. In this condition
the positive terminals of the short ends of both main-line
batteries are joined to the junctions x and y, consequently no
current flows through the line coils of all relays nor through
the line wire. A current will flow, however, from each

main battery through the artificial line coils of both re-
lays, through the artificial line, and back to the other
battery terminal. These currents are too weak to oper-
ate the neutral relays R and R’, and they are in the wrong
direction to operate the polarized relays P and P’. Con-
sequently the armatures of all sounders, S, S’, S; and S,
will remain drawn up by their retractile springs.

When key K is depressed the armatures of pole-changer
C will be attracted and the negative terminal of the home
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battery will be connected to the junction x, and the posi-
tive terminal will be grounded. The main-line batteries
are now cumulatively connected, and more current traverses
the line and line coils of all relays than flows through the
artificial lines and artificial line coils of these relays. For
ease in presentation, let the current traversing the artificial
lines be considered of unit intensity, and let the adjust-
ment of these lines be such that the current in the line
wire when either key K or K’ only is depressed be 2
units. Currents, then, of 1 unit intensity flow through
the artificial line coils of all relays, and opposing currents
of 2 units intensity flow through their line coils. The
surplus of 1 unit current through all the line coils of the
relays is insufficient to actuate the neutral relays R and
R’; it is in the proper direction to operate polarized relay
P, but is in the wrong direction to operate polarized re-
lay P. In the same way, the depression of key K’ only
causes the operation of relay P. Thus the depression of
a pole-changing key causes the operation of the distant
polarized relay and the actuation of the sounder con-
trolled by it.

The depression of both pole-changing keys places the nega-
tive battery terminals to the junctions x and y, and, since
the two identical main-line batteries are opposed to each
other, no current flows over the line wire. Currents of
unit intensity flow through the artificial line coils of all
relays, and, as before, are too weak to operate the neutral
_ relays R and R'. The direction of these currents is such
as to operate both polarized relays.

The closing of key K,, all other keys being open, intro-
duces the long end of battery B into the circuit. Its
voltage being assumed three times that of the short-end
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battery B’, the opposing line currents will not neutralize,
but a current of 2 units will flow from station 4 to sta-
tion B and through the line coils of all relays. At station
A a current of 3 units intensity flows through the arti-
ficial line coils of the relays and artificial line, while at
the other station a current of 1 unit intensity flows through
the corresponding circuit. The currents through the two
coils of relay R are in opposite directions around the core
and, consequently, partially neutralize each other, the
surplus of 1 unit current being insufficient to operate this
instrument. This surplus current in the artificial line coils
of the relay P is in such direction as to hold its armature
away from the sounder contact. The currents through
the two coils of relay R’ are in the same direction around
the core and are equivalent to a current of 3 units travers-
ing a single coil. This current is strong enough to operate
relay R/, for this instrument is so adjusted. The currents
flowing through the coils of polarized relay P’ are both
in the wrong direction to operate this instrument. Thus,
the depression of key K; causes the operation of neutral
relay R’; similarly the closing of key K, causes the opera-
tion of neutral relay R.

The depression of both keys K, and K, connects the long
ends of both batteries to the circuit. No current flows
over the line wire, but currents of 3 units intensity traverse
the artificial line coils of all relays. These currents are
sufficiently strong to operate the neutral relays R and R/,
but are in the wrong direction to operate the polarized re-
lays P and P’. Sounders S and .5, therefore, respond to
the depression of both transmitting keys K, and K,.

When keys K and K, are closed, the negative terminal of
the long-end battery B is joined to the point x, while the
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positive terminal of the short-end battery B’ is joined to
the point y. A current of 4 units intensity will flow over
the line from the right toward the left, a current of
3 units will flow through the artificial line circuit at the
left and a current of 1 unit will flow through the artificial
line circuit at the right. It will be seen that the relays
P’ and R’ respond, thereby operating sounders S; and S".
In the same manner, the currents in the various portions
of the circuit and the relays affected, for the remainder of the
16 possible combinations of key positions, may be traced.
Having given the constants of any circuit, the currents
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traversing the various relay coils can be determined in the
usual manner.

The main-circuit connections of one station of a quad-
ruplex circuit, using the Field key system with a single
generator instead of the battery, are shown in Fig. 3. The
function of the pole-changer C is the reversal of the gen-
erator D, while that of the transmitter T is the variation
of available potential difference by means of the resist-
ances r; and r;. When the armature of the transmitter is
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attracted, the added resistance 7, is short-circuited and the
resistance from tne point x to ground at G is 2 X 300 or
60o ohms, and when this armature is released the resist-
ance is 9°°_(:21c;°°°++62 or 6co ohms, as before. The
terminal resistance therefore remains unaltered regardless
of the position of the transmitter armature. ‘
To consider the variation in current produced by the

movements of the transmitter armatures, let, as in the
preceding chapter:

R, = resistance of polarized relays,

R, = resistance of neutral relays,

R, = resistance of protective coils in series with

. generators,

_r =resistance of artificial lines,
and - E = voltage of generator.
Then, if the apparatus at the distant station is also as
shown in Fig. 3 (that is, all keys open), the line current is
zero and the current supplied by each generator is

j= E ) (I)
(R,+ R, + 2775 + n+R,
R,+ R, +2(r+r) &

of which, the part that traverses the artificial line circuit is

I, = -7 gRb + 72) , (2)

RE;I-R.._l_

the remainder traversing the leak resistance 73, When the
armatures of both transmitters are attracted, the current
flowing through the artificial line circuit is

E
L=I=% _ (3

—’%&+r+&
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Thus, if the resistances of the various paths are as indi-
cated in the figure, the currents traversing the artificial
line circuit when the transmitter armatures are both re-
leased and when both attracted are respectively 35.3 and
106 milliamperes. The attraction of the armatures thus
triples the current flowing and this larger current is sufficient
to operate the neutral relays. The currents for other key
positions might be similarly determined.

At times it is feasible to raise the current ratio from 3 to
1 up to 4 to 1, which may be done by changing the added
resistance to 1800 ohms and altering the leak resistance to
-800 ohms, if the resistance in series with the generator
remains the same. For any other current ratio r, or
other series generator resistance R,, the added and leak
resistances should be respectively

rn=R,(r—1) 4)
and
rs = ;I%I (5)

In practice two generators at each station are more fre-
quently employed in quadruplex service than one gener-
ator. The connections of one station,.according to the
Field key system with two generators, are shown in Fig. 4.
Its similarity to the preceding figure will be noticed, and
consequently the foregoing equations apply to this ar-
rangement also. The relay contacts marked S are those
against which the armatures must rest in order to operate
the sounders.

To balance a quadruplex circuit the distant generators
may be disconnected from the circuit while the resistance
" of the home artificial line is adjusted to equal the resist-
ance of the line plus the terminal apparatus at the other
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end. In order that the removal of the distant generators
will not alter the terminal resistance, a switch, s;, is ar-

LINE

ranged to introduce a resistance 7, from the junction x to
ground which equals the resistance connected in series
with the generators.

3. Avoidance of Sounder-armature Release During
Current Reversals in Neutral Relay. — When a neutral re-
lay of a quadruplex circuit is actuated, and the position of
the pole-changing key at the other station is altered mean-
while, the magnetism in the core of this relay is reversed.
This means that the magnetism falls to zero and then
rises to the same intensity in the opposite direction. Asa
consequence the attracting force also passes through zero,
and a moment exists when the relay armature is not held
against its front contact point. During this brief interval
the local sounder circuit is opened and the sounder armature
is momentarily released. In the operation of a quadruplex
system such periods of zero magnetism in the neutral
relay cores are constantly recurring, and result in false -
signals.
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Various methods have been adopted for avoiding the
release of the sounder armature during these short non-
magnetization periods of the neutral relay. One method
has already been mentioned in connection with the Morris
duplex system, described in § 7 of the fore-
going chapter; namely, the insertion of a "=%'
repeating sounder. The connections of the ré_:L__
local-sounder and repeating-sounder cir- r.__ﬁ,—;o—'"
cuits are illustrated in Fig. 5. The repeat- RS
ing sounder RS has a heavy armature lever o =
so as to render its action slow. It is evi- =
dent that when the magnetism of the neu- Fig. s.
tral relay R passes through its zero value,
the relay armature would have to be drawn against its
rear contact before the sounder S would release its arma-
ture. Since, in practice, the relay armature falls back but
a small distance before magnetism of sufficient intensity
in the opposite direction is again established to attract the
armature, it follows that no false signals will arise.

) Another device, for accomplishing
this result, now extensively used on
S .
I:-ﬁ——L the quadruplex circuits of the Postal
= Telegraph-Cable Company, is the Diehl
U:] relay arrangement, which is shown in

R
[msam]
|~ Fig. 6. It will be observed that the
r;__l T sounder S is actuated as long as the
Fig. 6

armature of relay R is away from its
rear stop. When this armature touches
its rear contact, the local battery, which supplies current
to the relay R/, is short-circuited through a protective re-
sistance, and consequently neither this relay nor. the
sounder is energized.
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Neutral relays equipped with an extra coil, which re-
ceives current during the period of current reversal in the
other coils from a condenser or from a reactor, are also
used in order to avoid false signals. The arrangement
used by the Western Union Telegraph Company with its
quadruplex circuits is shown in Fig. 7. Each winding of
the main relay has a resistance

c:—lI < "~ of 350 ohms while the extra or
WD holding coil H has a resistance -
ROCTOD . of 225 ehms. The condenser
a we C has a capacity of about 3
AL To POLARIZED 3 microfarads. As the condenser

RELAY TERMINALS

is charged to the difference of
potential across the points a
and b, the instant the dis-
tant pole-changer armature leaves either contact in the
act of reversing the polarity of the distant generator,
the condenser immediately discharges through the hold-
ing coil, thus keeping the armature attracted during
the interval that the current reverses in the main relay
coils. The Freir self-polarizing neutral relay also gives
satisfaction with quadruplex systems.

In order that the period of current reversal be as short
as possible the movements of the pole-changer armatures
between their contacts should be reduced as much as prac-
ticable. Quick reversals of magnetism in the relay cores
are made possible by the use of relays possessing little
inductance and having laminated cores.

Fig. 7.

4. The Postal Quadruplex. — The Davis-Eaves quad-
ruplex is now largely used by the Postal Telegraph-Cable
Company, and is illustrated in Fig. 8, which shows the ap-
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paratus at one station. This arrangement is modelled
after the improved polar duplex described in § 6 of the fore-
going chapter. The functions of the bridge coils g and 4
with the bridged condenser ¢, and the shunt paths con-
taining the resistances / and /" and the condensers ¢; and
¢/, have there been explained. The operation of the
transmitter T in varying the available potential by means
of the leak resistance r; and the added resistance r, has
been considered in connection with Figs. 3 and 4. The
condenser c; curbs the sparking at the transmitter contacts.
The pole-changer C and the transmitter T' are equipped
with permanent magnets, pp, so arranged as to hasten the
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return of their armatures to the rear contact points.
Neutral relay R controls the operation of sounder S,
through the Diehl relay R’, as explained by means of
Fig. 6. A high-resistance leak path to ground is provided
by closing a switch introducing resistance #’. Four local
generators are shown in order to avoid complication of
the diagram, but in practice only one generator is em-
ployed. The constants of the main circuit are: resistances
of g = h = 500 ohms, of ! =1’ = r, = 600 ohms, of r; = 450
ohms, of R = 60 ohms, of P = 200 ohms, and of ' = 25,000
obms; capacities of ¢; = ¢’ = ¢; = 1 microfarad, and of
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¢ = 12 microfarads. The generator voltage should be from
250 to 385 volts.

