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PREFACE

The International Library of Technology is the outgrowth
of a large and increasing demand that has arisen for the
Reference Libraries of the International Correspondence
Schools on the part of those who are not students of the
Schools. As the volumes composing this Library are all
printed from the same plates used in printing the Reference
Libraries above mentioned, a few words are necessary
regarding the scope and purpose of the instruction imparted
to the students of—and the class of students taught by—
these Schools, in order to afford a clear understanding of
their salient and unique features.

The only requirement for admission to any of the courses
offered by the International Correspondence Schools, is that
the applicant shall be able to read the English language and
to write it sufficiently well to make his written answers to
the questions asked him intelligible. Each course is com-
plete in itself, and no textbooks are required other than
those prepared by the Schools for the particular course
selected. The students themselves are from every class,
trade, and profession and from every country; they are,
almost without exception, busily engaged in some vocation,
and can spare but little time for study, and that usually
outside of their regular working hours. The information
desired is such as can be immediately applied in practice, so
that the student may be enabled to exchange his present
vocation for a more congenial one, or to rise to a higher level
in the one he now pursues. Furthermore, he wishes to
obtain a good working knowledge of the subjects treated in
the shortest time and in the most direct manner possible.

iii



iv PREFACE

In meeting these requirements, we have produced a set of
books that in many respects, and particularly in the general
plan followed, are absolutely unique. In the majority of
subjects treated the knowledge of mathematics required is
limited to the simplest principles of arithmetic and mensu-
ration, and in no case is any greater knowledge of mathe-
matics needed than the simplest elementary principles of
algebra, geometry, and trigonometry, with a thorough,
practical acquaintance with the use of the logarithmic table.
To effect this result, derivations of rules and formulas are
omitted, but thorough and complete instructions are given
regarding how, when, and under what circumstances any
particular rule, formula, or process should be applied; and
whenever possible one or more examples, such as would be
likely to arise in actual practice—together with their solu-
tions—are given te illustrate and explain its application.

In preparing these textbooks, it has been our constant
endeavor to view the matter from the student’s standpoint,
and to try and anticipate everything that would cause him
trouble. The utmost pains have been taken to avoid and
correct any and all ambiguous expressions—both those due
to faulty rhetoric and those due to insufficiency of statement
or explanation. As the best way to make a statement,
explanation, or description clear, is to give a picture or a
diagram in connection with it, illustrations have been used
almost without limit. The illustrations have in all cases
been adapted to the requirements of the text, and projec-
tions and sections or outline, partially shaded, or full-shaded
perspectives, have been used, according to which will best
produce the desired results. Half-tones have been used
rather sparingly, except in those cases where the general
effect is desired rather than the actual details.

It is obvious that books prepared along the lines men-
tioned must not only be clear and concise beyond anything
heretofore attempted, but they must also possess unequaled
value for reference purposes. They not only give the
maximum of information in a minimum space, but this infor-
mation is so ingeniously arranged and correlated, and the
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indexes are so full and complete, that it can at once be
made available to the reader. The numerous examples and
explanatory remarks, together with the absence of leng
demonstrations and abstruse mathematical calculations, are
‘of great assistance in helping one select the proper for-
mula, method, or process and in teaching him how and
when it should be used.

As automatic telephone systems are now successfully used
in many exchanges, their circuits, construction, operation,
and care have been very fully considered in this volume.
The use of intercommunicating or house telephones in
large factories, public institutions, and hotels is constantly
increasing, and the many circuits employed for such pur-
poses are fully described and illustrated. The testing of
telephone apparatus, circuits, and lines, the splicing of cable
conductors, the wiping of lead-sheath cable joints, and over-
head and underground distribution and construction work
have been very fully treated. The practical man is given
enough of the theory to enable him to handle intelligently
any difficulty that he is apt to encounter in his line of work.
A subject that is increasing in importance, but is usually
neglected in publications relating to telephony, namely, the
power equipment required in a telephone exchange, is fully
covered. The entire field has been thoroughly covered, the
information being supplied by men engaged in practical
work.

The method of numbering the pages, cuts, articles, etc. is
such that each subject or part, when the subject is divided
into two or more parts, is complete in itself; hence, in order
to make the index intelligible, it was necessary to give each
subject or part a number. This number is placed at the top
of each page, on the headline, opposite the page number;
and to distinguish it from the page number it is preceded by
the printer’s section mark (§). Consequently, a reference
such as § 16, page 26, will be readily found by looking along
the inside edges of the headlines until §16 is found, and
then through § 16 until page 26 is found.

INTERNATIONAL TEXTBOOK COMPANY
[ X}
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AUTOMATIC TELEPHONE
SYSTEMS

(PART 1)

STROWGER AUTOMATIC TELEPHONE
SYSTEM

INTRODUCTION

1. An automatic telephone system is one designed
to supplant the telephone-exchange operator by automatic
appliances. Switches, located at a central office, automati-
cally connect two lines for a conversation and also disconnect
them, this result being produced as a result of certain opera-
tions performed by the subscribers themselves. An auto-
matic system usually consists of a telephone and selecting
device at the subscribers’ stations, the selecting device being
used by the subscriber to select, by sending a certain number
of impulses over one or both line wires, the line desired, and
at the exchange a switch that automatically connects the
calling line to the line selected by the subscriber. To estab-
lish connections between any two lines running to the same
automatic exchange, no operators are, therefore, required.
Thus a large item of expense—operators’ salaries—is saved
in the cost of operation. Those favoring manually operated
systems claim that more expert trouble men and switchboard
men are required, which more or less offsets the saving in
operators’ salaries. For toll service and trunking between
different exchanges, even if both exchanges are automatic,
operators are generally employed. The use and popularity
Copyrighted by [nt¢rnational Textbook Company. Entered at Stationers' Hall, London
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2 AUTOMATIC TELEPHONE SYSTEMS §30

of automatic systems is increasing and a large number of
exchanges, both large and small, are now equipped with
such systems. The Strowger automatic telephone system,
made by the Automatic Electric Company, is quite exten-
sively used and is proving very successful. It has taken at
least 16 years to develop this system into its present satis-
factory condition. Even now, every new installation is liable
to contain improvements and new features.

INSTRUMENTS AND SWITCHES

SUBSCRIBER’S INSTRUMENT

2. The automatic telephone instrument located at the sub-
scriber’s station, consists of the usual transmitter, receiver,
bell, transmitter battery, and induction coil, with the addi.
tion of the selector
calling device,
which occupies a
space about 5% inches
by 4% inches on the
front of the telephone
and a depth of about
3% inches. A front
view of the selector
calling device, which
may form part of a
wall or a desk tele-
phone, is shown in
Fig. 1. The metal
calling dial is about
4% inches in diameter
and has along the edge ten finger holes, numbered con-
secutively from 1 to O.

Fia. 1

3. To call a number, say subscriber 761, the calling sub-
scriber first takes the receiver from the hook, then, placing his
finger in hole 7, turns the dial around until the finger comes
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against the stop s; when released, the dial is restored to its
original position by a clock spring immediately behind the
dial. In the same manner he then calls 6 and 1 in this group.

Having turned the numbers desired, he presses the button J/,
which causes the bell of the station called to ring. The con-
nection is now completed. If the desired subscriber is busy,
a buzzing sound in the receiver notifies the calling subscriber
of this fact, no connection is made with the busy line, and all
circuits are restored to their normal condition.

SUBSCRIBER’S SELECTOR CALLING DEVICE

4. Fig. 2 shows the mechanism of the subscriber’s calling
device, as made in 1906, omitting the hook switch. It is
built on two base plates held apart by studs; one of the

plates is fastened to the door of the telephone box. A
shaft ¢ extends through the base plates, projecting on both
sides. On the front end is mounted a strong clock spring



4 AUTOMATIC TELEPHONE SYSTEMS §30

and the dial shown in Fig. 1. Between the base plates there
is mounted on the shaft a wheel a, called a comé, with eleven
special-shaped teeth. The ten teeth along the edge @ move
in one plane and the eleventh tooth =, which is insulated
from but fastened to the same wheel, moves in a plane about
§ inch distant.

The so-called vertical-impulse spring z projects into the
path of the ten teeth ¢ in such a manner that the contact
between the spring and the ground is not made as the dial
is rotated by the finger, but this ground contact is momen-
tarily made, as the spring rotates the toothed wheel back to
its original position each time that a tooth passes the spring.
The so-called rotary-impulse spring » is operated in a simi-
lar manner by the eleventh tooth » as it returns and passes
by the projection ¢. On account of the location of this
tooth 7, the rotary-impulse spring » makes contact with the
contact g once after the last of the ten teeth a has caused
the vertical spring » to touch the contact g.

5. Fig. 3 shows the device, including also the hook
switch and circuits as applied to a wall telephone. It is all
mounted on the inside of the door of the telephone instru-
ment. When the receiver rests on the hook, the finger 4
presses down the spring 7 and thus keeps the transmitter
open at 4 and the rear end of the hook holds the finger ¢ up
just enough to keep the receiver circuit open at s, while the
bell circuit is closed through spring i/-finger Z-metal parts
of the device-finger e-spring m. In some instruments, a
wire soldered to % connects the latter to the vertical line
binding posts, thus eliminating the contacts between %4 and
the frame and between ¢ and .

Fig. 3 (4) shows a separate view of the comb wheel with
its teeth, rotary spring », and the projection ¢ by means of
which » is pushed against the grounded contact g by the
tooth # as the latter moves in the direction of the arrow o.
The vertical spring is behind the rotary spring r». The
arrangement of the vertical spring v, rotary spring », and
ground contact g is shown in the plan view (¢). The flat
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spring # merely rests lightly on » to prevent the latter from
vibrating unduly as the teeth @, Fig. 3 (4), pass rapidly by
and press it against the ground contact g. The grounded
spring g’ does not normally touch the piece x to which the
cantact g, Fig. 8 (¢), is attached; because an insulated piece
rests against the upwardly projecting arm &4 attached to the
hook switch. When the hook is raised, the spring ¢’ cannot
touch x because the lower piece of insulating material on the .
spring g’/ rests against the end / of a dog. As soon, however,
as a movement of the dial is made, the piece ¢ raises the dog /
and thus allows the grounded spring g’ to rest against x.
Hence, the hook must rise—that is, the receiver must be
removed from the hook and a movement of the dial must be
made—before any connection with the ground can be made
in the subscriber’s instrument. Furthermore, the dog /is
so designed that no movement of the front dial can be made
until the receiver is removed from the hook.

On the rear of the center shaft that carries the front dial
is keyed a finger e. When a number on the dial is pulled
down, the finger ¢, Fig. 3 (a), opens the receiver circuit at s
as long as the comb a, Fig. 3 (4), is out of its normal position
while making a call. This secures the disconnection of the
two line wires from the telephone apparatus proper during
the transmission of the current impulses while calling a num-
ber and is necessary to prevent impulses being sent over both
line wires when either spring v, » touches the ground contact.
The transmitter circuit is closed at 4 and the bell circuit is
open between'spring 7 and finger % as long as the receiver is
off the hook.

The spring p is connected to the piece x, Fig. 3 (a), and g,
Fig. 8 (¢). The springs p, %4 are so arranged that all three
come together momentarily only when the hook moves
down, not when the hook rises. Consequently, the two
springs %4 are grounded through p-r—¢’ when the hook
-moves down, provided that the dial has been operated so
that the end ¢ does not prevent the spring g’ from touching x.
In either the up or down position of the hook, the springs 4
are out of contact with the spring p; thus both line wires
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are momentarily grounded by the two springs £ coming in
contact with the spring p as the hook moves down, provided
that the dial is moved while the hook is up.

To the comb wheel a is fastened the pawl y that drags
with it the brass gear-wheel w. J is a push button that is
used to operate the ringing relay at the central office. When
the connection has been established by operating the dial
with the receiver off the hook as described, the button J is
pushed, thereby opening at ¢ the receiver loop and throwing
a ground on the vertical line to operate the ringing relay.

6. Governor.—Between the base plates at £, Fig. 2, is a
small flywheel governor connected with the wheel = by
means of a pinion. A separate view of this governor is
shown in Fig. 4. The object of the governor is to regulate
the speed of the main shaft. When the dial is rotated by
the finger, the pawl y, Fig. 83 (4), moves with it. When the
dial is released by the finger, this pawl y, to which the clock
spring is attached, engages the large brass gear-wheel w
and forcibly rotates it. This wheel engages a small pinion 2

on the shaft of which is mounted

the governor shown in Fig. 4. The

large gear-wheel w, Fig. 3 (4), has

about twenty times as many teeth

as the pinion 2z, which, therefore,

rotates much faster than the wheel.

The governor, Fig. 4, consists of a

wheel rim x mounted loosely on the

Fie.4 shaft z and two rather heavy brass

segments /,/, each pivoted near its circumference and at

opposite ends of the same diameter on the ends of the
piece & that is fastened to and rotates with the shaft.

As the speed of the shaft increases, the frée ends of the
brass segments, which are normally drawn toward the center
of the hub by light spiral springs «, j, are moved outwards
by centrifugal force until the inner surfaces rub against the
inside edge of the iron rim x. The friction and centrifugal
force are so related to each other that the large brass wheel w,
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§30 AUTOMATIC TELEPHONE SYSTEMS 9

Fig. 8 (&), rotates sufficiently uniform and slow to allow the °
central-office switches the proper time to operate, which is
about 1 second.

7. Fig. 5 shows the arrangement of the parts and the
wiring inside of one form of a desk telephone. The mecha-
nism and connections are the same as in a wall telephone,
but somewhat differently arranged.

AUTOMATIC SWITCHES

8. For a system not exceeding 100 lines, the automatic
switch located in the exchange is called a connector. For
a system between 100 and 1,000 lines, an additional switch,
called a first selector is required, while an additional inter-
mediate switch, called a second selector, is required for sys-
tems between 1,000 and 10,000 lines. These three switches
are very similar in general construction, but differ somewhat
in details.

9. The automatic switches are set up in banks to form
the central-exchange switchboard. Two side views of a
connector switch are shown in Fig. 6. The over-all dimen-
sions of this connector switch are about 133 inches in height,
74 inches in depth, and 6 inches in breadth or width. Selector
switches, which are similar in shape, are about 1} inches
less in depth because they do not require a ringing relay.
In other dimensions, they are about the same size as a con-
nector. The frame of the switch is made of a non-magnetic
metal. All other parts are fastened to this frame, so that a
switch is a complete machine in one piece. Mounted on this
frame are six electromagnets—two main-line relays and four
local magnets that operate the movable parts and contacts.

10. Contact Banks.—Mounted on the lower part of
the frame are three banks of contacts. The upper bank,
called the busy, or private, bank has one hundred contacts
arranged in ten rows of ten contacts each. The other two
banks, called the 1ine banks, have fifty pair of contacts each.
The banks are held in position on the two side rods. In the
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later systems, the lower two banks are wired with conductors
twisted in pairs to avoid cross-talk and induction troubles.
The lower two banks each consist of five rows of contacts;
"1 each row, there are ten pair of contacts; the two contacts
constituting a pair are carefully insulated from each other.
The insulation is said to consist of empire bond paper,
treated with linseed oil. All banks are wired with No. 24
tinned copper wire covered with one layer of cotton and two
layers of beeswaxed silk.

11. Wipers.—All the contacts are mounted on a semi-
circular structure, the axis of which is a vertical rod, or shaft,
about the size of a lead pencil, on which are fixed three
contact arms, p,/,” about 1% inches in length; they are
called wipers. Each wiper consists of two spring blades
‘orming the jaws of a rotating knife switch. The two springs
.onstituting the upper, or private, wipers p are not insu-
lated from each other and form one conductor. The two
lower pair of wipers, /, //, called 1line wipers, each consist
of two springs insulated from each other by a thin piece of
insulating material. The bottom spring of the bottom pair
is connected by a bare wire with the bottom spring of the
middle pair, and the top spring of the bottom pair is simi-
larly connected to the top spring of the middle pair. The
two lower pair of wipers are thus connected in parallel; how-
ever, only one pair is in use at any one time. When a con-
nection is made, the upper spring of a line wiper résts on the
upper contact of a pair of contacts and the lower spring
rests on the lower contact of the same pair.

12. Shaft.—Important movable parts are the shaft in
the center of the front of the switch and the wipers. The shaft
and wipers have both a vertical and a rotary motion, each
controlled by a magnet. When the subscriber calls 76, for
instance, the first movement of the subscriber’s dial allows
the flow of current impulses that raise the shaft and wipers
step by step to the seventh row of contacts. The second
movement of the subscriber’s dial allows the flow of current
impulses that rotates the shaft and turns the wipers to the
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sixth contact in the seventh row, thus securing the connec- '
tion with 76.

13. To the middle part of the shaft is riveted a hub, the
upper part L of which has ten horizontal, circular teeth and
the lower part M has ten vertical teeth. The circular teeth
may be engaged by a pawl that is behind the hub L and is
moved by the armature of the so-called vertical magnet }/m.
An impulse through the vertical magnet causes the pawl to
lift the.shaft one tooth, the armature and pawl being drawn
back after the impulse by the flat spring s, Fig. 6 (a). The
pawl slips back over the next tooth and falls into the next
groove. The shaft is held in position by the upper arm / of
the double dog £. A second impulse through the vertical
magnet will lift the shaft another tooth. As the shaft has
ten teeth, each # inch in height, it may be raised a total of
1} inches and retained at any one of ten heights.

The longitudinal teeth of the hub A/ are engaged by another
pawl attached to the end of the so-called rotary magnet R »:.
An impulse through the rotary magnet causes the pawl to
rotate the shaft through the space of one tooth. When the
rotary armature is released, the spring s, Fig. 6 (4), pulls it
back, but the shaft is held from rotating backwards by the
lower arm m of the double dog £ and is supported in any
horizontal position while rotating by the finger /. A second
impulse will rotate the shaft another tooth. Thus the shaft
may be moved to and held in any one of one hundred
positions.

14. Movement of Wipers.—If the shaft moves up one
step, the lower pair of wipers // is in line with the lowest
row of contacts of the lowest bank and the top or private
wiper p, which represents a single conductor and not a pair,
is in line with the lowest row of single contacts in the private
bank. When the switch moves up two steps, the next to
lowest, or middle, pair of wipers / is in line with the lowest
row of contacts of the middle bank, and the private wiper is
in line with the second row of contacts in the private bank.
Thus the first row of line contacts is the bottom row of the
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lowest bank; the second row of line contacts is the bottom
row in the middle bank; the third row is the second row in
the bottom bank; the fourth row is the second row in the
middle bank; and so on. Therefore, the space between the
rows of the two lowest, or line-wire, banks is twice that
between the rows of the private bank. Thus 6ne pair of line
wipers makes contact while the other pair is idle and moves
between two rows of contacts. The line banks are made in
two banks in this manner, so that the vertical movement of
the wipers need not be increased beyond an efficient working
distance and to prevent such an overcrowding of the wires as
to render difficult the ready location of troubles. Both line
wires being switched, there are necessarily double the num-
ber of line contacts as private contacts, only one of the latter
being necessary for one pair of lines.

15. BSystem of Numbering.—In a 10,000-line system,
there are ten hundreds to each thousand. For example,
between 2,000 and 3,000, including 2,000, there are ten hun-
dred as follows: 21, 22, 23, 24, 25, 26, 27, 28, 29, 20; each of
whose first, or thousand, digit is of the same denomination,

while the second, or hundreds,
0 Q2 QO3040500Q7 @8 9 Q varies from 1 to 0, and so on for
02 29394909979 9990 each of the other nine thousands.
s BWHWWIBWEL 90 js placed last for the reason
7d zs WU AEZUUW hat in the value of electrical im-
:g Q"z g g g:ﬁg: g: pulses .20 represents 2 tens and
2R B BB 6594 ten units, wherea§ 21 represents
53132 33393536 37 38 29 %0 2 tens and one unit. Zero (0) has
2212223242520 2788 g9go the value of ten impulses.
,.111 123 ? ? 159 %9 4{_2 ? g 59 Referx:mg 'to the private ban.k
shown in Fig. 7, the contact a is
reached in steps by going up
seven tens and horizontally six units. Its position in the
square will represent the number, 76, which is equivalent
to 10 4 6; that is to say, ten vertical and six horizontal move-
ments of the switch. All line members have two digits.
To obtain line 04, the pulling down of the dial to 0 raises

Fic. 7
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the shaft ten steps, and 4 rotates it four steps, giving 04 in
the top row. )

In a system up to 100 lines, all numbers below 10 must be
written 01, 02, etc., and the subscriber must pull the 0 on the
dial, otherwise he will get no connection. To avoid this
difficulty, the numbers 0 to 9 may be omitted, in which case
the switch is not used to its full capacity. For similar
reasons, in a 1,000-line system, the numbers from 1 to 9,
inclusive, must be written 001, 002, etc., and the numbers
from 10 to 99 must be written 010, 011, etc. Similarly, in a
10,000-line system, the numbers must be written 0001 to 0009,
0010 to 0099, 0100 to 0999, that is, all digits, preceding num-
bers below 1,000 must be filled with zeros and these zeros
must be used by the subscribers in calling such numbers,
or else such numbers must not be used. In a large system,
such numbers could be, reserved for special purposes—for
instance, for the use of toll operators.

OPERATION AND CONSTRUCTION OF SWITCHES

SIDE SWITCH

16. Having given a general idea of the Strowger auto-
matic system, the mechanical and electrical features of the
system will be taken up in detail, beginning with a connector
switch. As far as practical,
the same reference letters
will be used for similar parts
in all figures showing dif-
ferent views or parts of the
same switch. Two side
views of a 1906 type of con-
nector switch have been
given in Fig. 6 and views
of the most important parts Fi1c. 8
will now be shown. Fig. 8 shows a side view of what is
known as the side switch, and Fig. 9 a plan view across the
whole switch a little above the side switch. This side switch
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consists of four pair of wiping spring contacts 4, Fig. 8, which
may occupy one of the three positions a, b,¢, Fig. 9, on the
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block of contacts B. The
first position e is the normal
position on which the arms
rest when the switch is re-
leased; 6 is the position held
while selecting a line; ¢ is
the final position. This side
switch is under the tension
of a spiral spring a’/, shown
in Figs. 6, 8, and 9, that
tends to make it rotate
about the axis #¢. It is
restored to its normal posi-
tion on the row of con-
tacts a, Fig. 9, by the action
of the armature W of the
release magnet O m, Fig. 6,

and held there normally because the lever p that is rigidly
fastened to the side switch moves backwards, as the side
switch is restored, between the pieces g¢,r and is held by

F16. 10

Fic. 11

the rear notch in », as shown in Fig. 10. The pressure of
the end ¢, Figs. 9 and 11, on the link 4, in the direction
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of the arrow, Fig. 9, restores the side switch to its normal
position with the stop ¢,, Figs. 6 (a) and 9, resting against
the frame Z of the switch and the wiper springs A, Fig. 9,
on contacts e. In Fig. 11, a separate horizontal view of
the spring # and pin g is shown above the position it
actually occupies in this figure. This pressure of the arma-
ture I, Fig. 6 (a), of the release magnet must be greater
than the combined tensions of the spiral spring a’ and the flat
spring J, as well as the friction of the wiper of the side switch
and the other moving parts, in order that the pin g, Figs. 6 (a)
and 11, may be pushed in far enough to allow the thin
spring 4 to slip over and hold the dog £ away from the
shaft while the latter returns to its
normal position.

17. Figs. 6 (a), 11, and 12 show
also the double dog £ that engages
the two toothed hubs L, M of the
shaft, which it holds in its succes-
sive steps of advancement, either
vertically or rotary. £ is pivoted on
axial points 7,7, Fig. 11, and is under
the tension of the flat spring J, which
tends to throw the ends /,m of the
piece £, Figs. 6 (a) and 11, into en- Fro. 12
gagement with the toothed hubs L, M. The piece £ is nor-
mally held disengaged by the thin spring 4, a slot in which
slips over a pin-like projection g when the release armature I,
Fig. 12, is attracted by its armature. The hook %, Fig. 11,
forming part of the armature of the vertical or lifting mag-
net V' m, disengages % from g, when this armature is attracted,
thus setting £ free on the first movement of the arinature of
Vm. One end of the piece F, Figs. 6 (4) and 12, which is
fastened to the frame, rests in a vertical slot in the hub Z when
the latter is in its normal position. It therefore allows the
hub Z to move up and down only when in its normal posi-
tion, and allows L to rotate only when /' is exactly opposite
one of the depressions between the teeth. It then supports

< 165—3




18 AUTOMATIC TELEPHONE SYSTEMS §30

the shaft during rotation. The release magnet O, Fig. 12,
returns the side switch A to its normal position and releases
the double ratchet £.

Fig. 10 shows the private magnet Pm with its accompany-
ing parts. The side switch is restored to its normal position
by the action of the armature W of the release magnet O m,
Fig. 6 (a), when the switch is released, but it is not held in
that normal position by this armature. To the armature =z
of the private magnet Pm, Fig. 10, is fastened an arm y and
two thin springs 7,¢. These two springs »,¢ have small
teeth, as shown, that retain [see also Fig. 6 (2)] the long
lever arm p of the side switch in its normal position
after 4, Fig. 11, has been disengaged from g and ¢ set
free in the slot in the end of 4.

CONNECTOR SWITCH

18. The movements of the connector switch shown in
Fig. 6, taken as a whole, will now be considered. The shaft
carrying the three wipers (the ‘‘busy’’ and the two pair of
line wipers, which in manual phraseology correspond to the
calling plug of the operator’s cord circuit) has two distinct
motions—vertical and rotary. The first is effected by elec-
trical impulses, sent in from the subscriber’s station over the
vertical line, operating directly the line relay in that line.
The vertical line relay controls the vertical magnet that
actually produces the vertical movement of the switch. Each
digit of a number is represented by as many electrical
impulses as there are units in that digit plus one, and the
dial of the telephone instrument, each time that it is pulled
down and let go, sends over the vertical line as many
impulses as there are units in the digit selected by the sub-
scriber, followed by one impulse over the rotary line. This
extra, or last, impulse over the rotary line performs about
the following operation for each digit of the number called:
For a first-selector switch, it is a trunk selector; for a second-
selector switch, it is a trunk selector; for the tens’ move of
the connector, it passes the side switch to the 4 contacts,
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thereby reversing the lines; for the units, it completes the
connection if the desired line is not busy, or releases the con-
nector if the line is busy.

19. The first impulse or impulses pass through the ver-
tical line and operate the vertical relay, shown at the top of
Fig. 6, and in turn the vertical magnet "m, Fig. 11. When
its armature is drawn up, it first causes the hook % to push 4
off g, thus allowing the ends /, m of the double dog £ to
engage the shaft. The further movement of the armature
of I'm causes a pawl to engage and lift the shaft L one step,
while the end / slips over the first tooth and then moves
under it, thus holding the shaft in that vertical position. At
the same time, the side switch lever d is set free by ¢, but is
still retained in normal position by the notched springs 7, ¢,
Figs. 6 (a) and 10, that engage the latch p. For the suc-
ceeding vertical impulses of that digit, there is no change in
any of the parts except in the position of the shaft, which
rises one step for each impulse.

The last impulse to each digit, being rotary, operates the
rotary relay, shown at the top of Fig. 6, and causes the
private magnet Pm, Fig. 10, to attract its armature z, and p
then moves into the notch on the side /. On the release of this
armature, the springs 7, ¢ are moved just enough to allow p
to move from notch 7/ to notch z under the tension of the
spiral spring a/, Figs. 8 and 9. It is held in this position
until the shaft rotates one step, by a projecting finger ,,
Figs. 6 (a) and 9, that comes against the cam ¢ mounted on
the shaft. In this position, the side switch is held on the
second row of contacts 4 and the rotary magnet is sub-
stituted for the vertical magnet, so that when the units’
impulses flow through the vertical -line, the shaft will be
rotated by the rotary magnet R one step for each impulse.
Then follows a single impulse over the rotary line, which
again causes the private magnet to attract its armature, on
the release of which the springs 7, ¢ move so as to release
the projecting finger p and allow the side switch to move
into the third position ¢, thereby completing the connection
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if the desired line is not busy. If itis busy, this last impulse
over the rotary line causes the release magnet to release the
whole switch.

20. The operation of a selector switch is very similar
to that of a connector, but the rotary motion is governed in a
somewhat different manner. After the shaft has been raised,
the proper number of steps and the side switch, when one is
provided, is placed in the & position, the current through the
rotary magnet is interrupted, thereby causing the shaft to
rotate, as will be explained in connection with the circuit
diagrams. The first impulse of the rotary magnet brings
the private wiper in engagement with the first contact point
of the particular horizontal row designated by the number of
vertical impulses previously sent in. Formerly, selectors
were provided with side switches about the same as con-
nectors; but in the later type of selectors the rotary magnet
itself interrupts the current passing through it from a bat-
tery, and no side switch is required.

21. Mounting of Switches.—The automatic switches
are mounted on shelves, 25 switches to the shelf, each
section, or switchboard containing six shelves, or a total
of 150 switches. The makers state that the actual floor
space occupied by such a switchboard is 11 feet 6 inches by
6 inches, and the floor space required is 3 feet by 124 feet;
while the space allowed in making calculations for room is
39 square feet. The automatic switchboard can be increased
to any capacity by adding new sections with the desired
number of switches mounted thereon. About 90 per cent.
of the electrical contacts and connections on the automatic
switchboard are made at the factory. The automatic switch-
board is said to require no more room than the manual
board, and no space or accommodation for the operators
is needed. .

The meter system can be introduced, by means of which
all service can be measured. In appearance, these meters
resemble a cyclometer, and one is attached to each individ-
ual switch. Its operation is automatic, and it records every
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connection secured by the telephone having the same num-
ber as the switch to which it is attached.

Having considered the mechanical construction and opera-
tion of the switch and the general plan of numbering, it should
now be easy to understand the electrical circuits and their
functions in switching.

100-SUBSCRIBER EXCHANGE

22. It will be best to first consider an exchange for
not more than 100 subscribers; the operation of larger
exchanges will then be easier to understand. Each subscri-
ber’s station is connected to the exchange by two wires, and
a ground circuit is also used when making a call, but is dis-
connected at other times. The calling device works by
grounding the one or the other line a certain number of
times. Each subscriber’s line ends in a separate switch at
the exhange, so that there are as many switches as there are
pairs of line wires.

The subscriber calls the party desired by working his
dial in the manner . pnse Teeth
already described and 2882834332,
the switch at the.
exchange makes the
connection in the time dnoutse,
the subscriber is oc-
cupied by his calling,

Brger,
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23. Fig.13 shows
in a simplified man-
ner the circuits of the
subscriber’s instru- ||
ment for any size sys-
tem in normal posi- —
tion; that is, ready Fro. 13
to receive a call. Suppose that the subscriber desires to
call 76. He takes down the receiver and puts his finger in
hole 7 and pulls the dial around until his finger is stopped
by the finger stop. This first opens both line wires
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between the spring = and the projection / on the impulse
wheel and then the rotary tooth » and seven of the vertical
teeth ¢ pass by the impulse springs wz,r in such a way
that they make no contact. When the subscriber releases
the dial, the seven vertical teeth cause the vertical-impulse
spring 7 to touch the ground contact seven times, after
which the rotary tooth 7 causes the rotary-impulse spring »
to touch the ground contact once. As the impulse springs
are connected to their respective lines, these lines receive
impulses from the central-exchange battery through the
ground. The subscriber then pulls 6. By this operation,
six impulses pass through the vertical line followed by one
through the rotary line.

Finally the subscriber pushes the ringing button J/, which
grounds the vertical line and, at the same time, breaks the
connection between the two lines as long as he presses the
button. When through talking, the subscriber hangs his
receiver on the hook, which in moving down causes the
release springs £ to simultaneously and momentarily connect
the two line wires to the ground. This allows an impulse
to pass through each line simultaneously, using the ground
as a common return circuit. The springs 4 are so arranged
that they are not even temporarily grounded when the hook
moves up.

24. In the exchange, the lines of a system not exceed-
ing 100 lines end at a switch called a connector, one of
which has been shown in Fig. 6. Fig. 14 shows the con-
nections and some mechanical parts in a manner to more
clearly indicate their operation. Some details are omitted
but, in general, it is the circuit used in some large exchanges.
The side switch S,,.S,, S, .S, in this case is a four-pole switch,
the arms of which are adapted to be thrown into any one of
three positions, a,b,c. This switch is controlled by the
private magnet Pm. The method of control indicated is
not, however, the actual construction employed for this pur-
pose; the actual construction was shown and explained in
connection with Figs. 6 and 10. One of the line wires from
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the subscriber’s station, called the vertical line, passes
through the 30-ohm vertical relay I”r, the other, called
the rotary line, passes through a similar 30-ohm rotary
relay R r». These series-relays stay in the circuit all the
time and are connected through high-resistance impedaice
coils 7, /” and a 50-volt storage battery to ground.

The vertical relay, when energized, pushes a spring o
against a grounded contact, and the rotary relay does the
same with spring ¢. An impulse through the vertical relay
Vr closes a local circuit through the ground-spring o—s-back
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contact z-side switch .S,—contact a-vertical magnet I m—bat-
tery—ground. An impulse through the rotary relay Ar
closes a local circuit through the ground-spring g¢-private
magnet P m-battery-ground.

25. Suppose that subscriber 53 wants to call subscriber 56.
After taking down the receiver, subscriber 53 pulls 5, which
grounds the vertical line five times and the rotary line once,
thereby sending five impulses through the vertical relay,
which closes the circuit of the vertical magnet, thus lifting
the shaft five steps or teeth, then one impulse flows through
the rotary relay, thus closing the circuit containing the private
magnet P, the movement of whose armature allows the
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side switch to pass fromato . The spring s is also momen-
tarily pressed against the front contact y, but all circuits con-
nected to s are open somewhere, hence no effect is produced.

Now subscriber 53 pulls 6; that is, the units of 56. Six
impulses flow through the vertical relay /7, but as the arm S,
of the side switch rests on contact 4, the rotary magnet B m
is energized by current that flows through the ground-o-s-
contact z-switch arm 4-6—R m-battery. After this, the
impulse through the rotary line and relay R 7, will allow cur-
rent to flow through ground-¢g-private magnet Pm-battery
which will allow the side switch to move to position c.
Although s touches the front stop y, no effect is produced,
because all circuits coming to s are still open. The line
wires are now connected to the wipers Vw, Rw and the
private wiper Pw, and one pair of line wipers rest on con-
tact 6 in the fifth vertical row of contacts, that is, on 56.
The two lines 53 and 56 are thus connected together.

Subscriber 53 now pushes his ringing button, which grounds
the vertical line. Aslong and as often as he pushes the but-
ton, the vertical relay is energized, thereby closing the local
circuit through the ground-o—s—z-side-switch arm S,—con-
tact c—generator relay G r-battery; the relay G » connects the
ringing generator terminals across the two line wipers Vw,
Rw, which are now connected through the contacts in the
banks with line 56, thereby ringing the bell of subscriber 56.
Most of the ringing current flows through the desired line 56,
because the only resistances in that circuit are the desired
subscriber’s line and bell, while there is a relay in each side
of the calling subscriber’s line.

26. Conversation Completed.—When the conversa-
tion is finished, both subscribers hang up their receivers.
The momentary and simultaneous grounding of both line
wires as subscriber 53 hangs up his receiver, energizes the
vertical and rotary relays [”», R » simultaneously; allowing
current to flow through Pm-g-ground-battery, thereby
energizing Pm, and allowing current to flow through the
ground-o-s—-y-Q m-battery. The release magnet O m pushes
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the double dog £ out of the teeth of the hubs A/, L, thereby
allowing a spring at the top of the shaft to rotate the shaft,
so that the wipers move back over the contacts in the sixth
row and then the shaft and wipers fall down by their own
weight to their normal position. The action of pushing back

PFro. 156

the double dog F£ also restores the side switch to position a
by a mechanical link that could not be shown in this figure,
but has been shown at & in Figs. 6 (a), 8, 9, and 11. The
complete restoring motion is finished before the receiver has
completely pulled down the hook.
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27. In a 100-line exchange, there are 100 switches, and
all similarly numbered contacts in the three banks of the entire
100 switches are connected in multiple. Each subscriber’s
line wires are connected not only to two arms .S,, .S, of the
side switch, but also, through the so-called normals of that
line, to the vertical and rotary contacts of the same number
in the line banks of all switches. In other words, each sub-
scriber is represented in each other subscriber’s switch by a
pair of contacts. The spring ¢ at the top of the shaft is con-
nected to the private normal that runs to all private-bank
contacts in all the other switches having the number of this
switch, that is, 53.

28. A part of the multiple wiring through five switches
is shown in Fig. 15. The fifth level of the three banks of
switches 52, 53, 54, 55, 56 is represented. The wipers are
represented by the arms »,v, p. The wipers of line 53 rest
on contacts 56. The heavy lines show the connections
between the two lines 53 and 56. The side-switch arm 3 of
connector 53 rests ont contact ¢ and hence connects the
private wiper of 53 to the ground. The private wiper 53
engages the private contact 56, consequently the whole
private multiple of 56 is grounded through the private
wiper and contact ¢ of side switch 3 of connector 53
and the private multiple of 53 is grounded through the
spring ¢, Fig. 14, controlled by the top of the shaft of con-
nector 33.

29. Busy Test.—Suppose that subscriber 54 calls 56
while 53 is talking to 56. The connector 54 will step up five
notches and the side switch will be thrown into position 4,
Fig. 15, as a result of pulling down 5 on the dial. Then six
impulses pass through the vertical line and the two wipers
of line 54 engage contacts 56, but the lines are not yet con-
nected because this only occurs when side switch of 54 is in
position ¢. The side switch of connector 54 is shown in the |
position it assumes, that is, on the & contacts, the moment
before the last rotary impulse. As the whole private mul-
tiple of 56 is grounded, the contact 4 on side switch 3 of
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connector 54 s also grounded. Hence, a circuit is complete
from ground through contact ¢ and arm 3 of side switch 53—
private wiper p of connector 55-private multiple of 56-private
wiper 2’ of connector 54—arm 3 and contact & of side switch 54
to spring s of private magnet Pm of connector 54; at this
point the circuit is now open. The rotary impulse that finally
flows through the rotary line and rotary relay energizes the
latter, thereby closing the circuit through the private mag-
net Pm, which, in turn, connects the spring s through the
release magnet O m and battery to ground, thereby energi-
zing the release magnet Q m of connector 54. The armature
of this relay presses against the rear end of the double
dog of connector 54 [see Fig. 6 (2)] and an arm ¢ of this
double dog presses against a link 4 that returns the side
switch to its normal position. At the same time the shaft is
released by the dog and returns to its normal position and
the dog is locked in this normal or released position by the
thin spring £ that slips over a projection g on the piece Z.
Thus connector 54, Fig. 15, instead of being connected to
line 56, is returned to its normal position.

30. However, subscriber 54 is not yet aware that he did
not get line 56 and so pushes his ringing button, which con-
nects the vertical line to ground and energizes the vertical
relay; this in turn energizes the vertical magnet, which lifts
the shaft of connector 54 one step. This allows an alterna-
ting or interrupted current to flow through the busy spring
(see Fig. 14), which is closed by the rising of the top of the
shaft—contact @, Fig. 15, and arm 2 of the side switch 54—
vertical line-subscriber’s ringing button-ground. When the
ringing button at instrument 5{ is released, this current
flows, instead of to ground, through the receiver-rotary
line-rotary relay-impedance coil-battery-ground. This cur-
rent will not operate the relays. The subscriber recognizes,
by the hum produced in his receiver, that the line desired is
busy and hangs up his receiver. As the hook switch moves
down, it momentarily grounds both line wires and restores
switch 54 to its normal position.
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If subscriber 54 calls subscriber 53 while 53 is talking to
56, the private wiper #/ is connected through contact 53 in
the private bank of connector 54-private normal 53-spring ¢
at the top of connector 53 to ground; hence, connector 54 is
released and the busy-tone test is produced in the same
manner as when subscriber 56 was called.

- LARGE EXCHANGES

31. Trunks.—In a system of 100 to 1,000 subscribers,
the trunking feature is introduced. Ten trunk lines have
been found sufficient to do the business of each 100 sub-
scribers, but any number of trunks may be provided for
every 100 subscribers. A board equipped for 1,000 sub-
scribers would, therefore, have 1,000 switches called selector
switches and may have 100 connector switches, or, in manual
phraseology, 100 pair of cords, unless a greater percentage
of connectors should be required. The connector switches
are arranged in ten groups of 10 switches each, and each
group is capable of connecting to 100 subscribers; the first
group connecting subscribers whose numbers are between
100 and 200, the second group connecting those between 200
and 300, and so on. In calling, the first movement of the
dial would pick out one of the ten trunk lines leading to the
hundreds group desired. The next two movements would
connect with the desired number in that group. To illus-
trate, it may be said that number 761 is wanted. Number 7
on the dial being pulled down, the subscriber is automatically
connected with one of the ten trunk lines leading into the
seventh group of hundreds. The next two movements,
numbers 6 and 1, select the number 61 in that group, and
he is then connected with the desired number. The apparatus
automatically selects the trunk lines that are not busy. Ii
the first trunk line is engaged, the connecting arm passes over
it and selects the second; that being engaged also, it selects
the third, and so on, until a disengaged trunk line is found.
The use of first selectors and connectors allows any number
with three digits, that is 000 to 999, inclusive, to be called.
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32. In a 10,000-line system, each subscriber’s number
will have four digits, namely, thousands, hundreds, tens, and
units and the operation of such a system requires an inter-
mediate switch called a second-selector switch. Thus, in an
exchange having between 1,000 and 10,000 lines, there is
one first selector for each pair of line wires; these select the
thousands’ trunks that run to the second-selector switches,
which, in turn, select the hundreds’ trunk that run to the con-
nector switches. The connector switches, by being moved
in two directions—so many tens up and so many units around
in a horizontal plane—locate, by their position in the banks,
the subscriber’s number and thus complete the connection.
Three switches will therefore be required to effect a connec-
tion. The second selectors are practically the same in con-
struction and operation as a first selector; about the only
difference is that no normals are attached to a second selector.

33. In a 10,000-line exchange, there will be 10,000 first
selectors, while there may be 2,660 second selectors, and
1,500 connectors. The subscriber desiring subscriber 7,654
will, by the first movement of his dial, automatically select
one of the trunk lines of the 7,000 group; the second move-
ment will select one of the trunk lines of the 600 group; the
last two movements will select the tens and units, that is the
line desired and complete the connection. The use of first
and second selectors and connectors allows any number with
four digits, that is, from 0,000 to 9,999, inclusive, to be called.
As a 1,000-line system may be considered as a special case
of a 10,000-line system, in the former case, no second selectors
being required, an explanation of the more general case,
that is, a 10,000-line system, should readily enable one to
understand the operation and general connections of the
simpler 1,000-line system. For this reason, 10,000-line
systems will now be considered.
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10,000-LINE SYSTEMS

34. The method of operating an exchange of from 1 to
10,000 lines is simply an extension of the trunking system.
In Fig. 16, A represents one switch in a group of 100, known
as first-selector switches, which are the subscribers’ indi-
vidual switches. B, B,, B,, etc. each represents the first
switch, B,/ the second, B.,” the third, etc., in each group
of ten, known as the second-selector switches. These
B switches are common to all the switches in a certain
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group of A switches only. C,, G, G, etc. each represents
the first, C/ the second, C,” the third, etc., connector switch
in each group of ten; each group of ten second-selector
switches represents, therefore, 100 trunk lines ranging
between 5,100 and 5,000, including the latter. b, repre-
sents the first, 4,/ the second, 4,” the third, etc., vertical
row of bank contacts in the switch .4. For the sake of
simplicity, one line represents both vertical and rotary con-
tacts. ¢, ¢/, ¢.’’, etc. represent the same for switch B,.
At the right is shown the full 100 contacts for connector
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switch C)/’; n,, n,,n, are only three of the 100 so-called nor-
mals leading back to subscribers’ switches.

It will be seen from_ this that the first selectors or sub-
scribers’ switches appear in groups of 100 each; each group
having its own group B,, B,, etc., of second-selector switches
and C,, G, etc. of connectors. All similarly numbered line and
private bank contacts of all connectors in one group are con-
nected in multiple and all similarly numbered second-selector
trunks in the whole exchange are connected in multiple.

35. Suppose that 4, whose number is 5,501, desires con-
nection with 4/, whose number is 5,611. In calling the first 5,
or thousands, digit, he places his switch in position of arrow
at A and it will take the first contact of the fifth horizontal
row of contacts, provided that it is not busy. This will con-
nect him with 5., which is the first switch of a group of ten
in the 5,000 group A, and is known as second-selector switch.
With this switch, he will be able to connect, as will be seen by
studying the diagram, with the ten hundreds between 5,100
and 5,000, including the latter (note that 5,000 follows because
0 has the value of 10 in calling and ten vertical impulses carry
the switch to the top vertical row). In this particular case,
he wishes the 5,500 group. By calling 5 in the second, or
hundreds, digit he places the switch on the fifth level or row
of contacts, taking the first contact that is not busy, for
instance ¢,’. He is now connected with the connector
switch G/’ of the 5,500 group, with which switch he is able
to make one hundred possible connections, that is, to any
number between 5,600 and 5,600. In this particular case,
he wants 11, which is represented by one step up and one
step in. Although 5,511 has the lowest number of electrical
impulses that can be called in the 55 group, nevertheless
5.500 to 5,510 can be called and their positions can be readily
found by remembering that each 0 corresponds to ten impulses.
From contact 11, a pair of normals 7, leads back to the sub-
scriber’s switch 5,511 or A4/, thence to that telephone. This
represents the completed connection in a simple diagram for a
10,000-line system.
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The first selectors, as said before, are in groups of one
hundred mounted on one board or frame and have all similar
bank contacts of the three banks wired in multiple, as shown
in Fig. 17, where, for simplicity, is shown a horizontal section’
through the first row of contacts of a first-selector switch, of
the three banks containing the private, vertical, and rotary
contacts. The line banks have trunks leading to the second-
selector switches, only the first three trunks being represented.

The number of second selectors on each board may be
varied from ten to twenty as desired; if over ten switches
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are used, the scheme of trunking divides the work among
them.

It is apparent that for a 100,000 system another selector or
multiplier ten would have to be added.

36. That there may be no interference in selecting a
connector, all the private banks of the second selectors (no
matter to what group of first selectors they belong) must be
in multiple thousand for thousand. That is, for example:
The 5,000 group of second selectors of A4 have their private
banks in multiple with the 5,000 group of second selectors
for group A’ and every other group of 5,000 second selectors.
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Similarly, every thousand group of second-selector switches
must have their private-bank contacts in multiple. These
multipled groups of second selectors, in selecting a connector,
act identically the same as a group of first selectors; that is, -
if the first connector of the hundreds group desired is busy,
the next one not in use will be selected.

SERIES-RELAY CIRCUIT

37. Fig. 18 is a diagram of the circuits through the
various switches of the central-office apparatus,. showing the
completed circuit between two subscribers’ lines, as well as
the local circuits and operating magnets. With this diagram
and with what has been given before of the mechanical oper-
ation of the switch and the trunking scheme, there should be
no difficulty in following the various steps in connecting,
automatically, the telephone of one subscriber to any other
in the system.

For simplicity, the telephone mechanism at C and D is
represented in this diagram by two push buttons correspond-
ing to the two impulse fingers of the selector calling device.
The two line wipers and the two banks of line contacts are
in pairs. When a connection is made, only one of the two
pair of line wipers and the private wiper are engaged at a
time. The side switches S, S,, S, S,, S, are represented in
the third, or trunked, position for the operated switches.
Private, vertical, and rotary normal wires lead from the
normal position of the first selector switch (see right-hand
switch) to the bank contacts of the connector switch, where,
by their position in that particular hundred’s bank, they rep-
resent the number of the first selector switch on the right
and the number of the station connected to it. The three
springs at 4 are normally separated; but as soon as the
switch is stepped up one point in calling, the three springs
are brought together, thereby connecting the grounded-
battery bus to the motor-starter bus and to the private
normal, rendering that contact, or switch number, busy in all
banks of one group of connectors. A is a cut-out or heat

165—4
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coil so arranged that an excess of current through it opens
the circuit to the main-battery bus.

38. In the normal condition of a switch, all side-switch
arms rest on contacts a. When subscriber C turns and
releases the dial in making a call, the first time the vertical
spring is pressed against the ground contact current will flow
from the 50-volt storage battery at the exchange through the
ground to C, then through the vertical line-30-ohm vertical
relay-S,-contact a-500-ohm vertical-impedance coil }”/~-main-
battery bus to battery. The vertical relay "R will be oper-
ated, thereby bringing together springs £, g, which closes a
circuit through the grounded-battery bus—g—/-vertical mag-
net V M-a-S.—springs e, 2 controlled by the private magnet—
main-battery bus to battery. This circuit will remain
unchanged for all the following vertical impulses of the
thousand’s digit. The last vertical impulse of that digit will
be followed by an impulse over the rotary line, which will
flow from ground at telephone C through rotary line-30-ohm
rotary relay-S,-a-500-ohm rotary retardation coil R /~main-
battery bus to battery. This brings together contacts g, 4,
thereby closing the circuit from battery through the private
magnet, which brings the side switch to its second position é.
Referring to Fig. 10 and the explanation of its operation,
it will be seen that the side-switch lever p is released from
one notch and allowed to pass to the next notch while the
magnet is energized and then deenergized, thereby holding
the side switch in its second position &; r,¢,», and z move
together, 7, ¢, and y being attached to the armature z. The
long lever arm p of the side switch [see also Fig. 6 (a)],
does not move in the same plane with » and ¢, but at right
angles to them. When the armature 2 is drawn toward the
core of the private magnet, the pieces », ¢ move toward the
left, and p, instead of resting in its present position under
the lower tooth of 7, rests under the lower tooth of ¢ at f.
When the armature is released, the spring = forces the
pieces y,¢,» back to their normal positions; during this
movement, the point of the lower tooth of r strikes the
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slanting edge of p, and the latter, pressed by the spiral
spring 4/, Figs. 6 (a) and 8, passes into the next notch at #,
Fig. 10, under the upper tooth of ». This allows the side
switch to move to its second position 4. There it remains,
because the lever p is held in notch » by the projection c,,
Figs. 6 (a) and 9, which rests against the cam ¢, until the first
rotary impulses pass through the rotary magnet and cause
the shaft to rotate.

With p, Fig. 10, resting in the notch » and the side switch,
Fig. 18, in the second position 4, current flows through the
main-battery bus—-rotary magnet of the first selector 5,501-S,-
b—-interrupter bus-interrupter 4 to the grounded terminal of
the battery, thereby causing the shaft (by the first impulse
received by the rotary magnet) to be rotated one step, which
brings the wipers into engagement with the first contact in
the first row of contact points in the private and line banks.

39. Busy Trunk.—At this juncture, and while S, is in
its second position 4, suppose that another switch has already
taken the first private and line contacts of the same number.
In this case, the private wiper of the switch shown in this
figure is connected to ground through the first contact on
which it now rests, because this contact is connected through
the multiple wiring of this group of private banks to the
first contact in the private bank of the other selector, through
its private wiper and a path similar to .S,— to the grounded-
battery bus. But the arm S, of the first selector 5,501 is
now connected for a moment through 4 and the private
magnet to the main-battery bus. In this case, the private
magnet will be energized by the battery current and continue
to hold p, Fig. 10, in the second notch while a second
interrupted-current impulse flows from the positive terminal
of the battery, Fig. 18, through the interrupter d-interrupter
bus-4-S,-rotary magnet-main-battery bus to battery, thereby
rotating the wipers to the second contact. If this trunk is
also busy, this action will be repeated until there is found
in the private bank a contact that is not busy. Then the
private magnet is deenergized and p, Fig. 10, is permitted to
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pass out of the second notch and the side switch into the
third, or trunked, position. The private magnet will be
deenergized the moment the private wiper touches a bank
contact not engaged by some other switch of that group. In
the third position of the side switch, Fig. 18, both the vertical
and rotary magnets are on open circuit and inert to any
further operation of the relays.

40. The second selector is slightly different from the
first, using 500-ohm relays for controlling the vertical and
rotary magnets. These relays are on open circuit in the
trunked, or third, position of the side switch, only the 30-ohm
line relays remaining in circuit. The operation of selecting
a hundreds’ trunk by the second selector will be similar to
that of selecting a thousands’ trunk by the first selector.
The private magnet has an armature and the parts 7,y,¢,
Fig. 10, the same as the first selector, but does not have the
springs m, n,e.

The lamp above the second selector, Fig. 18, is a so-called
off-normal signal used to assist the attendant, when loca-
ting trouble, in tracing back a connection to the group of
first selectors from which the call has come. The subscriber
transmits the number in the hundreds’ place by sending as
many impulses as there are units in the hundreds’ place,
over the vertical line, followed by another impulse over the
rotary line. The impulses pass through the connections of
the first selector switch, as already established and explained.

41. The first vertical impulse passes through the ground-
vertical line-30-ohm vertical relay-S,—c-vertical wiper—con-
tact-vertical trunk line-30-ohm vertical relay-S.’-a-500-ohm
vertical relay to battery, and operates the 500-ohm vertical
relay. It is now immaterial whether the 30-ohm vertical
relay in the second selector operates, because both the 30-ohm
vertical and the 30-ohm rotary relays must operate simultane-
ously to close contacts £ The operation of the 500-ohm
vertical relay causes impulses to flow through grounded-
battery bus-j-4-.S,/-a-vertical magnet-main-battery bus,
thereby operating this vertical magnet the requisite number
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of times to raise the wipers to the proper level. The last
impulse of the hundred’s digit passes through the rotary -
line-30-ohm rotary relay-S,—c-rotary wiper and contact—
rotary-trunk line-30-ohm rotary relay-S,’-a-500-ohmn rotary
relay to battery, and operates the 500-ohm rotary relay, which
allows one impulse to flow through main-battery bus-heat coil-
private magnet—/—j-grounded-battery bus. As a result, the
private magnet puts the side switch of the second selector
in the second position, cuts out the vertical magnet by open-
ing the circuit between .S/ and @, and cuts in rotary magnet
by closing the circuit betwgen S,/ and 4. The interrupted-
current impulses can now flow through the interrupter bus—
5-S./-rotary magnet to battery and operate the rotary
magnet until the private magnet is deenergized due to the
private wiper coming to and resting on a non-grounded
private-bank contact. As soon as the impulse through
the 500-ohm rotary relay ceases, the private-magnet circuit
opens between / and 7, unless the private wiper touches the
contacts of a switch already in use in a similar location at
another second-selector switch. In the latter case, the
private-magnet circuit is closed through main-battery bus-
private magnet-6-S,/-private wiper-busy contact on the
switch here shown-busy contact, private wiper and side
switch S)/— of the second-selector switch not shown in this
figure to battery and, the armature of the private magnet
being held in its attracted position, the side switch cannot
move to the third position, but remains where it is. When
the private wiper no longer touches a busy contact, the
private magnet is deenergized and the side switch is moved
to the third position ¢ and the rotary magnet and 500-ohm
relays are cut out, so that the connections through the
second-selector switch are now established. The two 30-ohm
relays at each selector switch are now in circuit, but they
have no effect that need be considered at present; for
neither vertical nor rotary relays of the first- or second-
selector switches, acting independently, after the side
switch has passed into its third position will produce any
effect on the switch, because the vertical, rotary, and release
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magnets will be open somewhere. It is only when the
. vertical and rotary relays act jointly, or together, as when
the receiver is placed on the hook, that a circuit in the local
switch is produced, and in that case it is through the release
magnet.

42. The connector switch involves some new features in
conjunction with those already set forth. In this switch, the
connection with the normals of the subscribers’ lines is made,
the busy signal is produced, provision is made to prevent
interference with busy lines, and the ringer relay appears.

Referring to.S,” of the connector switch, it is seen that the
vertical magnet has one terminal at a, the normal position of
the side switch S, and the rotary magnet has one terminal
at b of the same side switch. It follows, then, that in send-
ing in the tens’ impulses of the number, the 500-ohm vertical
relay, when closed, will close the circuit through main-battery
bus-heat coil-z-y-i-S,/—a-vertical magnet-xr—;/ grounded-
battery bus, and thus operate the vertical magnet of this
switch, thereby stepping up the shaft as many steps as there
are units in the digit; then follows the one impulse over the
rotary line through the first and second selectors-30-ohm
rotary relay of the connector-500-ohm rotary relay-S.’—a-
busy bus-winding / to battery, thereby operating the 500-ohm
rotary relay and closing the circuit from the main-battery bus
through z-private magnet—x’—center contact spring (located
between 1’ and x)-grounded-battery bus. The operation of
the private magnet at this time has no other effect than to
trip the side switch to second position.

Finally, the unit’s digit is pulled down, thereby sending
impulses over the vertical line, followed by the one over the
rotary line; the former cause the shaft to rotate as many
steps as there are units in the digit. To effect this rotation,
it is necessary that the rotary magnet be operated, which it
will be, although the impulses are sent in over the vertical
and rotary lines in the usual manner, the ‘transfer to rotary
magnet having been produced by the side switch S,”, which
has moved to the second position. Current from the battery
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now passes through the ground to the subscriber’s station
-vertical line-first and second selectors—vertical trunk line
-30-ohm vertical relay-500-ohm vertical relay to battery,
thereby closing the 500-ohm vertical relay and allowing cur-
rent to flow through grounded-battery bus—center contact
spring (located between x and x’)-spring—x-rotary magnet
—b-8./'-i-u—z-main-battery bus. The last impulse of this
digit (units) passes through the rotary line—first and second
selectors-rotary trunk line-30-ohm  rotary relay-500-ohm
rotary relay-S,”’-b-busy bus-winding 7/ to battery, thereby
closing the circuit through the main-battery bus—z-private
magnet-x’—center contact spring—grounded-battery bus, and
determining whether the side switch shall be put in the third
position or not.

43. Busy Line.—If the private contact of the desired
line is not busy, there is nothing to prevent the side switch
from being tripped into the third position and connection
with the subscriber completed.

If, however, this contact is busy, it is already grounded
through the private wiper and the third position of the side
switch at the selector switch where it is already in use;
the following circuit is then established the instant the last
unit’s impulse is sent over the vertical line: grounded-battery
bus—-S,” and private wiper at the connector switch where
the line is in use—private wiper of the connector switch shown
here —.S,”-middle contact-w—y (private magnet is closed)
-release magnet to main-battery bus. The operation of
the release magnet will release or disconnect the connector
switch from the bank contacts and return it to its normal
position. When the release magnet attracts its armature, it
causes the thin spring 4 [see Figs. 6 (a) and 11] to slip
over the pin g, thereby causing the dogs /, m to release the
shaft; the spring at the top of the shaft rotates the latter
back so that the wipers are free of all the bank contacts,
and the shaft then falls by its own weight to 'its normal
position. Furthermore, the side switch, under the same
restoring force, is also forced to its first or normal position.
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Thus the parts of the connector switch are restored to their
normal position, but the first and second selectors are not
yet restored or affected. The busy-signal current now flows
through the winding /~busy bus-a-S.,”-500-ohm rotary relay
-30-ohm rotary relay-rotary trunk and line-telephone-ver-
tical line and trunk-30-ohm vertical relay and 500-ohm ver-
tical relay of the connector-main-battery bus back to /. This
current flows through the calling subscriber’s receiver, in
which it produces a buzzing sound that is recognized by the
subscriber as a busy signal. ‘

The last impulse releases the connector switch only when
the line is busy, in which case the side switch of the con-
nector is in the first, or normal, position when the subscriber
places the receiver to his ear to determine if the line is busy
or not before pressing the ringing button. Hence, the busy
circuit must be considered when the side switch is in the first,
or normal, position. A current is induced in / by X, which is
connected across the main battery, one side, however, being
opened and closed by the interrupting device at g.

44. Line Not Busy.—If the contact had not been basy,
the release magnet would not have been energized, because
if the private-bank contact of this particular number is not
occupied somewhere else in the multiple, it will be open, or
dead; that is, it will not be in a closed circuit including a
battery, as is the case when busy. If the number called is
not busy, p [see Figs. 6 (a) and 10], under the tension of its
own spring a’, will then move out of the notch #, and the side
switch will move to its third position.

If the contact is not busy and the side switch passes to its
third position, the vertical trunk line will be connected through
the 30-ohm vertical relay of the connector-S.’-c—0—p to the
vertical wiper, and the rotary trunk will be connected through
the 30-ohm rotary relay-S’/-c—»-s to the rotary wiper, and
hence both lines are connected to the normals of the first
selector 5,511 and through the 30-ohm relays of that first
selector to the line wires of the subscriber called. A circuit
is now complete from the main-battery bus through z-u—i-
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S.’—-ringer relay to center spring # of the two main-line
relays. The calling subscriber next presses his ringing
button, which operates the 30-ohm vertical relay, of this
connector, thereby completing the ringer-relay circuit from
¢’ through v to the grounded-battery bus. The operation of
the ringer relay connects the springs p, s, and therefore the
called subscriber’s lines, to the ringing generator.

The ringing current in large exchanges is supplied by
some form of motor generator, while for small exchanges
a pole changer is used. The interrupting device produces
about 1,000 interruptions per minute, that being a safe work-
ing speed for the armature of the rotary magnet in selecting
trunks. The 1,000-ohm relay Z, having one side connected
to the negative terminal of the battery and the other to the
motor-starter bus, is brought into action when any first
selector switch rises one or more steps, thereby connecting
to ground through A4 both the motor-starter bus and the
private normal of that switch. Thus, power is only supplied
to the ringing transformer 7 and the interrupting devices 4, ¢
when some first-selector switch is out of its normal position.
This provides an economical use of power, supplying it only
when needed.

45. Disconnection.—When the conversation is com-
pleted, the receivers are hung on their hooks at the two
stations. Hanging the receiver on the hook at either tele-
phone grounds momentarily and” simultaneously both the
vertical and rotary lines. If the receiver at the calling tele-
phone is hung up first, both 30-ohm relays of each of the
three switches in the circuit will be operated at one time, the
effect of which will be to close the circuits through each
release magnet of the several switches, restoring all parts
to their normal positions. Grounding the rotary line
energizes the private magnet of the first selector, thereby
closing the contacts m, z, which connect the main-battery
bus through #-m-release magnet to spring £, which is at the
same time connected through spring ¢ to the grounded-battery
bus by the operation of the 30-ohm vertical relay, which
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is energized by the grounding of the vertical line at the
operated telephone. No successive second call can be made
until this release operation is performed. The simultaneous
operation of both the 30-ohm relays of the second selector
closes the circuit from the main-battery bus through the
release magnet-springs 7 to the grounded-battery bus, thereby
operating this release magnet and restoring the second
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selector to its normal position. The release magnet of the
connector is connected from the main-battery bus through
springs //, v to the grounded-battery bus, thereby restoring
the connector to its normal position. If the receiver at the
called telephone is hung up first, the switches are not released.

46. It will be well to consider an interesting feature of
this system. Suppose that subscriber 5,501 wants information
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from subscriber 5,511 about which the latter has to make
some inquiries himself before answering, say from sub-
scriber 3,111. Subscriber 5,511 replies ''‘Wait a minute’’
and calls subscriber 3,111 with the same telephone. When
his first selector responds to the ¢all, it disconnects line 5,511
from the normals between the connector used by 5,501 and
the first selector 5,511, by moving the side switch of the
latter into the third position, but the connector between
line 5,501 and the side switch of the first selector 5,511
remains unmolested. After receiving this information from
subscriber 3,111, subscriber 5,611 releases his connection
with subscriber 3,111, thereby reestablishing the old talking
circuit between subscribers 5,601 and 5,511, due to the fact
that as the first selector 5,511 falls back to its normal
position the side switch also moves back to the first position,
to which 5,501 is still connected.

47. Fig. 19 (a) shows merely the arrangement of heat
coils and telltale relays that are associated with the busy-
test circuit of Fig. 18. Fig. 19 (4) shows the proper con-
nections for the terminal springs that project in a horizontal
row from the rear of each type of switch used in Fig. 18.

48. Fig. 20 represents the switches and connections,
except for the private-bank connections, which are not shown,
when 5,501 has called and is connected to 5,511 and when
the next call, which is from 5,507 for 5,645, is also com-
pleted. It has been assumed that the call for 5,611 is the
first call for a number from 5,000 to 6,000 in this group of
selector switches and hence the selector switch 5,501 (A4)
selects the first contact 4, in the 5,000 row of trunks, which
is connected through the first 5,000 trunk to the second-
selector switch A,, which, in turn, selects the first trunk not
busy in the 500 row. The first two are assumed to be busy
and hence the third 500 trunk ¢,”” running to C)” is selected.
The connector switch C,”. makes connection with the first
contact in the first row, whose number is 11, thereby com-
pleting the connection from 5,501 to 5,511, assuming that it
is not busy. If this line were busy, the switches would have
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been released. Now comes the call from 5,507 for 5,545.
The 5,507 first-selector switch, being in the same thousands’”
group as 5,501, finds the first 5,000 trunk busy, hence
selects the second 5,000 trunk leading to B,/. This second-
selector switch finds the first three 500 trunks busy, hence
selects the fourth contact ¢,/ leading to the connector
switch G/”. 'This switch connects to 45, if it is not already
engaged, and thus completes the connections from 5,507
to 5,645. Dotted lines represent wires that are open at same
point and hence not used in the connections here shown. In
order to make the diagram as clear as possible, each line
represents, not a single wire, but a pair of wires, each sub-
scriber having a complete metallic circuit.
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49, Circuit During Conversation.—The circuit of
a 10,000-line series-relay system during conversation and
stripped of all unnecessary details is shown in Fig. 21.
There are four 30- to 35-ohm relays in each side of the
circuit including the first selector of the called line; and
in the connector there are 500-ohm impedance coils bridged
across the circuit with their centers connected through the
same-storage battery of 50 volts to the ground. In the talk-
ing circuit, there are, therefore, four coils of about 30 ohms
resistance each in each side of the circuit and two. bridges
of 1,000 ohms each. The cores of the 30-ohm relays, which
are in series in the circuit, are surrounded by a copper tube,
which is claimed to prevent any great increase in their
impedance when the high-frequency voice currents flow
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through the relay coils. The vertical, rotary, private, and
release magnets are usually wound to a resistance of 35
ohms.

In 1904, there was completed at Lincoln, Nebraska, a
Strowger automatic system, accommodating 3,000 subscribers,
but having an ultimate capacity of 7,000 subscribers. The
switches used in this exchange have the line relays con-
nected across the circuit instead of in series’ with the circuit,
as in many previous systems made by this company. The
impedance of these magnets is thus removed from the talk-
ing circuit. All later systems are constructed with the line
relays bridged across the line wires.

10,000-LINE, LOCAL-INTERRUPTER, TWO-WIRE, BRIDGING
CIRCUIT

50. Fig. 22 shows the connections through a first
selector, second selector, and connecter and first selector
of the called line in a so-called 10,000-1ine, local-inter-
rupter, bridging system put out by the Automatic Elec-
tric Company, about 1904. In this system, the various line
relays are bridged across the circuit instead of being con-
nected in series in the line, as in the systems already
described. As this circuit closely resembles that used in
the series-system, it will only be necessary to give an out-
line of its operation. It is called a local-interrupter system
because the rotary magnet of each selecter interrupts the
current that is used to rotate the shaft and select an unoccu-
pied trunk line. Thus, no interrupting wheel device common
to all selectors is required. It is here called a two-wire cir-
cuit to distinguish it from another circuit, in which a third
wire, associated with the private banks, assists in releasing
the switches.

51. Operation.—Let us suppose that subscriber 6,449
desires to call subscriber 6,437. The subscriber performs
exactly the same operations as in the series-system and
exactly the same results are produced in the telephone instru-
ment and line wires. Pulling down number 6 on the dial
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grounds the vertical line at the telephone six times, allowing
impulses to flow through ground-g-v-vertical line-500-ohm
vertical relay-n—d-main battery—ground. This causes the
500-ohm vertical relay to close the circuit from the ground-
battery wire through f/~i-S,~a—vertical magnet-battery; which
raises the shaft six steps. The last impulse produced by
grounding the rotary line at the telephone flows through g—
rotary line-500-ohm rotary relay-/-d-battery, thereby closing
the circuit through ground-A-private magnet-battery. This
causes the private magnet to operate and put the side switch
of the first selector in the second position, thereby closing
the circuit from the main battery through one coil of the
rotary magnet—contacts #-other coil of rotary magnet-side
switch S,-6-ground. This rotates the wipers to the first
contact in the sixth level and also opens the circuit at A.
If this first trunk is in use, the private wiper is grounded
through the private bank; hence, the circuit through
ground-private wiper-S,-6—private magnet-battery, is held
closed in order that the side switch may not move to the
third position. In the meantime, the release of the arma-
ture of the rotary magnet closes its own circuit again at £,
so that it is again energized and steps the wipers around
to the second contact in the sixth row. If this contact is
not occupied at any other first selector of this group of first
selectors, the private wiper will not be grounded; hence, the
private magnet will release its armature, thereby allowing
the side switch to move to its third position. This first
selector is now connected to the second 6,000 trunk.

52. The individual rotary device operated by the
armature of the rotary magnet that opens the springs £ when
attracted is used on each selector switch and renders unnec-
essary the interrupting machine used in many exchanges
built by the Automatic Electric Company, and described in
connection with the series-system. The actual arrangement
of this interrupting device is illustrated in Fig. 23, which
shows two side views of a type of selector switch made in
1906. It is not in all respects exactly like the selector switch
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represented in Fig. 22. When the rotary magnet R,
Fig. 23 (a), moves its armature, to which 4 and s are attached,
_the end of %4 passes between springs e, f, momentarily sep-
arates them and opens the circuit of & m.

53. When the subscriber pulls down the number 4, the
four impulses produced in the vertical line, Fig. 22, cause
the second selector to raise the shaft four steps and the fol-
lowing impulse through the rotary line puts the side switch
in the second position, thereby causing the second selector
to rotate the wipers to an idle hundreds’ trunk and then puts
the side switch in the third position. The second selector
is now connected through the vertical and rotary trunk lines
to one of the connectors in the 400 group. The action of
the second selector is so much like that of the first selector
that a further explanation of its operation does not seem
necessary.

The subscriber now pulls down the number 3, thereby
sending three impulses through the ground-g-z-vertical
line-S,—~ and vertical wiper of the first selector-vertical
‘trunk line-Sy/~ and the vertical wiper of the second selector—
vertical trunk line-500-ohm vertical trunk-line relay of con-
nector-battery. This operates the vertical trunk-line relay
of the connector, thereby allowing current to flow through
the battery-vertical magnet—-a-S,//—o-/-ground, thereby rais-
ing the shaft three steps. The following impulse through
the ground-rotary line-S,— and rotary wiper of first selector
-S/—c and rotary wiper of second selector-rotary trunk
line-500-ohm rotary trunk-line relay, energizes the 500-ohm
rotary trunk-line relay of the connector to battery. This
allows current to flow through the battery—private magnet—p—
ground, which energizes the private magnet and puts the side
switch in the second position, thereby substituting through
6-S/" a rotary magnet in the same circuit that previously
contained the vertical magnet.

Now, when the subscriber pulls down the last digit 7,
current flows through ground-vertical line—first and second
selectors—vertical trunk line-500-ohm vertical trunk-line
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relay-battery, thereby energizing the vertical trunk-line
relay and allowing seven impulses to flow from the battery
through the rotary magnet-6-S,’-o-/-ground; this rotates
the wipers to the seventh contact in the third level. The
following impulse flowing over the rotary line energizes the
500-ohm rotary trunk-line relay, which energizes the private
magnet, puts the side switch in the third position and com-
pletes the connection, provided the desired line is not busy.