5. The Western Union Quadruplex. — The quadruplex
circuits, now the standard of the Western Union Telegraph
Company, embody the principles of the bridge duplex,
already considered in § 8 of Chap. II. The connections of
the apparatus at one station of the Western Union quad-
ruplex are shown in Fig. 9. The retardation coil 7,
the milliammeter 4, the pole-changer C, the line resist-
ance box, and the method of quenching the sparking at
the pole-changer contacts have already been described
in connection with the bridge duplex. The variation in

available potential is again effected by the Field system, T
being the transmitter and 7, and r; being respectively the
added and leak resistances. Both the repeating sounder
and neutral-relay holding-coil methods (see § 3) are utilized
in tiding over the period of zero magnetization in the
neutral relay core. Each artificial line is adjusted to
equal, in resistance and capacity, the main-line wire plus
the apparatus at the distant station. The ground resist-
ance 7, facilitates line balancing, and is the equivalent of
the resistance in the generator leads. The condensers ¢’
eliminate sparking at the transmitter contacts.
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When the distant pole-changer places the negative gen-
erator terminal to the line, the armature of the polarized
relay at the home station will close its local sounder circuit,
but. when it places the positive terminal to the line the
polarized relay will not operate its sounder. An alteration
in current intensity from a minimum to a maximum value,
or vice versa, does not affect the polarized relay whether
it be against one contact or the other. Each polarized re-
lay is unaffected by the movements of the home pole-
changer.

The neutral relay is connected in the bridge circuit
in series with the polarized relay. Each neutral relay oper-
ates only on the attraction of the armature of the distant
transmitter, for the current then traversing this receiving
instrument is three times as great as when the transmitter
armature is not attracted, and because the retractile spring
on the relay is adjusted so that its armature will not be
attracted when the relay is traversed by the weaker
current.

The charge residing in the condenser ¢, bridged across
the line and artificial line through the holding coil of the
neutral relay, will be relieved whenever the distant pole-
changer armature leaves either contact. This discharge
causes a pulse of current to traverse the holding coil,
which pulse is sufficient to hold the armature of the neutral
relay (if attracted prior to current reversal), against the
front contact while the reversal of magnetism takes place
in the main cores of the relay. As a further safeguard
against the development of false incoming signals on the
second side of the quadruplex the repeating sounder RS
is used.
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The constants of the main circuit are: resistances of
coils ¢ = b = 500 ohms, of resistance lamps in each main
potential lead = 300 ohms, of r;, = 600 ohms, of r; =
450 ohms, P = 750hms, R = 175 ohms and 7, = 300 ohms;
capacities of ¢/ = 1 microfarad, and of ¢ = 1 to 3 micro-
farads. The generator voltage should be sufficient to
develop a current of from 0.09 to o.15 ampere in the line
wire when both transmitters and one pole-changer are
closed.

"When extremely bad weather renders the second side of
the quadruplex inoperative, the quadruplex circuit may
be used as a duplex circuit by keeping the two trans-
mitters closed.

6. Quadruplex Repeaters. — In general, any two quad-
ruplex sets can be connected together to form a quadruplex
repeater. The scheme of connections of a quadruplex

Fig. 10.

repeater is shown in Fig. 10. The polarized relays P, and
P, control the operation of pole-changers C; and C; re-
spectively, and the neutral relays R, and R: control the
operation of transmitters T3 and T respectively. It is
possible also to have the pole-changers controlled by the



QUADRUPLEX TELEGRAPHY 101

neutral relays and the transmitters by the polarized re-
lays. For more satisfactory operation repeating sounders
may be interposed between each neutral relay and its
corresponding transmitter, as already explained.

The armature positions indicated in the figure are for
the normal condition, that is, when all keys at both eastern
and western stations are open. This means that the
positive terminal of the short-end battery or generator is
joined to the line at each station as well as at the repeat-
ing station. The generators at the repeating station are
. not shown, but the pole-changer contacts are marked to
show their respective polarities (the other generator termi-
nals are grounded).

When the pole-changing key at the western station
is depressed, twice as much current flows (toward the
western station) through the line coils of relays R; and P,
as through their other coils. This causes the operation of
relay P, but not of relay R;. The armature of pole-changer
C, is attracted, thereby placing the negative generator
terminal to the eastern line. This action does not affect
the repeater relays R, and P, nor the distant neutral re-
lay, but only the eastern polarized relay.

If, instead, the transmitter key at the western station
be depressed, the long end of the home battery or gener-
ator will be joined to the line. Twice as much current
flows (toward the repeating station) through the line coils
of relays R, and P, as through their artificial line coils.
This causes the operation of relay R, but not of relay P;.
The attraction of the relay armature energizes the trans-
mitter T3, which impresses the greater generator voltage at
the repeating station on the eastern line. This causes
more current to flow through the artificial line coils of
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relays R; and P, than through their other coils. The
surplus current is insufficient to operate relay R; and in
the wrong direction to operate relay P,. The distant neu-
tral relay only responds to the depression of the western
transmitter key.

In the same way the conditions may be traced, for
other key positions at the two terminal stations, through
the repeating station.

It is practicable to secure quadruplex operation over a
portion of a line that at other portions is operated duplex.
Thus, a number of lines between New York and Chicago
are operated polar duplex between these terminal sta-
tions, and are also simultaneously operated differential
duplex between New York and Buffalo. Such a circuit
requires repeating apparatus at Buffalo that is formed by
combining a direct-point duplex repeater with a quadru-
plex set.

7. Duplex-diplex Signalling. — A system of telegraphy
that permits of duplex or diplex transmission, but not
both simultaneously as in quadruplex signalling, is called

K

Fig. 11.

a duplex-diplex system. One such system, devised by
Crehore, utilizes both an alternating current and a direct
current, these currents being separated by means of in-
ductances and condensers. Fig. 11 shows the schematic
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arrangement of apparatus at one station for an open-
- circuit duplex-diplex system.

Continuity-preserving keys K; and K; respectively con-
trol the currents supplied by the battery B and alternator
A. The neutral relay R and the polarized relay P are in
parallel with each other, and in series with the line. The
inductance of the polarized relay is neutralized by the
properly-adjusted condenser C. The key K is shunted by
a reactor / which has large inductance but little resistance.

If key K, is depressed, a direct current flows through
relay R and no current flows through relay P because of
the presence of condenser C. Thus relay R as well as the
distant neutral relay will operate on the depression of the
direct-current key K. '

Depression of key K, introduces the alternator into the
circuit, as shown. Because of the high inductance of re-
lay R, only a small current will flow through it, and its
retractile spring is adjusted so that the armature will not
be attracted on this weak current. Polarized relay P as well
as the distant polarized relay will, however, be actuated.

In this way either duplex or diplex transmission may be
effected, the corresponding home instruments being also
responsive to the outgoing signals. In duplex signalling
one direct-current key and one alternating-current key
must be used. Alternating currents of fifty to one hun-
dred and fifty cycles may advantageously be employed.
A quadruplex system may also be built up on the fore-
going principles by applying alternating current to the
ordinary duplex systems.

8. Phantoplex System. — To increase the message-
carrying capacity of simplex, duplex or quadruplex lines by
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“additional superimposed channels, the so-called phanto-
plex system is employed by the Postal Telegraph-Cable
Company. The arrangement of this system adapted to a
quadruplex circuit and thereby affording sextuplex signal-
ling, that is, the transmission of three messages in each
direction simultaneously without interference, is shown in
Fig. 12 for one station. The quadruplex connections will
be recognized as those of the Field key system and ex-
plained with the aid of Fig. 4, the local circuits being
omitted for simplicity.

Fig. 1a3.

The secondary winding of a sending transformer, ¢, is
introduced between the armature of the transmitter and
the junction of the neutral relay windings. The primary
winding of this transformer receives current from the
alternator 4 (frequency from 6o to 125 cycles) when
the armature of the transmitter 7’ rests against its rear
stop, the transmitter being actuated by the current from
battery b through the key K. The two primary windings
of the receiving transformer # are connected in the line
and artificial line circuits, their secondary windings being
properly connected in series to the phantoplex relay X,
and through the condenser ¢. This phantoplex relay oper-
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ates a sounder (not shown) when its armature rests against
its rear stop.

When the key K is raised, as shown, an alternating
electromotive force is induced in the secondary winding of
the sending transformer, thereby superimposing an alter-
nating current upon whatever steady currents traverse this
winding. When no alternating current is superimposed on
the main circuit at the other station by its sending trans-
former (that is, the distant key corresponding to K is
closed), then the alternating current developed at ¢ divides
equally between the line and artificial line circuits. The
voltages induced in the secondary windings of the home-
receiving transformer oppose each other, and do not cause
the attraction of the armature of phantoplex relay X. Its
local circuit will be closed and the sounder actuated — the
proper condition, for the distant key is closed. The alter-
nating current that traverses the line wire also flows
through one primary winding of the distant receiving
transformer, no current flowing through its other primary
winding. As a result the distant phantoplex relay will be
energized, thereby opening its local circuit. Thus the dis-
tant phantoplex sounder will not be energized when key K
is raised. Repeating sounders are used so that the flutter-
ing of the armatures of the phantoplex relays, due to the
alternating currents traversing their windings, will not
affect their local sounders.

Condensers ¢, ¢; and ¢; provide a direct path past the re-
sistances and relay windings for the alternating currents.
The alternating currents are of an intensity insufficient to
energize the quadruplex relays.
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PROBLEMS.

1. In the battery quadruplex circuit of Fig. 2, the long-end
battery has 3oo volts and the short-end has 100 volts, the internal
resistance being 2 ohms per volt. Taking the resistance of the
assumedly perfectly-insulated line as 2000 ohms, and the resistances
of the polar and neutral relays as 400 and 200 ohms respectively,
calculate according to the method of § 2, Chapter II (using R, = 600),
‘the proper resistance of the artificial line when both short ends of
the battery and when both long ends of the battery are in circuit.

2. With the artificial lines adjusted to 2800 ohms calculate the
currents, in milliamperes, traversing the relay coils of the quadruplex
circuit of Prob. 1 for all key positions, and record the results in
tabular form as indicated below. In the last column for each relay
should be placed the equivalent current in one coil, and if this cur-
rent is of sufficient intensity or of the proper direction to operate the
particular relay, this figure should be starred. The neutral relays
are adjusted so that a current greater than o.050 ampere is necessary
for their operation.

Relay P Relay R Relay P/ Relay R’/

!

Keys closed
(Fig. 2)

current
AL coils

Line coils

Equivalent
current
Line coils

| AL coils

Equivalent
Line coils

IEquiva.lent
current

I Line coils

| AL coils

IEquivaJm
current
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3. If the two 300-ohm protective resistances of the single-gen-
erator quadruplex circuit shown in Fig. 3 are replaced by 200-ohm
resistances, determine the proper values of the added and leak re-
sistances necessary for a 3 to 1 current ratio.

4. Calculate the strengths of the currents in the artificial line
circuit of Prob. 3, when both transmitter armatures are released and
also when both are attracted.

5. Compute the terminal resistance of the Postal Quadruplex,
the constants of which are given in § 4, if the artificial line has a
resistance of 2000 ohms.

6. Develop the diagram of connections of a telegraph line circuit
that extends from city A, through city B, to city C, which simulta-
neously affords two channels of communication (differential duplex)
between cities A and B and two channels (polar duplex) between
cities A and C.



CHAPTER 1V
. AUTOMATIC AND PRINTING TELEGRAPHY

1. Wheatstone Automatic Telegraphy. — When rapid
or accurate telegraphic signalling is to be accomplished,
automatic transmitting and receiving devices are availed of,
and consequently such rapid telegraphs are usually called
automatic telegraph systems. The Wheatstone automatic
system has been most extensively used and permits of
satisfactory telegraphic transmission at speeds up to 400
words per minute. The messages to be transmitted are
perforated in specially prepared oiled or parchmentized
paper tapes in accordance with the Morse code, and these
tapes are then automatically propelled through a transmit-
ter, which is really a high-speed pole-changer, driven by
springs or weights, or, more modernly, by electric motors.
The Wheatstone transmitter is connected in the line circuit
in the same way as is the pole-changer of a duplex circuit.
The messages are received at the distant station by an
inking polarized relay, called a Wheatstone recorder, which
records the message in the Morse code on a tape, as is done
by a register. , ,

The transmitting tapes are prepared by means of three-
key mallet perforators or keyboard perforators, and appear
asin Fig. 1, which shows the punching for the word “‘relay.”
The Morse characters are also shown, the letter / in auto-
matic telegraphy being written: dot, dash, dash, dash
(Postal), or dot, dot, dash, dash (Western Union), instead of

108
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a long dash. The size of standard perforator tape is 0.47
inch wide and from 4 to 5 mils thick. The center line of
holes, or guide holes, are o.1 inch apart when the perforator

000000000000000000000000000
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Fig. 1.

is properly adjusted. A dot appears as three holes in a
vertical line, a space appears as one guide hole, and a dash
appears as four holes: two guide holes and two others, one
above the first guide hole and the other below the second
guide hole. Longer spaces are allowed between words,
sentences and messages.