54. Busy Line.—If line 6,437 is busy, the private wiper
of the connector shown here will rest on a grounded contact
and current will flow through the ground-private wiper of
connector—S,"-6-m-release magnet-battery, thereby restor- .
ing the connector to its normal position. When the sub-
scriber presses the ringing button, the vertical line is
grounded, thereby causing the connector to rise one step
and close the contacts v at the top of the shaft. This allows
a variable current from the busy bus to flow through the
springs }—-a-S,’-u—condenser (-vertical trunk line-second
selector-first selector—vertical line-subscriber’s telephone
receiver—rotary line-first selector—second selector—rotary

500-ohm rotary trunk-line relay-¢ }—b at-
condenser 0-500-ohm back-signal relay-z
tery, thus producing a busy hum in the subscriber’s receiver
but no other effect.

trunk ]ine-{

55. Line Not Busy.—If line 6,437 is not busy, the
private magnet of the connector will be grounded, the side
switch will be moved to its third position, the connector will
not be released, and current will flow, when the ringing key
is closed, through ground-vertical line-first selector-second
selector—vertical trunk line to the connector-vertical trunk-
line relay-battery. This allows current to flow from the bat-
tery through a ringing relay common to the whole exchange
or to one or more sections of connectors-ringing-relay bus—
ringer relay on this particular connector—-S,"-0-/~ground,
thus closing both the main ringing relay that connects the
ringing generator of the exchange across the generator
leads and the ringer relay on this connector, which allows
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current from one generator lead to flow through z-S,”"—c-
rotary wiper-rotary normal-a and S,/ of the first selector
6,437-rotary line-telephone 6,437-vertical line-S,"”’-a-ver-
tical normal-vertical wiper of the connector-c-S,”-n» and
other generator lead, thus ringing the bell of subscriber 6,437.

56. Usc of Bridge Cut-Out Relay.—While the private
wiper of any connector rests on the private contact of 6,437,
the latter contact is grounded through the private wiper of
that connector. Consequently, the private normal coming
to the first selector 6,437 is grounded, and, the side switch
being in its normal or first position, a circuit is closed
through the ground——S,”-private wiper-private normal-.S,"/’'—
a-bridge cut-off relay of selector 6,437-battery. This ener-
gizes the bridge cut-off relay, and it cuts out of the line cir-
cuit at q', ¢, the 500-ohm vertical and rotary relays of selector
6,437, as long as line 6,449 is in connection with line 6,437.

57. Disconnection.—When the conversation is finished
the momentary and simultaneous grounding of both line
wires at the calling telephone causes both the vertical and
rotary trunk-line relays of the connector to attract their
armatures, thereby allowing current to flow through the
battery-private magnet—p—ground. This causes the private
magnet to attract its armature, thereby allowing current to
flow through the battery-release magnet-m—w-/—ground,
which operates the release magnet and restores the connector
and its side switch to their normal positions. The simulta-
neous closing of both the vertical and rotary relays of the
second selector closes its private magnet and then its release
magnet, thereby restoring the switch to its normal position.
The first selector is restored in a similar manner.

If, however, the answering subscriber is the first to hang
up his receiver, the temporary and simultaneous grounding
of his vertical and rotary lines allows current to flow through
ground-vertical line-S,””” and a of the first selector 6,437-
vertical normal-c—and S.,” of the connector-n-back-signal
relay-z-battery; also, through the ground-rotary line-S,/”
and a of the first selector 6,437-rotary normal— and .S,”
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of the connector-u-back-
release relay-z-battery.
This energizes both the
back-signal and back-release
relays, thereby allowing cur-
rent to flow through the bat-
tery-release magnet-r-y—
ground, which releases the
connector but does not re-
lease either the first or sec-
ond selector. This leaves

§ the called party’s line free,

§§ % §\ and the first and second

§ R A §§ selectors are not restored

' o o until the calling party hangs

N m up his receiver. /is merely
i »  a resistance.

CIRCUIT DURING CONVER-
SATION :

58. Fig. 24 shows the
circuit while two subscribers
in a 10,000-line system are
connected together, but just
before the called subscriber
has taken down his receiver.
The circuit is the same
when the receiver is re-
moved from the hook, ex-
cept that the receiver and
secondary winding of the
induction coil are substi-
tuted for the bell. There
are four sets of two 500-ohm
relays each bridged across

§
3 o )
_L—"l & the circuit. In each line
b J wire in the connector circuit

YWW are condensers Q, C through

Lot Jrurk Line

Secornd Serecror

mem
FIrst Selector
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which only the voice currents pass. The 500-ohm resistance /
and the release magnet Qm are on open circuit during the
conversation, and the 500-ohm vertical and rotary relays of
the first selector of the desired subscriber’s line are cut out
by the action of the bridge cut-off relay, which has already

been explained but is not shown in this figure.

BRIDGING POLE CHANGER

59. In Fig. 25 are shown the connections for a pole
changer that is used for the small exchanges that do not
S require a regular
ﬂg———' ringing generator.
The main bus-wires

Ground Ssllery
. [ ) may be considered
mﬁd/tg — |'|||||||'|||||||| + as a continuation of

I

[4

Molor Slarfer LAIB c
MS Molar Magre!
[Qﬂ
b/_—/

Jovolls

the main bus-wires
in Fig. 22 and would
replace tlie trans-
formers, batteries,

20 and all other power
apparatus. As pole

, changers have been
/ 500 fully explained, it

will be only neces-
sary to explain the
special features of
this particular one.
The pole changer is
normally at rest—
that is, not in oper-

L Oead, ation. As soon as
== ;
oo = the shaft of a switch
L rises one or more
| steps, the motor-
Fic. 2

starter circuit is

closed by‘ being grounded and the motor-starter relay M S
attracts its armature, thereby closing the circuit through the
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motor magnet of the pole changer. The pole changer is
now put in operation and continues in operation as long as
the shaft of any connector switch is out of its normal position.
Current for ringing flows from the battery through », alter-
nately through contact o or = to one or the other of the two
generator binding posts and leads. The condenser C is
used to reduce the sparking at the contact z, while the
condensers C, and C, reduce the sparking at the other contacts
of the pole changer lever and give a smoother current curve.
The main ringing relay, which has a resistance of 30 ohms,
connects the negative terminal of the battery to the center of
two 500-ohm impedance coils that are bridged across the
generator—that is, the pole changer circuit—when the main-
ringing relay is energized. Thus an impulse flowing through
o or n and out either line can return through the other line
and one 500-ohm coil to the negative terminal of the battery.
Current from the battery flows through m—w-buzzer ’~lamp-
winding K to battery. This current, interrupted by contact w
of the pole changer and again much more rapidly by the
buzzer, flows through the winding K of a transformer and
" superimposes on the battery current in the other winding /
a rapidly varying current. Consequently, the winding / sup-
plies the busy bus with a current suitable for producing a
hum in the subscriber’s receiver in case the subscriber calls a
line already engaged. The terminal marked inferrupler dead,
is not in use with the circuit shown in Fig. 22 because each
rotary magnet interrupts its own circuit. This post would
be used with the circuits shown in Fig. 18. By considering
the connections of the pole changer in connection with the
switches shown in the 10,000-line bridging- or series-relay
system, the operation and necessity of the connections shown
in this figure will be apparent.

10,000-LINE, LOCAL-INTERRUPTER, THREE-WIRE,
BRIDGING CIRCUIT

60. Fig. 26 shows a somewhat different bridging circuit
of the Automatic Electric Company. In this system, a
third wire, called the release trunk, is used for releasing
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purposes, similar to the third wire in a three-wire cord circuit.
The shape and relation of some of the mechanical parts of the
switches are shown in this figure, the aim being to represent
the various movements depending on one another. The first
and second selectors are not provided with side switches;
only the connector has a side switch. However, the first and
second selectors are provided with cams immediately below
the shaft. The cam @ of the first. selector is so arranged as to
cause the contacts ¢ to remain closed while the shaft remains
in its normal position. After the first vertical step, the cir-
cuit is opened, and it is closed again by the first rotary step.

To draw the double dog away from the ratchet requires
that the circuit be first closed through the release magnet,
which causes a thin link to catch on a pin on the double dog.
When the current through the release magnet ceases, a
spring draws the release-magnet armature and with it the
double dog to its normal position, thus releasing the shaft,
which also returns to its normal position.

61. oOperation.—The first vertical impulse, passing
through g-o-vertical relay and battery, operates the vertical
relay, which allows current to flow through g-battery-i—ver-
tical magnet-/—g’ and causes the vertical magnet to raise the
shaft one step and allow f to rise so that the private normal
and also the private wiper-release relay—contacts o are con-
nected to ground g”. The circuit of the line switching
relay is also opened at e. Each succeeding vertical impulse
raises the shaft one step. The rotary impulse through
m—r-rotary relay-battery—ground, following the last vertical
impulse operates the rotary relay, which, in turn, closes a cir-
cuit through the ground-g’-/-private magnet—contacts -
battery, thereby allowing current to flow through g-battery—7—
rotary magnet Ro. M-n-o-f-ground. The private magnet
is released after the rotary impulse ceases to flow through
the rotary relay, but the circuit of the rotary magnet is now
closed through g-battery—/—rotary magnet-z-line switching
relay-e—f~ground. The shaft is rotated by the rotary magnet
until the wipers rest on an unoccupied trunk, and the vertical
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line is shifted by the line switching relay from the vertical
relay of this first selector to the vertical wiper and vertical
trunk line running to the second selector.

The action of the second selector is very similar to that of
the first, the shaft being stepped up the necessary number
of steps indicated by the second digit of the number called.
The cam immediately below the rotary shaft of the second
selector differs from that of the first selector in that it is not
cut away at the top, so that the contact x assumes the open
position shown only after the first rotary step has been taken.
The second selector is here shown in its condition after all
movements of the shaft have ceased. The line switching
relay, however, remains closed during all vertical steps, but
takes its present normal position on the first rotary step.
The rotation of the second selector continues until connec-
tions are made to a connector that is not busy in the same
manner in which the first selector found an unused second
selector. It hardly seems necessary to explain the opera-
tion of the connector, as it is similar to connectors already
explained. - Closing the ringing button after a connection
has been completed with a desired and unoccupied line,
energizes the vertical-line relay on the connector and in turn
the ringer relay, which connects the ringing generator across
the line wipers and line wires leading to the desired telephone.

62. Busy Line.—If the line selected is busy, the pri-
vate magnet is energized, while the rotary-line relay is
receiving the last impulse over the rotary line and the side
switch is in its second position, thus closing the circuit
from the private wiper (which is grounded through the
private bank and wiper of a switch already occupying a
similarly numbered private contact), through S,-6-w-release
magnet-battery—ground. Thus, the connector is released.
On pressing the ringing button, the shaft is raised one step,
thereby closing the busy-back spring y, which allows the
busy-tone current to flow through the vertical line and the
subscriber’s receiver. In hanging up the receiver, the first
and second selectors are in turn released.
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63. Disconnection.—When the calling party is the first
to hang up his receiver the first selector is released by the
operation of the release magnet, the circuit of which is
closed, by the simultaneous operation of the vertical and
rotary relays. If, however, the called subscriber hangs up
his receiver first, the back-release and back-signal relays
operate simultaneously, closing the circuit through the
release magnet of the connector, but not releasing either
the first or second selectors, which leaves the called party’s
line free, but the switches remain in connection with the call-
ing party until his receiver is hung up, when the release of the
first and second selectors takes place as already explained.

GENERAL CONSIDERATIONS

64. It can now be readily seen that there are as many
first-selector switches as there are lines. The first-selector
switches may be divided into any number of groups. Sup-
pose that there are 66% groups of 150 switches each. The
trunks would be in multiple for all switches in one group,
but the groups would be entifely separate. Hence, each first-
selector switch can select one of ten trunks in each thousand
in its own group, giving 100 second-selector switches for
each group. But there are 66% groups of first-selector
switches, hence there would be 66% X 100 = 6,667 second-
selector switches. These 6,667 second-selector switches are
in multiple, thousand for thousand, and each thousand may
have 100 connector switches. There being 10 thousands,
there will be 10 X 100 = 1,000 connectors.

10,000 first-selector switches
6,667 second-selector switches
1,000 connector switches

17,667 total number of switches for a system of 10,000 sub-
scribers’ lines.

The manufacturers of this system do not seem to think
that full groups of ten would always be required. The num-
ber required for good service would settle this question.
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65. A feature introduced about 1904 is a rotary device,
which may be devoted, say, to the 3,200 section of the switch-
board, and fifty connectors and selectors, which are reserved
for those firms whose business justifies the installation of
more than one telephone in their establishment. Any sub-
scriber having two or three telephones at the same place of
business, advertised under one number, may be connected
with this device, which enables any calling party to get
the idle telephone should the other one or two be in use.
The automatic calling device passes on from the first to the
second and on to the third, and should that one be busy also,
the calling party receives the busy signal in the usual manner.

The arrangement of the switches is such that should any
particular section be used more than another,. connectors
from less active sections can be transferred to the more busy
section, thus giving about the same flexibility to the auto-
matic system that the intermediate frame provides for in the
manual system. The wire chief’s desk is usually provided
with numerous switches and testing keys, also one second
selector and one connector. A Weston voltmeter and a
Wheatstone bridge are also located at his desk, thus afford-
ing him all the necessary appliances for his duties.

A four-party-line system has been developed. It was first
exhibited in 1905. Four telephones on one line are con-
nected to a first selector, which is but slightly different from
the ordinary first selector, the only alteration being the addi-
tion of a small spring and an extra relay. Any of the four
telephones on one line may be used to call any other tele-
phone in the exchange system, either an individual or a party-
line telephone. By the use of the harmonic system of ringing
any one of four bells bridged across the same line, such as
the Dean system, which has been adapted, only the bell of
the party wanted is rung and the other three parties on the
same line are locked out.

66. Telltale Board.—The cross-connecting frame is
usually equipped on the switchboard side with heat coils and
lightning arresters, and terminal boxes are provided for the
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incoming line wires. The terminal boxes have about 50 per
cent. more terminals than there are heat coils and arresters
on the cross-connecting frame. The protectors are furnished
with telltale circuits, so that in case a heat coil blows, an
alarm is instantly given, calling the attention of the switch-
board attendant. The heat coils on the automatic switch-
boards, and the main fuses on the power board, are also
equipped with the telltale alarms. The telltale board shows
at a glance when a heat coil blows on any of the switches.
When this takes place, a lamp is lighted on the telltale board
and a bell rings, drawing the attention of the wire chief or
switchboard attendant to the fact that something is wrong.
One such lamp is provided for each one hundred selectors.
There is also a lamp provided for each twenty-five first
selectors in each group, so that the location of trouble is
easy. The same care is taken for the generator circuits, in
that the current for each group of one hundred is taken
through two lamps on the telltale board, and if a line is
grounded or short-circuited in any group the lamp provided
will light, when the test is made by sending generator
current over the line.

67. Fire-Alarm Feature.—A special feature installed
in some exchanges is the fire-alarm system. The fire-alarm
stations and other points interested in fire-calls use the regu-
lar telephones, and ordinarily call and receive messages in
the regular manner. In case of a fire, however, any party,
by pulling the figure 5 on his dial and pushing his button, can
ring and talk to all of these interested parties simultaneously
and give the location of the fire. The fire-chief can immedi-
ately give his orders to all his assistants without making any
calls, because they are all connected to his telephone at this
time. After a subscriber has thus sent in a fire-alarm call,
it is impossible for him to again use.his telephone until the
switchboard attendant at the central office has made a record
of the number of the party who made the call, and has again
thrown the subscriber’s apparatus into service. This method
of interlocking reduces the malicious ringing of false alarms.
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68. Power Required.—In large exchanges, two stor-
age batteries of twenty-six cells each are provided with the
necessary charging machines. For 10,000 subscribers, a
capacity of about 360 ampere-hours per battery is sufficient
when a local-battery talking circuit is used. The amount of
power required to operate any Strowger exchange may be
estimated from the following example. The maximum
traffic, which occurred in one Strowger exchange a short
time after the exchange was cut over from the manual to an
automatic board, was about 1,500 calls established and
released in each 5 minutes. This required an average current
of from 40 to 50 amperes. Normally, in a busy exchange for
6,000 subscribers, the current is about 20 amperes at the
busiest hour. The line apparatus in each line is said to
require from .05 to .1 ampere and the local apparatus about
.5 ampere.

The ringing machines are usually in duplicate, one run-
ning in the daytime from the commercial power and the other
running at night from the battery. In small exchanges, a
battery is used, but no ringing and no charging machines are
required. The charging is done from a direct-current circuit,
and the ringing is done by means of a pole changer. The
pole changer is started from the off normal springs of the
switches and no current whatever is used as long as no
switching operation is going on. The pole changer also
operates the busy signal. This is very desirable for small
exchanges where a constant waste of current would make
itself noticeable. Small exchanges may be run from bat-
teries having a capacity of 16 ampere-hours and less.

69. Troubles.—The troubles of the automatic system
are the same as those of any other telephone system involv-
ing the same apparatus, with the addition of a few more,
owing to the additional mechanism employed, such as the
keyboard of the telephone and the automatic switch at central.
The time of contact of the impulse spring is an important
consideration. While considerable range is permitted, it is
desirable that the time of contact be as uniform as possible, for
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the smooth working of the switches. A very long make with
a short break is liable to cause the line and local relays to
stick, particularly if the speed of the dial is high and the line
has a high resistance ground or cross. In general practice,
the only uniformity in the operation of apparatus desired is,
speed of dial and duration of impulse.

Instrument and line faults are readily picked up by the
attendant at the exchange by the manner in which the switch
operates. This is worthy of consideration, for almost all
troubles may be detected by those familiar with the system
at once by sound and sight. . An open line, a grounded line,
a crossed line, in fact, almost any line disorder that will inter-
fere with fairly good transmission, may generally be detected
and remedied before the subscriber has knowledge of such
disorder; so also with the calling apparatus. When calling
with an open line, only one relay is operated, while a crossed
line releases the switch with each impulse. A grounded line
will show itself by opening the cut-out within a few seconds
if the ground is heavy. The eye and ear of the attendant
soon become adapted to the proper working of the switch
and read the trouble almost without an error, whether detect-
ing a new trouble or testing with the inspectors. Carrying
the same polarity of battery on both lines makes outside
testing for open circuits, crosses, etc. very easy for trouble
men and inspectors.

Any second-selector, or connector, switch in trouble can
be made ‘‘busy’’ by the attendant in a few seconds’ time, with-
out interfering with the service of any subscriber, and the
trouble can be fixed at his leisure. A second-selector switch
is made busy by placing some first selector of that group on
the trunk leading to the second selector in trouble: the same
may be done for a connector switch in trouble. Like all
machinery, delicate or otherwise, the automatic switch must
be kept clean and properly cared for. A conservative esti-
mate would place the operating force required for 100 sub-
scribers in a Strowger automatic system at one switchboard
man, two inspectors, and one line-trouble man.



§30  AUTOMATIC TELEPHONE SYSTEMS 63

TOLL CONNECTIONS

70. Small Toll Tratfic.—There are two methods for
handling toll lines in connection with the Strowger auto-
matic systems—one for light toll traffic and one for heavy
toll traffic. In each case, a regular lamp-signal manual toll
board with one or more positions is used. For a small toll
business, the toll operator has a regular telephone number,
say No. 600. A subscriber wishing a toll connection, calls
600 in the regular way. The toll operator answers, gets
the order, and requests the subscriber to hang up his receiver
until called. After the toll operator has completed the toll
connection, she inserts the mate of the plug used on the toll
side into one of the trunk jacks to the automatic switchboard
and calls the subscriber automatically. The toll conversation
goes over the automatic board. For outgoing and incoming
toll calls, the toll board is equipped in the usual way. For
connections between the toll lines and the automatic sub-
scribers, the toll board is equipped with an automatic calling
device that can be connected to any calling cord by throwing
a key belonging to the cord. Some trunk lines lead from
jacks at the toll board to the automatic switchboard and end
there like subscribers’ lines on first selectors. Any number
of trunks may be provided, and it is easy to increase the
number if the toll traffic becomes larger. The cord circuits
are provided with two lamps for supervising the connections
on each side of the cord.

71. Large Toll Traffic.—For large toll traffic, one of
several similar arrangements is as follows: From the main
distributing frame, the lines run in the regular way to the
first selectors. At the same time, a separate pair of wires
for each line is brought from the main distributing frame to
a so-called switching section, that is, a manual board with
as many 2-spring-and-sleeve jacks as there are subscribers,
each pair of wires ending at the jack of its number. One or
two so-called switching operators are employed on this
board. The recording operator has no number in this
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arrangement, but the words ‘‘long distance” are placed
on the subscriber’s dials opposite either an eleventh hole or
the tenth hole, which is marked 0.

A subscriber calling 0 or using the eleventh hole raises
his first selector to the tenth level in either arrangement,
which is directly connected to the recording operator.
On pushing the ringing button, a signal is displayed on the
recording operator’s desk. This operator having connected
herself to the line, gets the order, and requests the sub-
scriber to hang up his receiver until called. The recording
operator passes the order to the proper toll operator who
secures the desired party. She then communicates over an
order wire with one of the switching operators, who desig-
nates a trunk between the toll board and switching section.
The toll operator inserts the mate of the used toll-calling
plug into the trunk jacks, and the switching operator con-
nects her end of this trunk directly with the subscriber’s
line by inserting the trunk plug in a jack associated with the
calling subscriber’s line. In this way, a purely manual con-
nection is established, and all signals are arranged to con-
form with manual practice. When such a toll connection
is made, the first selector of the called line is made busy, so
that it cannot be called over the automatic exchange.

72. Example of a Toll Circuit.—In the automatic
exchanges at Grand Rapids, Michigan, and Lincoln, Nebraska,
each line, on entering the exchange, as shown in Fig. 27 and
according to a writer in the American Telephone Journal,
passes through the main distributing frame, then through
a cut-off jack located in a so-called switching section in the
toll room and finally to the first selector. The dial on the
telephone set of each subscriber to the automatic exchange
has, in addition to the ten holes ordinarily furnished, and
marked consecutively from 1 to 0, one marked %//. When-
ever a subscriber desires a toll connection, he places his
finger in this extra hole and turns the dial. By so doing he
operates the first selector in the same manner as though he
had pulled the 0 hole, that is, the first selector will step up ten
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steps, then rotate on the tenth level until an unbusy trunk
to the recording toll operator is secured, thus establishing a
connection between the subscriber’s instrument and the first
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of a number of recording trunk lines that
is not in use.

Each recording trunk line ends in a
lamp L and a jack J at a position of the
toll board termed the recording oper-
ator’s position. When the automatic
subscriber turns his dial, a circuit is estab-
lished from his telephone, by the operation
of the first selector R, to the recording
operator’s position. If the subscriber were
calling a second automatic subscriber, he
would, after making the proper movement
of his dial, press the ringing button, thus
grounding one side of the line and oper-
ating a relay, which would cause current
from a generator to pass out over the line
of the called subscriber and ring the bell
of that subscriber. In the case of a call
for a toll line, the subscriber will press the
ringing button in the same manner after
operating the dial once only, and the result
of his act will not be the same. Instead
of closing a circuit for generator current,
the relay at the recording operator’s posi-
tion will be operated by current flowing
through A-g-ground-g’/—e—f-a-b—-B, and
the lamp L will be lighted, thus attracting
the attention of the recording operator.

In front of this operator are located a
certain number of plugs adapted for
use with the recording-trunk lines. In
response to the lighting of the trunk

lamp, the recording operator will insert one of these plugs
into the trunk jack, and after throwing a listening key obtain
from the subscriber the order. She will then write the

165—6
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information on a ticket, pass it to a toll-
line operator, and tell the subscriber
to hang up his receiver until called.
Replacing the receiver restores his line
to normal condition.

73. Each tcll operator’s position,
is provided, as shown in Fig. 28, with
cords, one plug A, of each being adapted
for use with a multiple, or answering,
jack of a toll line and the other A2, in
connection with a multiple jack J, of a
trunk line leading to the switching sec-
tion. This trunk terminates in a plug
that may be connected with any local
line by inserting it into the cut-off jack
of the line. As soon as the toll oper-
ator receives the ticket from the record-
ing operator, she will insert one of the
plugs adapted to toll service into a jack
of the desired toll line and call the per-
son wanted. When the toll operator suc-
ceeds in obtaining the party desired, she
will, over an order wire to the operator
at the switching section, give the num-
ber of the automatic subscriber who
called toll and receive in return the
number of the trunk line that is to be
used. The toll-line operator will then
insert the plug A, corresponding to the
toll plug already in the toll-line jack,
into a multiple jack J, of the designated
trunk, and the switching operator will,
if on testing the cut-off jack of the auto-
matic line, she finds it free, insert the
toll-trunk plug A2, into it.

The toll-line operator will imme-
diately assume charge of the connection
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and ring the automatic subscriber. When he answers, she
will tell him to make a movement of his dial, after which
she will allow the conversation to begin. This request is
made so that at the end of the conversation the apparatus
at the exchange will be restored to its normal position
when the calling subscriber hangs up his receiver by tem-
porarily grounding both sides of the line simultaneously.
As the called subscriber may not have an automatic tele-
phone, and if he has he makes no movement of his dial
before conversation, hence the called instrument is not able
to ground the line when the receiver is hung up. In the
case of a toll connection, the calling automatic subscriber is
called from the toll board, and as his instrument must per-
form the clearing-out function, it is necessary to first place it
in condition to do this by a preliminary movement of the dial.

Connected across the automatic end of each cord circuit are
the two windings of a relay R; the inside terminals of which
are connected to the ungrounded side of the battery. When
current flows through either or both windings of this relay, it
will be energized and a lamp L, will light. This lamp serves
as a disconnect signal and enables the subscriber to signal the
operator by pressing the ringing key, thus placing a ground
on one side of the line, or he may hang up his receiver.

74. There are two disconnect signals—the falling of the
shutter of a clearing-out drop D in the toll side of the cord
circuit and the lighting of a lamp L, in the automatic side.
The act on the part of the toll operator of removing the
plug P, from the toll-trunk jack J, will light a lamp Z, asso-
ciated with the toll trunk plug A2, at the switching section,
and the operator will remove the connection. Except that
the toll-line operator makes out the ticket, the step that it is
necessary to take in establishing and removing the connection
when a person at a toll station calls for an automatic sub-
scriber is the same as described above, after the toll-line
operator receives the ticket from the recording operator. In
establishing such a connection, the recording operator plays
no part.
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During a conversation between a toll and an automatic
subscriber, the connection normally existing between the
automatic subscriber’s station and the automatic exchange
is broken at the switching section, and therefore the multi-
tude of contacts in the talking circuit and the bridging mag-
nets present across the circuit are removed. There is, there-
fore, no reason why excellent toll service should not be
furnished.

75. While the Dayton, Ohio, toll board is similar to the
one at Grand Rapids, there are some radical differences.
At Dayton, the dials are not provided with special holes for
calling toll, but a certain number is used. With this excep-
tion, subscribers notice no difference in the steps to obtain a
toll connection. At Dayton, there is no switching section.
An automatic subscriber desiring a toll connection is first
placed in communication with a recording operator, who,
after obtaining the necessary information for making out a
ticket, requests him to hang up his receiver; conversation
then takes place through the automatic-exchange apparatus,
the toll operator calling the automatic subscriber by means
of a dial similar to the ones furnished the subscriber. One
dial is furnished for each operator’s position, and a key in
each cord circuit enables the dial to be used in connection
with any one. The disconnect signal is received at the toll
board in the same manner as at Grand Rapids. If, however,
the automatic subscriber does not move his dial when
requested to do so by the operator, there is an arrangement
by which a ground may be momentarily placed on the trunk
line to operate the disconnect signal.

-

SUGGESTIONS FOR SWITCHMEN

76. It is impracticable to give a complete list of troubles
on a Strowger automatic system and their remedies that will
be general enough to apply to all such systems. However,
the suggestions, almost exactly as prepared by Roy Owens,
switchboard manager for The Columbus Citizens Telephone
Company, for the switchmen under his charge, will be given,



§30 AUTOMATIC TELEPHONE SYSTEMS 69

These directions will be clear and of use only to those actu-
ally engaged in caring for similar systems. To fully explain
all these directions would make them too long, longer than
necessary for the switchmen for whose benefit they are given.

77. Use the following abbreviations when reporting
troubles: CC, can’t call; CCA O, can’t call any one;
TCDA, tests clear, don’t answer; B DR, bell doesn’t
ring; grd, grounded; O OO, out of order; OO Adj, out of
adjustment; Xed, crossed; B R C A, bell rings, can’t answer;
CH, can’t hear; ON, off normal; NI, not in at time party
called them; W N, gets wrong numbers; sw grd, swinging
ground; P T, poor transmission; O K, all right; X, cross.

78. The switchmen who start work at 7 o’clock will
immediately go over the off normals of the whole exchange,
firsts, seconds, and connectors; this is very important.

If you find that a first selector is on a contact, trace the call
and see whether it is complete, and then release it with pliers.
If it releases O K, call up party for test; there may be line or
telephone trouble. Second selectors and connectors found
off normal should be traced back; if a first selector is found
on the trunk and releases all right, call up party for test.

79. If a switch is on a contact and will not release with
pliers, something is wrong and should be fixed. Either
there is paper on the contact or the V (vertical circuit),
R (rotary circuit), or P (private circuit) is open, battery off
or hang-up on the same contact. In such a case, do not
release the switch and call it ON or OK on test. If not
able to locate the trouble, notify the repairman. If at night,
and repairman is absent, call up switchboard chief.

If the switch is found in on a contact and releases O K,
and the line is not Xed, open, or grounded, make report on
red slip, O N, and the number of the contact it is on. If up
and not in on a contact, and there is no apparent reason for
same, simply report O N.

If a switch is found off normal, whether in on a contact or
not, and on test the line is found to be open, Xed, or
grounded, or if paper is found on the contact, don’t report it
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O N, but make the report according to what the trouble was.
In fact, the only times to report off normals as O N are when
no apparent reasons can be found for them.

80. If you see a switch stepping up or calling Xed or
getting rotary impulses, make test at switch af once to see if
line is open or Xed with another line.

If you hear the line relays of a switch rattling as if gene-
rator is on the line, make tests at once for X with another
line, open private normal, or open line-switching relay coil,
or possibly dust on cam-spring contacts or under line-switch-
ing relay armature. Always, when you see a switch acting
wrong, make these tests; they only require a moment’s time,
and help the wire chief a great deal.

81. To test for an open circuit, step the switch up and in,
and with your pliers connect the private wiper with the ver-
tical. (It is always best to step it up on the level of its
own thousand.) This will release the switch if line is short-
circuited, or normal, unless condensers are in the circuit, in
which case call up the party. There are some exceptions to
this rule, as some of the extension circuits will not act this
way. In this case, connect the rotary wiper with the private.
If it still tests open, try the same test from the back of the
switch by connecting ground to either line in turn. This will
test the back contacts of the line-switching relay, while testing
from the front of switch tests only the make contacts. Con-
denser lines will be marked with blue paper on vertical
relay coil.

To test for open line-switching relay coil, try first if step-
ping switch in on a contact or if grounding middle jack-
contact, pulls down armature. If it does not, either the relay
coil is open or there is an open circuit in the switch. For
an open private normal, test that number from every con-
nector in the group. One of the connectors may have paper
on the private contact, it may not make the circuit busy, or
private circuit may be open in banks or at terminal.

82. If a first selector switch will rotate over all con-
tacts on all levels, whether busy or not, it shows that the
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line-switching relay coil is either shunted or short-circuited.
If it makes a big spark on the interrupter spring, or if it
sticks on the interrupter, the trouble will generally be a line-
switching coil grounded on the core. If rotating a switch
blows or explodes the heat coil or blows the fuse, there is a
direct main battery on the frame of the switch.

To test for X with another line, hold line-switching relay
armature down with one hand and with pliers touch ground
to each line in turn. If there is a spark, the line is Xed with
another. This will not show up, however, if the line with
which it is Xed is plugged at switch.

To test for short circuit in first-selector banks, step switch
on to the contact in doubt and press the cam-springs apart.
This opens the line-switching relay contacts so that, if the
switch releases by touching the private to the vertical
wiper, it shows that the bank is short-circuited or another
switch is on that contact, not making it busy. Try the same
test with another switch near to verify.

83. If putting a switch off normal grounds the lines, it
shows that the private normal is Xed with one of the lines.
Look at jacks at back of switch for the trouble, and if not
there make tests to locate it in the switching section.

In testing out a reported trouble, make all tests possible at
switch. For instance, if A can’t call B, test A for X, open,
grd, etc. Examine line relay adjustment, line-switching
relay, normal- and cam-spring adjustment, wipers, vertical
and rotary motion. In fact, give the switch a general inspec-
tion. Then try B switch the same way. When you call B,
watch the generator lamp to see whether line is Xed, grd, or
short-circuited, or whether receiver is off the hook. When
he answers, tell him you are testing the line, and ask him if
his bell rings O K; also, if he was in at such a time (the time
the trouble was reported). Then have A call B, and watch
the call carefully. Listen in to make sure he gets the party.
If there is no answer, press down the vertical relay arma-
ture on the connector, and feel for generator on the wipers.
This is to make sure the ringing is all right. By all means
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watch the call until it is completed. When having any one
call any number, it is no test to wait until the call is complete
or to watch for the connector to step up on to the called
number. Watch the first selector step up, and then watch
the second selector, and then the connector. You will have
to hurry in order to do this, but it is absolutely necessary.

If A says he doesn’t want B any more or that the party
who did want him has gone out, have him call you to see if
he calls O K.

84. Do not take up any more of the subscriber’s time
than is absolutely necessary. If there is anything wrong
inside, tell him you will have it taken care of soon and will
let him know when O K. Always be pleasant and courteous
to subscribers and thank them for their trouble. They will
endure considerable trouble if they see it is being taken care
of and if they are treated right. '

Don’t make any definite promise to subscribers as to when
the trouble will be cleared. Tell them that you don’t know
when, but that it will be attended to and cleared as soon as
possible. If, when testing with a subscriber, you get an
unsatisfactory test or if he is too busy, make report on
trouble ticket, ‘‘Unsatisfactory test, send man.”” When call-
ing up subscribers for test, always begin the conversation by
saying: ‘'This is central testing your line; what is your num-
ber, please?”’ This explains everything to the subscriber
at the start and all he has to do is to say his number.

85. Al first-selector troubles should be fixed at once and
second selectors and connectors in trouble should be made
busy by connecting grd. to trunk release at their jacks and
the repairman notified so that he can make repairs at once.

By being constantly on the lookout for trouble, you prevent
troubles being reported to the desk.

If a line tests short-circuited, look at the wipers before
reporting it to rackman. If a first selector releases on
second move of dial, cither the wipers are short-circuited or
the bank contacts are short-circuited or have a switch on them
not making busy. This contact, if found short-circuited,
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should be made busy at once at back of its second selector
and repairman notified at once.

Never change the line-relay contacts in any way on a sec-
ond selector or connector without testing immediately or
notifying repairman to do so. If you change the spring
adjustment on any first-selector switch, it is well to have the
party call for test.

86. If you hear a second selector or connector calling
crossed, try to release it by pressing down both line relays,
and if that does not release the switch operating it, look up
the two switches immediately that are hung up on it. Do
not release either until you know both and make out a pink
- trouble slip. For instance,

80—4}14
81—3/13
means that the fourth second selector in the 8,000 board is
1up 4 in and the third second selector in the 8,100 board is
1up 3 in (both on same contact).

6,042122
4,030124

means that 6,042 is 2 up 2 in and 4,030 is 2 up 4 in (both on

same contact).
6,1320 N

means that 6,132 is off normal, but not in on a contact.
6,132 O N 31

means that it is 3 up 1 in and releases O K—no apparent

reason being found for its being off normal. In this case, if

6,132 was found off normal on 31 and either the line was open

or paper on the contact, it should not be reported as O N.

60—10C
means the tenth connector in the 6,000 board.

Tel. No. 6,021—O N 42—40—7}82
41—-3J81

means that 6,021 was off normal.42 and on tracing the call
its second selector 40—7 and another 41—3 were hung up.
Use these symbols always in reporting trouble.

87. If a subscriber complains continually that he does
not get his calls, short-circuit his lines at the switch and ring
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from every connector on the shelf. If open at any switch
the generator lamp will not burn.

If he complains that his line goes dead at times and that
others get the busy in calling him when he is not busy, test
to see if the private normal is Xed with some other private
normal. To do this, open the heat coil and put ground on
the private. If there is a spark, it is Xed. Probably the
cam or normal springs are out of adjustment. Considerable
trouble has been caused by the normal springs not opening
when the switch is normal.

Because a party can call oze number is no reason why he
can call @// numbers. There may be a certain connector or
second selector that his switch takes in calling, which might
be in trouble, so that all reported troubles should be tested
and looked after for all possible causes of trouble.

88. Make out a red trouble ticket for every trouble
detected whether fixed at once or not. Make out a red trou-
ble ticket for everything you notice wrong whether it is fixed
at once or not.

If you cannot raise a party and his line seems to test all
right, report T. C. D. A., which means ‘‘Tests clear, don’t
answer.”’ That will show the rackman that you have made
an effort to find out what is the matter.

If the lines of a second selector or connector become
grounded, look up the trouble at once. Never plug the heat-
coil springs, as some other switch will call in on that switch
and become hung up. Never reverse the wires at the back
of any switch. Reverse them at the back of the rack on
cable side of terminal.

89. When writing a trouble ticket after testing, to say
that the switch ‘“was stuck’ or ‘‘out of order,” or that there
was ‘‘switch trouble,” is not sufficient information. Always,
in reporting the result of a test or in repairing switches, state
exactly what part was repaired or adjusted so that the trouble
may be classified properly on the weekly trouble report.
On all trouble tickets fill out everything necessary for the
information of the assistant wire chief, so that on his test it
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will not be necessary for him to ask the subscribers the same
questions over again.

Whenever you replace any broken, worn-out, or burned-out
part of anything with a new part, write it on a red trouble
ticket. This is the only way a record of new parts that are
needed for replacements can be obtained.

90. When you hear a first-selector switch buzzing on the
tenth contact of the first level, call up the party and ask what
number he is calling. (Don’t ask him what number he is
trying to call.) By paying strict attention to this you will
detect all reverses, those calling old numbers and those that
get 1 in calling 2.

If it is buzzing on the tenth contact of any other level,
release it and then look immediately to see whether all the
second selectors in the board it is calling into are really
busy, hung up, or out of service. Use your own judgment
in calling up the party in this case. Sometimes, it is best to
let the party call again without calling him up.

If a second selector is buzzing on the tenth contact of any
level, release it by pressing double dog and then put switch
up on to another level, so that when subscriber pushes the
button again it will step up a connector and give him the
busy. Never place any first or second selector on any con-
tact in any way other than with rotary relay. In this way
you cannot put it on a busy contact.

91. The early night men, after the rush trouble tickets
have been attended to, will go over all the grounded reports.
If still grounded, make report on the ticket and also state the
time. If clear, write on ticket, ‘‘Call for test,” if it is too
late to do so then. The day man will call up party the next
morning.

92. Whenever it is necessary to hold a trouble ticket for
a day or so on account of some switch adjustment to be
made later or on account of a chronic case to be watched, do
not hold the yellow ticket. Write on it the nature of the
trouble and O K it, writing, ‘‘See red slip.”” Then make a
copy on the red ticket and keep that and mark it duplicate.
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The large gong rings when any main-battery fuse blows
on a fuse panel. Drop everything and put in new fuse at
once. Then try every switch in that hundred for hang up.
During the time the fuse is out, any party calling into that
board or anybody in that board calling out will be hung up.

When heat-coil bell rings, look immediately to see whether
it is in your thousand. If so, fix it at once. If line is
grounded, listen in and say, ‘‘Hello,” and if talking make
report to that effect on trouble ticket. If not grounded, test
for open, X, or short circuit, and if clear call for test. This
is the only way chronic ground troubles can be remedied.

93. If a switch calls Xed and on test with subscriber it
still calls Xed, be sure to tell him there is trouble on his
line and that it will be attended to. If urgent, have the
party he wants call him.

In all cases of testing from trouble tickets be sure to notify
the party who made the complaint whether everything is all
right or not. Subscribers sometimes report that the switch-
man call them up and ask them to call a certain number and
that is the last they hear of it. It is very important that
when a party makes a complaint he is afterwards given some
information regarding it. It is not necessary to go into
details with subscribers in describing troubles, but it is
necessary to follow up every complaint and let them know
the conditions.

94. Avoid all unnecessary conversation with subscribers,
and above all use the test telephones for Zesting only. They
must not be used for social purposes. There are sixteen
trouble men and many mere installers, interior wiremen, line-
men and subscribers who must use these telephones for testing.

Do not talk to subscribers through your receiver except to
say ‘“‘Hello” when going over off-normals. A lot of time
is wasted repeating, and it gives the subscriber a wrong
~ impression, namely, that someone is listening on the line.
If you want to talk to a busy line, call the first three figures
of that number and push the button the number of times of
the last figure, then let out the side switch on the connector



§30 AUTOMATIC TELEPHONE SYSTEMS 77

and you can then talk to the subscriber in the ordinary way.
When you hang up, the connection is not disturbed.

95. Between the hours of 11 and 1 every day (lunch
hours) it will be necessary for each man to look after two
thousand, his own and the one adjacent.

Do not take any switch parts or material away from the build-
ing. All experimenting can be done in the exchange room.

96. If, when making a ‘“‘call for test” according to a
white ticket, the subscriber makes any complaint, tell him
you will have an inspector look after his trouble. These
tickets are a check on any of five troubles and consequently
any further complaint made must be attended to.

Ordinary reported troubles are written on yellow tickets—
special, rush, or troubles reported by manager or superin-
tendent, on white tickets; and defected, cross-cut, adjust switch
for cutting in, on red tickets.

When given a ticket marked cal/l for test, examine switch
first and then have party call the test telephone. When given
a ticket marked adjust swilch for cutting in, adjust the switch,
trving the switch from back and front, so that when the
installer is ready to run in the telephone the switch will be in
good order and hence the installer will not have to wait while
the switchman puts in a new switch, coil, or spring. Then
mark the ticket ‘‘adjusted,” and sign your name after the O K.

97. In connecting numbers to traffic trunks, observe the
following: Plug the line-switching relay springs with fiber
and hang a tag on switch, stating what it is connected to and
why. Then connect traffic trunk to this number at connector-
bank terminal—lines and private. Then unsolder jumpers at
rack and tag them the same way. Call the number to see
whether the information clerk answers. Tags are in back
of rack.

98. Following is a list of adjustments on switches:
*Try relay bracket and heel pieces for looseness.
*Try relay coils for looseness.

*Test set adjustments,
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*Try relay springs for looseness.

*See that core strikes well in center of armature.

*Try relay armatures for play and bind.

*Try tension in relay springs, adjust length of contacts.

*Try release armature for play or bind and springs.

*Try rotary armature for play or bind and springs.

*Try vertical armature for play or bind.

*Try double dog for play or bind.

*Tighten normal pin and post.

*Put tension in cup spring.

*Adjust vert. pawl.

Adjust rot. pawl.

Tension in pawl springs.

Straighten escapement springs, adjust same (the first teeth
of escapements springs should meet).

Adjust side wipers.

Adjust spider arm to move freely in bearings.

Adjust spider arm with regard to first and second teeth on
bottom escapement spring.

*Adjust private bracket to spider arm in second position,
private armature down.

Adjust cam and cam-springs.

Adjust private springs.

Spider arm should pull in at normal.

*Adjust release link.

*Line up side switch block.

Adjust release arm. stop.

With rotary pawl stop loose, set rotary magnets to allow
rotary dog to drop in.

Set rotary pawl stop. .

Set interrupter springs with regard to interrupter arm at
normal and drawn in.

Adjust rotary armature finger.

Set vertical magnets, and vertical dog.

Adjust stationary and double dogs.

Tension in double-dog spring.

*Test set adjustments.
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Adjust vertical armature spring to vary with adjusting
screw up.

Line up and adjust normal springs.

Adjusttension of back-release relay and line-switching relay.

*Tighten all screws and nuts.

Note all connections and see that they are well soldered.

See that wiring is not exposed or in positions likely to
cause short circuits.:

99. Distinguish between cuf-outs and cut-offs. Cut-out
means that the conversation is broken and disconnected, but
that the party is not disconnected from the party he calls.

Following is a list of possible causes for cut-offs:

1. Calling Telephone.—Release springs too close,desk cord
trouble, insulation skinned on wiring in the telephone and in
contact with case or frame, swinging ground or leak in inte-
rior wiring, dirty carbons in protectors.

2. Line.—Swinging ground or swinging cross with
another line, slight ground or cross with another line, leaky
line, cable, or spider wires.

3. Rack.—Carelessness of rackman getting two lines
together with soldering irons both in back and front of rack,
heat-coil springs touching at protectors, dirty carbons, heat
coil falling down, line Xed with telltale.

4. Switch.—Poor adjustment of switch or of some other
switch, either first or second selector, so that it will stop on
a busy contact, or will not make a contact busy. Cross in
either first selector, second selector, or banks. (In the
groups affected by the particular call in question.)

Wipers of the first selector, second selector, or connector
out of adjustment so that they touch either the contact
above, below, or either side, or the wipers of any first selector
or second selector in the same groups as those in the
particular call in question, may be out of adjustment so that
in rotating they may strike the busy contact.

In short, a cut-off is caused by either line becoming
grounded from some source during the conversation whether

*Test set adjustments.
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from an extension telephone on its own line or from its own
telephone or any of the other possible cases mentioned.

100. During the day, there will be one man stationed in
each thousand group. As the 2,000 and 3,000 groups are so
much busier than any of the others, the 4,000 and 5,000 men
will be expected to help them when necessary.

The men who work Sundays will be off duty on the after-
noon of the day before (Saturday). They must stay until
12:30 o’clock, however, regardless of what their regular
hours are.

Do not leave your boards to do repairing at the bench.
The repairmen will attend to all repairing. It is necessary
for each man to keep within hearing of his switches as much
as possible. When you leave the switch room for a short
time, let the man in the nearest group know. Where two men
are necessary, call on the man in the nearest group if the
repairman is too busy to help. Do your receiver repairing
either when off duty or when your work is slack.

Mistakes may be overlooked if it is seen that you are
working for the best interests of the company.

There are no objections to bringing visitors into the switch
room, but all except switch-room employes must stay outside
of the railing.



AUTOMATIC TELEPHONE
SYSTEMS

(PART 2)

CLARK AUTOMATIC TELEPHONE
SYSTEM

1. The Clark automatic telephone system is intended
for exchanges requiring from twenty to seventy-five stations
and located in small towns, factories, mills, warehouses, and -
hotels. The system consists of a switchboard made up of
the required number of automatic step-by-step switches, one
for each line, two line wires between the central office and
each substation, a common-return wire, or a ground return,
and a telephone instrument with a selecting dial at each
substation.

SUBSCRIBER’S DIAL

2. Fig.1shows a subscriber’s dial; this forms the base
of the desk stand, but is mounted on the front or alongside of
the wall telephone. It contains a clockwork mechanism con-
sisting of two brass wheels having seventy-five teeth, each
mounted on a central axle with a smaller wheel, which engages
a retarding mechanism that regulates the speed of rotation
of the lower of the two main wheels. This mechanism is
mounted on a cast-iron base, and covered by a nickel case.
On the side of the case is a small plunger 4 that engages a
locking lever. The top wheel on the spindle acts as a dummy,
Copyrighted by International Textbook Company. Entered al Stationers' Hall, London

168—7 ta



2 AUTOMATIC TELEPHONE SYSTEMS §31

and is used to store power in a spiral spring for operating the
lower wheel, the two being connected only by this spring.
.The lower wheel is mounted loosely on the central spindle,
and a small contact spring is arranged so that when this
wheel revolves, the spring
touches the teeth of the
wheel successively and
closes the circuit each time.

3. The operation of the
dial is as follows: The
locking lever is held nor-
mally by means of a small
spring, so that it engages
the dummy wheel, which is

Fie. 1 prevented by a pawl from
moving backwards. On pushing in the plunger 4, the dummy
wheel is released from the locking lever and the lower
wheel is locked. It is then possible to turn the dummy for-

" wards by means of the knob ¢ on the axle, thereby storing up
power in the clock spring and setting the dial to whatever
number it is desired to call. The numbers 1 to 75 appear on
a disk, which is mounted on the central axle and turns with
the dummy wheel and knob ¢, the pointer 4 being stationary
and fastened on the nickel case. On releasing the plunger,
the dummy wheel is again locked and the spiral spring revolves
the lower wheel forwards until a pin on its rim engages a pin
on the rim of the dummy wheel—this being the normal rela-
tion between the two wheels. For example, if the dummy be
turned forwards seven teeth, the lower wheel will be revolved
forwards seven teeth by the coil spring. Mounted on a red-
fiber block in the base is a small contact spring, which is set
so that its point normally rests between two teeth on the
lower wheel, touching the teeth on this wheel only as the
wheel is revolved by the spring. The making of the contact
closes an electric circuit through a magnet mounted on the
automatic switch at the central exchange. On the face of the
dial are the words ‘‘turn to black space when through talking.”



§31 AUTOMATIC TELEPHONE SYSTEMS 3

AUTOMATIC SWITCH

4. The automatic switch, shown in Fig. 2, consists
of a red-fiber base a having seventy-five contact buttons
mounted on it in a circle, each being the terminal of a sub-
scriber’s line. Four upright posts support a top frame, on’
which is mounted a magnet, whose armature 4 is mounted
on a lever, the lower
end ¢ of which engages
the teeth of a wheel 4;
a spring e attached to
this wheel makes a
sliding connection with
each of the contact but-
tons, in turn, as it passes
over them. Each im-
pulse sent through the
magnet by means of the
dial at the subscriber’s
station causes the switch
wheel to turn +% of a
revolution—that is, one
tooth. As the teeth on the switch wheel correspond in num-
ber to the teeth on the dial wheel and to the number of contact
buttons on the base of the switch, the contact spring of the
switch wheel may evidently be brought into contact with any
subscriber’s number. The automatic switches are mounted
in cabinets and wired to binding posts, so that the installation
work is very simple.

F1G.2

BRIDGING SYSTEM WITII OPERATING MAGNET
IN LINE CIRCUIT

5. Fig. 3 shows a diagram of connections for three
stations, using ordinary bridging telephones and a third
wire as a common return for all the telephone switches.
The ground may be used in place of this common-return
wire. This system operates as follows: The subscriber at
any station, as 1, pushes in the plunger on his dial and sets
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the pointer for the station desired, for example, 2. When
the plunger is 1eleased, the teeth of a wheel in the dial pass
under a spring, with which they make contact in passing, and
close twice a circuit through the magnet 7 of switch 1 at the
exchange-battery S-and common-return wire or ground back
to the dial at station 1, thereby sending two electrical impulses
through the magnet » and moving the contact arm ¢ on
switch 1 forwards two steps (had number 6 been called, six

F16.3

impulses would have been sent through the magnets, and the
arm would have moved forwards six steps), thus establishing
a circuit from telephone 1 through line wire j-arm e-con-
tact button 2-wires 2-f-line wire g-telephone 2-line wire -
magnets »n, m—telephone 7. Thus, the voice currents must
pass not only through the telephone instruments, but also
through the two magnet coils »,m. They are not strong
enough to operate the magnets.
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The bell at station 2 may be rung in the usual manner, for
which purpose magneto-generators and polarized bells are
shown in Fig. 8. Batteries and vibrating bells may be used
for house systems having short lines. Similarly, subscriber 2
might set his dial at 3 to call station 3; in fact, any num-
ber of independent conversations, up to 38, may be held at
the same time. When the conversation is completed, the
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calling subscriber should turn his dial to the black space,
that is, back to its normal position; otherwise, the two
stations left connected together would both be rung up
the next time a third party called either station. There
seems to be no provision‘in this system to prevent a sub-
scriber from securing connection with a line that is busy.
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BRIDGING SYSTEM WITH RELAY IN
COMMON RETURN

6. For long rural lines, a relay inserted in the common
return from the rural stations controls the magnet that
operates the automatic switch. This arrangement is shown
in Fig. 4, in which 4, D are two rural stations on the same
bridging party line. The dials at all rural stations in the
same line are connected in parallel and the relay & that con-
trols the operating magnet = is connected in the common-
return wire from these stations. By this method, no increase
in the voltage of the central switching battery is required
for long rural lines.

TOLL CONNECTIONS

7. Subscribers connected to such an exchange may call
any long-distance point from their telephones as follows:
The local toll operator is also a subscriber to the auto-
matic system. When a subscriber desires a long-distance
connection, he first calls the toll operator, on the automatic
telephone, and gives her the name of the party desired.
When the toll operator obtains the long-distance connec-
tion, she simply trunks it through a jack-panel to the local
subscriber by means of a pair of cords, at the same time
ringing the bell of the local party. On an incoming call, the
toll operator, on receiving the number wanted, trunks the
long-distance call through the jack-panel, at the same time
ringing the local subscriber. The jack-panel referred to
has two uses: first, in testing the lines, and second, in
making it possible to connect the automatic subscribers to
the toll lines direct, thereby éutting them off the automatic
system entirely and insuring an all-metallic connection inde-
pendent of the local system.

8. For a Clark automatic telephone system installed at
Hope Valley, Rhode Island, in 1903, No. 12, B. W. G., galvan-
ized-iron wire of B. B. ¢rade was used for the talking circuit
and the same wire with weather-proof insulation for the
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common-return conductor. The object in insulating the com-
mon return is to prevent any likelihood of a cross with one
of the talking wires that is also used for switching pur-
poses, as this would short-circuit the central switching battery
and throw the system out of service. The common-return
wire is used only for switching and might be replaced by a
ground connection. Ordinary bridging telephones are used.
The system is operated by means of a central switching bat-
tery consisting of eleven storage cells charged by means of
thirty-three gravity cells. This method of charging the stor-
age battery is employed because the town has no light or
power facilities from which charging current can be obtained.

From the lightning arresters, the lines pass through a
small panel of jacks, mounted near a toll operator’s tele-
phone, to the automatic switchboard. A rural line 4 miles
long is connected with the automatic switchboard. The
total number of subscribers in November, 1903, was fifty-
four. The rentals obtained were $20 per year for residences
and $24 per year for business houses.

WESTERN ELECTRIC AUTOMATIC
TELEPHONE SYSTEM

APPARATUS AND CIRCUITS

9. The Western Electric Company makes for the use
of the licensees of the American Bell Telephone Company,
a 100-line automatic exchange and a 20-line automatic
exchange. These automatic exchanges are used as private-
branch exchanges, and also in localities where not exceed-
ing twenty or one hundred pair of line wires are required.
Across each pair of line wires, one or more subscribers’
stations may be connected. Where two or more subscribers
are connected across the same pair of wires, the ringing is
not selective; for instance, the first subscriber on line 45
may be denoted simply by the number 45, the second sub-
scriber on the same line by the number and letter 45 A,
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the third by 45 B, etc. To call subscriber 45, the calling
subscriber, after selecting line 45, presses his ringing
button once; to call 45 A, he presses his ringing button
twice; to call 45 B, three times, etc.

SUBSCRIBER'S TELEPHONE SET

10. The substation apparatus consists of a subscriber’s
telephone, to which is added an interrupting device, with a
numbered dial, a rotatable arm, and a push button for ringing.
The talking apparatus is connected in exactly the same manner
as in practically all the central-energy subscribers’ instru-
ments used by the licensees of the American Bell Telephone
Company. In Fig. 5 is shown two views of the subscriber’s
set, in the closed- and open-door positions, respectively.
The dial-like board on the front of the door has a rotatable
arm /V that operates the selective devices. A plug P may
be placed opposite any number desired; the arm A is rotated
until stopped by the plug and then released. The ringing
button is shown at A On the back of the door in a metal
frame is the interrupting mechanism, which is controlled by
the rotating arm and operates the selective apparatus at the
exchange.

11. The interrupter mechanism consists of a dial,
a pointer and clockwork for restoring the pointer to its
normal position, and contact springs for interrupting the
line current. The dial is shown, in Fig. 5 (a), mounted on the
outside of the lid of the subscriber’s instrument and contains
one hundred peg holes numbered from 1 to 100. The pointer
is mounted on a shaft extending through the lid at the center
of the dial and carrying a pawl, which engages the first of a
series of clockwork wheels. The last wheel in the chain of
gears is a small pinion, which engages the actuating spring
of the line contact breaker. The mechanism is operated by
an ordinary clockwork spring, which is wound by the action
of the subscriber in moving the pointer around the dial.
The speed is governed by a solid non-adjustable verge, or
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escapement, which is used to secure a uniform rotation, and
is such that the pointer should return from the 100 point on
the dial to its normal position in from 8 to 10 seconds. Any
variation of speed outside these limits causes incorrect
selection. The line contact springs are simply a pair of flat
platinum pointed springs carried by a heavy formed spring
engaged by the small pinion. In their normal open position,
the platinum points should be separated by .015 to .02 inch,
gauges being furnished for accurately measuring this distance.
Also operated by a pawl on the pointer shaft is a group of
springs called the substation rolary movement springs, whose
purpose is to change the local circuits as described in con-
nection with the circuit drawings. It is essential that this
group of springs be completely operated by the time the
pawl has advanced a distance equal to one-half of one tooth
in the first wheel in the chain of gears, otherwise incorrect
selection will result. The pointer must be so fixed, with
respect to the mechanism, that four current impulses will be
sent to line when it returns to its normal position after hav-
ing been turned to the peg placed in the first hole in the dial,
this being necessary to operate the rotary movement springs
of the central-office selector. Hence, three more current
impulses are transmitted than is represented by the number
in which the peg is inserted.

12. The substation ringing key X controls three con-
tact springs £ so arranged that in pressing the push button
one contact is made and one is broken. The springs are
adjusted so that the back contact is made before the front
contact breaks. This avoids the possibility of opening the
line circuit and permitting the selector arm in the central-
office switch to return to its normal position. This is one of
the small but very important points to be kept in mind in the
adjustment of the apparatus.

13. Instruction Card.—The following instruction card,
which explains briefly the operations required on the part of
the subscriber, is fastened to each subscriber’s telephone:
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Telephone Number . . Tocallany (Scranton) subscriber: (1) remove
receiver from hook and (if this telephone is on a party line) listen;
(2) if no one is talking, place the peg in the hole bearing the number
of the desired line; (3) revolve the arm until it strikes the peg and let
go; (4) after the arm stops, a throbbing hum will be heard in the
receiver if the called line is in use. (5) If the called line is not in use,
press the ringing button in accordance with the following code:

CopeE.—When number wanted has no letter, give 1 ring; on a party
line, give 2 rings for 4, 3 rings for B, etc.

To call a subscriber in another exchange, call for the connecting
exchange in the same manner as for a (Scranton) subscriber; if one toll
line is busy, try the others.

While making a call, don’t hang up receiver or move,hook until
through; always hang up the receiver between calls.

14. The central station to which all lines are connected
consists of a so-called centralized battery for operating the
automatic apparatus and for transmission during conversa-
tions; also, apparatus for producing positive pulsating
ringing current and a busy-tone current, both of which may
be supplied from batteries of dry cells. With each pair of
line wires, there is associated a stepping device, a stepping
magnet and locking magnet for controlling the same, a polar-
ized selecting relay, a polarized ringing relay, a test relay,
and a slow-acting, so-called s/uggish relay. These are all
shown in the diagrams and a general view of the central-
station apparatus, which will be later described. The circuits
and the operation of the system will first be considered.

SYSTEM EQUIPPED WITH BUSY-TONE AND LOCK-
OUT FEATURES

OPERATION OF CALLING A DISENGAGED LINE

15. Belection.—Subscriber A4, whose telephone is asso-
ciated with line X, will call for subscriber 2, whose telephone
is associated with line Y. Subscriber A4 first removes his
receiver from the hook and then proceeds to select the
desired line Y. The circuits are shown in Fig. 6. When
the receiver R is taken down, a circuit is closed through 5-
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selecting relay-line L 2-contact e—contact n-transmitter—con-
tact on hook switch-winding p of induction coil-line L 1-
ringing relay. The armature movement of the polarized
relays causes a selector arm z to advance one step, which is
an incidental operation that affects no change in the talking
circuits. The subscriber then inserts the peg A, Fig. 5, in
the hole bearing the number of the desired line and moves
the arm AV against the peg, thereby operating the rotary
movement springs in the Subscriber’s instrument, which
opens at ¢, Fig. 6, the circuit between the two line wires L 1,
L 2 and connects the ground through 7-350-ohm resistance—
contact c—contact 4 to line LZ 2. When the arm A is released,
it begins its return to its normal resting position and by alter-
nately closing and opening the interrupter spring contact ¢
causes a pulsating current from B to flow through the select-
ing relay whose armature, by means of a local circuit shown
in Fig. 6 by heavy lines, causes the armature x of the quick-
acting stepping magnet to imitate its movements and advance
the selector arm step by step until its trailing brushes, termed
the ringing brush and the ftest brush, reach the terminals of the
desired line. Each step is retained by a stop-pawl controlled
by the sluggish locking magnet whose armature w is unre-
sponsive to pulsating current.

During the period of selection, the ringing relay is not
operated and, by means of a back contact 7, it short-circuits
and thus excludes the sluggish relay I” from the local select-
ing circuit. The closing at ¢ of a circuit across the two line
wires at the substation by the action of the interrupter
springs operates the ringing relay and removes this short
circuit from around the sluggish relay, which, in attracting its
armature, accomplishes four results that are indicated in
Fig. 7. First, line L 2 is connected to the test brush of the
selector; second, line L 1 is connected through condenser C
and contacts ¢, #, b to the ringing brush of the selector; third,
contact 7 in the short-circuit around the sluggish relay is
opened for a purpose to be presently explained in connection
with the ringing operation; fourth, the stepping magnet is
short-circuited by contact ¢ and the selector arm is thereafter
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held in its advanced position by the sluggish locking magnet,
which will not respond to the slight disturbances of the
selecting relay that sometimes occur during revertive ring-
ing. The selector brushes are now in contact with the ter-
minals of the desired line and the circuit, as shown in Fig. 7,
is ready for signaling.

16. Signaling.—To ring the bell of the subscriber
selected, the subscriber presses the ringing key X, Fig. 8,
which first grounds through contact £ and ground connec-
tion y, the line L 2, and then opens the circuit at » between
the two line wires. This relative operation of springs 4, #
not only maintains the excitation of the selecting relay,
because it merely substitutes the ground return for line L 1,
but also causes the ringing relay to release its armature,
because L 1 is now open. The ringing brush of the selector
is now connected through its back contact to the ringing
apparatus, from which positive pulsating current passes to
the L 1 side of the called line, through the bells and con-
densers connected to that line and back partly through the
selecting relay S of the called line and battery to ground,
but mainly through the non-inductive resistance 4 bridged
across that relay, its back contact, and battery to ground, as
shown by the heavy black lines. The back contact 7 of the
ringing relay cannot now short-circuit the sluggish relay
because of the break in the short-circuiting path introduced
at ; by the latter relay. / is an electromagnet connected
in a local circuit and used to interrupt the current from
the 85-volt battery. The ringing apparatus is a simple
interrupting device.

17. Transmission Circuit During Conversation.
When the called subscriber answers, there is established a
compound talking circuit comprising bridged impedances
and interconnecting condensers arranged in a familiar man-
ner. These circuits are fully shown by the heavy lines in
Fig.9 and with many details omitted in Fig.9 (4). The ring-
ing and selecting relays now act as impedance coils through
which battery current is supplied to both line circuits.
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OPERATION OF CALLING A BUSY LINE

18. Belection.—Suppose that subscriber 4 calls sub-
scriber B, who has already called subscriber C and that
B and C are in communication. Subscriber 4 is then said
to be calling a busy-calling subscriber B. Subscriber A
proceeds as before and the selector brushes are stepped
forwards until they reach the terminals of the desired but
engaged line Y. The connections are about the same as
shown in Fig. 7, except that contact » is now closed, as
shown in Fig. 10, which causes the left-hand winding of the
test relay to be in a closed circuit with the busy-tone test
battery W.

19. Testing.—The test side of the multiple terminals
of the engaged line of subscriber B is connected with the
ungrounded side of the busy-tone battery W, while that of a
disengaged line would be open at ».

The lockout feature is affected by the operation of the
quick-acting test relay caused by current flowing through it
to ground from the tone-test battery W through the test-
selector brush when the latter reaches the test terminal of
the desired busy line. This circuit is shown by heavy lines
in Fig. 10. It should be noted that, during their advance,
the circuits of the ring-selector brush is open at contact s of
the sluggish relay and the test-selector brush at front contact 7
of the ringing relay. This is necessary to avoid premature
lockouts from busy but undesired lines touched by the brushes
as they rotate. When the brushes arrive at the terminals of
the desired busy line, the ringing relay and the sluggish
relay are simultaneously excited, but the former attracts its
armature first and in so doing completes a path from the test-
selector brush through the back contact » of the sluggish
relay,—one of the two windings of the test relay-the front
contact f of the ringing relay to the grounded side of the
battery.

20. Lockout.—The test relay is immediately operated
and the closed circuits are shown by heavy lines in Fig. 11.
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The test-relay armature, by opening the circuit at ¢ deprives
the locking and stepping magnets of current and by closing,
at o, a circuit through its second winding, the test relay
remains locked in its closed position. The stepping and
locking magnets, being deprived of current, allow the ring
and test arms to return to their normal resting positions.
The calling subscriber is now locked out and receives notifi-
cation that the called line is busy by a busy tone transmitted
over his line from battery 7 through the front contact p of
the test relay and condenser 0. When he hangs up his
receiver, the circuit is opened at m; or, if he selects again,
the circuit is opened at ¢, either of which operations causes
the deenergization of the selecting relay, which unlocks the
test relay.

Referring to the selection of a disengaged line, it will
now be clearly understood that the test relay is not energized
at the end of selection, Fig. 7, and that it is removed from the
talking circuit by the operation of the sluggish relay, Fig. 9.

21. The operations of the three relays involved in the
test and lockout operations may be briefly summarized as
follows: At the moment when the selector brushes reach
the terminals of the desired busy line, the quick-acting
ringing relay closes a testing circuit through the quick-
acting test relay, which attracts its armature before the
sluggish relay has time to act. The test relay, in operating,
deprives the sluggish relay of current; and a locking winding
on the test relay keeps the circuits unchanged until the
subscriber hangs up his receiver or reselects. '

Obviously, a line may be ‘“‘busy”’ for two reasons—because
calling and because called. As already explained, a calling
line B is protected from intrusion by a group of rotary-
movement springs G, Fig. 10, operated by the rotary move-
ment of its selector arm, which opens the paths leading from
its relays and line wires to its multiple terminals and con-
nect at o the test side to the ungrounded side of the bat-
tery through the secondary winding / of the busy-tone
transformer.
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22. Testing a Called Subscriber’s Line.—Suppose
that subscriber A calls subscriber C, who has already been
called by and is in communication with subscriber . The
busy called line of subscriber C, Fig. 12, is protected by
the fact that its test multiple terminal % is connected, through
the test-selector brush resting on /% and the selecting relay Af
in the line of subscriber 2, who has called it first, to the
ungrounded side of the battery. Fig. 12 shows the cir-
cuit conditions the moment the brushes rest on the contacts
of the busy line. The test relay then becomes energized
and a busy hum flows from battery 7 over the circuit, as
shown by the heavy dash lines in Fig. 11; in fact, all circuits
then return to the condition shown in that figure. A sub-
scriber, under all circumstances, is free to operate his selector,
that is, if subscriber 4 on one line calls subscriber B on
another line, B can at will disconnect from .4 and make any
desired selection, the condensers introduced between the
individual circuits making Z’s line relays independent.

If subscriber B, Fig. 13, should select another line instead
of answering the call from subscriber 4, the latter would
receive the busy signal in the following manner: The
rotary movement springs G of the selector of subscriber B
would operate and the test side of the multiple of the line of
subscriber B would be thereby connected to the busy-tone
apparatus. As the selector brushes of subscriber .4 would
still be in contact with the multiple of subscriber B’s line,
a busy tone would be transmitted from battery £ to sub-
scriber 4 and the ringing relay R to ground, as indicated by
the heavy dash lines in this figure.

OPERATION OF MAKING A REVERTING CALL

23. Selection.—When one subscriber calls another sub-
scriber on the same party line, it is termed a reverting, or
revertive, call. With this system, reverting calls can be
made; that is, one subscriber can signal and converse with
another subscriber on the same party line. Furthermore,
the operation of selecting and ringing is exactly the same as
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§31 AUTOMATIC TELEPHONE SYSTEMS 17

though the desired subscriber were on another line. The
selector brushes J, Fig. 14, are caused to advance to a pair
of revertive terminals bearing the number of the calling line,
of which only the ringing terminal is connected to the
ringing side of its own line. The ring selector brush is
brought into contact with the said revertive line terminal,
which is permanently connected with the L 1 side of the cir-
cuit, instead of being carried through the rotary movement
springs .S of the selector.

24. Signaling.—When the ringing key K is pressed,
contact n is opened and the ringing relay armature falls back
and closes a circuit from the ringing apparatus through
contacts g-f-s-ring selector brush-revertive line terminal-
line L 1-bells IV and condensers W of the other subscribers
on the same line—contacts »/, ¢~line L 2-contacts ¢, £, a, m at
the calling station to ground.

There is a shunt to this ringing circuit from the revertive
line terminal to ground through the ringing relay; but as the
latter is polarized and biased in such a manner as to be
insensitive to current flowing in that direction, it does not
attract its armature and therefore this ringing current does
not interfere with the operation of the ringing relay, nor is
the impedance of the ringing relay low enough to prevent
the ringing of the subscriber’s bell.

A negligible amount of ringing current returns over the
L 2 side of the line through the selecting relay and battery
to ground.

25. Protection From Intrusion.—While two sub-
scribers on the same line are engaged in conversation, it
is busy to calling subscribers on other lines because of
the operation of the rotary movement springs .S caused by
the advance of the calling subscriber’s selector arm from its
normal resting place. When both subscribers have hung up
their receivers, the selector arm returns to zero and the busy
test is removed by the opening of the circuit at ¢’.

26. General.—The non-inductive shunt F around the
selecting relay, when it is closed, keeps its armature from
165—8
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chattering when a line is being signaled. The shunt is of
such resistance as to take most of the ringing current from
the relay but without affecting its operation by direct current.

Contact g, Fig. 9, of the selecting relay is in series with the
ringing lead and is used to prevent an undesired short ring or
click of the bells connected across a called line just as the call-
ing subscriber hangs up his receiver. The ringing relay R
of the calling line releases its armature more quickly than
the locking magnet I can release the selector arm. Thus
the ringing selector brush 4 would be left in contact with the
L 1 side of the called line while still .connected to the ringing
apparatus through the back contact z of the calling sub-
scriber’s ringing relay but for the said front contact ¢ of his
selecting relay which, being quick-acting, opens the ringing
lead at g at the same instant that the ringing relay closes it
at «. Therefore, no ringing current reaches the called line ¥
during disconnection. In the springs of the substation inter-
rupter, the two springs a, ¢, Fig. 6, that disconnect the ringing
key from the ground during selection, are to prevent an
impatient subscriber from interfering with the circuit, while
the selecting mechanism is rotating, by pressing the ringing
key. When the switch hook is down, the ground circuit is
opened at m, Fig. 6, so that purposeless manipulation of the
interrupter arm or of the ringing key will not operate the cen-
tral-station apparatus.