A mallet perforator with interchangeable punch-blocks

and removable punch-ends is shown in Fig. 2. The de-
pression of the left plunger punches a dot, the center plunger
punches a space, and the right plunger punches a dash,
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The punching operator uses a rubber-tipped mallet in
each hand for depressing the plungers. The plungers are
restored by springs to their normal position after each de-
“pression, which action advances the tape one space after
the depression of the dot or space plungers, and two spaces
after depression of the dash plunger, the tape feeding being
accomplished by a small spur-wheel which engages in the
guide holes. .

The principle of operation of the Wheatstone high-speed
transmitter can be explained with the aid of Fig. 3, which
illustrates simplex transmission from the left-hand to the
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Fig. 3.

right-hand station. Only those mechanical features of the
transmitter are shown which serve directly in’ the capacity
of pole-changer. The transmitting tape ¢ is moved along
over a slotted platform, in the direction indicated by the
arrow, by means of the spur-wheel w which engages in the
guide holes. Another wheel, not shown, is mounted above
the spur-wheel and serves to press the tape against the
platform. Rods f and b pass freely through a guide plate
g so that they remain respectively in line with the front
and back rows of holes, and are spaced longitudinally so
that their distance apart equals the distance between two
adjacent guide holes. The rocking beam r carries out-
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wardly-projecting pins p, p, which limit the upward
motion of the rods against the tendency of the spring s.
The eccentric gear-wheel k, driven at any desired speed
by clockwork, or by an electric motor, causes the rocking
beam to oscillate through a small arc around its central
pivot. With each downward movement of the rod b the
tape moves forward one space or the distance between two
successive guide holes. The motions of the rods f and &
are transmitted to the pole-changer C by means of the
cranks, rods and the ivory collets ¢, c. The function of the
jockey-roller J is to hasten the movements of the pole-
changer and to insure steady contacts.

If the transmitter is set in operation without carrying a
tape, the rise and fall of the rods will be unhindered, and
every time the front rod f is in its upper position, the posi-
tive terminal of the battery B is connected to the line
while its negative terminal is grounded, and every time
the back rod b is in its upper position (as in Fig. 3) the
negative battery (or generator) terminal is joined to the
line. Thus the battery is reversed with every half oscil-
lation of the rocker arm when the transmitter is operating
idly.

These current reversals cause the armature of the polar-
ized relay P to oscillate simultaneously, which motion is
translated to the printing wheel shaft a that is kept re-
volving by means of the gear-wheel d. Whenever the
positive battery terminal is joined to the line at the trans-
mitter, the direction of the current through the polarized
relay is such as to hold the printing wheel ¢ against the
inking wheel % which dips in the ink reservoir e. And
when the negative battery terminal is connected to the
line, the current direction is such as to press the inking
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wheel almost against the moving receiving tape #'. These
currents are called spacing and marking currents respec-
tively. Thus, when the transmitter operates without tape,
a succession of dots appears on the receiving tape.

At the instant represented in the figure rod b has passed
through the tape, thereby sending a marking current and
causing the printing wheel to press alnost against the
receiving tape and leave an ink mark thereon. The rock-
ing beam then draws down rod & and allows rod f to rise;
meanwhile the tape has moved forward one space. In
this case the signal is a dot, and consequently rod f in its
upward motion meets the front or lower hole and so passes
through it. The complete transit of this rod causes the
shifting of the pole changer C and the sending of a spacing
current; consequently the printing wheel ¢ is withdrawn
from the receiving tape to the inking wheel. A dot is
printed on the receiving tape.

If, instead, the signal were a dash, the upward movement
of rod f would be arrested by the tape, because in a dash
perforation there is no lower hole in line with the upper
hole. As a consequence, the pole-changer would not be
operated. Tracing the operation further, the upward
movement of rod b would also be restricted, but the next
upward movement of the other rod f would cause it to pass
through the lower hole, which movement reverses the pole-
changer. The time elapsing since the last reversal is
sufficient to form a dash signal on the receiver tape. It
will be observed that the current pulse for a dash signal
is of the same direction as for a dot signal, but three times
aslong. For relatively low transmission speeds the signals
may be read from a sounder connected to the local-circuit
contacts of the receiving relay.
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Fig. 4 shows an automatic transmitter made by Muir-
head & Co., Ltd., for cable signalling. It is provided with
a local pole-changer, speed regulator, speed indicator, and
a switch for shifting connections from transmitter to hand-
key sending, which at the same time lifts the paper wheel
off the spur-wheel. The mechanical devices of the trans-

Fig. 4.

mitter are somewhat different from those shown in Fig. 3,
but have the same function.

The connections of the Wheatstone automatic system for
duplex operation are indicated in Fig. 5, which shows only
the electrical features at one station. The connections are
those of the polar duplex, already described, with a choice
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of pole-changers. When the switch S is to the left as
shown, the automatic transmitter C is in circuit, and when
this switch is shifted to the right, the pole-changer C, con-
trolled by the key K isin circuit. The Wheatstone recorder
P is immune from the movements of the home transmitting
devices C or C; and will only respond to the operation of

Fig. s.

either the distant automatic transmitter or the distant
manually-operated pole-changer. The Wheatstone system
is almost invariably operated duplex.

Repeaters for use with the Wheatstone automatic system
resemble polar direct-point duplex repeaters (§ 10, Chap. II)
thereby dispensing with automatic transmitters at the
repeating station for through operation. A Wheatstone
recorder may be introduced at the repeater as a leak relay
to enable the attendant to discern the character of the
signals passing through the repeater.

The system described has been used by the Western
Union Telegraph Company for many years. The auto-
matic system used by the Postal Telegraph-Cable Company
differs herefrom in the reception of the signals. It em-
ploys instead of the inking Wheatstone recorder, an elec-
tromagnetic punch, or reperforator, invented by d’Humy.

The reperforator punches characters in a moving tape
somewhat similar to those of the transmitting tape. If the



AUTOMATIC AND PRINTING TELEGRAPHY 115

completed receiving tape be passed slowly through a repro-
ducer, whose speed is in control of the receiving operator,
the messages can be read by ear and simultaneously copied
by hand or on a typewriter. The punches of the reper-
forator are adjusted to travel over a very short distance,
and their motion is rendered rapid by strong retractile
springs and by a series condenser in the punch magnet cir-
cuits. Such small and rapid motion of the punches com-
bined with a tape take-up device are the essential features
of the reperforator, for they shorten the time of tape
stoppages during punching and compensate for these stop-
pages respectively, thereby preventing tearing of the tapes.

2. Ticker Telegraphs. — A ticker telegraph system com-
prises a transmitter and a number of receiving instruments,
called tickers, which print the messages in ordinary type
on paper tape as they are received. The various ticker
systems for the dissemination of news and stock quotations
differ widely in the mechanical construction of instruments,
but the fundamental operiting principles are not very
different. ‘

A schematic diagram of a transmitter with one ticker
of such a tape-printing system is given in Fig. 6. The
transmitter consists of a shaft S driven by a constant-
speed motor M through a friction clutch .. Mounted on
this shaft is a current-reversing commutator ¢, formed by
a pair of metal crown-shaped wheels which are fitted
into but insulated from each other. The wheels connect
through brushes with the negative and positive terminals
respectively of generators D and D', the other generator
terminals being grounded. The shaft also carries an
escapement wheel ¢, and a contact arm & which passes
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over the contact points located on the contact disk C.
The escapement is controlled by an electromagnet ms
through the keyboard K. Upon the depression of any
key no current from the battery B will flow through the
electromagnet until the contact arm @ reaches the contact
stud corresponding to the key depressed. At that instant
the armature of magnet m will be attracted, thereby-
arresting the rotation of the shaft and commutator. Thus
the shaft is stopped at a particular place for each depressed
key.

At the receiver the type-wheel T is rotated by clock-

+

TRANSMITTING STATION

LINE
Fig. 6.

work through the gear-wheel g, but this rotation is con-
strained by means of the escapement wheel w. The arma-
ture of polarized relay P controls this escapement wheel.
The rear end of the armature of printing relay R, when
this instrument is operated, presses the tape, which moves
over the armature, against the type-wheel; consequently
that letter will be printed-on the tape which, at the mo-
ment of operation of the relay R, is in the lowest position.

If n characters are to be employed in transmission, there
‘must be z keys on the keyboard, # notches on the escape-
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ment wheel ¢, # contact studs on C and » segments on the
commutator ¢; the commutator brushes and the contact
arm a being properly aligned with respect to the notches
on the escapement wheel. Thus, depressing any given key
will always stop the shaft at the same place. At the
- receiver there are also # characters on the type-wheel and
n teeth on the escapement wheel.

In operation, when no keys are depressed, the trans-
mitter shaft revolves uniformly and the current supplied
to the line is periodically altered in direction by the com-
mutator. This reversal of polarity occurs so rapidly that
the current in relay R never reaches a value sufficient to
cause the attraction of its armature before the next re-
versal takes place, consequently the rear end of this
armature does not press the tape against the type-wheel.
However, the alternating current traversing the sensitive
polarized relay P causes its armature to shift its position
with each reversal in polarity, thereby operating the escape-
ment. One revolution of the transmitter shaft produces
n current reversals and the escapement wheel at the re-
ceiver moves through 7 notches, or one revolution. It is
evident, then, that if the type-wheel is started with its
characters in a certain position, it will always remain
during proper operation in the same relative position with
respect to the transmitter shaft. The proper position of
the type-wheel is such that the letter ¢ will be in the
printing position when. the a-key of the transmitting key-
board is depressed.

Upon the depression of any key the motion of the shaft
and commutator will be momentarily arrested. This
stopping is permitted by the friction clutch without affect-
ing the rotation of the motor. During this instant the



118 TELEGRAPH ENGINEERING

current ceases to alternate in direction, and relay R is
- enabled to attract its armature. This action presses the
tape against the type-wheel, thus printing the character
corresponding to the key that is depressed at the trans-
mitter keyboard. As the armature resumes its former
position through the intervention of spring s, the tape is
moved forward one space by clockwork and is ready for
the printing of the next character.

The system just described is known as a single-wire and
single type-wheel ticker system. To avoid spelling figures,
which occur very frequently in stock quotations, figures
and fractions should also be provided on the keyboard
and type-wheel. Adding to the 26 letters of the alphabet
10 figures and say 7 fractions would increase the size of
the wheel and would materially decrease the speed of oper-
ation. Instead, it is customary to use two type-wheels
on the same ticker-shaft and adjacent to each other, one
containing letters and a couple of dots, and the other con-
taining figures and fractions. As the numbers of charac-
ters on both type-wheels should be identical, the fractions
may be repeated and the still-existing deficiency may be
made up by dots. A ticker so equipped is called a two-
wheel ticker.

In two-wheel tickers provision must be made for shifting
either the type-wheels or the tape in order to print from
either wheel. This shifting is accomplished electromag-
netically in a variety of ways in the various ticker systems.
For fast working an additional wire is generally used for
the current which actuates the shifting magnet, thus neces-
sitating two line wires to each ticker.

Should, for any reason, the type-wheel of a ticker be
thrown out of step with the transmitter, as may occur
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upon sticking of the escapement wheel or momentary inter-
ruptions of the line wire, a jumble of letters on the tape will

Fig. 7.
result. Automatic devices, termed unison devices, are availed
of to bring the tickers back into step whenever desired.