SYSTEM NOT EQUIPPED WITH BUSY-TONE AND
LOCKOUT FEATURES

27. The central-station apparatus for each line, when not
equipped with busy-tone and lockout devices, is shown in
Fig. 15, and is the same as in the lockout system except that
the test relay is omitted. From the central-station apparatus
common to all lines, the busy-tone outfit is omitted. The sub-
scriber’s set is identical with that used in the lockout system.

The system operates in the same manner as when equipped
with the busy tone and lockout feature, except that the omis-
sion of the test relay enables the subscriber to connect him-
self with any line in the exhange whether busy or not.
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CENTRAL-EXCHANGE APPARATUS

28. A general view of the apparatus required for each
pair of line wires is shown in Fig. 16. In the center is
shown the stepping device and around the edges are
mounted the various relays and condensers. The various
devices will be separately described.

29. Polarized Selecting Relay.—In Figs. 16 and 17
is shown the polarized selecting relay, which is also, in a
general way, similar to the polarized ringing relay with the
exception of the magnet windings. These relays are com-
posed of the parts of a standard series ringer made by the
Western Electric Company except that the ringer ball and
clapper rod are omitted and the supporting yoke for the
armature is so formed that a group of contact springs can
be mounted on it in such a position that insulated studs on
the armature engage the middle or operating springs 3 of
each group, causing them to move with the movements of
the armature. Each upward movement of the yoke piece 2
causes the lower contacts, which are invisible in this view,
to be broken and contact made with the upper springs 1, 1.
The springs 3 are so adjusted that sufficient tension is
brought to bear on the insulated yoke 2 to hold the arma-
ture £ in its lower and normal position.

30. Selector.—The central-office selector is shown
in the center of Fig. 16 and consists of a punched-steel disk
about 6 inches in diameter with a hole in the center through
which a shaft carrying the rotating arm a projects. At the
circumference of this disk, and completely surrounding it,
is a hard-rubber circle Z in which are fixed the multiple line
contact terminals. These terminals are so made that they
project above the surface of the hard rubber and form con-
tact points for the contact brushes m,» mounted on the
rotating arm a. There is a total of 104 pair of terminals.
The large ratchet wheel 7 controls the movement of the
shaft supporting the arm « and is, in turn, controlled by the
stepping magnet b, whose armature ¢ carries the pawl 4, and
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by the locking magnet ¢ with its pawl /. These magnets are
of the common double-coil type, their armatures being soft-
iron levers, on the ends of which are mounted the pawls
engaging the ratchet-wheel teeth. The leverage of the
selecting-magnet armature is such as to make it quick-
acting, while that of the locking magnet makes its action
more sluggish. The action of the locking magnet is made
still slower by being shunted
by a non-inductive resistance
of 150 ohms, which shuts out
rapid changes in the current.

31. The rotating arm a
consists of two aluminum
bars insulated from each
other and rigidly connected
at one end to the ratchet-
wheel shaft, their other ends
supporting the contact
springs m, n, which engage
the multiple line terminals.
A spiral spring behind the
contact springs produces con-
stant tension at the contact
points. Above the rotating arm a and operated by it, but
not well shown in this figure, is mounted a group of springs
known as the rotary-movement group. These springs are
fully operated when the arm has moved forwards three steps
and their function is to cut off the calling subscriber’s line
from its multiple terminal on other selectors and to throw a
busy tone on such terminals. The fifth pair of terminals on
the selector forms the first subscriber’s terminals.

F16.17
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DIRECTIONS FOR ADJUSTMENT OF APPARATUS

CENTRAL-STATION APPARATUS

32. Relays.—The following directions are ‘given only
for those who have to install and care for this automatic
system. The No. 177 type of polarized relay, shown in
Fig. 17, should be so adjusted that the under side of its
armature in the non-operated position is .025 inch from the
extreme outer edge of the magnet core, as measured with a
gauge furnished with the equipment. It is essential to
successful operation that in these relays the contact with
the lower springs (on the side nearest the magnet-spool
terminals) should be firmer and more prolonged than that
with the upper springs. The upper, or outer, springs should
be lifted from the limiting stop as far as the movement of
the armature will permit. The distance between the plat-
inum contacts of the middle and outer springs should be
about equal to the thickness of foolscap paper.

If the ringing relay has its back contact, which is included
in the ringing circuit, imperfectly closed, weak ringing will
result during a reverting call; if the back contact that short-
circuits the sluggish relay during selection is imperfect, the
selective operation may be inaccurate.

33. Selector, Slugglish Relay, and Test Relay.—The
selector, sluggish relay, and test relay will rarely need
readjustment after shipment.

34. Stepping Magnet.—When energized by interrupted
current, whose makes and breaks are properly proportioned,
the stepping magnet causes its armature to reciprocate so
that, during selection, the hexagon head of the screw that
supports the driving ratchet can be seen with equal clearness
in its extreme forward and backward positions.

If the reciprocating screw head in the backward position
is clearer than in the forward position, either the breaks in
the interrupter current are too long or the pull of the spring
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recovering the stepping armature is too strong. The breaks
in the current traversing the selecting local circuit may be
too long from two causes: first, the outer spring of the
selecting relay may not be near enough to the middle spring;
second, the substation interrupter springs may be too far
apart. If, on the other hand, the head of the hexagon screw
shows more plainly in the forward than in the backward posi-
tion and displays a tendency to stick in the former position,
either the retractile spring of the stepping armature needs
tightening or the contact springs of the selecting relay or of
the substation interrupter are too near together.

The travel of the stepping armature should be very care-
fully regulated. A point at the center of the screw on which
the stepping pawl turns should move % inch from the back-
ward to the forward position; the movement at this point
should never exceed &% inch.

35. Locking Magnet.—The locking magnet is made
sluggish by a non-inductive shunt bridged permanently across
its windings. The force exerted on the armature by the
recovery springs should be only just enough to draw the
stop-pawl from the wheel when the selector arm has been
stepped forwards to line number 100 and released. If the
breaks in the local selecting circuit are too long, this magnet
will show a tendency to release its armature during selection.
The method of correcting this fault is described in Art. 32.
The retaining armature should have the least possible motion
necessary to raise the stop-pawl from the wheel with a safe
clearance between the two and to allow the stop-pawl to drop
to the bottom of the tooth. The locking magnet on the
selector is made slower acting than the stepping magnet by
changing the length of the armature lever and by using a
lighter spring.

36. Rotary-Movement Springs.—The rotary move-
ment springs S, Fig. 14, should be adjusted so that the
necessary contacts are made with the least possible expen-
diture of force in order that the power required to restore
the arm to its resting position may be reduced to a minimum.
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The springs should be operated when the selector arm has
been advanced three steps.

37. S8piral Shaft Spring.—The spiral spring wrapped
about the shaft should, without an unnecessary amount of
force, restore the selector arm and brushes positively to
normal resting position when the latter are placed in the
space between the first and the second pair of dead line ter-
minals and then released. All parts of the selector, except
the selector brushes, should be freely lubricated with clock
oil, including the point where the stepping pawl and the back
eccentric stop come in contact.

38. Ringing Interrupter.—The No.64-D and No. 64-F
interrupters used for pulsating current should be so adjusted
that with the ringing battery at 85 volts there should be an
electromotive force of not less than 60 volts between the
binding posts marked ‘‘positive pulsating’’ and the ground
side of the ringing battery, as measured with an alternating-
current voltmeter when the interrupter makes 1,250 cycles
per minute. The contact spring struck by the lever in its
movement toward the magnet is placed there for purely
mechanical reasons. It is designed to act as a buffer on
the front stroke and in conjunction with the back spring to
maintain the lever at the proper rate of vibration.

39. Tone Interrupter.—The No. 64-E and No. 64-G
interrupters, which are used to interrupt the busy tone,
should be adjusted to make 200 cycles per minute. The
adjustment of the back contact spring included in the circuit
through the magnet spools has much to do with the rate of
vibration.

40. Busy-Tone Buzzer.—The busy-tone buzzer is
capable of giving a smooth tone of medium pitch when prop-
erly adjusted. Only one set of springs is used, the other
set being a spare, but both sets should be adjusted alike;
that is, the normally closed contact between the outer and
inner springs should break just as the armature strikes the
pole piece. By means of the back stop-screw, the armature
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is brought considerably nearer the pole piece than usual. If
the buzzer starts with a hoarse or double tone, the difficulty
may be corrected by bending the outer spring so as to vary
the length of the break between the inner and outer springs.

41. Transfer Relay.—To avoid a failure of the ringing
apparatus on account of a burn-out or a breakdown of the
regular interrupter magnet /, Fig. 8, a duplicate ringing
apparatus is provided and connected as shown in Fig. 18.
As long as current can flow from the local battery Z B through
the transfer relay and the magnet /, the transfer relay,
known also as the 178 relay, will hold up its armature and
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keep the contact a closed and contacts 4,¢ open. Should
the magnet / burn out or its circuit open in any way, the
178 relay will release its armature, thus opening at a the cir-
cuit that is opened and closed at 4 by the action of the
magnet / and connecting a similar interrupter // whose
circuit it closes at ¢, 6 in its place. Z is an impedance coil
whose resistance limits the strength of the current and
whose inductance tends to reduce the very sharp points in
the curve of the interrupted ringing currents. There is such
a transfer relay in both the tone-test and ringing apparatus.
The 178 relay is sufficiently sluggish not to release its
armatures when the interrupter 7 is working properly and
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interrupting at ¢ the current that passes through the winding
of the 178 relay.

If the 178 transfer relay fails to attract its armature, the
active interrupter / should be short-circuited for a moment.

42. Centralized Operating Battery.—The central-
1zed operating battery should have an electromotive force
of not less than 35 volts nor more than 42 volts with one-
tenth of the working lines in use.

SUBSTATION APPARATUS

43. Subscriber’s Interrupter.—Enough has already
been stated in regard to the subscriber’s interrupter springs
to indicate that proper spacing is essential to correct selec-
tion. As delivered from the factory the space between the
springs is correct for average line conditions. An unusual
amount of line resistance necessitates setting the springs
closer together; an unusual amount of capacity necessitates
setting them farther apart.

The subscriber’s interrupter arm should return from peg
hole No. 100 in not less than 8 seconds nor more than
10 seconds. The substation rotary movement springs should
be restored to normal condition during the last half step of
selection. The two springs included in the talking circuit
should press together as firmly as the movement of the
rotary springs will allow.

44. Ringing Key.—It is equally important that the
ringing key springs, which are normally in contact, should
press together as firmly as the operating movement will
permit.

45. Grounds.—The substation and central-station
grounds should be of low resistance. If water or gas
pipes are not available, the ground rod or plate should
be buried in permanently moist soil, which if not found
near the surface may usually be reached at a greater depth
or in damp cellars.

L.
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TOLL LINE AND CORD CIRCUIT

46. Fig. 19 (a) shows the toll line and cord clrcult
that may be used in connection with 100-line and 20-line
automatic exchanges. In Fig. 19.(4) is shown the 428-A
key that is used for a 20-line exchange with lockout feature;
in Fig. 19 (c) is the 428-A key that is used for a 20-line
exchange without the lockout feature; and in Fig. 19 (d),
the 427-A key that is used for a 100-line exchange with or
without the lockout feature. B R C stands for braided and
rubber-covered wire. The red wire leading from view (a)
is connected to the red wire leading to the key in view
(6), (c), or (d), depending on which key is used; similarly,
the red-green and black wires are, respectively, connected
together.

The combinatign ringing and selecting key used in the
cord circuit at the toll board is a standard keyboard listening
and ringing key; the ringing end being non-locking, that is,
the plunger when thrown to its operating position has to be
held in place by hand. If thrown to the selecting position,
corresponding to the listening position of an ordinary tele-
phone key, it remains in position until manually removed.

The circuits at the toll board are self-explanatory if it is
borne in mind that the keys shown in Fig. 19 (4), (¢), and (d),
together with operator’s telephone set, perform exactly the
same functions as the selecting and ringing mechanism
together with transmitter and receiver at any subscriber’s
station.



61 ‘o1 ’
(v) ®) (@

oddl punszy s
224440 20 do,

L

————
|
e
| 20/5-03Y
a1 e
Ot XA




§31 AUTOMATIC TELEPHONE SYSTEMS 29

OTHER AUTOMATIC SYSTEMS

GYT.OBE AUTOMATIC TELEPHONE SYSTEM

47. The automatic telephone system, invented by
J. J. Brownrigg and J. K. Norstrom, is manufactured by the
Globe Automatic Telephone Com-
pany. In this system, each tele-
phone is provided with a keyboard
as shown in Fig. 20, each key being
mounted in a keyway so that it can be
moved downwards and set opposite
any one of the numerals, 0 to 9 inclu-
sive, which appear along the side of
each keyway. The key at the right-
hand side is used for units, the next
for tens, and the third for hundreds.

If 625 is wanted, the left-hand key is
placed opposite 6, the middle key
opposite 2, and the right-hand key
opposite 5; the receiver is then taken
from the hook and the bells of the F16. 20 .
calling and desired telephones are rung; this completes a
metallic circuit from the party calling to the party called.
When a call is made and the bell fails to ring, it is an indica-
tion that the line is busy and connection with a busy line
cannot be made. When the receiver is hung up, the mecha-
nism is restored, ready for other calls.

Any number of conversations may be carried on simul-
taneously, and a conversation cannot ordinarily be inter-
rupted. Electric currents are employed merely for the
purpose of controlling the movements of the switching
mechanism, and not to make the movements themselves.
The movable contact in the exchange switch is restored to
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its initial position by a common source of power, each
switch being supplied with electric, air, gas, hydraulic, or
other sources of power for operating it. By employing the
external power in this manner, the inventors-claim to avoid
intricate and complex mechanical mechanism and produce
a more simple and inexpensive central-station equipment.
Relays associated with the line circuit control the external
power that operates the switches. The Globe Automatic
Telephone Company has installed a number of systems in
small towns that seem to be giving satisfaction.

48. There are other automatic telephone systems, but at
the present time those previously mentioned are the only ones
that have commercial exchanges in actual operation. In the
Faller automatic system, invented by E. A. Faller (patent
number 686,892), the functions of the operator are performed
by a mechanism, which, in effect, moves the equivalents of
the plugs and cords of an ordinary transfer switchboard.
The switching apparatus uses ‘external power, which is
supplied by an electric or other motor. The method of call-
ing is to move a dial, contained in a small cast-iron box
attached to, or near, the telephone, until the proper numbers
show on the dial; moving a key then permits the call to go
" in and operate the central-office mechanism. As this system
is not, at present, in practical operation in any commercial
system, and as it would probably be modified, more or less,
before it were installed, it is not practical to give here a
description of it.

Other automatic systems recently devised are those made
by the Lorimer Automatic Telephone Company and the
American Automatic Telephone Company. The manufac-
turers of these systems, which were not in practical opera-
tion in any exchange, to our knowledge, in 1906, claim
much for them.



HOUSE TELEPHONES

INTERCOMMUNICATING TELEPHONE
SYSTEMS

1. Two general plans may be followed in installing tele-
phone systems in buildings, factories, and institutions when
communication between any two telephones is desired: One
is to run a separate circuit from every station to a switch-
board placed at the central office; any of the switchboard
systems adapted for small exchanges may be used for this
purpose. The other is to run at least one more wire than
there are stations through all the stations, and to provide a
switch at each station whereby the instrument at that station
may be connected with any other station; this system, which
is known as the intercommunicating system, or house
system, has the distinct advantage, for a compact system,
not exceeding about twenty telephones, over the use of a
central switchboard, that it does not require the service of
an operator to make the connections between the various
stations. Beyond about twenty stations, the amount of line
wire required becomes excessive.

2. Complete Metallic-Circult System.—A complete
metallic-circuit, Intercommunicating, telephone
system is here intended to mean one that has a pair of
wires for each station and, if necessary, one or more wires
that may be used for signaling purposes in common by all
the stations. All these wires run through all the stations.
The object of using two wires, usually twisted to form a pair,
for each station is to eliminate cross-talk. Where cross-talk
Copyrighted by International Textbook Company. Enleved al Stationers' Hall, London
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to a moderate degree is not objectionable, systems using
only one wire for each station, in addition to one or more
common wires, are cheaper to install, simpler, and give good
satisfaction. However, where the wires are run in cables, as
is usually the case in first-class installations, and all cross-talk
must be eliminated, it is almost necessary to use a complete
metallic-circuit system—as here defined—of some kind. In
systems having only one wire for each station, there is liable
to be more or less cross-talk, due either to induction between
line wires running parallel and close together or to the use
of one common wire as a common return by all stations as
a part of their talking circuits.

Cross-talk can be avoided by holding each conversation
over two independent wires and corresponds to what would
be called a complete metallic circuit in a telephone-exchange
system. If the wires are run in cables, each pair must be
twisted together as in ordinary telephone cables used in
complete metallic-exchange systems. If not run in cables
the different pairs of wires should be fairly well separated.
Cross-talk may also be caused by poor insulation, such as
a damp cable.

MAGNETO-BELL SYSTEMS

COMMON-RETURN CIRCUIT

3. A simple intercommunicating system using ordinary
magneto-generators and polarized bells, and the necessary
talking apparatus and switches is shown in Fig. 1. Only
three subscribers’ stations 7, 2, and 3 are shown, but more
can be added. Below each telephone is an intercommuni-
cating switch and an ordinary push button. Both of these
are usually mounted on the backboard of the telephone set.
The lever of the intercommunicating switch is adapted to
slide over and make contacts with any of the buttons, 1, 2,
and 3. In addition to one so-called common-return wire,
there are as many line wires running through each station
as there are stations. Each line bears a number correspond-
ing to the number of the station to which it particularly
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belongs and is permanently connected with the buttons
bearing the same number at each station. On each switch,
the button bearing the same number as the station to which
that switch belongs, is placed at the left-hand end of the
row, and is called the Aome button. Thus, at station 3, the
button marked 3 is placed at the left-hand end of the row of
buttons, instead of occupying its regular place in the sequence

Fi16.1

of numbers. The system of electrical connections is in no
wise affected by this, the button being merely shifted from
the position it would ordinarily occupy to the first position
because it is more convenient to have it there. The common-
return wire runs through all of the stations with the other
line wires.

4. Operation.—The operation of intercommunicating
systems is very simple. All the levers normally rest on the
left-hand or home button. When, however, one “station
desires to call another, the party at the calling station moves
the lever on his telephone to the button bearing the number
of the station he desires to call. This act connects his tcle-
phone to the line belonging to that station. He then presses
the push button and turns his generator handle, and after
the called subscriber has taken down the receiver, the two

converse over the line wire bearing the number of the called
165—9
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station and the common-return wire. As shown in Fig. 1,
the lever at station 2 has been moved to button 1, in order
to call station 1, and by tracing the circuit it will be found
that these two stations are now connected in a metallic circuit
formed by the line wire 7 and the common return.

With intercommunicating systems, it frequently happens
that the user will forget to return the switch to the home
position, which shquld always be done. However, in this
system the wiring is such that the bell at any station can be
rung from any other station, no matter on what button the
switch lever has been left, but before a conversation can be
carried on, the switch at the station called must be returned
to the home contact if not already there. This is usually the
most desirable arrangement and the parties using such sys-
tems soon learn to do this.

5. Suppose that station 2 has called up station 7, whose
switch lever has been carelessly left on button 3. The bells
at stations 2 and 1 will ring; the ringing current flows from
generator G, through A,-S,-1-line 1-bell C-¢—b—common
return-4,—¢,~-bell C,—~G,. It cannot flow through any other cir-
cuit, hence no other bell will ring. But, when the receiver R,
is removed from the hook, while S, rests on 3, no current
can pass from line 1 through any apparatus at station 1,
because the circuit is open at 1, ¢, and A,. As soon, however,
as the switch S, is placed on button 1, the talking current flows
through s,-#,-S,-line 1-S,-R,-s,—~b—common return-4,—s..
The transmitter 7,, transmitter battery A,, and primary wind-
ing p, of the induction coil are connected in a local circuit
when the receiver is off the hook.

If a bell rings and nothing can be heard when the receiver
is taken down, the party answering the call will naturally
look at the switch and, finding it off the home button, will
return it to that button, after which the conversation may be
held. This compels the return of the switch to the home
button each time a station is called, if it is not already there,
and tends to cultivate the habit of returning the switch to its
home position. By this arrangement, the desired bell can
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always be rung, and neither the ringing nor talking currents
are subdivided through idle stations where the switches may
not have been returned to their home positions.

6. If station 2 should want to hold a consultation with
both stations 1 and 3 simultaneously, station 2 would first
call up station 3, request that the switch there be turned to
button 1 and left there; station 2 would then call up station 1
and the three stations would be connected in parallel between
line 1 and the common return. The talking current origina-
ting at one station would then subdivide between the other
two stations. This would reduce the loudness, but usually
not enough to seriously interfere with the conversation. At
the end of the consultation, all switches should be returned
to the home position.

This system requires one more line wire than there are
stations, and a regular series magneto-generator telephone,
intercommunicating switch, and push button at each station.
The generator need not have an automatic shunt device, how-
ever. If it is provided with an automatic cut-in device that
normally leaves the generator on open circuit, the push button
will not be required; one generator lead would be connected
directly to the lever of the intercommunicating switch.

COMPLETE METALLIC-CIRCUIT SYSTEM

7. Toeliminate all trouble from cross-talk and interference
from ringing currents, the wiring shown in Fig. 2 may be
used. Two radial switch arms ¢,d are mechanically con-
nected by an insulating piece to which one handle 4, for
controlling both arms is fastened. Of course any other form
of switch that will accomplish the same result may be used,
for instance, jacks and plugs or double-contact push buttons.
The switch is drawn in this manner in certain figures in this
Section in order that the connections may be clearly shown.

To call a station, turn the switch to the number of the
station desired and hold the double-contact push button 2,
closed while the handle of the magneto-generator G, is
turned. The piece ¢ is insulated from the hook switch so



6 HOUSE TELEPHONES §32

that the ringing currents cannot interfere with other tele-
phones in use should the switch arm be left off its home
position. The bell can be rung no matter in what position
the switch is left, but it must be returned to the home posi-
tion at the station called before a conversation can be carried
on. A series-bell and generator are required with the wiring

. e

shown at station 7 and the usual automatic shunt used in series-
telephones is necessary, as indicated by the dotted line around
the generator G,. However, the generator may be connected
as shown at station 2, that is, across the contacts v, w; in
this arrangement, any suitable generator may be used and
no automatic shunt or cut-in device is necessary; indeed,
one terminal of the generator could then be permanently
connected to . and a single-point push button used to con-
nect the other generator terminal to » when using the
generator. A generator having an automatic cut-in device
could be connected across m, n, no push button being then
required. Either series or bridging bells may be used with
the wiring shown at station 2. As many pairs of wires,
twisted together, are required as there are stations.
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COMMON RINGING-BATTERY SYSTEMS

COMMON-RETURN CIRCUIT

8. The common ringing-battery system is one in
which one battery is used in common by all stations in the
system for signaling purposes only. Fig.3 shows about the
best way to wire the system, using a common-return con-
ductor; with this wiring, the ringing and talking currents
flow only through the stations properly connected, neither
are subdivided through any other stations no matter where
the switches at the other stations may be left. There is the
usual transmitter battery, talking apparatus, and intercom-
municating switch at each station. The means for signaling
consists of an ordinary vibrating, or battery, bell and a push
button at each station and one ringing battery conveniently
located for ringing the bells.

With .S, resting on 2 and X, closed, current from the ring-
ing battery flows through X,—S.—button 2-line 2-button 2 at
station 2-bell C,-hook switch A, and common
return back to the ringing battery. The voice
currents flow through s,—R,—S.-button 2-line
2-button 2 at station 2-S,-R,—s,—H,—~common
return—-/,—s,. The bell at the station making
the call does not ring. It is necessary to
arrange the bells so that only one bell will ring,
because two vibrating bells do not work well
in series, unless the vibrating contact of one is
removed, which would not be applicable to a
system having more than two stations. This
system requires two more line wires than there
? are stations.

9. Microtelephone.—At station 3 is
shown the connections for a so-called hand
microtelephone, which consists of transmit-
ter and watch-case receiver, both a little smaller
and lighter in weight than the ordinary
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transmitter and receiver, and a switch, all mounted, as shown
in Fig. 4, in one handle that can be conveniently held by one
hand with the receiver to the ear and the transmitter mouth-
piece in front of the mouth. The switch in the handle can
easily be held closed by the same hand that holds the micro-
telephone. When the switch /., Fig. 3, is pressed, o parts
from a and o, #, and m are all connected together. Normally o
rests against a. Hence, this switch replaces the ordinary
hook switch. The induction coil p,, s,, the bell or buzzer G,
the push button A, and the intercommunicating switch S,
may all be mounted in a little box and located in a convenient
place, while the microtelephone may be hung where most
convenient, or placed in the pigeonhole of a desk. The
numbers 1, 2, 3, 4 in Fig. 4, and in the upper part of station 3,
Fig. 3, represent the four wires running out of the micro-
telephone handle and are here numbered exactly as on the
tags fastened to the microtelephone, which is now made by
several companies.

COMPLETE METALLIC CIRCUIT

10. A good way to wire common ringing-battery
telephone instruments for a system having two wires for
each station is shown in Fig. 5. The wiring is shown more
clearly at station 1, but the practical arrangement of the
hook-switch contacts is more accurately shown at station 2.
A centrally lochted battery R B is used for ringing ordinary
battery bells V,, },. At station 1, a contact piece ¢ is
fastened to, but insulated from, the hook switch in such a
manner as to close the bell circuit only when the receiver
rests on the hook, for neither lower contact should ever
touch the hook switch to which wire ¢ is attached. At sta-
tion 2, the hook switch forms no part of any circuit and is at
all times insulated from the contact springs. At each station,
there is required a switgh, with two arms controlled by one
handle, and a double-contact push button. A battery-signal-
ing system, as shown in this figure, requires two more line
wires, through which the battery current is supplied to each
station for signaling purposes, than the magneto-signaling
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system shown in Fig. 2. The polarized bell and generator
would cost more than the battery bell, but the former would,
perhaps, give less trouble.

L

Statiorn Station 2
Fi16.56

11. Operation.—To call up a station the switch is
turned until it rests on the buttons corresponding with the
number of the station desired and the push button is then
pressed. The fact that the switch at the station desired may
not rest on the home position does not prevent that station
being called from any other station. However, the switch
at. the station called must rest on, or be returned to, the
home position before any conversation can be carried on.
This is usually a desirable feature, however. During both
conversation and signaling, the currents flow between the
two stations through the pair of wires having the same
number as the station called.” No further detailed descrip-
tion of the operation of this system seems necessary.

12. Plug Switch for House Systems.—Some manu-
facturers, instead of using the rotary switch shown with the
foregoing systems, use a flexible cord and plug in place of
the switch lever, and jacks in which the plug may be
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inserted, instead of the contact buttons. This arrangement
has some advantage over the switch-arm-and-buttons principle,
due to the fact that a well-made plug and jack insures better
contact than that usually obtained by the mere contact of a
switch arm on a button. The rotary switch, however, is
adapted to give good service if properly made, and there
is little choice between them.

SECRET INTERCOMMUNICATING \SYSTEMS

COMMON RINGING-BATTERY SYSTEM

13. Messrs. Parsons and Sloper have designed an ingen-
ious intercommunicating system in which the secrecy of
communication is absolutely assured; a diagrafn of connec-
tions for this system is shown in Fig. 6. In addition to the
usual apparatus, there is a relay A7/, connected as shown at
each station. Normally, the intercommunicating switches
S, S, S,, rest on the open home contact, as shown .at
station 2.

The operation of this system is as follows: Suppose that
station 1 desires to call station 3. The switch .S, is turned
to contact button 3, as shown, and the push button A’ is
pressed. Current then flows from the common ringing
battery R B through n-a-K,-S,-contact 3-line 3-/%,- " -bat-
tery RB. The party at station- 1 then takes down his
receiver and listens, although his transmitter is not yet in
the circuit, as the branch containing the transmitter 7, is
open, because the armature of the relay 7, rests against the
open contact e. The party at station 3 hearing the bell ring,
takes down his receiver, but as yet he can hear nothing,
because his switch S, rests on button 3 and hence the circuit
is open at contact 3 and at e. He then moves the switch arm
S, slowly over the contacts until it touches one that causes
a click in his receiver, a similar click being produced also in
the receiver at the original calling station, in this case at
station 1. This indicates that a complete circuit has been
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established through M/,—d-i—contact button 1 at station 3-S,-
K—B~M.~u~h,~line 3—contact button 3 at station 1-S,-K,—5,.
Thus, B, and B, are connected in series, and current flowing
through the relays A7, and A/, causes them to close the
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transmitter circuits at ¢, and c,, thereby inducing in the sec-
ondary windings s,, s, of the induction coils a current that
produces the click in the receivers R,, .. No third party
can cut in because the hook switch at each station is con-
nected only to the line belonging to that station, and it will
be seen that this line circuit is open at the switch contacts




§32 HOUSE TELEPHONES 13

at all the other stations, and hence no circuit with stations
1 and’ 3 can now be established, even if the switch arm .S,
is turned over contacts 17 and 3. A party at station 2 cannot
even ring the bells at stations 1 and 3, because their bells
are cut out of the circuit while they are conversing. This
cooperation at both stations in establishing the connections,
simplifies the circuits, while all the usual objects seem to be
obtained in addition to secrecy. The bell at any station
where the receiver is on its hook can be rung from any other
station, no matter where the intercommunicating switch arm
may have been left. This system requires two battery wires
in addition to one line wire for each station, and a relay in
each telephone.

The same parties have devised a similar system using
magneto-generators and polarized bells.

COMPLETE METALLIC-CIRCUIT SYSTEM

14. Messrs. Parsons and Sloper have also devised a com-
plete metallic-circuit system in which secrecy of com-
munication is also assured. In this system, which is shown
in Fig. 7, two line wires are required for each station, one
battery at each station being used for both signaling and
talking purposes. In addition to the usual apparatus, there
is a buzzer M,, M, at each station, and each station has one
pair of wires extending throughout all the stations. At each
station either the receiver or bell is connected through the
hook switch across the pair of wires belonging to that sta-
tion, while the transmitter, buzzer, battery, and the push
button are connected in the plug-cord circuit, which may be
connected by means of jacks to any other line circuit.

If station 1 desires to call up station 2, the plug A2, is
inserted in the jack J, that is connected to the pair of wires
constituting line 2 and to which the receiver R, or bell I, at
station 2 is connected. On pressing the push button X,
current flows through B,—K,-M,—{-line wire 2a-k.— 1", line
wire 2 b—s-AB,, thus ringing the bell at station 2. The party
at station 2 then removes the receiver R, from the hook,
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thereby connecting it in series with the transmitter 7, at
station 1, which allows the party at station 1 to announce his
own number. The party at station 1 knows when the
receiver at station 2 has been taken down by the stopping of
his buzzer M,. The party at station 2, on hearing the
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number announced by the calling party, inserts his plug in
the jack J, associated with the line belonging to station 1,
thereby connecting his transmitter 7, and battery 7, in
series with the receiver R, at station 7. Thus the receiver
at each station is in series only with the transmitter and
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battery at the other station. Evidently, no third party can
listen in, for he cannot connect his receiver to the pair of
line wires in use, his receiver being permanently connected
only to his own pair of line wires. The bell at any station
where the receiver is on its hook can be rung from any other
station no matter in what jack the plug at the other station
may have been left. .
The same parties have arranged this system for use with
magneto-generators and polarized bells.

CENTRAL-ENERGY INTERCOMMUNICATING
SYSTEMS

COMMON-RETURN CIRCUIT

15. One Wire for Each Station and Three Common
Wires.—A central-energy intercommunicating sys-
tem is one in which all batteries for both talking and ringing
purposes are located at any one convenient place, the more
nearly central this place is with respect to all the tele-
phones, the more nearly uniform will the various telephones
work. However, the lengths and resistances of line wires
are usually so small compared with the resistances of
the various devices in the system that the location of the
batteries is generally immaterial.

Where it is desirable to have no batteries at the subscri-
ber’s stations, the central-energy system is the one to use.
The objection to many central-energy intercommunicating
systems is the liability to cross-talk when several pairs
of telephones are in use simultaneously. The fact that all
the wires are usually run in one cable tends to increase the
cross-talk if the wires are not run and twisted in pairs. In
the arrangement shown in Fig. 8, two centrally located
batteries are used, one set of cells a 4 supplies the various
transmitters with current when the receivers are removed
from the hook switches, and the cells ¢ are used for ring-
ing the bells. It is usually preferable to use separate
batteries for ringing and talking purposes. However, on a
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small system and where the same number of cells will
answer for both ringing and talking purposes, one wire less
will suffice. In this case, the various transmitters may be
connected to the ringing wire and the transmitter wire and
battery 7B may be omitted. In the latter arrangement,
two, and in the one shown in the figure, three more line

FiG. 8

wires are required than there are stations. The neces-
sary number of cells may be connected between 4 and ¢ in
series with 7B and all the cells between a and ¢ used as
a ringing battery.

16. Cross-talk may be reduced by connecting a 25- to
50-ohm impedance coil 7 in the transmitter circuit at each
station, as shown only at station 3 in this figure. This
makes the transmitter circuits much higher in resistance than
the circuit formed by the battery 783 and the transmitter
wire, therefore the variations in the line voltage are a smaller
percentage of the total voltage. The greater the impedance
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of these coils the less the cross-talk. While these impedance
coils cut down the efficiency of transmission, the prevention
of cross-talk may more than compensate for their use.
Making the common-return and transmitter wires of very
low resistance will also tend to cut down the cross-talk. In
a system of any size or importance, impedance coils should
at least be used to reduce the cross-talk. To entirely elimi-
nate cross-talk requires not only impedance coils, but also a
twisted pair of line wires for each station in addition to the
one or two wires used in common by all stations for signal-
ing purposes. For systems having less than six telephones
or where the line wires do not run along in one cable for
more than about 100 feet, the common-return systems
already shown should be sufficiently free from cross-talk.
A little cross-talk may often be endured considering the
fact that systems not entirely free from it usually cost
less to install.
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17. Apartment-House System.—In Fig. 9 is shown
a similar arrangement that is more suitable for communica-
tion between the vestibule and the various flats in a modern
apartment house because it is unnecessary to return the plug
to its home jack or to remove it from any jack in order for
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the parties to converse. Any station may be rung, regard-
less of the position of its plug. Two more wires are required
than there are stations. At each station there is a tele-
phone having, in addition to the usual telephone appa-
ratus, impedance coils /,, /,, /, to reduce the cross-talk and
plugs A, P,, P, to make connections through one of the
jacks 1, 2, 3, 4 with the desired telephone. This arrangement
may be used to provide communication between the tenants,
between the tenants and callers, and between the tenants
and the janitor in whose quarters a telephone set may be
located. The common battery B may also be placed in the
janitor’s quarters.

An objection to this system is that, if any two stations are
connected, and a third station calls either one of the first
two, the bells at the first two stations will both ring if the
receivers are on their hooks. By using coils /,,/,, /,, of

sufficient impedance, the reduction in cross-talk may be"-

made to more than compensate for the loss in efficiency
due to their presence in the transmitter circuits. In many
cases, no bell would be required in the entrance telephone
and the circuit m-»-1 would be omitted.

18. Simple Plug-Switch System.—In Fig. 10 is
shown a very simple central-energy intercommunicating
system, described in the Telephone Magazine by James
V. Crecelius, who says that he has installed about twenty
such systems and has found them more satisfactory, where
the longest line does not exceed 1,000 feet, than many other
more complicated systems. Provided that the receivers are
hung up whennot in use, no bell except the one desired will
ring, even though the plugs are accidentally left in any jack.

To call station 2 from station 1, insert the plug 2, in jack 2
at station 7, and press the push button A’,. Current then
flows through B—w-I1V,-H,-line 2-jack 2 at station 1-P-K-
¢e-B, thus ringing bell W,. Very little current passes
through the transmitter 7, because the bell IV, has very
much less resistance than 7, which it shunts. If considered
desirable, although it has not been found necessary with
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transmitters of suffi-
cient resistance, the
arrangement shown
only at station 3, in
which the transmitter
circuitisnormally
open and therefore
not in parallel with
the bell, could be
used at all stations.

19. When'the two
parties are convers-
ing, current from the
battery flows through
a-T,-H,~-d-R,-¢-0
and through 7,-H.-
R,~i-0, which are in
parallel and the varia-
tion in the potential
between the points
a, b when speaking
into the transmitter
7, produces fluctua-
ting voice currents in
the circuits A,—c-P,—
jack 2-line 2-H,~R,—:
and H,-d-R,-e, which
unite at ¢ and return
through A to a. Mr.
Crecelius says this
talking circuit is very
effective for distances
to be met with in
intercommunicating
svstems. The re-
ceiver must be con-
nected in the proper
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direction in the circuit and the plugs should always be with-
drawn at the end of a conversation, because otherwise there
is a chance for cross-talk should four or more people be
talking at the same time. The same-sized wire, preferably
No. 18 B. & S., should be used for all line wires to reduce
the cross-talk and to have a balanced talking circuit. For
the battery B, he recommends enough good (low internal
resistance) dry cells to give from 6 to 9 volts.

COMPLETE METALLIC CIRCUIT

20. Two Wires for Each Station and Two Common
Wires.—A more desirable central-energy intercommunica-
ting system than the one just described and one that is suit-
able for a larger system, because it is freer from cross-talk,
is shown in Fig. 11. There is one battery R B for signaling
purposes and another 78 for supplying current to all the
transmitters. From R A, two wires W, X run through all the
stations. There are in addition to X, W as many twisted
pairs of line wires running through all the stations as there
are stations. Each wire of each of the latter pairs is con-
nected through a coil of high impedance to the talking
battery 77B. The two batteries and all the impedance coils"
are located at some one convenient place. A two-arm strap
switch, or its equivalent, is necessary at each station. The
switch shown in the figure consists of two metallic arms ¢,, d,
insulated from each other, but mechanically connected by a
bar and handle so that one handle moves both arms. Ordi-

. nary vibrating bells are used. The transmitter is connected

in series with the primary of an induction coil and the
receiver in series with the secondary and in a permanently
closed local circuit. At station 3, the bell I, is disconnected
from the circuit at the hook switch while conversing; this
prevents the possibility of interference while talking, due to
charging and discharging currents and to leakage through
the bell and the wire. However, it is very doubtful if this
would usually be serious enough to warrant the use of the
extra contacts #, o, ¢ thereby required.
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21. Operation.—To call up station 1 from station 2,
turn the switch so that ¢, and 4, rest on contacts 1,1
and close the push button A,. Current then flows through
R B-K,~d,~1-wire 1 b6—¢-V,—W-R B. When the receivers are
removed from the hooks, the battery 7B supplies both
transmitters with current through the impedance coils /a and
/b, and the fluctuating voice currents flow through 7,—-p,-d,-
1-1 b~1-d,—p,~T.-H,~,—1-1 a-1—,—H,-7,. These fluctuating
currents induce currents in s, and s,, thereby affecting the
receivers R,, R..

The bell at any station can be rung from any other station,
even if the switch has not been returned to its home position,
but the conversation cannot be held until the switch at the
station called is returned to its home position, which is
usually a desirable feature. As in practically all non-secret
intercommunicating systems, there is nothing to prevent a
third station from listening to a conversation of two others,
if the switch at the third station is turned to the proper
contacts. However, the parties conversing can usually tell
that such is being done from a click or a decrease in the
loudness of the tone.

22. The Couch & Seeley Company applies its .push
button and automatic restoring switch to a system of this
kind. The wiring for one station, which is shown at (z2), is
practically the same as shown at station 3. This push-
button switch has the advantage over the form of switch
shown at stations 1, 2, and 3 in that it is easier for one
station to call up and hold a consultation with two or more
other stations, and also the advantage due to the automatic
return of the switches to their home positions when the
receivers are hung up. This automatic switch will be
explained presently.

23. In a similar system made by The Sumpter Tele-
phone Manufacturing Company, the ringing battery consists
of three cells giving about 4} volts, and the talking battery
consists of eight cells giving about 12 volts. The induction
coil and transmitter are so designed that the current through
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the transmitter during conversation is slightly in excess of
.114 ampere, and should never fall below .08 ampere. The
batteries can deteriorate considerably before unsatisfactory
transmission will result; in fact, good transmission is possible
with a current of approximately .005 ampere. The dimen-
sions of the impedance coils connected between each line
wire and the talking battery in the same system are as
follows: The core, made of best Norway iron, is 3} inch in
diameter and 3% inches long; the heads are % inch in diam-
eter and ¥ inch thick; the winding space is 2} inches long;
the coil is wound with No. 32 B. & S. single silk-covered
copper wire to a resistance of 80 ohms; the coil is covered
with an iron shell and iron heads to increase its impedance
and to prevent cross-talk when coils are mounted in close
proximity to one another.

CONNECTION BETWEEN INTERCOMMUNICATING AND
EXCHANGE TELEPHONES

24. It is often very desirable to be able to connect a
telephone belonging to a city exchange with an inter-
communicating system. Whether such connections can be
made, depends on whether the local exchange company will
allow it, and furthermore, intercommunicating telephones
should be so arranged as not to interfere with the proper
operation of the exchange telephone and the switchboard
signals. Intercommunicating systems are being uséd to
some extent, in place of small private branch switchboards,
to afford connections between the various local stations of
the intercommunicating system and the city exchange.

25. Kellogg System.—In Fig. 12 is shown the central-
energy intercommunicating system made by the Kellogg
Switchboard and Supply Company. Itis a complete metallic-
circuit system. The telephone instruments differ from those
used in the regular Kellogg central-energy exchange systems
in having a vibrating bell and push button, for signaling pur-
poses, instead of a polarized bell. The battery bell has two
gongs, which gives it the appearance on the outside of a
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polarized bell. Two sets of dry batteries are required, one
T B for talking and the other R B for ringing the bells. For
five to ten stations with 1,000 feet of cable, the talking
battery should contain three cells and the ringing battery
six cells; with 2,000 feet of cable, the talking battery should
contain four cells and the ringing battery seven cells; for
eleven to twenty stations with 1,000 feet of cable, the talk-
ing battery should contain six cells and the ringing battery
six cells; with 2,000 feet of cable, the talking battery should
contain eight cells and the ringing battery seven cells.

26. Instruments.—Two classes of telephone instru-
ments are made—one called the major and the other the
minor. The major has a receiver and condenser in series,
the two being connected in parallel with an impedance coil,
as shown at station 2. The minor instruments have the
same apparatus, but the condensers and impedance coils are
omitted, the transmitters being connected simply in series
with the receiver, as shown at station 1. The impedance
coil in a major instrument forms a path of low resistance for
the battery-transmitter current, which the condenser excludes
from the receiver, while the fluctuating currents, since they
pass through a condenser more easily than through an impe-
dance coil, readily flow through the receiver-condenser circuit.
The condensers, which have a capacity of 3 microfarad each,
measure 2% inches, including terminals, by 1} inches by # inch.

At station 1 is shown a minor desk-stand set; at station 2,
amajor wall set; and at the answering station, a major desk-
stand set equipped as an answering station. The answering
station is provided with two trunk jacks J¢, instead of one,
as at the regular intercommunicating stations, an extra
plug P for holding the exchange trunk line, and an extra box
in which is mounted the holding coil A and a polarized bell £
and condenser C that are bridged, as an ordinary extension-
bell set, across the exchange trunk line to serve as a signal
from the exchange to the answering station.

27. In Fig. 13 is shown a major wall set mounted in a
case made of mild steel. The steel wall sets may be equipped
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for any number of stations up to eighteen and the wooden
wall sets up to twenty stations. They are made with the
jacks in the front or side of the case, as desired. A suitable
opening is made in the back of the box for all entering con-
ductors. The ends of the instrument conductors are soldered
to the ends of connectors on one side of a hard-rubber termi-
nal block, while all incoming conductors from other stations
are soldered to the corresponding ends of the connectors on
the other side of the block. Thus, an easy method is pro-
vided for locating trouble in the wiring external to the
instrument without unsoldering the wires leading to the

’

Fi1G. 13

apparatus in the instrument itself. The transmitter in the
steel sets is mounted nearly flush with the front of the door,
and its working parts are, therefore, claimed to be dust- and
moisture-proof and well protected.

The thimbles or bodies of all jacks are nickel plated except
the one used as the home jack, which is copper plated.
The jacks may then be numbered consecutively from 1 to as
many stations as are installed, and the copper-plated, or home,
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jack will be number 1 on the first instrument, number 2 on
the second instrument, and so on.

28. Operation.—In the operation of this system, the
subscriber inserts the plug into the jack of the line over
which he wishes to converse and presses the button, which
closes the battery circuit through the bell of the desired
party and causes the same to ring. The parties then remove
their receivers from the hook, which disconnects the bell and
ringing battery from the line and closes the contacts for the
transmitter, receiver, and talking battery, and the parties
may then carry on their conversation. When the parties
have finished talking, they hang up their receivers, leaving
the plug in any number or out of the jacks altogether, and
yet if any other party desires to call, they may do so without
ringing any other bell except the one corresponding to the
line in which the plug is inserted.

In cities and towns where telephone companies are opera-
ting, answering telephone stations are so equipped that any
department may talk with outside parties and may call out-
side parties through any station of the intercommunicating
system. It is the usual custom to maké an answering station
out of a telephone used by some party who is likely to be
in close range of this telephone at all times. One of the
exchange jacks at the answering station is used for talking
purposes and the other for holding the line until the party
wanted has answered.

All incoming calls from the city exchange are answered by
the party at this answering station, who, after receiving the
signal from central, inserts the plug that is associated with
his talking circuit, into one of the trunk jacks J7/. After
learning the department wanted, the answering party inserts
the plug 2 across whose cords is connected the holding coil A/
into the second jack of the trunk line, withdraws the regular
talking plug from the other jack of the trunk line, and
inserts the same into the jack corresponding to the party
with whom the party on the trunk line wishes to talk, and
presses the ringing button, which rings the bell of the called
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party. As soon as the called party answers, he is notified
by the party at the answering station to answer on the
exchange line; the called party takes the plug out of the
intercommunicating jack and inserts the same into the trunk
jack and the answering party withdraws both plugs from
the jacks, restoring this station to its normal condition.
When through talking, the receiver is hung up, which auto-
matically gives the disconnect signal at central. To talk
with an exchange subscriber, the intercommunicating sub-
scriber merely inserts his plug in his trunk jack and takes
down his receiver; this operates the exchange line signal
and the exchange operator connects this line with the
exchange subscriber desired in the usual manner.

29. Stromberg-Carlson System.—In Fig. 14 is shown
the central-energy intercommunicating system made by the
Stromberg-Carlson Telephone Manufacturing Company and
the way in which it may be connected to a telephone instru-
ment belonging to a magneto-exchange system. One may
communicate from any station on the intercommunicating
system with outside parties, but the central exchange cannot
be called, nor can the central-office operator ring the bell of
any telephone belonging only to the intercommunicating
system. It is necessary to place one intercommunicating
telephone, which is termed the answering station, near the
exchange telephone, or an extension bell connected to it, so
that the party who answers the exchange telephone may
signal the intercommunicating station desired, and also
signal the exchange operator when some one at another
intercommunicating station calls up and requests the answer-
ing station to do so.

Each individual line wire is connected through one of the
impedance coils /,, /,, /,, to the negative terminal of the
talking battery 7°B. At each station, there is one push
button for ringing purposes, one plug, and as many jacks as
there are stations in addition to one exchange jack. The left-
hand jack at each station in this figure is the home jack, and
the plug should normally be left in that jack. However, if the
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plug is not in that jack, the bell can still be rung, but nothing
can be heard at the station called until the plug is inserted in
the home jack. The exchange telephone is connected to the
intercommunicating system by means of the repeating coil
ab, cd. The condenser C, connected in the middle of the
winding a b, prevents a constant waste of current from 75
through this winding, and the condenser (’ is necessary to
avoid short-circuiting the ordinary 1,000-ohm polarized bell I’
in the exchange telephone instrument. In the cable made
especially for this system, the two battery and common-
return wires are covered with weather-proof insulation and
the other line wires with two reverse layers of cotton,
heavily paraffined.

30. oOperation.—If station 7 and the exchange instru-
ment, or its extension bell, are the instruments located near
each other and the bell connected to the exchange circuit
rings, the party at station I answers by inserting the plug A,
in the exchange jack and taking down the receiver R,. After
learning what party is desired, the plug A, is then inserted
in the proper jack, and the push button 4, closed. When the
party who answers is informed that an outside party desires
to talk with him, the party at the answering station returns
the plug to jack 1, its normal position and hangs up his
receiver. The party at the intercommunicating station
called inserts his plug in his exchange jack and communi-
cates with the outside party through the repeating coil
ab, cd. By having it understood that a certain signal, say
three rings, signifies that the party called is wanted on the
exchange circuit, the party called can immediately insert his
plug in the exchange jack, take down his receiver, and con-
verse with the outside party.

If some one, at station 2 for instance, desires to communi-
cate with an outside party, the plug AP, is placed in jack 1,
and the push button £, closed, which causes the bell 17, at the
answering station to ring. \When the party at the answering
station replies, he is requested to call up the exchange, which
he does by first hanging up his own receiver, and then turning
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the generator in the exchange instrument, the circuit at £
being automatically closed when the armature revolves. In
the meantime, the party at station 2 withdraws his plug from
jack 1 and inserts it in the exchange jack.

31. Where the exchange telephone is a central-energy
instrument, an extra plug and two-way locking key are pro-
vided at the answering station. To answer on the exchange
circuit, the extra plug is inserted in the exchange jack, the
receiver taken down, and the key thrown forwards, which
connects that station’s talking circuit across the exchange
line. On learning the station desired, this key is thrown
in the opposite direction, thereby connecting across the
exchange line an impedance coil whose resistance is such
that the disconnect signal at the exchange is not operated,
and thus the line is held. The regular plug at the answering
station is then used in the regular manner to call up the local
party desired who is requested to answer on the exchange
line. The party at the answering station then returns the
regular and extra plugs to their normal positions. If, how-
ever, the answering station fails to do this, the hanging up
of his receiver will automatically open the impedance coil
and talking circuits so that the disconnect signal at the
exchange may be given when the receiver at the intercom-
municating station is hung up.

32. Holtzer-Cabot System.—In Fig. 15 is shown one
way in which local-battery telephone instruments of an inter-
communicating system may be connected with the instrument
located at station 3, which is supposed to be connected with
a central-energy city-exchange system. No change what-
ever is made in the wiring of the central-energy instrument,
which is located at station 3, the line wires simply being
connected from the binding posts a, 4, to the pair of wires 3
running through all the stations in the intercommunicating
system. At station 1 is shown the plan of wiring used by
the Holtzer-Cabot Electric Company in connection with its
Ness automatic intercommunicating switch, which will be
presently described. The two levers v, v are insulated from



aoory o

g1 o1g
euwwls 1 UNG
aa
BT . e 122 4 L
L \ , \ N _f ﬁ ﬁ
4 4 ¢ 4 P2 S S S5
[ ( (L ( (¢ ( ( [ C g
55 55 - 5 oy [ 5-
Pgd g(\I°gd
E,...
Ewwors




§32 HOUSE TELEPHONES 33

each other, but mechanically connected together, so that
moving w by its handle moves both levers. Pressing the
lever w by its handle against the strip 4 allows current to
flow from the ringing battery R B through the contact button
and line wire to which = is turned.

33. At station 2 is shown practically the same arrange-
ment, except that an automatic switch is not necessary and
a push button 2 is used in place of the ringing strip 4 in the
Ness automatic switch. If the city-exchange instrument is
operated on the central-energy plan, the resistance of the
secondary s, and the receiver R, must be of approximately
the same resistance as that of the transmitter 7" and primary
coil p in the central-energy system, in order that hanging up
and taking down the receiver at the intercommunicating tele-
phones will properly operate the signals at the central-energy
exchange. The central-energy exchange may be called up
from any instrument on the intercommunicating system, by
turning the intercommunicating switch, in this case to con-
tact 3, and taking the receiver off the hook. It is impossible
and not usually necessary for the exchange to ring the bell
at any of the intercommunicating telephones, and for this
reason one of the intercommunicating instruments must be
placed alongside the exchange instrument. The party who
answers the exchange instrument at station 3 must call up
the proper intercommunicating station, by means of the
intercommunicating instrument alongside it, and inform the
party who answers to turn his switch so as to connect his
instrument with the trunk line running to the city exchange,
then hang up the receiver R of the exchange telephone,
and also the receiver belonging to the intercommunica-
ting instrument at the answering station.

AUTOMATIC SWITCH SYSTEMS

34. With some of the older intercommunicating systems,
it was absolutely necessary for the calling party to return
the intercommunicating switch to the home position when a
conversation was finished in order to avoid leaving the
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station cut out, and considerable trouble was caused by people,
not accustomed to its operation, constantly forgetting to
return the switch to its home position. This led to the
development of the automatic-return switches and systems.
An automatic intercommunicating switch restores all
connections to their normal positions when the receiver is
hung on the hook. With the ordinary intercommunicating
systems as now wired, it is not usually necessary to return
the intercommunicating switch to its home position in order
not to leave the station cut out when the receiver is hung
up, although it is desirable and often necessary before
another station can converse with a station whose switch is
not in the home position.

HOLTZER-CABOT AUTOMATIC SYSTEM

385. Fig. 16 shows a very reliable automatic switch
manufactured by the Holtzer-Cabot Electric Company that
will automatically restore the switch lever L to the home
button when the receiver is hung up. The lever L is
adapted to slide over the various buttons 1, 2. 3 and make

-

F16. 16

contact always with the one over which it lies. The curved
contact piece /2 is so arranged that the lever will not nor-
mally touch it, but, by pressure on the handle of the latter,
the two may be brought into electrical contact. /A is the
usual hook switch. The lever L is mounted on a shaft A
passed through the front board of the box, which shaft carries
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a ratchet wheel £ of hardened steel. A coiled spring around
the shaft tends to rotate it, so as to bring the lever always to
the home position. F is a sliding pawl normally held in its
lower position by a coiled spring surrounding it. This pawl
is therefore adapted to retain the lever in any position to
which it has been moved, by engagement with any one of
the teeth on the ratchet wheel. G is a dog of hardened steel,
pivoted at g on the short arm of the hook lever. This dog
is pressed into engagement with a notch 7 by the spring 7,
one end of which is secured to the frame of the mechanism.
When the lever Z is moved into contact with any one of the
buttons on the front of the box, the ratchet £ is turned with
it and is held from turning back by the pawl /. If the
receiver is removed from the hook, the dog G passes
downwards and into the notch of the pawl, it being allowed
to slide over the surface of the pawl by virtue of its flexible
connection at the pivot ¢ with the hook lever /. When the
user has finished his conversation, he hangs up his receiver,
and the upward movement of the short end of the hook
lever causes the dog G to raise the pawl F out of engage-
ment with the ratchet wheel. At the extreme upper limit of
the short arm of the hook, the dog G is withdrawn from the
notch, so as to allow the pawl F to again come in contact
with the ratchet wheel, in order to be in position to engage
it when the lever arm L is next moved.

In order that the ratchet wheel and the lever may be given
sufficient time to move back to the normal position, a small
auxiliary dog J is provided, which passes under a pin p on
the pawl when the latter is raised, and holds the pawl in its
raised position until the lever arm reaches the home button,
when a pin on the lower surface of the ratchet moves the
dog J out of engagement with the pin p and allows the
latter to drop into the home notch of the ratchet wheel.

36. Common Ringing - Battery System.— Fig. 17
shows the application of the Holtzer-Cabot automatic switch
to a system having a common ringing-battery C 2, local trans-
mitter batteries, a common call wire, and a common talking

166—11
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wire. Passing through all stations, there are two common
wires in addition to one wire for each station in the system.
The connections of the telephone instruments are shown
complete only at stations I and 4. In each of these, # is

C.B.

1y

Call Wire,
F16. 17

the transmitter; 7, the local battery; 2 and S, respectively,
the primary and secondary windings of the induction aoil;
C, the vibrating call bell, and R, the receiver.

37. Operation.—In the position shown, station 4 is
supposed to be calling station 1, and for that purpose the
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lever L is moved into contact with button 1, all the levers at
the other stations being in engagement with their respective
home buttons. When the handle of lever L at station 4 is
depressed against the curved strip 0, the bell at station 1 is
rung. The circuit through the call bell at station 1 may be
traced from the positive pole of the battery CAB through
the wire 4 to the curved contact D at station 4; thence by
means of the lever L to button 1 at station 4, with which
that lever is in contact; thence by wire 1 to the lever L of
the switch at station 1; thence by the button 1 and through
the lower contacts of the switch hook to one terminal of the
bell C. The return circuit is made by means of the common
talking wire to the negative pole of -the call battery. When
both parties remove their receivers from the switch hooks,
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the primary circuits are closed in the ordinary manher. The
secondary or talking circuit may be traced from the secondary
winding S at station 4 through the receiver R to the com-
mon talking wire, thence through the receiver R and sec-
ondary .S at station 1 to the hook lever A, and thence by
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wire 1 to station 4 and through button 1, switch lever Z,
switch hook A, and back to the secondary coil at station 4.

38. Automatic Central-Energy System.—Fig. 18
shows the application of the Holtzer-Cabot automatic switch
to a central-energy intercommunicating system. There is
one battery 7 B for supplying all transmitters with current
and three common conductors in addition to one for each
station in the system. Both batteries 78 and B are used
in series for ringing the bells.

To call station 2, turn the switch to button 2 and press the
lever S, into contact with strip 4, current will then flow
through A-common conductor z-strip d-lever S,-button 2-
a-line 2—c—e—V,~u—i~7T B and ring the bell I/,, When the
receivers are taken down, current flows through 7" B-o-m-
n-p,—T,—g—7-T B and through a similar circuit at station 2.
Voice currents flow through s,-A,—~¢g—common conductor
x-u—R,—s~v-S,-button 2—-line 2-a-button 2-S,~r-s,.

COUCH & SEELEY AUTOMATIC SYSTEM

39. The automatic switch made by the Couch & Seeley
Company may be applied to almost any intercommunicating
- system. The wiring of the telephone may vary slightly
from those previously given in order to suit their special
form of push-button switch. With this switch, the outside
appearance of which is shown in connection with a wall tele-
phone, Fig. 19, it is only necessaty to push in a button
corresponding to the number of the station with which con-
nection is desired. The mechanism is also so arranged that
each push is released and restored to its normal position
when any other button is pushed in, although any number of
stations may be connected together by simultaneously push-
ing in the necessary buttons. When the switch forms part
of a wall set, it is usually arranged so that the act of hanging
the receiver on the hook automatically releases any or all
buttons, thereby restoring all connections to their normal
positions.
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40. The mechanism of
this automatic switch is
shown in Fig. 20. When
any button / is pressed in,
the shoulder a first lifts the
piece 4 that is pivoted ate,
then 6 falls in front of the
shoulder a and holds the
button in, so that the hard-
rubber piece 4, which is
fastened to /, presses the
spring m against o and 2
against p. When the re-
ceiver is removed and the
hook lever % rises, a long
flat spring s, that can be
shown only in section in _
this figure, causes the
piece j to follow it, and the
pin 7 that is fastened to f£,
after being lifted a short
distance, slides down past
the point » into the posi-
tion here shown, the piece
f having sufficient weight
for this purpose. The
piece f is pivoted at 4 in
one end of a lever. When
the receiver is hung up and
the hook lever 2 moves
down, it pushes down j,
causing the inclined sur-
face vr to push back the
pin 7 and the end £ of the
lever £g, thereby causing
the other end ¢ of the same
lever to lift the system &’ £ 6
so that ¢ is raised above
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the shoulder a and the spring ¢ returns the button / to its
normal position. The springs and buttons are arranged in
rows of five each, there being one long bar 4 or # for each
row, the pieces in each row being mechanically joined
together by vertical bars / at each end, so that the lifting of
one bar &’ lifts all similar bars. In any one switch, all the
springs o are connected together; and the springs p are also
connected together. _

By making & of metal and omitting the contact springs o, §,
the switch may be applied to a system using one instead of
a pair of wires for each station. In this case, all the lower
springs will be connected together and will correspond to the
lever of a strap switch while the separately insulated upper
springs will correspond to the button contacts. The lowest
button r, Fig. 19, is pressed in to ring the telephone selected
and springs out again when released by the finger. It is not

. controlled by the automatic device.

41. Automatic Common-Battery Metallic-Circuit
S8ystem.—The Couch & Seeley Company applies its push-

=) ) —=

)| RElES )

|
1
. ‘ . — ! -~ — Gy
— ’ . ! - r— l ‘—W
* —~ 3 . * -
¢ rlm # 19) l‘ 19
[ [
=RB
T
Pair?
Pair?
2rird
Station/ Station2 Stations

Fi1G. 21

button and automatic restoring switch to various systems,
including the one illustrated in Fig. 21. In this figure,
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m and n represent two metal pieces used in the place of
the levers shown in Fig. 11. By pressing the push button
1, 2, or 3, Fig. 21, the corresponding contact springs on
each side are firmly held against the pieces m and ». The
springs corresponding to the home station (opposite push but-
ton 7 at station 7, and opposite push button 2 at station 2, etc.)
are blank because they are not required. The push button »
at the bottom of each switch is used for ringing purposes,
and, unlike the other push buttons, returns to its normal posi-
tion as soon as released. The other push buttons only
return to their normal positions when the receiver is placed
on the hook or another push button is pressed. To call up
station 2, for instance, the push button 2 at station 1 is
pressed and will remain in. Then the ringing push button »
is pressed long enough to ring the bell at the desired sta-
tion, after which the receiver is removed from the hook.
The conversation will be held over the wires designated as
pair 2. When the conversation is over and the receiver is
hung up, the automatic restoring device will allow button 2,
which was pressed in, to spring into its normal position.
If desirable, two or more buttons may be simultaneously
pressed, so that several parties may be called at the same
time 3and a consultation held, which is often a very con-
venient feature in large factories and other establishments.
Hanging up the receiver will readily restore any number of
buttons to their normal positions. Any number of tele-
phones in pairs may be in use at a time without disturbing
one another either while talking or ringing.

42, This system requires one ringing battery 2 B and
one pair of battery wires, in addition to one pair of wires
for each station. Only three stations are shown in this
figure; nevertheless any number of stations up to ten or
twenty may be used. The connections at station 2 are
suitable for a hand microtelephone set, the handle, contain-
ing the receiver and transmitter, being hung up on the hook
switch when not in use, and therefore requiring no switch in
the handle itself. This push-button automatic switch has
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the advantage over the ordinary lever form of switch, in
that it is easier for one station to call up and hold consulta-
tion with one or more other stations, and also the advantage
due to the automatic return of the switches to their normal
positions when the receivers are hung up. The same form
of switch and automatic restoring device is applied also
to the method of wiring shown in Fig. 11. At station 3,
Fig. 21, is shown an arrangement preferable in one respect;
namely, no current can flow from R 3 through the receiver
when the ringing push button » is closed, because this cir-
cuit is open at an extra contact spring on the hook switch
when the receiver rests on the hook.

DE VEAU AUTOMATIC SYSTEMS

43. Automatic Common Battery-Ringing System.
Fig. 22 shows the application of the De Veau automatic
switch to an intercommunication system having one common
battery R B for signaling purposes and one wire per station
in addition to two common wires running through each sta-
tion. At station 7 is shown the automatic switch mechanism
and the wiring of a wall set; the general appearance of the
same set with the back open is shown at station 2. Since
the principle of the automatic switch is practically the same
for all sets, it is not shown in detail at stations 3 and 4,
which represent desk sets. Inside the telephone box are
two insulated plates (see station 1) s, called the sliding plate
(same as s, at station 2) and in front of s, in this view,
the fixed plate », (same as », at station 2), which is called
the ringing plate. Behind these plates, in this view, are
push buttons, the handles of which project through the front
of the case.

44. The push-button part of the mechanism is snown
separately and enlarged in Fig. 23, in which the sliding
plate s is drawn upwards by a spring 7,, which is shown
only in Fig. 22. When a, Fig. 23, is pressed, the shoulder 4
draws the sliding plate s to such a position that & can pass
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through the hole in it. If pressed in as far as it will go,
the phosphor-bronze spring 2 will touch the ringing plate 7.
When released, the flat shoulder of 4 will be pressed upwards
by spring 2, against the rear surface of s, and thus keep the
spring 2 in contact with the plate s through 4. This is what
happens when any button is pressed, whether the receiver is
on or off the hook.

When the receiver is placed on the hook, m presses the
sliding plate s, down and the pin ¢ causes the piece m to
move to the right until the end # is released by the shoulder
on m; then the sliding plate s, is drawn up by the spring f..
As the sliding plate moves
down and all the holes in it
come just opposite the
shoulders on all the push-
button rods, all the push
buttons that may have been
pressed in are pushed out
by their springs 2,5,
Fig. 23, to their normal
positions as the hook
switch moves down. At g, Fig. 22, is shown a convenient
arrangement for adjusting the tension of the spring £. No
induction coils are used and, when talking, the two transmit-
ters, two receivers, and one talking battery are connected in
series between the common return and one of the other wires.
Good results can readily be obtained by this arrangement for
ordinary intercommunicating systems where the lines are not
unusually long.

F16.23

45. Operation.—To call station 3 from station 1, press
in push button 3 as far as it will go. Current then flows
from the positive terminal of the ringing battery through
y-r,~3-line 3—z—k-b-a-1" B~/ to the negative terminal of the
ringing battery. But very little of the ringing current will
flow from 4 through 7,-R.,~/, because the path through A-4-
a-1" B, has much less resistance. The bell has a resistance
of only about 3 ohms, while the receiver has a resistance of
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about 10 ohms, and the transmitter anywhere from 25 to
85 ohms. The spring 3, when released, returns part way
and rests against the sliding plate s,, When both receivers
R, and R, are removed from their hooks, current flows from
+ 7B, through s,-3-line 3-z—4A-7,-R,—/-common return—g—
R-7T\-H,—j to — T B,, thus enabling the two parties to hold
a conversation. One station can call up and hold a consul-
tation with several stations by simultaneously pressing in
the buttons corresponding to the stations wanted. The sev-
eral stations called will be in parallel with each other, and in
series with the station that called them. The talking effi-
ciency will be diminished somewhat, but not enough to
prevent a consultation between three or four parties.

The current from the talking battery flows in one direction
through the receiver, when a station originates a call, and in
the opposite direction when the station answers a call. Hence
the current tends to demagnetize and weaken the receiver
when it flows in onedirection. Itis doubtful if the strengthen-
ing effect when the current flows in the opposite direction
fully eliminates this objection.

46. Secret Button System.—The DeVeau system may
also be wired as shown in Fig. 24. The lower right-hand
button =z on each switch is called the secret button and con-
trols the key, or switch A,, which is drawn larger and a little
out of its real position in order to show it better. By means
of this button, a secret conversation can be held between any
two stations and no one on the system can break in or hear
what the two persons are talking about. This is a very
valuable feature in banks and other institutions. Although
the switch shown at each station has a capacity for six
stations, it is only necessary to show here the wiring for two
stations. The wiring is very much the same as in Fig. 22,
The normal positions of the automatic and secret button
switches are shown at station 1.

To ring up station 1 from station 2, press button 1 as far
as it will go, thereby ringing the bell I”B,. A conversation
can be held as soon as both receivers are removed from their
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hooks. If it is desired to hold a secret conversation, sta-
tion 2 requests 1 to simultaneously press in buttons 2 and X,
and station 2 also presses in simultaneously the two buttons 1
and X,. This position of the two switches is indicated at
station 2. Current then flows from 7" 25, through ;-7,-R,—x,
-z-line 2-spring 2 at station 1, which is now supposed to be
pressed in-sliding plate s-7 B,~i~-7,—R,—x,~0 (x, and o are
now supposed to be in contact while w and 7 are now sup-
posed to be separated)-line 1I-spring 1 at station 2-sliding
plate s, to 7B,. The two batteries are now in series in the
talking circuit, whereas only one battery is used when the
secret buttons are not pressed in. Moreover, lines 1 and 2
are now used and the common return is open at both stations,
hence no third party can ring either bell, cut in, or overhear
the conversation.

If any two stations are holding a secret conversation, any
third station can short circuit them, if the third station knows
what two stations are talking, and wants to do so. For
instance, if stations 2 and 3 (the latter is not shown) were
holding a secret conversation, station 7, by pressing buttons 2
and 3, would short-circuit lines 2 and 3 and thus interfere
with the conversation, but a party at station 7 could not even
then hear the conversation, for his own line 1 and also the
common return would be open at both the other stations.
This cannot very well be called a serious objection.

SPEAKING-TUBE TELEPHONE SYSTEMS

47. Telephones connected on this plan usually have a
common talking circuit; therefore, only one conversation can
take place at a time, whereas in the intercommunicating sys-
tem as many conversations can take place at the same time
as there are pairs of instruments. A speaking-tube tele-
phone system may also mean one that provides for com-
munication between an office and any outlying station, but
not between any two outlying stations. It is not very suit-
able for a system having a large number of stations, but it is
often a useful method where it is not desirable to go to the
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expense of the regular intercommunicating plan. Some-
times, the instruments of the speaking-tube system are rung
up separately; at other times, the plan is such that all the
telephones are rung up at the same time and a code of sig-
nals is employed so that the different stations can tell when
they are called. Where a number of detached buildings
some distance apart are to be connected together, a system
with magneto-telephones connected in multiple is some-
times employed.

The principal plans of connecting up speaking-tube systems
are as follows: (a) Magneto-telephones in multiple or
“bridged”’; (4) battery-call telephones in multiple having
local talking and ringing batteries; (c) battery-call tele-
phones in multiple, centralized talking and ringing batteries
with or without induction coils; (d) battery-call telephones
with common talking wire and selective signaling circuits.
The first three systems have either been explained or are so
simple as to require no explanations or diagrams.

COMMON-TALKING AND SELECTIVE-SIGNALING-CIRCUIT
SYSTEMS

48. Three-Common-Wire System.—Fig. 25 is a very
simple example of the fourth class of speaking-tube telephone
systems mentioned in Art. 47. At each station, there is one
push button associated with a line wire running to each of
the other stations. The only other apparatus necessary at
each station is an ordinary battery-bell, receiver, transmitter,
and hook switch. The battery B furnishes current for the
transmitters and also for the bells, the line wires 1, 2,3
being used only for signaling purposes. By pressing push
button /2, at station 1, current flows through 2, and rings the
bell V,. When the receivers are removed from their hooks,
the two parties can converse, each transmitter being supplied
with current from the battery 7 through the line wires y, 2.

An arrangement of this character is intended, as its name
implies, for a small system in which only inexpensive and
simple apparatus is desired at each station. The wire x is not
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necessary, but it should improve the transmission because it
puts two receivers in parallel with each other but in series
with whichever transmitter is being spoken to, so that more
fluctuating currents should pass through the listening party’s
receiver than would be the case without this wire. The
current in the listening party’s receiver, if wire x is not used,
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would be due merely to cross-talk as it were, caused by the
internal resistance of the common battery # to which both
talking circuits are connected in parallel.