Fig. 8.
Generators are now more frequently employed in the
operation of ticker systems than batteries, the generator
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leads being provided with fuses and protective resistances.
Condensers are also used in these systems for the elimina-
tion of sparking at the transmitter contacts.

The appearance of the ticker used by the Stock Quota-
tion Telegraph Company in New York is shown in Fig. 7.

Fig. 9.

It has 8 ohms resistance and requires about 0.65 ampere
for operation. Figs. 8 and 9 show respectively the key-
board and motor-driven transmitter used at the central
station of a ticker system. The cost of ticker service is
about $20 per month. Fac-simile reproductions to full
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scale of the received tapes of a news ticker and a stock
quotation system are given in Fig. 10; the significance of
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the stock abbreviations on the lower tape being BO = Balti-
more & Ohio, SP = Southern Pacific, and U = Union
Pacific.

3. The Barclay Page-printing Telegraph System. —
The Barclay printing telegraph system, extensively used
prior to the advent of multiplex telegraphs (Chap. VI),
comprises a keyboard perforator, an automatic transmitter,
and a receiving polarized relay which repeats the arriving

BARCLAY PRINTING TELEGRAPH CODE

A - — - o 9 -- -

B @ - — - P O o o
C : — — Q I — — —
D $ — - - R 4 -— -

E 3 - — s T —_——

¥F i/ —_— - T & - -

G & - — U 7 - - -

H = - o c— v 3 — — -
I 8 - - — W 2 — - —
J ! -— — X 1 - —
K (¢ — — — X 6 —
L ) - - — z ” —— —
M ? — o——- . — — -
N¢{ o —- > —_——
Space - . Paper Feed — — c—
TYDO Shift e o« Carriage Return o  emn e

signals into a set of local relays which control the opera-
tions of the printing magnets, the received message being
directly printed in page form on message blanks. This
system may be operated successfully through several re-
peaters. Its capacity is about 100 words per minute over
lines 1000 miles long. :

Transmitting A pparatus. Messages to be transmitted
are first perforated in prepared paper tapes, exactly as
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in the Wheatstone automatic telegraph system described in
§ 1, only a different code is employed. The code used in
the Barclay system has three elements for each character
and these are separated from each other by short or long
spaces, as shown on the preceding page. The spaces be-
tween the various words, figure groups, etc., are formed
by three closely-spaced dots. Thus, the perforations in
the transmitting tape for the word “relay’ would appear
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R E L A Y

Fig. 11.

as in Fig. 11 (compare with Fig. 1 showing perforations
according to Morse code).

The Kleinschmidt perforator, now largely used with the
Barclay page-printer, is shown in Fig. 12, and is a purely
mechanical device for punching the tape, but derives its

motive power from an electric motor. All the perforations
" representing a letter, figure or other character on the tape,
as well as their proper spacing, are produced by a single
depression of the key. After this depression, the tape is
advanced a distance commensurate with the space occupied
by the letter or figure. After about 6o letters are punched
an indicator lamp illuminates giving a warning that the
end of a line (on the receiving page) is approaching. The
pointer, which indicates the number of letters perforated,
is returned to zero by the depression of the indicator key
before the limiting number of 75 characters have been
prepared.

The automatic transmitter used with the Barclay print-
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Fig. 1a.

ing system is a Wheatstone transmitter, or high-speed pole-
changer, as described in § 1. A front elevation of the upper
portion of this transmitter is shown in Fig. 13, wherein
most of the letters refer to the same parts as in Fig. 3.
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The pole-changer contacts are shown at % and %, and con-
nect respectively with the negative and positive terminals
of the generators. In operation the adjustment of the
rods f and b must be very precise, and is effected by the
screws ¢ and ¢/. When the switch S is thrown to the left
the paper wheel P, which is shown bearing upon the tape,
is raised out of engagement with the spur-wheel w, thereby
halting the progression of the tape. A local pole-changer
for hand signalling is located in the base of the automatic
transmitter. In practice, when the transmitter operates
without tape, from 40 to 70 current reversals take place per
second. :

* When the front rod f is at the upper end of its travel the
positive generator terminal is joined to the Bne, and when
the other rod is in a similar position the negative generator
terminal connects to the line. Thus, for each letter there
are six current pulses, three positive and three negative,
and the code is so arranged that there is at least one long
current pulse among the first five, either positive or nega-
tive, per character. In the letter R (== ), for example,
these current pulses have the following sequence: short
negative, short positive, long negative, long positive, short
negative, long positive, the last pulse corresponding to the
space between this and the next following letter. The
significance of the code elements are therefore:

dot short negative current;
dash long negative current;

short space = short positive current;

long space = long positive current.

Receiving Apparatus. — The current impulses sent out
by the transmitter are received by a differentially-wound
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polarized relay of special construction to render it quick
acting. To attain this end, its magnetic circuit has several
air gaps, the moving element has a small moment of
-inertia, and the two coils of each winding are connected in
parallel. The series resistance of each winding is 150 ohms.
A top view of this relay is shown in Fig. 14, in which ¢ is
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Fig. 14.

the armature tongue, e is the separately-excited energizing
coil which takes the place of the usual permanent magnet,
m, m are the main winding bobbins with the pole-pieces p,
p; ¢, ¢ are the platinum contacts, and %k is the knurled
screw which moves the bridge b carrying these contacts.
The connections of the main line and artificial line cir-
cuits of automatic duplex apparatus as arranged in the
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Barclay printing telegraph system are shown in Fig. 15
for one terminal station. In the figure, C is the pole-
changer, D, D are the generators, P is the polarized relay

with its coils connected in

- f'—_.l' . we parallel, AL is the artificial
¢ " \@J’ line, and g is a differential
‘f . galvanometer which aids in
line balancing. Repeaters
o Oo . for use with this system re-
semble polar duplex direct-

e x5 point repeaters.

The main-line’ relay con-
trols through the intervention of a “printer relay,” a “sepa-
rator relay,” an “escapement magnet” and a “sunflower”
distributing switch, the operation of five ‘““distributing
relays” with multiple contact points, which in turn control
the operation of 32 “printer” magnets. The actuation of
the distributing relays, as dependent upon the nature of
the received current impulses, may be studied with the
aid of diagram Fig. 16, in which the various intermediate
devices mentioned are indicated.

The separator relay is a neutral relay which is adjusted
to be responsive only to long current impulses in either
direction. The escapement magnet is a polarized relay
which controls the movement of the escape wheel. This
wheel has 45 teeth and is mounted on the same shaft as
the unison wheel with 15 teeth, the shaft tending to rotate
under the influence of an electric motor. The six current
pulses of each letter or character, alternately negative
and positive, that traverse the escapement magnet cause
the escape wheel to turn through a distance corresponding
to 3 teeth and the unison wheel through a distance of one
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tooth. As the unison wheel turns, its teeth successively
butt against the toes of the six pivoted levers marked
1, 2, 3, 4, 5 and 6; thereby establishing connections with
the five distributing relays and the sixth pulse or “final”
relay. However, the circuits of the five distributing relays
are only completed when the armature of the separator relay
is on its front contact, which occurs only when a long cur-
rent pulse traverses its winding.

Suppose the letter R is being received; the impressed
pulses are: short —, short +, long —, long +, short —,
and long 4. Fig. 16 shows the armature positions during
the first pulse. The armatures of the line and printer
relays are respectively on their right and left contacts, the
armature of the separator relay is not attracted, and the
armature of the escapement magnet is toward the right.
The unison wheel has turned through one-sixth the distance
between two teeth, thereby causing a tooth to engage the
toe of pivoted lever 1. But inasmuch as the circuit of
distributor relay 1 is interrupted at the separator relay
armature, the closing of its circuit at the sunflower does
not cause the operation of relay 1, which remains inop-
erative until the end of the cycle of current pulses for the
selected letter. During the second pulse the armatures of
the line and printer relays and of the escapement magnet
will be in their opposite positions, and the armature of the
separator relay will still remain unattracted. Therefore the
completion of the circuit of relay 2 at the sunflower does
not cause the operation of relay 2. The third pulse is of
dash duration, so the separator relay is capable of attract-
ing its armature by current supplied by generator D. The
escape wheel has moved another half notch, bringing a
tooth of the unison wheel in engagement with the. toe of
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pivoted lever 3. Relay 3 will therefore be operated and
remain so until the expiration of the remaining three-
current pulses. The fourth puise likewise causes the oper-
ation of distributor relay 4. As the fifth pulse is of short
duration, relay 5 will not be actuated. Thus for the letter
R, relays 3 and 4 are operated and close local circuits (not
shown in this figure) which hold all printer magnets open
except that which prints the letter R, as will be described
subsequently. The closing of sunflower contact 6 causes a
current pulse always of long duration, since it represents
the interval between letters, to flow from the generator D’
through the rear spring contact of the final relay, through
the particular printer magnet corresponding to the letter
R, which places this letter in the printing position, and
through the trip magnet which causes the type-wheel to
come in contact with the message blank. Since the estab-
lishment of this sixth pulse the armature of the final mag-
net has been moving forward due to the current through
its winding. This movement soon opens the circuit of
the printer and trip magnets, but is adjusted not to do so
until the proper printing of the desired letter is accomplished.
Immediately after opening this circuit, the armature comes
in contact with its front stop, thereby establishing a current
through the left-hand or “reset” coils of the five distribut-
ing relays, which is in a direction to cause the armatures
of the relays previously energized to resume their normal
position on the left, in readiness for the next letter.

The distributing system, whereby a particular printer
magnet out of thirty-two is selected by means of the five
distributing relays, is shown in Fig. 17. Relay 1 is equipped
with two contacts, relay 2 with four contacts, relay 3 with
eight contacts, relay 4 with sixteen contacts, and relay §
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with thirty-two contacts. The small contact levers shown
in the figure are insulated from each other.
The sequence of the long-current pulses in any letter or
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Fig. 17.
character determines the relay or group of relays that will
be operated in the selection of the particular printer mag-

net. In the transmission of letter R the third and fourth
relays are operated, causing their armatures to move to-
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ward the right. This condition is represented in Fig. 17,
and it is evident that the only printer magnet circuit that
is closed is that which places the letter R in the printing
position, the direction of current flow being indicated by
the arrows. Current simultaneously traverses the trip
magnet which urges the type-wheel, now rotated to its
proper position, against the paper, causing the printing
of the letter R thereon. In a similar manner the selection
of the printer magnet for any other letter or character is
accomplished.

The printing of the ‘“upper-case” characters, given in
the second column of the Barclay printing code, is accom-
plished by raising the type-wheel, which carries 56 char-
acters grouped in two rows, so that the upper-case letters
are brought into the printing line. Raising the type-
wheel is done by the type-shift magnet T and its assisting
magnet 4, and the type-wheel remains raised until a
“space” is transmitted, which lowers the type-wheel (if
raised) through the operation of the type-release magnet
R, as shown also in Fig. 17. As the sixth current pulse is
of insufficient duration to cause the proper actuation of
the type-shift magnet T, the assisting magnet 4 keeps the
circuit of the other closed until the type-wheel is raised.
Since magnets T and A4 are connected in parallel, both
will be magnetized when the sixth current pulse of the
type-shift group passes through their coils. Magnet 4
attracts its armature and causes current to flow from gener-
ator D through the coils of the type-shift magnet until
the armature of this magnet is at the end of its travel.
When this occurs the windings of both magnets are short-
circuited, the assisting magnet releasing its armature,
thereby opening the circuit of generator D. The armature
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of the type-shift magnet is held down by the catch ¢ engag-
ing the pin p; consequently the type-wheel is maintained
in its upper position for the printing of upper-case letters
until released by the attraction of catch ¢ by the type-
release magnet R, which operates on the reception of the
““space” character. '

Shifting of the paper for line spacing is accomplished by
the paper-feed magnet which is actuated by the sixth pulse
following 5 dash current pulses. Its operation is identical
with that of the type-shift magnet, being assisted also by
an auxiliary magnet, not shown in the diagram.

The carriage, holding the paper upon which the message
is printed, is returned to the starting position by means
of the carriage-return magnet, the mechanism, as before,
not being shown in the figure. When the armature of this
magnet is attracted, causing the return of the carriage,
the circuit of the final relay is opened at the normally-
closed contacts m. As a result, the current through the
final relay is interrupted before its armature spring breaks
contact with its rear stop, through which current continues
to flow from generator D’ to energize the carriage-return
magnet. The instant the carriage arrives at its starting
position, the circuit-breaker B opens the circuit of the
carriage-return magnet, which in releasing its armature,
completes at m the circuit of the final relay, thereby per-
mitting this relay to reset the distributing relays.

Reverting to Fig. 16, the lever of the synchronizing mag-
net is seen to act upon the unison wheel. The function of
this magnet is to restore the unison wheel to the zero
position, if, for any reason, it gets out of step with the in-
coming current pulses. The winding of this instrument,
which is of the polarized type, is such that its permanent
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magnetization is opposed by negative current pulses and
assisted by positive current pulses. Since the armature
of this magnet is adjusted not to operate on short-current
pulses, only long positive current pulses bring the synchro-
nizer into action. Such pulses occur in some letters, and
occur invariably at the end of each letter or character.
In proper operation, the hook on the synchronizer lever
rests in spaces between the teeth of the unison wheel, and
would interfere with its motion at the end of each letter
were not the synchronizer magnet energized at that instant
by a long positive pulse. Should any pulses of a letter be
lost, this magnet would restore synchronism upon the
reception of the next following long positive current pulse.

4. Other Printing Telegraph Systems.— The Mor-
krum page-printing telegraph system is also used at
present both by the Western Union Telegraph and Postal
Telegraph-Cable Companies. The Baudot tape-printing
system 1is extensively used abroad, the system being
operated simplex, duplex or multiplex. The Hughes tape-
printing system is largely employed in Europe, about 3000
instruments being now in use. The Rowland multiplex
and the Wright page-printing systems were for a time used
on some circuits of the Postal Company. The Burry page-
printing telegraph is used by the Stock Quotation Tele-
graph Company for disseminating general- and financial
news in New York City and vicinity.

Many other systems have been invented and are now
used more or less here and abroad for the direct printing
of the received messages, among which may be mentioned
the systems of Munier, Murray, Essick, Dean, Creed,
Siemens, Kinsley and Buckingham, the last being the fore-
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runner of the Barclay printing system, herein described.
Multiplex page-printing telegraph systems will be consid-
ered in Chap. VI.

PROBLEMS

1. Show the appearance of a transmitting tape for automatic
telegraphic transmission with perforations representing the word
““Wheatstone.”

2. How many words may be telegraphically transmitted in one
direction over a wire by the Wheatstone automatic system in 6 hours
if the perforated tape is passed through the transmitter at the rate
of 4 words per second? Allow two per cent for idleness in changing
tapes.

3. Fill out the letter designations of the blank printer magnet
circles of the Barclay printer shown in Fig. 17.

4. When the speed of the Barclay transmitter is such that forty
current reversals take place per second when running without tape,
and considering the length of the average letter to be the average
of the characters of the Barclay code, how many five-letter words
could be transmitted per minute in each direction with this printing
system?



CHAPTER V
TELEGRAPH OFFICE EQUIPMENT AND TELEGRAPH TRAFFIC

1. Protective Devices. — Fuses are used in telegraph
circuits to protect these circuits from damage which might
result from an excessive flow of current through them.
They are made of fusible material, generally of lead or of
an alloy of tin and lead, and assume the form of wire or
strips provided at each end with a copper terminal which
engages the contacts of the fuse receptacles. With en-
closed fuses the fusible material is surrounded by a finely-
divided non-combustible powder that is contained in an
insulating casing. All fuses are placed at accessible places, -
generally in telegraph offices, so as to facilitate replacement
in case of their melting. :

Fuses are rated at 8o per cent of the greatest current
they can carry indefinitely without melting. Thus, a
fuse would carry a current 25 per cent greater than the
normal rated current strength. For telegraph service
fuses of }-ampere capacity and upward are used. Line
fuses also offer protection to terminal apparatus when the
lines are crossed with electric distributing and other high-
voltage lines. '

Lightning arresters are employed at telegraph offices
and also on lines, as a protection against injury to terminal
apparatus and attendant operators, that would otherwise
result from lightning strokes or relieved abnormal induced
charges. These arresters provide a short path to ground

135
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through a small insﬁla.ting gap, generally of air, that is
readily broken down and rendered conductive by such
discharges. The length of these gaps is such that the oper- .
ating voltages in telegraph service cannot initiate arcs
across the spark gaps.

In practice, satisfactory fuses and lightning arresters for
telegraph circuits assume a variety of forms, concededly
more or less familiar. One type of protector now used by
the Western Union Telegraph Company is shown in Fig. 8.

2. Peg Switch Panels. — A switching arrangement
adapted for use at intermediate stations on simplex lines
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is shown in Fig. 1, and is called a peg switch panel or a strap
and disc switch panel. The wall panel shown is used where
two-line wires pass through an intermediate office, and pro-
vides means for introducing either set of receiving instru-
ments into either line, for cross connecting, for looping -
these lines with or without introducing home instruments,
and for cutting off one side of a line.

This panel consists of four brass straps and two rows of
discs, five in each row. The line terminals are on the
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upper ends of the straps, and the instrument terminals
are along the left edge of the panel. The latter terminals
are in line horizontally with the discs, and each terminal is
- in electrical connection with the discs located in the same
horizontal row. The plate g is placed transversely over
the straps and over the two upper discs, but is insulated
from the vertical straps by a small air gap, thereby
serving as the ground plate of a lightning arrester. Any
disc may be connected to either of the straps between
which it is located by means of a brass plug or peg, which
fits in the holes formed between the discs and straps. These
holes are in five horizontal rows numbered 1, 2, 3, 4 and s,
and in four vertical rows lettered a, b, ¢ and d, so that any
one of the 20 holes may readily be referred to. Two re-
ceiving sets, each consisting of relay and key, are also
shown connected to the panel terminals. The insertion
of a plug in any of the four upper holes grounds the corre-
sponding strap.

~When it is desired to insert receiving set 1 into line 4,
_plugs are inserted in holes ¢ 2 and d 3 (or ¢ 3 and d 2).
If, at the same time, it be desired to complete line B with-
out a receiving set, plugs are inserted in holes ¢ 4 and b 4
(or a5 and b5). To cross connect the two lines with
receiving instruments in each circuit, plugs are placed in
holes @ 2 and d 3, and b 4 and ¢ 5. Instead, to cut off the
western section of line A4, leaving receiving set 1 in its
other section, insert plugs in holes ¢1, ¢2 and d3. In
order to loop the two eastern wires together with or with-
out intermediate set 1, insert plugs respectively in holes
b2andd 3 orin holes b 2 and d 2.

For the accommodation of additional lines at inter-
mediate or terminal offices, peg panels having a corre-
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spondingly greater number of straps and discs may be
used. A combination of the peg-switch panel and the
spring-jack device, the latter shown in Fig. 2, forms a

widely used panel. The insertion of a wedge, as shown,
raises the shank away from the fixed shoe and introduces
into the line whatever apparatus is connected with the
wedge cord. Single- and double-conductor wedges are used
for various purposes, and more than one wedge may be in-
serted in a spring jack, thus meeting a variety of telegraph-
circuit requirements.

3. Main and Loop Switchboards. — In large telegraph
offices the switching arrangements for the interconnection
of all classes of circuits are located at switchboards. Usu-
ally these switchboards are divided into two parts: the
main swilckboard, at which terminate the incoming line
wires, each wire being equipped with a group of pin-jacks;
and the loop switchboard, at which the local office circuits
or Joops may be connected from one circuit to another. The
pin-jacks on both switchboards are so connected that each
line or local circuit is complete for normal operation.
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Changes in these normal conditions are effected by single
or double flexible conductors or patching cords having plug
terminals which fit into the jacks. Fig. 3 shows the type
of pin-jacks and plugs
now extensively used on
telegraph and telephone
switchboards.

Main Switchboards. —
All line wires terminate
at the main switchboard —
which is equipped with Fig. 3.
properly connected jacks for the establishment of any
desired connections with these wires.

A main switchboard comprises a variety of circuits. A
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typical panel of the Western Union main switchboard
for terminal offices contains nine types of circuits, five of
which are shown in Fig. 4, the number of circuits of each
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type being indicated. The remaining four types are
shown as circuits 4, D, E and F in Fig. 6 in connection
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with the loop switchboard, twenty 4, four D, ten E and
twenty F circuits being employed. Circuits for combined
telegraphy and telephony are also provided where necessary.
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Referring to Fig. 4; circuit B is used for simplex service
which may require three loops or sets each, the loops being
included by inserting the plugs of patching cords in jacks
7-8, g-10 and 11-12; circuit C is used on multi-section
switchboards for extending loops and other circuits from
one section to another; circuit G is used in cases of loop
failures and circuit H is used for testing purposes where
it is required to ground a line. For duplex or quadruplex
circuits it is only necessary to connect the line through
three jacks to the corresponding set via the loop switch-
board and distributing frame, as indicated by circuit I.

The design of this switchboard is shown in Fig. s, the
jacks bearing numbers corresponding to those in Fig. 4.

Loop Switchboards. — A loop switchboard is generally
installed at large telegraph offices to provide. facilities for
conveniently changing local circuit connections of duplex
‘and quadruplex sets from one operating table to another
at the main office or for distributing these connections to
subscribers or branch offices, so as to take care of varying
traffic requirements. The terminals of such local circuits
extend to pin jacks on the loop switchboard, the board cir-
cuits being so arranged that the local apparatus regularly
assigned to the same circuit is normally connected thereto,
changes in these connections being made with flexible
patching cords.

A loop switchboard includes a variety of circuits. A
typical panel of the Western Union one-section loop switch-
board comprises the eleven types of circuits shown in
Fig. 6, the number of circuits of each type being indicated.

Circuit 4 is used in the testing of simplex circuits; cir-
cuit Bis used in testing, or in case of failure of the resist-
ances or contacts of an office loop, it replaces the lower
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jack of circuit G; circuits C and D enable simplex apparatus,
loops, repeaters, etc., to be readily joined in series, the
former including a current source; circuit E permits of the
interconnection of apparatus terminating at remote por-
tions of the board by means of two short patching cords
instead of one long one; the jacks of circuit F connect
with receiving sets, repeaters, half-repeaters, etc., or extend
to jacks on the main switchboard; circuits G and H con-
nect the apparatus of a duplex or quadruplex set for
normal operation, the latter circuit being used where an
outside loop is regularly assigned to the set; circuit I is
used for branch office loops that are not regularly assigned
to any particular duplex set, and may replace those nor-
mally assigned in circuits G and H; circuit J normally
joins the two duplex or half-quadruplex sets that constitute
the duplex repeater; circuit K serves as a testing set for
making any desired tests on duplex or quadruplex sets.

4. Distributing Frames. — Before telegraph aerial or
. underground lines reach the main switchboard at an office
they pass through a distributing frame generally placed
in back of the switchboard. Office cables extend from this
frame to the main and loop switchboards and to the instru-
ment tables on which repeater, duplex and quadruplex
apparatus are located. Fig. 7 shows three units of a
Western Union distributing frame. The right or “hori-
zontal” side has 8 horizontal strips which carry terminal
blocks for connection, say, to office apparatus, while the
left or “vertical” side has 3 vertical strips which may
carry similar terminal blocks or office protectors and con-
nect with the incoming line cables. Each horizontal seg-
ment accommodates 20 terminal clips for an equal number
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of wires and each vertical strip accommodates 100 pro-
tectors. These connections to terminal clips and pro-
tectors are permanent. Any desired connection may be
made between the different pieces of apparatus in the
office, or between such apparatus and entering lines, by
cross-connecting or ‘“bridle” wires at the distributing
frame. Switchboard rearrangements or changes in traffic
requirements are, therefore, readily met by shifting the
bridle wires without altering the apparatus and line wiring
to the distributing frame.