TELEPHONES FOR APARTMENT HOUSES

49. In the vestibules of modern apartment houses, or
flats, there is usually a row of push buttons that ring bells
in the different apartments and a row of speaking tubes for
communicating with the tenants. Telephone systems may
be used to advantage in place of the speaking tubes. The
telephone systems for such cases should be very simple and
all batteries should be located preferably in the janitor’s
quarters. Callers should be able to communicate with any
tenant and any tenant with the janitor. In addition, it is
sometimes desirable to arrange for communication between
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the tenants. It should only be necessary for a caller to
press one push button associated with the telephone of the
desired tenant and to take down the receiver. No system
requiring the manipulation of a switch of any kind by the
caller, who may not be familiar with such a system, is
admissible. ’

50. Push-Button Bell S8ystem.—Fig. 26 shows a sys-
tem suitable for apartment houses and it can be installed
- where push-button bell circuits have been used. The original
bell circuits include the push buttons A, P, P,, P. at the
entrance, the bells V,, V,, V,, V. in the various apartments,

ke B Ve
L0
.| 8

?h 8".

7} Py lPa 11’4
C
il —————1——
B

-

1]

F
........ Ne k
Entronce
Teseplrone

Jaorwtor's le/éphone

Fi1G. 26
the common-return wire C, and battery. It will usually be
necessary in order to place a telephone in each apartment to
run a third wire D or to use a ground return in its place.
In each apartment, there is a simple telephone with a trans-
mitter and receiver in series, a push button and a battery
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bell. One terminal of the entrance telephone is connected
to an intermediate point in the battery in order that it may
be used to talk with either the janitor or tenants. In
most cases, the entrance telephone would be nearer the
janitor’s telephone than any tenant’s telephone, hence a
fewer number of cells would be required in A, than in B,
while the entire battery would be required for conversations
between the janitor and tenants.

This arrangement requires one wire from the front door
to each flat for the push buttons and bells, a common con-

T, ' %
§ [-
office
| — T a | =K,
P,
Y P,
E
/. . J
S b S 3D I RS 1 N
) TBw» 1 MDD 1)
o] Comman Return § ™ 1
¢ Swarion / m

DA 1
RB Staton &
B
. T _||I|+ I'

Fi1e. 27

ductor £ from the battery to one side of all front-door
pushes and to the janitor’s telephone, a common conductor
D from the hook switch of the janitor’s telephone to the -
transmitter terminal of all the other telephones, a common
conductor C from the battery to each telephone and bell in
the various flats, and a wire / from the battery to the
entrance telephone. The push buttons £, £,, 4., etc., when

pressed, ring the janitor’s bell V.
165—12
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51. Couch & Seeley Speaking-Tube System.
Fig. 27 shows a better central-energy speaking-tube system
made by the Couch & Seeley Company. It is suitable for a
house, flat, or building requiring only three or four telephones
and where communication between a central office and the
substations only is required. No provision is made for
calling one substation from another substation, but each sub-
station can call up the central office and the central office
can call up any substation. Only push buttons are required
as switches, one push button at each substation and as many
push buttons at the central office as there are substations.

The battery 7 B supplies all the current for the trans-
mitters; and the battery R A all the current for ringing
purposes. Impedance coils 7, /7 are connected between the
battery 7 B and the two wires over which flows the current
for all the transmitters. .

52. Operation.—To call up the central office from
station 1, for example, it is only necessary to press the push
button X,. When the receivers R, and R are removed from
the hooks, current flows through 7" B-/'-e-n, where it sub-
divides, part flowing through /#-7-R-m-i and part through
o-7T,-R,—~-i, where the currents reunite and flow through
/to TB. The rapidly fluctuating voice currents flow through
T.-R,—~c-m-R-T-h-n—-0-7,. When the central office wishes
to call a substation, say station 1, the push p, is pressed.

There are three wires running through all stations, and
also one wire from the central office to each substation.
If the parties at the central office and one substdtion are
talking, a party at the other substation can take down the
receiver and hear all that is being said. However, this
system is merely intended as a simple substitute for a
~ speaking tube, and is not supposed to meet all the require-
ments of a complete intercommunicating system.

53. Holtzer-Cabot Apartment-House System.
Fig. 28 shows what the Holtzer-Cabot Electric Company
terms its vestibule system for apartment houses. In the
vestibule is placed a telephone, equipped with the Ness
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automatic switch, for calling and talking to any tenant. In
the janitor’s apartment is an annunciator provided with one
signal and immediately below it a jack for each suite or apart-
ment, one bell V' through which all annunciator circuits return
to the battery B, one plug P for answering ordinary calls by
inserting it in the jack under the displayed signal, a pair of
plugs 2,, P, for connecting together any two apartment tele-
phones by inserting them in the proper jacks, and a push

F16. 28

button K for ringing, through plug 2 and the proper jack,
the bell in any apartment. Each suite is provided with a
telephone, bell, and push button; by means of the latter
the annunciator and bell in the janitor’s apartment may be
operated.

To call any suite from the vestibule, the switch .S is turned
to the desired number and pressed to make contact with
strip &, which will cause the desired bell to be rung with cur-
rent from B. When the two receivers are taken down, the
talking battery 7 B is connected in series with the two trans-
mitters and two receivers. Hanging up the receiver in the
vestibule restores the switch to its normal home position.
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HOTEL TELEPHONE SYSTEMS

54. In a hotel, any small switchboard system can be
used, but it is customary to install only those systems that
require no batteries in the telephone instruments or in the
guests’ rooms; moreover, for the sake of economy, the sub-
station instruments should be simple and require little or no
expert attention. For these reasons, simple central-energy
systems are generally employed. In most cases, communi-
cation between the substations and the office only is required,
but sometimes a system is desired that will allow communi-
cation between the substations by means of plugs and jacks
at the central-office switchboard, as in the simplest form of
exchange systems. In large city hotels, it is becoming quite
customary to install a private-branch switchboard with lines
running to a telephone in each guest’s room. The telephone
in any room may then be connected to any other telephone
in the hotel or in the entire city exchange system.

Very often a telephone system is to replace, or to be added
to, an annunciator system, the wiring for which is already
installed. In such cases the same wires between the various
rooms and offices can and must generally be used for the
telephone system. Most annunciator systems have one or
two wires that run through all stations, and one or two wires
that run between the office and each substation.

ANNUNCIATOR TELEPHONE SYSTEMS

55. Automatic Switch System.—Fig. 29 shows a
Couch & Seeley system suitable for a small hotel. The
office is equipped with a telephone, an annunciator, and a
Couch & Seeley automatic switch, a talking battery 75,
two impedance coils 7, 7, and a ringing battery R 8. From
the office annunciator, one wire runs to each station and two
wires, the common-return and ringing-battery wires, run
through all stations.

To call station 2 from the office, press in button 2 (which
will remain in until the office receiver R is taken down and
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hung up) and also press the ringing push button p; the
bell V, will ring until p is released by the finger. When
both receivers have been taken down, the transmitter circuits
of the two telephones are in parallel, both being supplied
with current from the battery 7 B through the impedance
coiis 7, j. :

To call the office from station 1, press the push button £,,

F16. 29

which will operate the annunciator 7 and bell I” in the office.
The office attendant pushes in the corresponding button 1 on
the automatic switch, restores the annunciator, takes down
his receiver, and attends to the call.

HOTEL SWITCHBOARD SYSTEMS

56. Communication Between Office and Substa-
tions Only.—In Fig. 30 is shown a simple hotel switchboard
system that admits of communication between the office and
any substation and vice versa, but does not admit of cross-
connecting between any two substations. The connections
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are practically the same as in a system made by Couch &
Seeley Company. All batteries are centrally located. D,
and D, represent the annunciator electromagnets of an ordi-
nary hotel annunciator, and J, and J,, the spring jacks of a
simple plug switchboard. One ringing-battery wire runs
from the office through all stations and a pair of wires from
the office to each substation. The talking battery 7 B is
connected through two impedance coils 7, //, to the cords of
the plug and supplies all the current for talking purposes.
The substation instrument can be simplified and cheapened
by connecting the receiver-and transmitter directly in series,
omitting the induction coil. The spring jacks and plug may
be replaced by a simple, or automatic, two-wire intercom-
municating switch. ’

57. Operation.—Any substation calls the central office
by merely pressing a push button, and it makes no difference
whether the substation receiver is on or off the hook. For
instance, the pressing of 2, operates the annunciator D,, the
annunciator battery A4 B supplying the current; the office
attendant inserts the plug in the correspondingly numbered
spring jack J, and takes the office receiver R off its hook.
Conversation can then be carried on between the central
office and substation 2.

To call up any substation, as 2, the office attendant inserts
the plug in jack 2 and closes the ringing key KA, thereby
ringing the bell C,. When both receivers R,, R are removed
from their hooks, the two parties can converse. KRB and 4 B
may be the same battery and, if desired, a bell or buzzer
may be included in the circuit at «, so that it will ring when-
ever any drop is operated.

1

58. Communication Between Any Two Stations.
The simple system shown in Fig. 31 allows communication
not only between the office and any substation, but also
between any substations through the office plug board; this
is a system designed by Couch & Seeley Company for ordi-
nary hotels. It requires one wire from the office to each
substation and two wires common to all stations. All
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batteries are located in or near the central office, where an
ordinary annunciator, plug board, connecting cords, and plugs
are also provided. This is not intended for use where more
than two substations would need to be connected together
at any one time, although there could be two or more listen-
ing jacks and two or more pair of connecting plugs. Only
three impedance coils 7, //, /”, one talking battery 7 B, one
bell battery R B, one annunciator battery 4 B, one office bell
or buzzer C, one listening jack, one operator’s plug, and one
pair of connecting plugs would be required, no matter how
many stations there may be on a small system, for which
this arrangement is only intended.

59. oOperation.—The removal of a receiver at a sub-
station is all that is necessary to call up the office. For
instance, if R, is removed from the hook, current flows
from +A4 A8 through (-D,-J,-line 2-7,-R,~common-return
wire to —A B; thus operating the annunciator /2, in that
line and ringing the bell C. The office attendant inserts the
operator’s plug in the correspondingly numbered jack /..
The plug, when inserted, connects with the line spring only and
opens the circuit running to the annunciator electromagnet.
A conversation can then be held between substation 2 and
the office. In this case, the two telephone sets are directly
in series, the battery 78 and impedance coils 7/, /’ being
bridged accross the wires connecting them. If substation 2
desires to talk to substation 1, the operator’s plug is with-
drawn from jack J,, inserted in jack J,, and the ringing
key K closed, thereby causing current from the ringing
battery R B to flow through and ring the bell C,. As soon
as substation 1 replies, the operator’s plug is removed, and
the connecting plugs inserted in jacks J, and J,, then the parties
can converse. While substations 7 and 2 are conversing,
current from + 7 A flows through the impedance coil /" and
listening jack to the point a, where it subdivides, flowing
through line wires 7 and 2 and substations 7 and 2 to the
common-return wire, where the currents reunite and flow
back through /7 to —7 B. For the voice currents, the two
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substations are in series through the wire connecting the
two plugs, and also a portion of the common-return wire
between the two substations.

The office attendant must insert the operator’s plug in
the listening jack to determine, by listening, when the con-
versation is completed. When listening, the coil // is substi-
tuted for /” and the operator’s set is practically in parallel
with the two substations. When the conversation is com-
pleted, all plugs are withdrawn and the annunciators restored
to their normal position.

60. Return-Call Annunciator-Telephone System.
In Fig. 32 is shown a Holtzer-Cabot telephone system, suit-
able for a hotel. Since exactly the same line wires are used
as in the Holtzer-Cabot return-call annunciator system, it is
a simple matter to convert their return-call annunciator sys-
tem into this telephone system. If the push button X, is
pressed, current flows through 7 A-K,—-push button A,-
bell V,-H,—~-7 B and rings the bell IV, at station 1. When
the plug P is inserted in the jack J, and the receivers R, R,
are removed from their hooks, the office and station 1 may
commence talking with each other, the talking battery 78
supplying current for both transmitters. No induction coils
are used in this arrangement, the transmitters and receivers
being connected directly in series with the line circuits.

61. To call up the office, for instance from station 2,
push button 2, is pressed, and current flows from the annun-
ciator battery A4 B through A,-line 2-/,-K,-annunciator
drop A, and bell I, thereby causing the shutter of annunci-
ator A, to fall and the bell IV to ring. The central-office
attendant responds by inserting the plug P in jack J, and
restores the annunciator 4,. If the party at station 2 desires
to communicate with station 7 for instance, the operator
will remove the plug 2 from jack J/, and insert the plugs M, NV
in the jacks J,, /.. In this case, the battery B supplies cur-
rent for talking. The two circuits now connected together
may be traced from 7 through the ring-off drop O-plug A7/-
jack J,-line I-transmitter 7,-receiver R,~hook H,—c-d-H.-
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R.~T.-line 2-jack J,-plug
n-battery B. Neither bat-
tery 72 nor A B can now
send current through the
circuit just traced. When
the receivers are hung up,
the circuit is broken at the
hook switches, and hence
current from battery A2 can
no longer flow through the
clearing-out drop O, and its
shutter is released, this
drop being so constructed
that it does not show a
signal when sufficient cur-
rent flows through it to
hold up its shutter.

It is not necessary in
this system to have a
double-contact push but-
ton, such as K, in each
circuit, but instead, one
simple push button may
be connected as shown at
Q. and the contact ¢ in each
jack permanently con-
nected to the correspond-
ing annunciator. In this
case, each annunciator will
be connected direct to one
contact spring in its cor-
responding jack. It will
then be necessary, in order
to ring up any station, to
first insert the plug 2 in
the jack belonging to the
desired station, and then
to press the push button Q.
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This system requires one line wire between the office and
each station, and two wires that run from the office through
all the stations.

62. Holtzer-Cabot Hotel Switchboard System.—In
Fig. 33 is shown what the Holtzer-Cabot Electric Company
calls its hotel or school system. It has a centrally located
switchboard, centralized talking and ringing batteries, and
connecting cords for intercommunication between the various
stations. It requires two wires between the office and each
station, and one common wire running through all the
stations. In the common connection of the annunciator
drops is the bell IV, which, therefore, rings whenever any
annunciator shutter falls. The battery R B supplies current
for ringing purposes.

If the push button P, is pressed, current from the bat-
tery R B will operate the annunciator D, and ring the bell V.
The office attendant responds by inserting one of the plugs 2P
in jack J/, and closing the listening key L 4. The battery A2
now supplies current for both the office and substation
transmitters. Each receiver is connected in a local circuit
with the secondary of an induction coil. If the party at
station 7 desires to be connected with station 2, the office
attendant will insert the plug A’ in jack J/,. When the
receiver at station 2 is removed from its hook, the two parties
may communicate; the battery B supplies current for both
transmitters and it also energizes the clearing-out drop O.
When the conversation is finished and both receivers are
hung on the hooks, current can no longer flow through the
clearing-out drop, and its shutter is released, which signifies
that the two parties are through their conversation and both
plugs should be withdrawn from the jacks. The impedance
coil 7/, having the same resistance and inductance as the
clearing-out drop O, causes the system to be evenly balanced.

63. Couch & Seeley Company’s hotel switchboard
system, shown in Fig. 34, allows communication not only
between the office and any substation, but also between any
two substations through the office switchboard. This system,
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being more elaborate and complete, is suitable for a larger
hotel than the one illustrated in Fig. 31. It is a central-
energy system, the talking battery 7 B being connected
through two impedance coils m, » across each cord circuit.
The two impedance coils in each cord circuit are wound on
one iron core and so arranged as to constitute a clearing-out
drop CD for that cord circuit. There is one listening key
L £ and two ringing keys R 4 and R 4’ for each cord circuit.
There is a separate battery R B for ringing the subscribers’
bells and operating the line drops D,, D,, and D,. From the
office, there are two line wires (one pair) running to each
substation and one common-return wire running through
all the stations.

64. oOpecration.—If the receiver R, is removed from
the hook, current flows through R B-g-A-D,~i-R,~7,—j-
R B, thereby dropping the shutter of 0,. The operator
inserts one plug, say 7, into the corresponding line jack J,,
and closes the listening key L 4; this bridges the battery 7 B,
through the coils 7z, z of the clearing-out drop, across the cord
circuit and also across the operator’s receiver R and trans-
mitter 7, thereby supplying both the substation and the opera-
tor’s set with current from 7 A and enabling the operator to
converse with the substation. Furthermore, the shutter of
the clearing-out drop is raised. If substation 1 is desired,
the operator will insert the other plug P of the same pair in
jack J/, and close the ringing key R 4, thereby causing current
to flow through R B-g—o—t-v-H,—~C,—common return to R 5
and ring the bell C..

When the receiver R, is removed from the hook, current
flows from 7 B through m to w where it divides, part flowing
through ¢g-s-x-R,-7,-H,~v-{—y-z and part through #-s'—7i-
R,-T,—j-t'-p—z, where the two currents reunite and flow
through n» to 7B. The voice currents flow through 7,-R,—
x-s—q-w—-u-s'"-i-R,~ T,—j—-t'-p—z—-y-t-v-H,~-7,. When both
receivers are hung up, no current can flow through the coils
of CD and the drop is so constructed that the shutter
then falls. The shutter remains up only while one or both
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receivers are off the hook. The clearing-out signals are in
a retired position when the plugs are disconnected from the
jacks and when the plugs are in the jacks, but with both
receivers of the connected stations on their hooks. While
this would not be a very satisfactory arrangement for a large
switchboard, it is found to be no great inconvenience for a
small switchboard, for which this system is only intended.

65. There may be as many cord circuits and clearing-
out drops as required. One operator’s set may be connected
to each listening key by leads a, §; the lead f runs to con-
tacts o, ¢ on each ringing key, and leads ¢, d to each clearing-
out drop. No one plan of wiring will meet all conditions,
and it is usually found that each party requiring a telephone
system, whether it be an exchange, hotel, speaking-tube, or
intercommunicating system, has his own ideas as to just
how it should operate.



TESTING OF TELEPHONE
CIRCUITS

(PART 1)

MEASUREMENTS OF RESISTANCE, INSU-
LATION, AND CAPACITY

RESISTANCE MEASUREMENTS

1. The testing of circuits, line wires, and apparatus is an
important matter in all branches of electrical work. The
methods described in Electrical Measurements, Parts 1, 2, and 3,
are, as a rule, directly applicable to general testing, but
directions applying especially to line and cable testing will
be given here.

2. The Wheatstone Bridge.—Measurements of resist-
ance are usually made by means of the Wheatstone bridge,
which is very accurate for all resistances except those very
large or very small, and possesses the additional desirable
features of great simplicity and portability. The methods
of using the Wheatstone bridge have been fully treated in
Electrical Measurements, Parts 1 and 2. However, it may be
said that the form of bridge best adapted for general testing
purposes has a rheostat capable of being adjusted to any
resistance from 1 ohm to about 11,000 ohms. The arms by
which the ratio is obtained should be capable of having the
values of 10, 100, and 1,000 ohms, thus being able to obtain
multipliers from 135 to 100.
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The galvanometer for ordinary resistance measurements is
preferably mounted in the same case as the resistance coils
of the bridge and with the keys for opening and closing the
galvanometer and battery circuits. Some form of D’Arsonval
galvanometer is best suited for this work. Insome portable
bridges, a battery is mounted in the same case with the other
parts of the apparatus, this forming a very desirable feature
and adding greatly to the ease with which rapid tests may
be made, inasmuch as it is not necessary to carry extra bat-
teries and connect them up every time a test is to be made.

3. Bridge Testing Set.—Fig. 1 shows a testing set
including a Wheatstone bridge, galvanometer, and various
keys used by the American Telephone and Telegraph Com-
pany. The arms a4 and ac are the ratio arms and cd is the
rheostat, or balance arm. The latter consists of four rotating
arms; the first one controls the use of ten 1-ohm coils, the
second one controls ten 10-ohm coils, the third one controls
ten 100-ohm coils, and the fourth one controls nine 1,000-ohm
coils. These arms are said to give fully as low resistance
contacts as plugs, and they are more convenient. J is a
switch by which the battery key 5 a may be short-circuited,
that is, permanently closed. O is a similar switch by which
the galvanometer key may be short-circuited. /A is a switch
by which the point 4 may be connected to ground. A is a
switch by which the telegraph relay may be short-circuited
and thus cut out of the battery circuit. K is a telegraph key
or a switch by which the battery circuit may be opened or
closed. E is a switch by which the positive terminal of the
battery may be connected to the point J when the arm is
turned to the right; when the arm is turned to the left, the
positive terminal of the battery is connected to a so-called
zero contact on the test board. The latter contact may be
grounded. F is a switch that enables the connections
between the two line wires /, // and points 4, d to be reversed.
By means of the plug P and three suitable jacks connected
to three points along the battery, 2, 8, or 40 volts may be
obtained for testing.
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4. High Resistance by Wheatstone Bridge.—A
resistance x that is somewhat too high to be measured
by a given Wheatstone bridge in the ordinary way, may
still be determined by connecting it in parallel with as high
a resistance y as can be conveniently and accurately measured
with the bridge, and measuring their joint resistance z; then,
¥z
y—2z

When y can be accurately measured and x is not too high,
this is a very good method and it may also be used to check
up resistances that have been measured separately.

X =

5. Measurement of Line Resistance.—In measuring
the resistance of a line by means of the Wheatstone bridge,
the terminals of the line circuit should be connected in the
unknown arm of the bridge. Sometimes, it occurs in the
case of a grounded circuit that earth currents will interfere
to such an extent as to render accuracy impossible. In this
case, if a parallel wire is available, the resistance of which is
known, it may be connected at the distant end to the wire to
be measured, and the resistance of the two in series meas-
ured. The resistance of the first will then be the difference
between the total measured resistance and that of the known
wire. Or, if both wires run on the same poles or in the
same cable, so as to be of equal length and if both are the
same size, then the resistance of one may be taken as half
the resistance of both as measured.

If the distant end of one line wire can be grounded
but cannot otherwise be brought into electrical connection
with the bridge, join the available end to one post of the
unknown arm of the bridge and ground the other post of
the unknown arm of the bridge and also ground the distant
end of the line wire. Then measure the resistance of the
circuit so formed, which includes the ground resistance.
The latter will have to be neglected if not known.

6. Line Resistance When Three Conductors Are
Available.—The best method for measuring the resistance
of a line wire, where there are three or more line wires or
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two line wires and a ground-return circuit, between the same
two offices is as follows: Let the resistance of the three
line wires be x,y, and z, respectively. At the distant station
have the ends of x and y joined together, then, by means of
a Wheatstone bridge at the home station, measure the resist-
ance of the loop so formed and let it be 2 ohms. Then have
the distant ends of x and z joined and measure the resistance
of this loop, calling it 4 ohms. Similarly, have the distant
ends of y and z joined, measure the resistance of this loop,
calling it ¢ ohms. Then,x+y =a; x+2=b;y+ 2 = c.
Solving these equations for x, y, and z gives:

—etb—c (1)

2 .
oy = ‘£+_2‘—_b (2)
z = b_f;_—g (3)

Hence, the resistance of any one or of each one of the three
line wires may be calculated from these three measurements.

7. Resistance of Ground-Return Circuits.—The
resistance of the ground-return circuit may be measured by
the preceding method when there are twgline wires between
the two same offices. Let the resistance of the two wires
be x and y ohms, respectively, and that of the ground circuit
be z ohms. Measure the resistance of the loop formed by
having the two distant ends of the two line wires joined
together and call it @ ohms. Then have the x wire grounded
at the distant office and measure the resistance between the
home ground plate and the home end of the x wire, and call
it 4 ohms. Similarly, have the distant end of the y wire
grounded, and measure the resistance between the home
ground plate and the home end of the y wire, and call
it c ohms. Then the resistance of the ground return z may
be calculated by formula 3 in the last article. Usually most
of this resistance z is located at the contact surfaces between
the plates and the ground. The resistance of a good ground
return should not exceed about 10 ohms. It is evident that
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the resistance of the two line wires may also be obtained by
substituting the quantities a, 4, and ¢ in formulas 1 and 2 in
the last article.

ExaMpPLE.—It was desired to measure the resistance of two wires
x and y, and also the resistance of the ground path z between two
stations 4 and B. The party making the test at 4 instructed station B
to join the wires x and y together. A measurement of the resistance
of the loop so formed was made at 4 with a Wheatstone bridge, giving
2,490 ohms. The operator at B was then instructed to ground the
wire 2, and the operator at -/ measured the resistance between his end
of the wire xr and this ground; this gave 1,270 ohms. The operator at 8
was then instructed to ground the wire ¥, and the operator at A found
the resistance between his end of ¥ and his ground to be 1,300 ohms.
What was the resistance of each wire and of the ground path?

SorLuTioN.—By the formulas in the last article, in which a = 2,490,
6 = 1,270, and ¢ = 1,300, we get the resistance of the wire
9 70 —
x = ~ﬂ+_h?zﬂ_j,@ = 1,230 ohms. Ans.
y = 2,490 + 1,300 — 1,270

53

= 1,260 ohms. Ans.

The ground path

27 -9
= 120 -tl,:}’()() 2490 _ 40 ohms. Ans.

z

8. Elmination of Earth Currents.—Earth currents
will often render measurements where the ground is used as
a part of the circuit, as in the last method, very unreliable.
These currents may oppose or aid the testing current. When
the earth currents are fairly steady, their effect may usually be
eliminated by making a measurement, then reversing the
battery and making another measurement. The average
of the two measurements should be taken as the correct
result. For good results, the earth current should not only
be steady but it should also be small compared with the
testing current.
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INSULATION AND CAPACITY MEASUREMENTS

9. The direct deflection methods, which are fully explained
in FElectrical Measurements, Part 2, are generally used for
ordinary insulation and capacity tests of line wires and cable
conductors.

When a number of cable conductors are bunched for an
insulation test, their insulation resistance when thus con-
nected in parallel is the same as though they were connected
in series. To determine the insulation resistance per mile
of single conductor, their lengths should be added. For
example: 10 conductors tested in a bunch, each 1 mile long,
give a total length of 2.5 miles. Suppose the insulation
resistance measures 500 megohms for the 2.5 miles of con-
ductor, then the insulation resistance per mile is 500 X 2.5
= 1,250 megohms; and as each conductor is } mile long, its
total insulation resistance is 1,250 X 4 = 5,000 megohms;
or, since there are 10 conductors having an insulation resist-
ance of 500 megohms, each one has a total insulation
resistance of 500 X 10 = 5,000 megohms, the same result as
obtained above in a slightly different manner.

It is found that the insulation resistance of a conductor
tested against the sheath and about 5 or 10 other conductors,
including the mate of the pair tested, will be practically the
same as if all remaining conductors were connected to the
sheath. This is fortunate for it is often not possible, espe-
cially in a cable in use, to test more than a few pairs.

Insulation resistance may be very conveniently determined
by means of a voltmeter. A very simple method used by
some telephone companies is as follows: A voltmeter is
purchased whose highest reading is 30 volts, for a 30-volt
central-energy system, and having a resistance of exactly
10,000 ohms; then 10,000 ohms (the voltmeter alone) when
connected across a battery of 30 volts gives a reading of 30.
Consequently, a reading of 15 means a total resistance of
2 x 10,000 = 20,000 ohms, or an external resistance of
20,000 — 10,000 = 10,000 ohms. Similarly, a voltmeter
reading of 10 means an external resistance of 20,000 ohms;
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a voltmeter reading of 7.5 means an external resistance of
30,000 ohms, etc. Or the following general formula may be

used:
d
R = r(f’ - 1)

in which R = desired resistance, which is connected in series
with the voltmeter;
= resistance of the voltmeter;
reading of the voltmeter when connected
directly across the battery used throughout
this test;
d’ = reading of voltmeter when it is connected in
series with the resistance R and the same
battery used in obtaining the reading d.

,
d

10. The specifications of the American Telephone and
Telegraph Company state that the capacity of a conductor
varies directly as its length, whether the other conductors in
the same cable are connected together in series or in mul-
tiple. For example: 10 conductors in a cablé } mile long
measure .192 microfarad, one being measured against all
the others connected to the sheath; what is the capacity per
mile and per conductor? The capacity per mile is 1—2)2 Xf
= .0768 microfarad. The capacity per conductor, which is
t mile long, is 0—168 or —11%2 = .0192 microfarad. To con-
sider the capacity to vary as the number of grounded con-
ductors would seem to be strictly true only when one wire
in each pair are connected together and tested against all

other wires connected to the sheath.
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LOCATION OF FAULTS

11. Cilassification of Faults.—Faults on a line may
be of three kinds: First, the line may be broken; second, an
unbroken line may be grounded at one or more points; and,
third, an unbroken line may be in contact with another line.
The first fault is called a é7¢ak or an open, the second a ground,
and the third, a cross. 4 ‘

A break may be of such a nature as to leave the ends of
the conductor entirely insulated, or the wire may fall or
have its insulation impaired so as to form also a cross or
ground. A ground or cross may be of such low resistance
as to form a dead ground or a short circuit, respectively, or
it may possess high resistance, thus forming what is termed
a leak. The location of faults is a matter often involving
much ingenuity and mathematical knowledge. The existence
of a wire whose insulation and continuity are known to be
good is termed a good wire. Such a wire is usually a great
help in locating breaks, grounds, and crosses.

TESTS FOR LOCATING A BREAK

NO GOOD WIRES AVAILABLE

12. Measurements Made From One End Only, Using
a Condenser.—When there is not a single good wire avail-
able, but the total capacity and length or capacity per mile of
the conductor is known, the distance to a break may be deter-
mined as follows: Let 4 be the deflection, or throw, of a
ballistic galvanometer obtained by charging or discharging
through it a condenser of known electrostatic capacity
.C, and &, the throw when charging or discharging the broken
line wire whose capacity is (7, using the same battery in

each case. Then, o - .CX 7

d
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Now the electrostatic capacity per mile of the broken line
must be known; then, by dividing C by this electrostatic
capacity per mile the number of miles to the break is
obtained. This electrostatic capaclity per mile may be
determined by measuring, by the foregoing method, the
total electrostatic capacity of the line when it is in good
condition, that is, free from breaks, grounds, and crosses
and dividing this total electrostatic capacity by the total
length of the line. The electrostatic capacity per mile may
‘be obtained approximately from Table I.

TABLE 1
Capacity, in Microfarads per Mile,
30 Feet Above Ground
Numger Diameter — c—— —
Gi?lge Inches Between One Wire and ‘ Wire to Wire
Ground | 12 Inches Apa;'t
(Grounded at Both Ends)
1 2 3 } 4
8B. & S.| .128 .00958 .00854
9B. &S.| .114 .00946 . .00835
10B.&S.| .102 .00935 .00818
12B. & S.| .0808 .00913 .00785
14 B. & S. | .0641 .00892 .00754
16 B. & S. [ .0508 .00871 .00726
12B.W.G.| .109 .00942 .00828
14 B.W.G. ‘ .0830 | .0091§ .00788

13. The electrostatic capacity of an overhead wire will
depend on the number and proximity of other wires, and
especially whether any of the neighboring wires are grounded.
Where there are a number of grounded circuits on the same
pole line, the electrostatic capacity will be higher. It will
also vary with the number of insulator supports per mile and
the moisture on them. When one overhead wire is grounded
at one end and insulated at the other end, the capacity is
twice as great as when both ends are grounded, that is, twice
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as great as the capacity given in column 3, Table I. When
a high inductance, such as a high-resistance (1,200-ohm)
bridging bell, is connected between one end of the line and
the ground, the capacity for high-frequency currents will be
very nearly as great as when the end is open and insulated.
The capacity C, in microfarads, per mile of one wire .104
inch in diameter, grounded at both ends and suspended at a
height of % feet above the ground is given in Table II. If
there are two such wires .104 inch in diameter, 1 foot apart,
and grounded at both ends, the capacity between either wire
TABLE II and the ground is .01171 micro-

I farad per mile when both wires

k Feet Above | C Microfarads are 20 feet above the ground,
Ground per Mile and .0115 microfarad when both
wires are 30 feet above the

10 .010600 ground.
20 .009796 The capacity, in microfarads
30 -009379 per mile, between two wires
40 -009105 .104 inch in diameter, and form-

==——— = — -7 == ing one metallic circuit is .008503
when the two wires are 10 inches apart, .008218 when
12 inches apart, .007992 when 14 inches apart, .007806
when 16 inches apart, and .007649 when 18 inches apart.

14. Measurements Made From Each End, Using a
Condenser.—Another method for locating a break when
no good wire is available is as follows: Determine the dis-
charge deflection 4 from the broken wire at one end of the
cable, also the discharge deflection D from a condenser of
known capacity C. Then, from the other end of the cable
determine the discharge deflection 4’ from the other end of
the broken wire, and the discharge deflection 2’ from a con-
denser of the same capacity, or preferably from the same
condenser. Let L be the length of the cable; then the
distance x to the break is given by the formula:

dx L

e
d+(2 xa
+<D,>< )

x =
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The same amount of battery must be used for the tests at
each end, but the same amount of battery need not be used
at one end as at the other. This method gives very satis-
factory results.

ONE OR MORE GOOD WIRES AVAILABLE

15. Three Good Wires Avallable.—A method that
has been successfully used for the location of breaks in tele-
phone cable conductors is shown in Fig. 2, in which " and B2
represent any suitable means for supplying a reversible,
interrupted, or alternating current, in this case a rotating
device, for reversing rapidly the current from the battery 5.

1 o ~

2
.__g;__.|

S —

B
i
Fi16.2

The conductor 1 is open at o, while its mate 2 and the
pair 3, 4 are supposed to be good wires; m, n represents two
adjustable arms of a Wheatstone or slide-wire bridge and
R a telephone receiver. The connections are made, as here
shown, at one end of the cable and the resistance in the
arms m, n adjusted until no sound, or a minimum sound, is
produced in the receiver R. Then the distance to the faulto
is given by the formula:

x="‘XL
m

The wires 1,2, 3,4 should be well insulated at the distant
end. For cables 1,000 feet long, the battery B should give
60 to 120 volts, and the resistance in the arm » may have to
be 100 or 1,000 ohms. The larger the capacity between the
wires, the less need be the number of cells at 2 and the less
the resistance in the arm 7.
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16. One Good Wire Avallable.—The capacity of the
part of a wire bears the same relation to the capacity of the
whole wire as the length of the part does to that of the whole.
When one good wire, having the same capacity to ground
per mile as the broken wire, is accessible, deflections may
be taken on the broken wire and on the good wire with the
distant end open.

Let d’ = throw on the broken wire;
d = throw on good wire;
x = distance to break;
L = total length of good wire.
d L
Then, x =
) d

In a telephone cable, it is best to use the mate of the
broken wire as the good wire and to ground to the lead
sheath all the conductors except the one from which the
deflection is being obtained. At least the mate of the faulty
wire should be grounded at the testing end when the dis-
charge deflection of the faulty wire is observed and both
ends of the faulty wire should be grounded when the dis-
charge deflection of its mate is being observed.

17. A slight modification of the preceding method, the
results obtained by which it may be used to verify, is as
follows:

Let 4,

throw due to charging good wire, whose length
is L with the distant end open;
d, = throw due to charging good wire, to the distant
end of which is joined the farther part of the
broken wire, this length is 2/ — x;
d, = throw due to charging broken wire, whose length
is x.
Then, x :d, = L :d,+d, —d,, or
A
d, + d, — d,
That this is true may be seen from the fact that 4, is pro-
portional to the capacity of 2/ — x; d,, to the capacity of x;
and 4, to the capacity of /.; then d, + 4, — d, is proportional
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to the capacity of 2L — x 4+ x — L, that is, to the capacity
of L.

ExAMPLE 1.—A test was made to find a break in a cable conductor
near to which ran a good wire; the throw on the broken conductor
was 35 divisions and that on the good wire was 80 divisions. What
was the distance to the break, the total length of the cable being
3,100 feet?

SOLUTION.—Substituting in the formula x = Q—é, gives

d
= BX310 _ 056t Ans.
80

ExAMPLE 2.—A break occurs in a cable 3 miles long. It is known
that the capacity of the entire conductor was 1.17 microfarads or
.39 microfarad per mile. On testing, it is found that with a standard
condenser of 3 microfarad and a suitable battery and shunt to the gal-
vanometer, the deflection is 98, while with the same shunt and battery,
the deflection obtained from one end of the cable is 141. How far
from the testing end is the break?