The type of protector used comprises a one-half ampere
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indicating fuse and a lightning arrester formed by two
carbon blocks separated by a thin strip of mica, and is
shown in Fig. 8.

5. Instrument Tables. — Telegraph apparatus at large
telegraph offices is arranged in a very compact form on
instrument tables. One general form of instrument table
construction is shown in Fig. 9, which shows that portion
of one side of a long table occupied by the apparatus of
one quadruplex set. A duplex set requires about 13 inches
and a duplex repeater set about 33 inches of table length.

The location of the apparatus of a Western Union
quadruplex set on this table is generally as indicated in
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the figure, the upper shelf being reserved for signalling
purposes. The unit-section instrument tables used by the
Postal Telegraph Cable Company are constructed of angle
and sheet iron with apparatus located on four narrow tiers,
each unit accommodating two quadruplex sets, or four
duplex sets, or four repeater sets.
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Attendants constantly oversee the operation of such
duplex, quadruplex and repeating apparatus, each attend-
ant having supervision of a certain number of sets.

6. Power Switchboards. — A switchboard for a tele-
graph power plant should comprise the necessary switching
facilities, measuring and regulating devices for the placing
of the desired potentials of correct polarity on the terminals
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of the distributing panel from which conductors lead to the
main switchboard. As most telegraph power plants con-
sist of motor-generator units, which alter the voltage of
the available commercial current supply to values suitable
for telegraphic purposes, switchboards for such plants
should also include motor-starting switches and rheostats.
To maintain continuity of service in case of shut-down of
the commercial current supply, arrangements are made if
possible, for break-down connection with another source,
or, if the available current sources are not dependable,
a storage battery or, where practicable, a steam, gas or
oil engine and generator, is installed.

The appearance of a typical power switchboard now used
by the Western Union Telegraph Company for a motor-
generator plant is shown in Fig. 10, scale 3. The board is
mounted directly over the machines, each panel controlling
the motor-generators below it. The left-hand panel con-
trols three machines, one generator having its positive ter-
minal permanently grounded, another its negative terminal
grounded, and the middle generator serves as a spare unit
which may replace either of the others by shifting the re-
versing switch. The smaller switchboard panel is intended
for two machines, one delivering current to the local cir-
cuits and the other a spare unit. All generator and motor-
starting switches and the voltmeters are provided with
- enclosed fuses on the face of the board.

The connections of this power board for motor-generators
with direct-current motors are shown in Fig. 11. Three
160-volt and two 26-volt motor-driven generators are
shown, the outer \160-volt machines and the left-hand
26-volt machine being in service. When the middle
160-volt generator is to replace its left neighbor, it is
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started and brought up to proper voltage by means of its
field-regulating rheostat RR and placed in parallel with
its neighbor by throwing switch E to the left and closing
switch B. Thereafter switches 4 and then F are opened.
In the figure V and 4 indicate voltmeters and ammeters
respectively, f indicates fuses and SR represents motor-
starting rheostats with no-voltage release, the terminals
marked M, A and F connecting with the service main,
motor armature and motor field respectively. The gener-
ator leads go to a distributing panel which provides con-
venient means for distributing the proper current to the
various classes of circuits. This panel also includes the
main service switch and instruments.

Switchboards for motor-generators, having alternating-
current single-phase, two-phase or three-phase motors,
differ slightly from the board described in that different
starting devices and motor switches are employed.

TRAFFIC

7. Types of Messages. — Messages for telegraphic

transmission may be written in plain language, be expressed
in code words, or be couched in cipher. Code words are
actual or artificial pronounceable words having not more
than 10 letters. The object of employing code words is
the saving of telegraph tolls, inasmuch as a single word is
given a meaning expressible in plain language only by
several words or even a sentence. A few code words with
their interpretation according to the Western Union
Travelers’ code are given below:

ALLAH Arrived all right, address letters to care of ........
BALMY Are very busy. Please return soon as possible.
BRING There is no occasion for alarm.

COVER Can you send me letter of introduction to ........ ?
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ENTER Arrangements are progressing satisfactorily.

LUNAR I(or...... ) do not wish to take responsibility for deciding.
You (or ...... ) know all the circumstances and must
decide what shall be done.

PEGGY Market very strong. Prices have advanced since last
advice.

PUNCH Please accept my heartiest congratulatnons.
SPIKE  Have sent telegraphic money order as requested.
SCORN  We wish you all a Happy New Year.

Cipher messages are used solely for secrecy. Such
messages consist of unpronounceable groups of letters or
of groups of figures, or both. They can be read only by
the sender and recipient, in accordance with some pre-
arranged scheme. Considerable time is necessary for
couching and deciphering such cipher messages. As an
illustration, the Confederate cipher used during the Civil
War will be cited, the keywords employed by the Confed-
erates being ‘“Complete Victory,” ‘“Manchester Bluff”
and later “Interest.” The cipher is made up by g1v1ng
numbers to the letters of the alphabet as below:

abcdef ghijkl mnopqrstuvwszysz
I 23 45 6 7 8 9 101112131415 1617 18 10 20 21 22 23 24 25 26
27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 5I 52

To write a cipher message add the respective numbers
corresponding to the letters of the keyword and of the
message (letter for letter, repeating the keyword if neces-
sary), subtract the index number 1, and the corresponding
letters will yield the cipher message. Thus to write
“Reach Richmond to-day,’” using the keyword *Interest,”
. proceed as below:

REACH RICHMOND T O DA Y (message)
185 1 3 8 189 3 8 131514 4 20154 I 325
INTER ESTINTER ESTI N (keyword)
9 14205 18 5 19200 14205 I8 5 19209 1I4

Sum minusone 26 18 207 25 22272216 26 34 18 21 24 33 239 38
ZRTGY VAVPZHRU XGWI L (cipher)

The last line is the appropriate cipher message.
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To decipher a message according to this cipher, subtract
numbers corresponding to keyword from number corre-
‘sponding to cipher (letter for letter), add the index num-
ber 1, and the corresponding letters will yield the message.
By varying this scheme and using different keywords, an
infinite variety of cipher codes may be developed. The
characters of cipher words are transmitted with double
spacing as a safeguard for avoiding errors.

8. Classes of Service and Tariffs. — Several classes of'
telegraph service are rendered by the large telegraph com-
panies. The overland services offered by the Postal and
Western Union Companies are: felegrams, night letters,
and day letters.

Present rates (1922) for commercial telegrams from New
York City to the capitals of the states and territories in
the United States and of some of the provinces in the’
Dominion of Canada, are given in the table on the follow-
ing page, which includes also the rates to Mexico City and
Dawson City, Yukon. Day rates apply to messages in-
tended for immediate delivery whereas night rates apply to’
telegrams for delivery the following morning. The number
before the dash is the rate in cents for telegrams of 10 words
or less (address and one signature free), and the number
following the dash is the charge for each additional word.

Night letters containing so words (or less) may be sent
at the 1o-word day message rate, one-fifth of this rate being-
charged for each additional group of 10 words; and day
letters of 50 words (or less) may be sent at 1} times the
night letter rate. Day letters are forwarded as promptly
as the facilities of the company permit only in subordination
to the full-paid telegrams, and night letters are trans-
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Rates Rates
City City
Day | Night Day | Night
Carson City, Nev.
Fredericton, N. B
Concord, N. H....
Trenton, N. J..... .
Santa Fé, N. Mex........
Albany, N. Y...........
. Raleigh, N.C........... . .
.. . . Bismarck, N. Dak....... 906 54-2.4.
Dover, D 36-2.5 . Halifax, N.S.........0
Wa.shmgton. D.C........ 36-2.5 | 30-1.2 || Columbus, Ohio. .. .
(Natlonal Capitol) Oklahoma Clty. OKla....| 906 54-2.4
llahassee, Fla. .. Ottawa, Ont 60~4 5-3
Athnta. Ga... (Capitol of Dominion)
Boise, Id.. Toronto, Ont............ 60~4 45-3 .
:)pnngﬁeld il Salem,Ore.............. 120-8.5 | 60-2.4
Harrisburg, Pa.......... 36-2.5 | 30-1.2
Charlottctown, P. E. I. | 65-4
uebec, Quebec. ........ 60-4 45-3
rovidence, R. I .| 36~2.5 | 30-1.2
Columbia, S. C.. 72-§ 48-1.2
Pierre, S. Dak. 54.2-4
Nashville, Ten 60-3.5 | 42-1.2
...... . . Austin, Tex.. . 54-2.4
Boston, Mass............. . 2 || Salt Lake City, Utah....| 006 | 54-2.4
Mexico City, Montpelier, Vt...........
Lansing, iche........... 60-3. . Richmond, Va..........
- St. Paul, an . Olympia, Wash..........
ackson, Miss. ........... . Charlestown, W. Va.....
efferson City, Mo.. .. Madison, Wis......
Helena, Mont...... .. 54-2.4 || Cheyenne, Wyo.. .| 906
Lincoln, Neb............. 48-1.2 || Dawson City, Yukon. .. 305-24

mitted sometime during the night at the convenience of
the company and are delivered the following morning.
Such deferred service is offered at attractive rates in order
to keep the equipment effectively busy at all hours, or in
other words, to keep up the load factor of the equipment.

- Day and night letters must be written in plain English
and must not contain code words. The letters BLUE,
NL or NITE are preﬁxed to a message and transmitted
to inform the receiving operator as to the class of service
desired, whether day letters, night letters or night-rate
telegrams respectively. The indication DH (representing
dead head) is used on unpaid messages for company matters,
etc. When a group of messages of one class is transmitted,



154 TELEGRAPH ENGINEERING

a single indication on the first message of a group suffices
for successive messages until a different indication is re-
ceived.

A message blank bearing a message for transmission
should contain the following information: :

ITEM No. ItEM By WrOM WRITTEN

Originating city

Date

Addressee (name and address)

Message Sender or telegraph

Signature clerk.

Indication as to class of service
(Different blanks are used for the

various classes.)

Telegraph clerk’s number

Time of filing } Telegraph clerk.

Check of number of words

Wire number

Office call letter at destination

12 Sending operator’s sign Sending operator.

13  Time of transmission .

14  Receiving operator’s sign

The first six, the ninth, tenth, thirteenth and fourteenth
items as well as the call-letter of the originating office are
transmitted and appear upon the received message blank
that is delivered to the addressee. If a reply is to be pre-
paid the letters RP followed by the number of words pre-
paid are transmitted and also appear upon sending and
receiving message blanks.

(- X7 N S U S ]

Hoo mu

9. Handling of Traffic. — The methods employed in
handling commercial telegraphic traffic depends largely
upon the volume of incoming and outgoing traffic. In a
large center the handling of this traffic at the main office
must be fully systematized in order to facilitate prompt
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transmission and delivery of messages. Somewhat differ-
ent methods of handling traffic are naturally employed at
different places; that used in a large city will here be out-
lined. ' :

The telegraphic stations of a city for the reception and
transmission of messages comprise a main office and many
branch offices distributed throughout the city. The Wes-
tern Union Telegraph Company has about 200 branch
offices in New York City. Messages for transmission may
reach these branch offices either by submission in person
or by representative, or may be collected by messenger
upon call, no charge being made for this service. Messages
may also be telephoned from telephone subscribers’ stations
to the main office by requesting the telephone operator
for “Western Union” or for “Postal,” and upon connec-
tion, dictating the message to the answering telegraph
clerk. The tolls for a message so sent will either be col-
lected upon delivery or will be charged to the sender on
his telephone bill. Messages received at branch offices
are sent to the main office in two ways: the blanks may be
carried by pneumatic tube carriers from those offices that
are connected with the main office by such tubes, or else
the message is telegraphed to the main office.

The messages arriving at the main office for telegraphic
transmission are sorted at a central distributing place or
routing room and are distributed by mechanical carriers
to division stations, each division being a portion of the
operating floor seating operators who transmit on lines
terminating in some geographical division of the country.
Check boys or girls carry the message blanks from the
division stations to the proper operators. After the oper-
ators have transmitted a message, they indorse the blank
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(by inscribing items 10-14 of the scheme given in foregoing
section) and place it in a message clip. Check boys pass
up and down the aisles and remove the blanks from the
clips and take them to the division stations from whence
they are carried mechanically to a searching room. Here
the blanks are examined as to the indorsement and are
filed away and preserved for a reasonable length of time.

Incoming messages are typewritten upon suitable blanks
by the receiving operators or are automatically printed by
the printing telegraphs. These incoming messages are
carried by check boys and mechanical carriers to the
routing room, where they are sorted. Such messages re-
quiring retransmission are carried to the proper sending
operator in the same way as originating messages. The
remaining messages are for local distribution within the
city confines. These city messages are sorted and may
be telephoned directly to the addressee if he be a telephone
subscriber, or else sent to his nearest branch office either
by pneumatic tube or by wire, and from there delivered
by messenger to the addressee.

The traffic manager at a large telegraph office is kept
constantly informed regarding the amount of traffic over
the varjous interurban and important lines, so that if
necessary he may alter the customary routing of messages
in order that telegraphic business at all centers may be
adequately disposed of with the available existing facilities.
Thus, if an unusual amount of traffic has accumulated at
Philadelphia for transmission to Chicago via New York,
and if the traffic from Philadelphia to Boston, and from
Boston to Chicago is light, the traffic manager would
direct the operators at Philadelphia to send some of the
messages to Chicago via Boston. In the event of severe
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storms felling pole-lines between important centers, the
traffic manager endeavors to re-establish service between
these points over another route even if very circuitous.

Records of the amounts of traffic accommodated on the
various line circuits are kept for the information of tele-
graph engineers who determine the necessity for additional
lines and equipment or suggest rearrangements of existing
facilities for improving the service.

10. The Telegraph in Railway Operation. — The hand-
ling of steam trains in accordance with telegraphic orders
began in 1851, and since that time has been rapidly ex-
tended to all railroad systems. Since 1go7 the telephone
is also used in train dispatching and in the directing of train
movements; at present, about 70,000 miles of railroad in
this country are telephonically handled.

A large majority of all telegraph offices in the United
States are located in railway stations, and large amounts
of commercial and especially railway telegraph traffic are
handled through them. Railway telegraph traffic may
deal with inter-departmental business or with train move-
ments, the latter traffic being usually urgent and requiring
immediate attention. Such traffic on a railroad division
includes the progress of passenger and freight trains,
attendance to emergencies as they arise, information on
the location of rolling stock, messages concerning ship-
ments, and so on.

The use of the telegraph for issuing and receiving such
information generally requires two local single-wire circuits
linking the principal office of the division with its various
local offices. One of these circuits, termed the train wire,
is used by the train dispatcher, and the other, termed the
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- message wire, is used for transmission of commercial and
railway telegrams. On unimportant branch roads both ser-
vices are sometimes handled over a single circuit, whereas
on long or busy railway divisions the more important
offices may be connected to a special circuit to relieve con-
gestion of traffic on the other circuits. Between the
principal division offices of a system and the general offices
‘or administrative center of the railroad are a series of
circuits, which may be operated simplex, duplex or quad-
ruplex, with or without repeaters, as the traffic or length
of the circuit may warrant. Thus, an idea of the extent
of the telegraph circuits of the Northern Pacific system
(which operates over 6ooo miles of main-line track) may be
gained from the following list of principal circuits now
operated out of the St. Paul, Minn., general office. This -
list, given by M. H. Clapp, does not include some local
circuits operating out of St. Paul to points in the direct
vicinity of the Twin Cities. There are four repeating
stations on the St. Paul-Tacoma line, at which traffic is
also relayed to different offices to which direct wires are
not provided.

Circuit from St. Paul to : Circuit Distance

operated in miles
Tacoma, Wash......oiveeiiiinirieneineinaenencenannns Quadruplex 1900
Missoula, Mont.......ccviuiiiiieinenienrnceerocniencas “ 1250
Spokane and Pasco, Wash.........cccevvvniiniiniienne, ‘“ 1650

Helena, Mont.........covveninnnnn.. “ 1130
Billings and Livingston, Mont...... “ 1008
Dickinson, N. D., and Glendive, Mon! .. “ 667
Fargo, N. D., and Dilworth, Minn.............coveuues “ 252
Duluth, Minfi....o.coviiiiiiiiiiiiiiiiiiiiiiiieiiaan, Duplex 152
Winnipeg, Man. — Local 32 offices. . Simplex 483
Fargo, N. D. — Local 41 offices..... “ 252
Duluth, Minn. — Local 4o offices. .. “ 152

St. Paul Division. — Local 30 offices.. .. - * 170
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11. Telegraph Statistics. — The United States censuses
of electrical industries show the following statistics of the
domestic telegraph industry in the years 1880, 1902, 1912
and 191%:

COMMERCIAL LAND AND OCEAN TELEGRAPH SYSTEMS

1880 1902 912 1917

Number of companies or sys-

teMS. . vuverniiiiiieniennes 77 25 27 27
Nautical miles of ocean cable. . (a) 16,677 67,676 71,351
Miles of single wire owned and

leased..........oovvviiinnnnn, 291,213 1,318,350 (b) | 1,814,196 (¢) 1,890,245
Number of messages........... 31,703,181 (d) | 91,655,287 109,377,698 158,176,456
Number of telegraph offices..... 12,510 27,3717 30 28,940
Dollars total income............ 16,696,623 40,930,038 64,762,843 109,703,428
Average number of employees(e) 14,928 27,627 37,295 51,574
Employees salaries and wages

(dollars) . ..ooceveeniennnns 4,886,128 | 15,030,673 24,964,994 30,643,011

(a) Not separately reported.

() Includes miles of wire operated by W. U. Tel. Co. outside of the United States.

(¢c) Exclusive of 314,329 miles of wire wholly owned and operated by railway companies
for their own business.

(d) For 54 companies out of 77.

(¢) Does not include railway operators also doing work for telegraph companies.

The large decrease in the number of separate companies
from 1880 to 19oz was due to numerous consolidations of
formerly competing companies. Far more than one-half
of the number of telegraph offices tabulated are located
in railway stations, and these offices are not used exclu-
sively for the transmission of messages for the general public.

The extent to which the telegraph industry is controlled
by a few companies is indicated by the fact that the six
largest companies reported g9 and 97.7 per cent of the total
tabulated income in the years 1902 and 19o7, respectively.

Comparative telegraphic statistics of various countries
selected from Senate Document No. 399, dated 1914, for
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the yearylglo (except where otherwise stated) are tabu-
lated below:

TELEGRAPH STATISTICS OF DIFFERENT NATIONS

Average | Telegraph tﬁ{;l::a:;l
Annual | receipt per | offices wire
Country Population | telegrams | domestic
per capita | telegram : -
incents | Per 10,000 of population
28,571,934 0.73 22.4 1.58 50
7,074,910 1.25 14.2 2.31 36
2,585,660 1.31 14.0 2.17 34
38,061,945 1.65 12.1 5.21 108
63,886,000 0.92 18.0 7.06 178
41,976,827 2.18 17.2 3.33 135
20,886,487 0.59 25.1 2.20 42
32,475,253 .55 19.3 () 2.36 38
49,732,952 0.60 12.3 0.86 20
Luxemburg (1905). .. 246,455 0.84 9.0 13.16 29
Netherlands......... 5,591,701 1.19 15.0 2.49 40
New Zealand........ 1,062,792 8.09 15.7 18.51 | 357
2,240,032 1.48 13.4 (a) 7.08 142
152,009,300 0.24 42.0 0.55 28
5,294,885 0.8 15.3 5.39 37
3,315,443 1.75 17.2 7.13 48
United States (1912)
[() 95,410,503 1.09 45.0 3.42 190

(a) Minimum message rate.
(b) Statistics computed from preliminary report on Land Telegraph Stations: 1912,
issued Feb., 1914.

It will be observed that of the countries tabulated, the
average cost per telegram is least in Luxemburg and most
in the United States, and that the yearly telegrams per
individual is most in New Zealand and least in Russia.



TELEGRAPH OFFICE EQUIPMENT — TRAFFIC 161

PROBLEMS

1. How are the two lines passing through a four-strap peg switch
panel (see Fig. 1) interconnected at this panel without introducing
intermediate receiving instruments into either line?

2. How may a simplex line having three loops at the main switch-
board give service to three additional subscribers or brokers’ offices?

3. Show the connections at one end of a duplex line through the
main and loop switchboards and through the distributing frame,
when the operators are stationed at an office some distance away
from the main telegraph office. (Refer to circuit I of Fig. 4, circuit G
of Fig. 6 and Fig. 16 of Chap. II.)

4. How may the duplex line of the preceding problem be tempor-
arily assigned to some other branch telegraph office?

5. Using the Confederate cipher, the key word ‘“Manchester
Bluff,” and the index number 1, decipher: YCPNLPDTRTPXCSL.



CHAPTER VI
MISCELLANEOUS TELEGRAPHS

1. Multiplex Telegraph Systems. — Multiplex teleg-
raphy means the simultaneous transmission, without
. interference, of a plurality of messages in either or both
directions, over a single line. The duplex, quadruplex,
duplex-diplex and phantoplex systems already described
and also the alternating-current systems of Picard and
Mercadier may be considered multiplex systems, but in
practice this name is applied to those systems utilizing
synchronous rotation of contact distributors located at the
two terminal stations. Inasmuch as the maximum speed
of hand transmission is only about 40 words per minute,
it is evident that the speed possibilities of telegraph lines
even with short cable sections are not being utilized. With
the automatic telegraph the lines are more effectively
used, for speeds of 250 to 400 words per minute in each
direction are maintained. Multiplex telegraphs also con-
duce to better utilization of the lines and permit of signalling
at rates up to about 200 words per minute in each direction.

In the Delany multiplex system the line is successively
assigned for short intervals to several pairs of operators .
by means of synchronously revolving distributors, the
intervals being so short that during the hand transmission
of a dot signal by one operator, he has exclusive momen-
tary use of the line several times. Thus, if one pair of

operators receive the line 36 times per second and assum-
162
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ing the average word to have the equivalent of 18 dots,
signalling at the rate of 40 words per minute indicates
3 contacts per dot. Between these contacts the line is
periodically assigned to about five other pairs of operators.
Thus, each telegraphic character is made up of short im-
pulses rather widely separated as compared with their
duration. Such signals are rendered intelligible when
transmitted by pole-changing keys and received by polar-
ized relays, as in the polar or bridge-duplex systems.

The Delany system, adapted for hand signalling, was
used for a number of years but has gradually given way
to the more accurate printing multiplex systems. The
Rowland multiplex page-printing telegraph, which affords
octuplex signalling as a quadruple duplex, was for a time
used on some circuits of the Postal Telegraph-Cable Com-
pany and is now being further improved. The Baudot
tape-printing and the Murray page-printing multiplex
systems are at present considerably used abroad, being
operated as double or quadruple duplex systems. The
Murray multiplex (§ 2) has also begun its operation in this
country, affording a speed of 40 words per minute in each
of eight channels over a single wire between two cities
250 miles apart. A quicker telegraph service is possible
with multiplex printing telegraphs than with ordinary
automatic transmission because of the direct printing of
the received messages.

2. The Murray Multiplex Page-printing Telegraph. —
The principal instruments used in the Murray multiplex
telegraph are keyboard tape perforators, automatic trans-
mitters, distributors and electromagnetically-operated
printers.
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The tapes are perforated according to a special s5-unit
code, the units for each letter, figure or other character
being arranged transversely to the tape. The alphabet

" perforations are shown in Fig. 1 to correct size, the letters
being separated by the space character which consists
of one perforation immediately below the guide hole. The
tape passes directly through a constant-speed automatic
transmitter, patterned after the Wheatstone transmitter,
and is then wound in rolls by an automatic tape-winder.
The transmitter is provided with a starting and stopping
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lever for use in case the transmitter overtakes the perfor-
ating operator.