SorurioN.—Since the deflections are proportional to the electro-

static capacities of the condenser and conductor, we have, C/ = Q_:;ﬂ'
Substituting the values C = },d = 98,4’ = 141 in this formula, gives
* Cl = —}l%El = .4796 microfarad

Distance from testing end is .4796 + .39 = 1.23 mi. Ans.

EXAMPLES FOR PRACTICE

1. In a test for the capacity of a cable, the capacity of the standard
condenser was 2 microfarads; the throw produced by the condenser
was 53 divisions, and that by the cable was 32 divisions. What was
the capacity of the cable? Ans. 1.207 microfarads

2. A test was made to locate a break in a cable conductor; a good
wire was accessible. The throw on the broken wire was 29 divisions
and that on the good wire was 75 divisions. The length of the tested
cable was 5,760 feet. What was the distance to the break?

Ans. 2,227 ft.

18. Evans Method.—It is said that the distance to a
break in a line wire that has not become grounded or crossed
with another wire may be determined with considerable
accuracy by the Evans method, which will now be explained.
In Fig. 3, / represents an induction coil; one terminal of the

.
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secondary is grounded and the other connected to the point 4,
which is the junction of two resistances, at least one of each,
say 7, must be adjustable. B A4 C could be a high-resistance
slide wire, 4 being the point that is adjusted along the
slide wire, or m, n could be the two arms of a Wheatstone
bridge. B E represents a good wire of similar size and
length to the wire C D, which is open at some point #. The

B, E
n
< Yl
” » D
vr____z | .
F16.3

ends £, D are joined together in any convenient manner. A
telephone receiver is connected across the points 2 C.
Adjust the resistance 7, or the position of the point A, if
B A C is a slide wire, until the sound produced in the receiver
by the current from the secondary coil, as it charges the open
wires, is reduced to zero or at least to a minimum. The
bridge arrangement is then balanced and we have m : 7
1.1
z+y x
ity, but the opposition of a condenser to an alternating current
is inversely proportional to its capacity. Hence, the resist-
ances m,n are inversely proportional to the lengths of the
open wires, as stated in the proportion. Solving the propor-
tion for x, the distance along the broken wire to the break 7,

The length of a wire is proportional to its capac-

gives x = m !ii_ll If z = x + y, which is usually the case,
n
then y = z — x; substituting this for y and solving for x, gives
— 2mnz
n(n+ m)

The distances x and z may be in miles, feet, or any unit of
length. If a slide wire is used, » is the length of the slide
wire between B and 4, and » is the length of the slide wire
between A4 and C.
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19. The method for locating a break in a line wire by
comparing the capacity of the broken wire with that of a
similar good wire is reliable, provided that the insulation
resistance is high and the break is so complete that no current
passes through the point of rupture. If, however, the cable
is moist and the insulation resistance thereby low, capacity
methods are not reliable. In using these methods, therefore,
it is best to first measure the insulation resistance of the
broken wire and also of the good wire. If the insulation
resistance of the good wire is near 1 megohm capacity
methods are not very reliable. The insulation resistance of
the good wire should preferably be about 20 megohms in
order to obtaifn reliable results. Breaks in cables cannot be
located as accurately as grounds or crosses under favorable
conditions, because the electrostatic capacity is much more
non-uniform than the resistance of the wire; in fact, the
electrostatic capacity of a conductor in a telephone cable
may vary as much as 5 per cent.

TESTS FOR LOCATING A GROUND

20. Accidental connections with the ground occur much
more frequently than breaks, and are often difficult to locate,
especially if more than one ground occurs on the same line
wire. Various methods for locating grounds will be given,
as no one method is always applicable.

21. Ground on a Line of Known Resistance.
Where there is a dead ground on a line whose length and
resistance are known, it is a simple matter to locate the dis-
tance to the dead ground from the testing station. Let £ be
the known resistance of the line and L the length of the
line, in miles; then, if the line wire is uniform in size and

material, 2[: is the normal resistance of the line per mile. To
locate the distance to a dead ground in such a case, measure

the resistance between the home end of the line and the
ground and let this be a ohms. Then, the number of miles x
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from the testing station to the dead ground is given by the
formula:
al
x ="
f

EXAMPLE FOR PRACTICE

A wire touched the ground so that there was no resistance in the
fault. A test was made at the station, and the unplugged resistance
in the rheostat amounted to 326 ohms, a ratio of 1 being used in the
balance arms. What was the distance to the fault, the resistance of
the wire being 16.1 ohms per mile? Ans. 20 mi. 438 yd.

TESTS FROM BOTH ENDS WITHOUT A GOOD WIRE
22. Earth Overlap Method.—Where there is no avail-
able good wire and tests can be made from each end of a

grounded wire, the earth overlap method may be used.
It is especially valuable for the location of high-resistance

fe—— —— w—*——‘—'___
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faults; and experience seems to show that it is the best
practical method for locating grounds in submarine cables,
provided that there is only one ground and no good wire is
available. Let x represent the resistance from one end of
the conductor to the fault, and 'y the resistance from the
other end of the conductor to the fault. First, measure,
with a Wheatstone bridge, the resistance from the x end
with the other end grounded, the connections being made as
shown in Fig.4. Call the resistance thus measured a ohms,
Then,

165—14
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Second, measure, in the same manner, the resistance of
the grounded wire from the other, or y, end with the other
end grounded; call the resistance so determined 4 ohms.
Then,

xz
x4+ 2z

Furthermore, if f is the normal or total resistance of the
faulty wire, then

b=y +

f=x+y
Solving these equations for x and y, gives

_al=afy pU—a]

a—b )

a( f— &)
_-b(f—i)[ _ a({—b)]
Y= e ' Nar=a) @

23. More accurate results are secured in the earth overlap
method by sending, approximately, equal currents through
the fault during the tests made from the two ends. For this

B F—ﬂ—‘—*—H]-— —y__\

1 I
reason, equal bridge ratios m, 2 and batteries of equal elec-
tromotive forces should be used at each end and a suitable
resistance o inserted in series with the lower resistance end
so as to approximately equalize the resistance on each side
of the fault. The arrangement, when making the test from
the lower resistance end x, is shown in Fig. 5. When this
compensating resistance o is inserted in one end, the point B
must be grounded, thereby leaving o in series with x, when

the measurement is made from the y end, and f 4+ o must be
substituted for £ in the formulas given in Art. 22,

Fi1G.5
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24. 1If o is adjusted so that equal currents flow during
the measurements from each end, the formulas reduce to

x = 3(f—0) (1)
y = 3 (f+0) (2)

The zinc, or negative, terminal of the battery should be
connected toward the line and the tests in the earth overlap
method should be made alternately and as rapidly as possible
from each end, so that pairs of readings may be secured
while the fault undergoes as little change as possible.

When one end of a good line is grounded and its resistance
measured; the result, called its apparent resistance, will be
less than the true resistance of the conductor when perfectly
insulated. Better results will be obtained in the earth overlap
method if for £ the apparent resistance of the wire measured
under normal conditions, that is, free from faults, is used,
rather than its true resistance, which is usually determined
from a wire table. The shorter the line or the better its insu-
lation, the less is the error due to using the true resistance.

TEST FROM ONE END WITHOUT A GOOD WIRE

25. Blavier Test.—The Blavier method for locating
a partial ground or an escape is about the only way where
there is no available good wire and when the test must be
made from one end only. However, this method is rather
unreliable in practice, because, if the resistance of the partial
ground changes between the two measurements, the result
will be very unreliable, and moreover the normal, or total,
resistance of the line must be known from some previous
measurement, obtained from a wire table, or calculated from
the length, size, and conductivity of the line wire. Let the
total resistance of the line wire be /. First, measure the
resistance of the line with the distant end open, as indicated
in Fig. 6, and call the resistance so obtained 4. Also, meas-
ure the resistance of the line with the distant end grounded,
as shown in Fig. 7, and call this resistance ¢. Then, the
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resistance x to the partial ground from the testing station
is given by the formula:
. x=c—V(b—2¢) (f=0¢)
By dividing x by the resistance per unit length of the
wire, known from some previous measurement, obtained
from a wire table, or calculated by the length, size, and con-

B— kol ¥y —
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ductivity of the line wire, the distance to the partial ground
is obtained. If L is the length of a cable and f the total
resistance of the bad wire to the distant end of the cable, the

distance to the fault equals i—f—l‘.

F1G. 6

. The accuracy of the result obtained by this test depends on
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the resistance z of the fault remaining the same during both
measurements. The farther the fault lies from the tested
station, the more accurate will be the result; so the more
reliable result will be that obtained by making the test from
the end farthest from the fault. However, if two faults exist,
the best result is obtained by making the test at the end
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nearest to the one to be located. Where a series of obser-
vations is taken, the most accurate result is secured by
using the lowest of all the readings taken with the distant
end open and the lowest with the distant end grou'nded; but
if the resistance of the fault is very unsteady the means of
each series may be used.

NoTe.—The formula for the Blavier test is derived as follows: Let
the resistance of the home end of the line to the fault /, where the
partial ground occurs, be x ohms, the resistance from F to the dis-
tant end be y ohms, and the resistance of the fault be z ohms. Call-
ing f the normal resistance of the whole line, then x +y = £. When
the partial ground is present but the distant end open, x + z = b.
Finally, when the partial ground is present and the distant end
grounded, ¥ and z are in parallel with each other, but in series
with x; then,

yz
—_— =
ST
Solving these three equations for x, we get the resistance from the
testing station to the partial ground or escape,
x=c=Vb—-0c) (f-0)
Evidently, the minus sign (—) must be used, because x cannot be
greater than c.

26. Ayrton Test.—The Ayrton method is a modifi-

F
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cation of the Blavier, not so convenient as the latter, but
suitable when the resistance f of the line is not known with
sufficient accuracy for the Blavier method. Besides measur-
ing the resistance 4 of the line with the distant end open and
the resistance ¢ with the distant end grounded, it is necessary
to make a third measurement of the resistance 4 with the
distant end grounded through a known resistance o, as shown
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in Fig. 8. Then the resistance x from the testing station to
the ground at /' is given by the formula:
x=b_\/<‘b—d) (6—0) o (1)
b—c
The resistance y from the fault to the distant end is given
by the formula:

- (x—¢) (x—b) (2)
b—c
Furthermore, f=x+y (3)

y

Then the distance to the fault equals xTL in which L is the

length of the cable. The resistance of the fault is equal to
the term that is subtracted from & in formula 1. This
method can only be used occasionally, because the resistance
of the fault is generally too variable while three measure-
ments are being made to give reliable results.

LOOP TESTS WITH ONE OR MORE GOOD WIRES

27. Varley Loop Test.—Where there is one avail-
able good wire, the Varley loop method is probably the

B
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most convenient and best method for locating a ground or
cross on a line. The distant ends of the good and bad wires
are joined together and the resistance of the loop so formed
is measured with the Wheatstone bridge, if not already
known from some previous measurement, by connecting as
shown in Fig. 9. ( is a reflecting galvanometer connected
across the arms of a Wheatstone bridge in the ordinary
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manner; 4 B and 4 C are the ratio arms of the bridge, and
C D is the rheostat or variable arm. D £ is the faulty line,
B E the good line, and F the location of the fault, assumed to
be a ground in this figure. The ends 72, D of the loop are
connected across the terminals of the bridge, so as to form
the unknown resistance or fourth arm of the bridge. The
battery is connected between 4 and D. Balance the bridge
and let the resistance of the loop, found by working out the
bridge proportion as usual, be 2. Then connect one end of
the battery to the ground, instead of to D, as shown in
Fig. 10. Call y the resistance of the loop from A through

8
K
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F16. 10

E to F, x the resistance from D to F, and R, the total resist-
ance of the loop, is equal to x + y. Then, when the bridge

; m__y _R-=x - R
is balanced, _p+x_p+x' mp +mx = nR — nx;
mx+nx = nR—mp. Hence, the resistance,
_2R—mp
T om + 7

This is entirely independent of the resistance of the fault
or of any earth currents that may exist. Having found x,
and knowing the resistance of the wire per foot, the distance
to the fault is readily calculated.

ExaMpLE.—A ground occurred on one conductor of a cable 10,000 feet

long, composed of three No. 14 B. & S. gauge insulated copper con-
ductors. At the distant end, the grounded conductor was joined to
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one good conductor. On testing, with the connections shown in
Fig. 10, the bridge was balanced with the following resistances:
m = 10 ohms, » = 1,000 ohms, and p = 4,642 ohms. One good wire
was used to complete the loop. Where is the ground, the resistance
per thousand feet of the conductor being 2.521 ohms at the temper-
ature of the test?

SoLuTION.— R = 2 X 10 X 2.521 = 50.42 ohms, or £ could have
been actually measured by connecting the bridge as shown in Fig. 9
and balancing it. Then, the resistance

x = 1,000 X 50.42 — 10 X 4,642
1,000 + 10

Distance from testing. station is 2591 X 1,000 = 1,570.9 ft. Ans.

28. Check-Method.—A check on the result obtained by
the last method may be obtained by reversing the connec-
tions of the good and bad wires with the bridge, the con-
nections being otherwise as shown in Fig. 10. If m/,»/,
and p’ are now the resistance in the bridge arms required to

/
give a balance, we have, ” - _x ; solving for x’ gives
W Pty
—7,p’m’+ m R—m'x! =n'x, p/m' +m'R
x

= 3.9604 ohms.

m! x/
n  P+R-
=2 +mx, (W +m') = m' (P + R), or the resistance
(P +R)
- ml + 7l,

The average of x obtained by the formula in the last article
and this 2’ will give a more correct result than either one, if
both have been measured under the same conditions and with
equal care.

If »’ is the result obtained by the above formula and x»
the result obtained by the formula in Art. 27, and two lead
wires are used between the bridge and the line wires in
making the Varley loop test, and s is the resistance of the
lead wire in series with the bad wire, the corrected average
resistance a2’/ of the bad wire to the fault is given by the
formula: o= Xt =25

2 .

If the two lead wires are negligible in resistance, compared
with the resistance along the bad wire to the fault, no
corrections need be made for them.
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29. Corrections for Lead Wires.—For very accurate
results, corrections must be made when lead wires are used
between the bridge and the line wire in the Varley loop
test. If both the lead wires are of the same size, length,
and material, use one-half their combined resistance as the
resistance of the lead wire in series with the faulty wire.

H. W. Fisher gives the following method for determining
the resistance of the lead wire in series with the bad wire
when both ends of this lead wire cannot be directly con-
nected to and its resistance directly measured by the Wheat-
stone bridge. Let s be the resistance of the lead wire in
series with the bad wire. Connect the bridge as in Fig. 10,
and let p be the resistance in the arm C D, m the resistance
in the arm A B, and » the resistance in the arm A4 C when
the bridge is balanced. Completely reverse the position of
the lead wires, with respect to both the bridge and the line
wires; use the same ratio resistances », z as before and let 2/
be the resistance required in the arm CJD to again balance
the bridge. Then join the distant ends of the lead wires and
obtain their resistance .S with the bridge in the usual manner.
Then the resistance s of the lead wire in series with the bad
wire is given by the formula:

s=Symp—p)
2 2(m+n)

30. Total Resistance of Bad Wires.—By the Varley
loop method, the resistance of the bad wire to the fault is
obtained. If, in addition to this, the total resistance f of the
faulty wire to the distant end of the cable can be determined
correctly, the resistance x to the fault can be divided by this
total resistance f, which gives a ratio that when multiplied
by the length L of the cable or line gives the distance 4 to
the fault; that is, the distance

d=*XL
f

31. Total Resistance of Bad Wire When Only One
Good and One Bad Wire Are Available.—The total
resistance / of the bad wire to the distant end cannot be
very accurately determined when only one good and one bad
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wire are available. When the good and bad wires are in
the same layer in the cable and are both the same size, the
total resistance of the bad wire may be taken as half the loop
resistance R. If lead wires are used between the bridge and
the line wires, their resistance .S must be subtracted from
the loop resistance and the result divided by 2 to get the
total resistance £ of the bad wire; that is,

_R-S

)

32. If the good and bad wires are of different but known
lengths and sizes and both at the same temperature,

Let / = length of bad wire;

r = resistance per 1,000 feet of bad wire, according
to a reliable wire table;

!’ = length of the good wire;

7' = resistance per 1,000 feet of the good wire, accord-
ing to the same table;

R = resistance of loop, as measured by Wheatstone
bridge in making first part of Varley loop test;

S = measured resistance of lead wires used.

Then the following formula gives, according to H. W.
Fisher, the total resistance / of the bad wire:

IX7rX(R—=S)
f= XA+ X (1)

If the length or size of the good wire is not known, but
the length and size of the bad wire are known, the resistance f
of the latter can only be determined approximately by the
use of a wire table; that is,

IX7r
‘ f= 1,000 (2)
in which » = resistance of bad wire per 1,000 feet;
!/ = total length.

33. Total Resistance of Bad Wire When One-Good
and Two Bad Wires Are Avallable.—It frequently hap-
pens that there is available for a test only one good wire and
two or more bad wires of the same size and length, as in a
bad cable. In order to locate a fault under such conditions,
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especially if the Varley loop test is used, it is usually
necessary to determine the resistance of the good wire and
one bad wire to get the distance to the fault. Under such
conditions, use the following method for determining their
resistance.” Let the resistance to the distant end of the cable
of one good wire be «, of one bad wire », and of a second bad
wire w. First, measure the resistance of the good wire = in
series with one bad wire 7z, and let this resistance be ¢ ohms.
Then, a = # + v. Second, measure the resistance of the good
wire « in series with the other bad wire w, and let this resist-
ance be 4 ohms. Thenéd = # + w. Third, measure the resist-
ance of the good wire « in series with the two bad wires v, w
vw
v+ w'

in multiple and let this resistance be¢c. Then,¢c = » +
Solving these three equations gives

u=c—Va—c)(6—c) (1)
v=a—c+VNa—-c)(b—c) (2)
w=b—c+Va—c)(b—c) (3)

NoTe.—These formulas may be derived as follows: The first
measurement gives # = @ — v, and the second, # = 6 — w; hence,
ga—v=0—-—w,oryv =a— b+ w. The third measurement gives

vw

v+w
last equation, gives 06— w +

Substitdting b — w for u and @ — 6 + w for v in the

_(a—b+w)zg_=c
a-b+w+tw

c=u+

Solve this for w as follows:
ab—-0+2bw—-aw+tdbw—-2w'VYaw—-bw+*
=ac—-bc+2cuw;
-+ 2bw—-2cw =06 —-ab+ac-bc
Add (¢ — b)* to each side, and reverse all signs,
w* +2w(c—-6)+(c—06)'= (c=b)'—-b*+ab—ac+bc

(w+c—-0b)*=ab—ac—bec+c*

Extract the square root of each side,
wHc—b=VNab—ac—bc+c

or, w=b-—c+Vab—ac—bc+c
But, ab—ac—bc+c*=alb-c)—c(b—c)=(b—-c)(a—2c)
Hence, w=b—c+VNb—c)(a—c)
As given above, v=a—-b+w;

hence, L B
v=a—-b+b—cH+VNb—c)la—c)=a—c+ Vb -c)(a—2c)
Similarly,

su=a—-v=a—-a+c—Vb-c)(a—c)=c=-Vb—-c)(@a—-2¢)
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This method is very satisfactory and can often be applied
to advantage when all the wires of a cable become bad, pro-
vided that one good wire outside the cable is available. This
method of finding the resistance of the bad wire cannot be
applied with absolute certainty when the faults on the bad wires
occur at different points, unless the resistances of the faults are
high and the resistances of the faulty wires are comparatively
low; in the latter case, this method gives quite accurate results,
even though the faults be a considerable distance apart.

When a number of wires fail in a cable at the same time,
it can generally be assumed that the faults are all located at
the same point. However, if the trouble has been caused
by lightning, this may not be true.

34. Total Resistance of Bad Wire When Two Good
Wires Are Avallable.—The total resistance of the bad
wire can be accurately determined and hence the distance to
the fault accurately located when two good wires whose
terminals are accessible to both ends of the faulty wire are
available. It is not necessary that the two good wires have
the same resistance, nor that they follow the same route as
the faulty cable. All three wires can differ widely in resist-
ance and not in any way affect the result, neither is it neces-
sary that the lead wires between the Wheatstone bridge and
the line wires be of the same resistance, but the resistance
of these two lead wires must be measured. This method is
given by H. W. Fisher. Let g, ¢’ represent the resistances
of the two good wires, and .S the resistance of the two lead
wires. First, have one good wire g and the bad wire 4 joined
together at the distant end, measure their loop resistance,
and let it be « ohms; then » = 6 + g + S; second, have the
other good wire g’ and the bad wire 4 joined together at the
distant end, measure their loop resistance, and let it be
v ohms; then » = 6+ ¢’ + S; third, have the two good
wires g, g’ joined together at the distant end, measure their
loop resistance, and let it be w ohms, then w = g+ g’ + S.
The same lead wires are supposed to be used in each of
these three measurements. Then,
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prtv—w-— S (1)
2
and g="+’”;L5 (2)
The formula for g is given because this method may be
used to determine the resistance of two of three wires, when
lead wires are also used.

35. Murray Loop Test.—The Murray loop test is
quite similar to the Varley loop test. Under favorable and
suitable conditions, the Varley loop test gives more correct
results, but the great simplicity of the Murray loop test
recommends it, especially for underground cable work, where
it is generally only necessary to locate the fault between
manholes. First, have the distant ends of the available good

U
/
1]

Ak

e

Fic. 11

and bad wires joined together. Then connect the loop so
formed to the bridge, as shown, in Fig. 9, for the Varley loop
test, and measure the resistance of the loop. Let this resist-
ance be 2. Evidently, R = x + y. Then connect the loop
and battery as in Fig. 11, thus having really only two adjust-
able arms, because A4 C and CD form only one arm now.
F is now the junction between the arms x and y. When
the bridge is balanced, we have

_m__x
nt+p ¥
But, : x+y=R

Solving these two equations for x, the resistance of the
line wire to the fault, gives,
mR
X = — (1)
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A test made by this method gives a result that is
independent of the resistance at the fault. If the good
and bad wires constitute a pair of wires in a cable or at
least two wires of equal length, size, and material, x may
be called the distance to the fault while twice the length L
of the cable may be used for R The formula may then
be written,

the distance to the fault = _2mlL (2)
m+n+p

ExaMPLE.—In order to locate a ground on one conductor in a cable,
the Murray loop method was used. At the distant end of the cable,
the bad wire was joined to a good wire and the resistance of the loop
so formed was measured by the Wheatstone bridge and found to be
63.44 ohms. One end of the galvanometer was then disconnected from
the junction C between the arms # and p, and was joined instead to
the point /) between the arm p and the good wire, as in Fig.11. The
bridge was then balanced and it was found that there was 1,000 ohms
in the arm 2, 1,000 in 7, and 282 in p. Each conductor in the cable
consisted of one No. 12 B. & S. gauge insulated copper wire, having a
resistance of 1.586 ohms per 1,000 feet at the temperature of the test.
What was the distance in feet from the testing station to the fault?

SoLuTION.—By substituting £ = 63.44 ohms, m = 1,000, » = 1,000,
and p = 282, in formula 1, we get as the resistance along the bad

1,000 X 63.44 _
1,000 + 1,000 + 282 — 27.80 ohms. Then, the
distance to the fault, in feet, from the testing station is

27.80 X 1,000 _ .
1586 = 17,528 ft., or 3.32 mi. Ans.

36. A check on the result obtained by the Murray loop
test may be secured by reversing the connections of the
good and bad wires with the bridge, obtaining another
balance and result. If =/, #/,p’ represent the resistances in
the arms for the second balance, if the tests have been
correctly made, »/(7’ + p’) should be equal to =m/(n + p).
The result obtained by this check-method is

,_ (W +p)R
YT Wi+ @
and the average of the two values x and x’ which usually
gives the best result is

2 = %fl (2)

wire to the fault, x =
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37. For reliable results by the Murray loop test, the
good wire should have an insulation resistance of at least
ten times that of the bad wire. Some good wire should be
selected and the insulation resistance of the good and bad
wires measured or compared by some suitable and con-
venient method to determine if this condition is fulfilled.

It is best to connect the good and bad wires directly to
the bridge, but if lead wires must be used, R in the formula
for this test must be increased by the resistance of the two
lead wires and the resistance of the lead wire in series with
the bad wire must be later subtracted from the calculated
resistance to the fault to get the correct result. If the lead-
ing wires are short and differ by one or two sizes only from
the cable wires, the error introduced does not amount to
more than a few feet, which is usually negligible, if the
length of one of the two equal lead wires is added to the
length L of the cable in formula 2, Art. 35, and then this
same length is subtracted from the final resuit.

38. Murray Loop Test With Slide-Wire Bridge.—A
very simple, and sometimes a very convenient, way of

L ]
L —
—|
¢ ¥

Fi6.12

locating a ground on a line wire consists in using a slide
wire in place of the two adjustable arms of a Wheatstone
bridge in the Murray loop method. In Fig. 12, BD
represents a wire of uniform resistance stretched over a
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uniformly divided scale and F is a grounded point on the
conductor B £ that it is desired to locate. Then, if.4 is a
point on the slide wire touching which, produces no deflec-
tion of the galvanometer, we have r_7 adding 1 to each
”m X

side of the equation, gives ntm _ ;%r; but y + x = R,
m

then 2+ 7 _ 5; hence,
m x
resistance x = -7 (1)

n+m
in which x will be the resistance along the bad wire to the
ground and R the resistance of the loop, which must be
determined, if not already known, by another measurement
or calculated by means of a wire table. This method is
especially useful, however, when both x and R are con-
sidered as distances in miles or feet. R and —" are
n+m
merely ratios. Moreover, if the two line wires are of the
same size, length, and material, their resistances are propor-
tional to their lengths; hence,
resistance & _ 2 X length L

resistance x distance &
Consequently this may also be written,
distance d = 2mL (2)
: « n+m

in which L = length of one line wire, or length of a cable
containing line wires;
d = distance from 25 to the fault F.

The length 2/ will usually be twice the length of one
line wire plus the length of any lead wires, preferably of the
same size and material as the line wire that may be used to
connect the two line wires to the points B, D.

ExXAMPLE.—A test was made by this method to locate a ground on
a line of No. 19 B. & S. wire 3 miles long. The point of balance on
the slide wire, which was divided into 1,000 equal divisions, was found
to be 210 divisions from the end to which the bad wire was joined.
How many miles is it to the ground?
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SorLuriON.—In this case, m = 210, # + m = 1,000, 'and L =3
hence,

2m L 2X210x3 _ - .
x = hdm s low = 1.05 mi., or 1 mi. and 264 ft. Ans.

39. If all the conductors in a cable have become defect-
ive, but some are much more heavily grounded than others,
the Murray loop test may still be used with fair success,
provided that there is no disturbing difference of potential
from an outside source between the two wires selected for
the test. Even if all the conductors in a cable are heavily
or equally grounded, the Murray loop test may still be suc-
cessfully applied if there is available a good aerial wire or
conductor in another cable that can be joined to the faulty
conductor at the distant end. '

40. Murray Loop Test Requiring Two Good Wires.
Where a good wire of the same size as the faulty conductor

3

a2 j
J- Br— X I W
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G
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D (®)
Fi1c.13

is not available, but where two good wires of any size and
material, either inside or outside the cable, are available, the
. following modification, made by H. W. Fisher of the Murray

loop test, may be used, It must be possible to connect
165—15
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together at the distant end the faulty conductor B £ and the
two good available wires 7,7 as shown in Fig. 13. These
conductors are connected together at £ and to the bridge, as
shown in Fig. 13 (a). The arms 7 and  are adjusted until
the galvanometer gives no deflection and their values
recorded. The wire £ running from the battery to the lead
sheath of the cable is then connected to the conductor j
as shown in Fig. 13 (4), after which the bridge arms are
adjusted until values =’ and »/ are obtained that again
produce no deflection of the galvanometer. If L is the
total length of the faulty conductor and x the distance to the
fault, then,

: _ m(m' + ') L*

m'(m + n)

41. In the application of this method, the resistance of
conductors 7,7 may be quite different without affecting the
result, hence before the test is made, long enough lead wires
may be used at either end for making the connections with
the conductors 7,7. Usually, the same values for » and m’
can be used, thereby reducing the calculations. If the faulty
wire cannot conveniently be connected to the Wheatstone
bridge a wire of the same size and material as the cable con-
ductor may be used to make the connections, then it will be
necessary to add the length of this wire to the length of
the bad wire or cable, using this total length for Z in the
formula, and then subtract the length of this lead wire from
the calculated distance x to the fault.

*This formula may be derived as follow5' The first balance gives
5:’-:1 1+(L x),orz-!-(L x) = andi=3’m;r—(L—x)
-Lt+x= x( + l) L= x(” -{"-'m) L. Thesecond balance

i w1t = L7 Equating these two values of £
gvesm,-—r_{_y—L,orz—m,. q g S »
. n+m _Ln n+m "ri’-{-n
glvesx(—7~)—L-~’n,.orx< m ) L(l+m’) L( perg
Lin' + n)m

w(n+m) °

from which x =
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ExaMPLE.—A cable 800 feet long was tested to locate a ground
between one conductor and the sheath. A piece of wire, 10 feet long,
of the same size and material as the cable conductor was used to con-
nect the cable conductor to the bridge. Two good wires were available
so that the method just explained was selected. With the connections
shown in Fig. 13 (a¢), a balance was obtained when m = 100 and »
= 301.5 ohms. The connections were then made as shown in Fig. 13 (8)
and a balance obtained when ¢/ = 100 and »#/ = 120.5 ohms. What is
the distance to the fault?

SoruTioN.—The length L of the conductor during the test was
10 + 800 = 810ft. Substituting the known values for the letters in the
formula x = m(m' + n')L
m'(m+n)’

_ 100 X (100 + 120.5) X 810
100 X (100 + 301.5)

From this must be subtracted the 10 ft. of connecting wire, giving as

the distance to the fault from the home-office end of the cable 435 ft. Ans.

42. Goodrum Slide-Wire Bridge Method.—One of
the best and simplest loop methods for locating grounds and
crosses where two good wires are available is that proposed by
C.L. Goodrum. Theoretically, it is the same as the method
just explained, but a slide-wire bridge is used instead of a

gives

= 444.8, or 445 ft.
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regular Wheatstone bridge, thereby simplifying the test. In
Fig. 14, B C represents a slide wire, which may be a piece of
No. 24 B. & S. German-silver or iron wire stretched between
posts B C so as to be over a scale divided into exactly 1,000
equal divisions, preferably millimeters. The smoother and
more uniform the diameter and material of the wire 5 C, the




36 TESTING OF TELEPHONE CIRCUITS §33

more accurate will be the results. This method may be used
to determine the distance x to a fault at /, which may be
either a ground on wire 2 or a cross between wires 1 and 2.

Have all the wires joined together at the distant end and
at the testing end join B to 2, C to 3, and the battery to 4;
the dotted line connection is not now made. G represents
a galvanometer or a sufficiently sensitive millivoltmeter con-
nected from B to C. Adjust the pointer along the slide wire
until a point 4 is found where G gives no deflection. Then,

L m

. v n
in which L = length of cable;
v = length of wire 3;
m = distance B A, that is, the scale reading from
the end A to the point of balance A;
n = distance A4 C, that is, the length B C — m.

The connecting wire from B to 2 should be sufficiently
short or large in diameter or both, so that its resistance may
be neglected.

If line 2 is crossed at / with line 1, connect the positive
terminal of the battery to this wire 1, as represented by the
light dotted line instead of to line 4, as represented by the
dash line. If line 2 is grounded at £, connect the positive
terminal of the battery to ground instead of to line 1. In
either case, the procedure is as follows: Again, balance the
bridge and let »’ be the new reading on the slide-wire scale
from B to the new point of balance. Then,

ok

L—x+v o

Solving these equations for x gives
m! L

m

43. Although two good wires 3 and 4 are required, they
may be of any reasonable size, material, or length, and they
may be wires inside or outside the cable. The distance x

/
. . . m

to the ground or cross is merely a certain ratio — of the
m
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total length Z of the cable and this distance is independent
of the length of the faulty or good wires. The only requisite
necessary for extreme accuracy is that the faulty wire 2 shall
twist in the same uniform manner throughout the entire
length of the cable. If it starts as an inside wire, it must
continue as such. Most loop tests not only assume this to be
the case, but also assume that the good and faulty wires are
of exactly the same length, which is not true when one is an
inside wire and the other an outside wire in a cable, because
the latter twists around the inner wires and is therefore some-
what longer than any wire inside of it. This method requires
only two balances and only one connection has to be changed.
An apparatus, called the lineman’s faultfinder, has been placed
on the market for locating faults by practically this method.

44. Allen Loop Test.—Allen's modification of the
Murray loop test gives a very simple and quick method of
testing where the resistance of the loop is not already

..u”h._-....

I

known. The loop BE D is connected to the bridge, as
shown in Fig. 15, and a balance obtained. Then,
m+y _x
np
Now, reverse the connections of the loop with the bridge,
joining the bad wire to B2 and the good wire to /. Obtain
new balance on the bridge, then
wtx _y

n' /4

Fic. 18
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Solving these two equations for x gives the following
formula:
plmn' + p'm')
x = v rpm)
nn —pp
This formula simplifies when m, »’, n, and »’ are multiples
of 10, as they usually are in practice. A measurement made
by the Allen loop test is independent of the resistance of
the fault.

45. For the location of grounds, some form of loop test
is usually superior to all others. When the leakage along
the lines is great, the loop tests may be seriously vitiated
thereby, in common with other methods. The next best
method is the earth overlap, which is more suitable than the
Blavier method for a fault that has a varying resistance or
much polarization. Since the earth overlap method requires
tests from both ends of the line, it is not always applicable,
in which case the best alternative method is the Blavier, and
under certain conditions the Ayrton method.

OTHER METHODS OF LOCATING GROUNDS

46. Recelver Method.—The following method is said,
by A. B. Dungan, who has used it successfully, to be very
simple and reliable for locating grounds on aerial cable con-
ductors, provided that the cable is free from dead grounds
against other cables and guy wires. In Fig. 16 is shown the
necessary connections consisting of a lead-covered cable with

le-//0V0/ /s -+

its sheath connected to one side of a 110-volt lighting circuit;
the conductor or conductors that are grounded at some
point £, are connected through a suitable resistance, such
as five 110-volt 16-candlepower lamps in parallel, to the
other side of the 110-volt lighting circuit; either direct or
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alternating current may be used. If a portion of the cable
is water soaked or the cable is injured so that one or more
conductors are more or less grounded on the lead sheath,
then some current will pass from the conductors at the fault
to the sheath through which it returns to the office. If an
ordinary head-telephone receiver, wound to a very low resist-
ance, about s3v ohm, has its two terminals touched to two
points a, b, as far apart as convenient on the lead sheath
of the cable at any place between the exchange and the
point F a noticeable click will be heard in the receiver, due
to a part of the current passing through it. If the same con-
nection be made beyond the point /' no sound whatever will
be heard in the receiver. The points a, 6 should be kept the
same distance apart for all comparative tests. In this way,
the most inexperienced lineman is said to be able to locate
such a ground in a cable within a few inches.

47. Stabler Test With Millivoltmeter.—When all the
conductors in a cable are so badly grounded as to preclude
the application of any loop test, H. B. Stabler says the
following simple test, which resembles the preceding, has
been successfully used to locate a ground on conductors in

Fi16.17

lead-covered aerial cables. The test can only be made when
the lead sheaths are comparatively well insuiated from the
ground, or if heavily grounded, provided that it is only at
some certain known point or points.

In Fig. 17, let M N represent an aerial lead-covered cable,
whose sheaths and supporting w