The function of the distributors is evident from Fig. 2,
wherein a single line provides four channels of communi
cation in either direction by means of the distributor arms
D and D', sweeping over the contacts a, b, ¢ and & at’
stations A and B respectively. By joining duplex term-
inal apparatus to the contact points at both ends of the line
quadruple duplex or octuplex signalling is rendered possible..
Only one artificial line is used at each station. The con-
tacts are preferably multipled so that a distributor arm con-,
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nects with one duplex set several times in one revolution,
thereby reducing the rotational speed of these arms.

It is absolutely essential that both contact arms occupy
the same relative positions at all times, that is, they must
rotate synchronously. Such rotation is secured by the
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Pig. 3.

use of manually-started motors having tooth-wheel iron
armatures and periodically excited field magnets, the con-
tact arms being mounted directly on the motor shaft.
Periodic field excitation is obtained by the use of reeds
which are kept vibrating at their natural frequency. To
maintain synchronism the distributor at one station sends

LINE

to that at the other station one or more governing impulses
during each revolution of the arm, which impulses control
- the speed of the distant motor.
The circuit arrangements for securing synchronous rota-
tion of the distributors and for signalling over one of the
communicating channels are schematically shown in Fig. 3,
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the groups of contacts for the other channels (that is, the
return over a¢ and duplex over b, ¢ and d of Fig. 2), as
well as the vibrating reed and distributor motor at station
A, being omitted for the sake of clearness. The toothed
wheel w of the distributor motor, when once set in rotation,
will advance one tooth every time the vibrating reed r
makes one complete vibration due to the impulsive currents
reaching the magnet M every time the reed touches its
front contact. The reed is kept in vibration electromag-
netically in the usual manner, that at station B being
adjusted to operate one or two per cent faster than that
at A. Thus if distributor arm D’ reaches the contact
marked — while the other arm D is still on the contact
marked +, a current pulse from battery B will flow over
the line and through the polarized relay P in such direc-
tion as to close the contact of this relay. This momentary
contact enables battery B’ to actuate the governing relay
R and open the vibrator .circuit for an instant, thereby
retarding slightly the vibration of the reed and the rota-
tion of the distributor arm D’. If both arms were to pass
over the — contacts simultaneously, the contact of the
" polarized relay would be open and no governing impulse
would reach relay R.

Thereafter, the two distributor arms pass together succes-
sively over the main contacts 1, 2, 3, 4 and 5, and then over
similar sets of contacts for the other transmitting chan-
nels (not shown). The polarity of the five current pulses
sent out {upon the line at station A depends upon the
positions ‘of the rocking pins which, in turn, depend upon
the tape perforations, as in the Wheatstone transmitter,
the various permutations of positive and negative pulses
corresponding to the various letters and other characters to
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be transmitted. At station B the five main contacts are
connected to an equal number of distributing relays which
select the particular printer magnets in a manner very
similar to that explained with the aid of Fig. 16 of Chap. IV.
As the contact arm passes over the contact x, the print-
ing magnet is energized, causing the printing on the receiver
message blank of that letter whose printer magnet was se-
lected by the distributing relays.

From the foregoing it will be understood how this method
of signalling can be extended to give quadruple-duplex or
possibly even sextuple-duplex transmission over a single-
line wire, the received characters over each communicating
channel being directly printed. Messages requiring retrans-
mission to remote places may be directly perforated in
tapes at the intermediate station, the five magnets that
set the punches of the receiving perforator being connected
in series with the corresponding distributing relays of the
printer.

3. The Pollak-Virag Writing Telegraph. — The Pollak-
Virag rapid telegraph system has been installed on a num-
ber of European telegraph lines and affords signalling at
rates up to 700 words per minute over two-wire lines.

Tape transmission is utilized in the Pollak-Virag writing
telegraph, the perforations for the various characters being
of various sizes-and located in one or more of six rows.
The paper tape is prepared on a keyboard perforator, all
the perforations for a letter or other character being made
by a single depression of a key. The tape is passed over
a motor-driven drum D, Fig. 4, which is formed of six
electrically-distinct rings. Two brushes, & and &', each
spanning three rings, press the tape against the drum and
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make contact with its rings through the perforations,
the duration of contact depending upon the size of the
perforation. Rings 1, 2 and 3 connect to battery B so
that brush b and the upper line wire may have a potential
with respect to the other line wire of say + 50, + 30 or
— 30 volts respectively. Similarly, rings 4, 5 and 6 con-
nect to battery B’ so that brush 4’ and junction x may have
a potential with respect to ground of say + 30, — 30 and
— 50 volts respectively. Combinations of contacts of
different durations and in correct sequence with these six
rings occasion.current pulses in the line which actuate a
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specially-designed receiver to produce in script the various
letters and figures.

The receiving instrument resembles two telephone re-
ceivers (R and R/, Fig. 4) whose diaphragms are placed
in one plane. In front of the diaphragms is mounted a
permanent magnet, from the center and ends of which
project soft iron strips with forwardly-extending pointed
tips. A small soft iron sheet carrying the mirror m (shown
in the lower right corner) is magnetically held against the
three tips. The motions of the two diaphragms of re-
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ceivers R and. R’ are transmitted by means of links to the
tips ¢ and'#' respectively, which are located 1 mm. above
and to the left of the center tip ¢ respectively. Therefore,
if the diaphragm of receiver R vibrates the mirror will
rotate about a horizontal axis, and if the other diaphragm
vibrates the mirror will rotate about a vertical axis. If
both vibrate, the mirror will describe the motion of the
resultant vibration.

A small pencil of light issuing from an electric light !
impinges upon the mirror and is reflected as a spot of light

.upon a band -of photographic paper p. A revolving
opaque hood H having a helical slit encloses the lamp so
that the spot of light will advance from one side of the
paper to the other, and then jump to the next line, and so
on. If the mirror vibrates in accordance with transmitted
impulses, its motions will be properly recorded. After
exposure, the sensitive paper travels down through solu-
tions which develop and fix the paper in about 15 seconds,
revealing legible script.

The two-line wires join with the terminals of the winding
of receiver R, which is actuated by portions of the battery
B, this receiver forming all vertical components of the
transmitted characters. Both line wires are used as a
single conductor for the other receiver circuit by means
of the neutral points #, formed by a high-resistance shunt
at the transmitter, and y, the mid-point of the winding of
receiver R. In this way battery B’ actuates receiver R’
(ground being the return path), this receiver forming all
horizontal components of the characters. In order to
abolish the disturbing influences of resistance, inductance
and capacity when signalling over long lines, various con-
densers and reactors may be introduced at particular places
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in the circuit. Condensers connected in parallel with
the receivers R and R’ are introduced to soften the action
of the currents. Synchronous rotation of the hood at
the receiver and the drum at the transmitter is not neces-
sary in this system. '

The nature of the perforations and the corresponding
received script is indicated in Fig. 5 for the word ‘‘message.”’-
The direction and relative magnitudes of the impressed
voltages are indicated at the left, and the received graph
for only the vertical components is shown immediately
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below the tape. The actual received trace, which corre-
sponds to both vertical and horizontal movements, is
shown at the bottom.

4. The Telautograph. — The telautograph is an instru-
ment for the electrical reproduction of handwriting at a
distance, invented by Prof. Elisha Gray and perfected by
Geo. S. Tiffany, and consists of a transmitter and a receiver.
The appearance of the instrument made by the Gray
National Telautograph Company is shown in Fig. 6. These
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devices may be operated singly over a private line or con-
nected through a switchboard so as to enable any two
instruments to be used together. Also, a single transmitter
may be arranged to operate a number of receivers simul-
taneously.

At the transmitter the pencil is attached by a system
of levers to two contact rollers which bear against the inner

Pig. 6.

surfaces of two curved rheostats, which are connected across
direct-current supply mains, usually of 115 volts. The
potential difference between either end of each rheostat
and the accompanying roller varies with the position of
this roller, which position changes in writing. These vary-
ing voltages are impressed on circuits which extend to the
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receiver, where they terminate in coils wound on copper
bobbins and arranged to move horizontally within intense
magnetic fields against the action of springs. In operation
the two coils are displaced in proportion to the forces acting
on them, which forces are proportional to the currents .
traversing the coils, which currents vary with the im-
pressed voltages, and which, in turn, depend upon the dis-
placements- of the transmitting rollers from their zero
positions, thereby rendering the displacement of each coil
proportional to that of the corresponding roller. The coils
at the receiver are connected by a system of levers which
actuates the recording pen, the lever system being similar
to that at the transmitter. Thus, the motion of the pen
is the resultant of the motions of the two coils, which mo- -
tions are proportional to those of the transmitting contact
rollers, and they are the component motions of the trans-
mitting pencil; therefore, the receiving pen duplicates
the motions of the transmitting pencil. '
The simplified scheme of connections of the improved
transmitter and receiver is shown in Fig. 7, which also
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Fig. 7.
indicates the various auxiliary devices utilized in realizing

commercial practicability. The apparatus used for the
transmission of the writing motions is apparent, the left
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and right rollers on the transmitter rheostats connecting
directly with the two corresponding receiver coils that are
located in separate annular air gaps of one magnetic cir-
cuit. The two pairs of power terminals connect to com-
mercial electrical supply mains. )

The functions of the auxiliary devices are as follows: —
The master switch controls the paper shifter magnet which
operates a clamp that pulls the paper through one line
space over the transmitter platen. Shifting of the receiver
paper is similarly accomplished, the shifting magnet being
locally energized through the contacts of the relay which
is included in one of the two line wires and which is like-
wise under the control of the master switch.

This relay also serves to complete the circuit of the elec-
tromagnet which develops the magnetic field ,for the
receiver coils. It will be observed that the winding on
the lower bobbin may be periodically short-circuited by the
spring armature of a vibrator. This action causes the
intensity of the magnetic field to flicker rapidly and pro-
duces a minute vibration in the receiver coils. Friction of
the pen on the paper and in the moving parts of the re-
ceiver is greatly reduced by this vibration, and conse-
quently the pen is very sensitive to small changes in the
line currents. Although small alternating currents are in-
duced in the coils by this vibratory motion, the pen-lifting
relay bridged across the line wires will not operate, because
of the equality of these opposing currents.

Pen lifting is accomplished at the receiver by means of
a locally-operated magnet placed back of the receiver
writing platen, the armature carrying a rod adapted to
move the pen arms and lift the pen away from the paper
when the magnet is energized. This pen-lifter magnet is
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controlled by a pen-lifting relay that has a peculiarly
constructed armature which is set into violent vibration
and makes imperfect contact with its contacts points
when alternating current passes through the relay winding,
but which armature is quiescent and makes good contact
with its contact points when no current traverses the
winding. At the transmitter the secondaty winding of
a small induction coil is bridged across the line wires through
two condensers, and the primary winding derives its
energy from the power mains through a vibrating armature.
A contact beneath the writing platen is arranged to short-
circuit the vibrator when the platen is not depressed.
Thus, during intervals when no characters are written
no electromotive force is induced in the secondary winding
of the cpil, no current traverses the pen-lifting relay and
consequently the circuit of the pen-lifter magnet is closed,
thereby lifting the pen away from the paper. Depression
of the platen by the transmitter pencil in writing, per-
mits operation of the vibrator and occasions an alternating
electromotive force in the secondary winding of the coil.
This induced voltage develops a current that traverses the
two-line wires simultaneously with the “writing” currents
and also traverses the pen-lifting relay. The armature of
this relay is thereby agitated so that the pen-lifter magnet
is effectively open-circuited, and the release of its armature
permits the receiving pen to touch the paper.

Ink for the receiving pen is contained in a small stoppered
bottle with an orifice near the bottom, the ink being re-
tained by atmospheric pressure. When the telautograph
is idle, retractile springs hold the pen in the ink at this
orifice. In order to close the master switch it is necessary
to bring the transmitting pencil to a position corresponding
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to that of the pen and to press the pencil on a button there
located, thereby releasing a catch that holds the master
switch. This process is repeated for each paper-shifting
operation so that sudden large movements of the receiving
pen are avoided.
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