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Dear Mrs. Lofchie )

The enclosed Material is sent to you regarding Jos; h Engressia.

After talking to Joe about the lack of auiYenitifae books on
step switching equipment, we more or less decided that the single
most valuble book published was Vol IIT of Kempster Miller's set and
he asked if I couldn't find a way to get a copy sent to you for reading.
The enclosed copy was finally made and since it is not the actual
original can be kept for reading without having to worrry about
a due date at the library. After speaking with _Joe 4 a later date
after the material is read, we can arrange for it return.

Joe gsays to say hello. He has described the almost unbelievable
ehergy you have devoted to helping blind people like himself., I would
like to thank you personally for the fine work you are doing, for I

know how much it means, particularky for a brilliant boy like Joe.
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At the end of the wor when poper and binding materials are again
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PREFACE

The title “The Telephone Fixchange,” originally intended
for the second volume of this series, was found to be t00 .com-
prehensive for a single volume of reasonable size. It was neces-
sary, therefore, either to condense the subjcet matter Togically
coming within that title to a degree that seemed undesirable
or to present it in two volumes. The latter course was adopted,
resulting in the two volumes now presented, the companion
volume, “Manual Switching and Substation Equipment,” and
this one, ‘“Automatic Switching and duxiliary Equipment.”
Although closely related as parts of a whole, each is fairly com-
plete in itself in covering the branch of the subject to which it .
relates. As the titles indicate, the general dividing line between
the two is that between manual and automatic or machine-
switching systems. Parts of each, however, such as “Auxiliary
Equipment” of this volume and “Substation Equipment”’ of

“the companion volume, cover matter in large measure common

to both types of system. .

This, then, is the third volume of “Telephone Theory and
Practice.” As in the case of the second volume of the series,
a foindation of elementary theory und an historie background
for it are to be found in the first volume “Theory and Elements.”’
This one treats principally of automatie or machine-switching
systems of all four types now in use: step-by-step, panel, rotary
and all-relay. It also contains collateral matter in the chapters
on Power Plants, Protective Apparatus, Distributing Frames,
Private Branch Exchanges, and Toll Switching—subjects which
in large measure concern both manual and machine-switching
exchange systems and which could best be treated after both
types of system had been discussed.

I am glad to acknowledge the generous cooperation of the
American Telephone and Telegraph Company, the Automatic
Electric Company, the Bell Telephone Laboratories, the Inter-
Dational Telephone and Telegraph Corporation, The North
Electric Manufacturing Company, and other concerns in fur-

wihine thain Ltarotira illnetrationg and. in manv cases, matter
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prepared specially for me in response to my requests for infor-
mation. To the officers and employees of each of these who
made this policy of cooperation possible my thanks are extended.

Among the friends who, as individuals, have assisted in one
way or another and to whom my acknowledgment and thanks
are due are Mr. L. E. Kittredge of the American Telephone and
Telegraph Company for his contribution of the descriptive matter
and diagrams relating to the panel system, Mr. Gerald Deakin
of the International Telephone and Telegraph Corporation for
his contribution of the matter relating to the rotary automati¢
system, Mr. P. A. Bolander of the Automatic Electric Company

SR _A_fcrmformatmn he‘pmpared for. my\ise concerning the products

and practices of his company, Mr® Richard Maetzel of the New
York Telephone Company for his suggestions and eriticisms
regarding the chapter on Power Plants, Mr. H. W. Hitcheock
-of the Southern California Telephone Company for supplying
needed information on more than one occasion, Mr. Ned Craw-
ford of Pomona, California, for assistance on the all-relay chapter,
and lastly my former engineering partner, Mr. Leigh 8. Keith,
for his extensive and competent labors in connection with
Chapters III, X, and XI. Other and more specific credits for
sources of information on which I have freely drawn and for
courtesy in permission to use 1llustratxons are made throughout

- the book.

KEMPSTER B Mn.mm
. EASADENArCﬁmmmAE' - =
- December, 1932
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TELEPHONE THEORY AND
PRACTICE

AUTOMATIC SWITCHING AND AUXILIARY
EQUIPMENT ' -

CHAPTER 1
THE MACHINE-SWITCHING IDEA

Almost as soon as the telephone-exchange idea had taken form -
and the necessity for switching telephone lines at a central
office had become apparent, men began to devise ways and means,
for doing the switching automatically, under remote control by
the subseribers, rather than manually by the central-office
operator. Thus, unusually early, did the almost universal trend of
development in-other lines become manifest in the telephone art—
the striving to do by machine the work formerly done by hand.

As early as 1879, a patent was granted to Messrs. Congelly

- and-McTighe, of Washington, D. C., for a2 machine intended to

do the work of the central-office operator.!- While crude and
impractical, it disclosed a device employing some of the prinéiples
used in modern systems—among them that of step-by-step
switches at the central offices moved by a succession of current
impulses sent from the subscriber’s station.

Not long after this Almon B. Strowger of Atlanta, Georgia,
made a number of inventions, one of which, crude though it was,
probably marks the first step in the realization of the ideas
advanced by Connelly and McTighe. Strowger devised what
we may call the “coordinate switch”’—that is, a switch in which
the contacts were arranged in coordinated rows in such manner
that the selecting arm or * wiper” could move over them in two
directions under control of the ““stepping impulses” sent by the
subscriber. In this way, a given contact could be selected by

1U. 8. Patent 222458, issued December 9, 1879.
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2 TELEPHONE THEORY AND PRACTICE

causing the wiper to move in one direction until it was opposite
the desired row and then in the other direction along the row to
the desired contact. Thus by two relatively short coordinated
movements a given contact could be reached with a minimum
amount of travel.

In an early embodiment of this idea, the line contacts arranged
in straight vertical rows and circular horizontal rows projected
from the inner surface of a hollow glass cylinder. The moving
member or wiper arm of the switch was carried on a vertical shaft
mounted axially within the cylinder, on bearings permitting both
longitudinal and rotary movements. This shaft carried two

ratchets, one adapted to give it @ step-by-step vertieal movement =

and the other a step-by-step rotary movement. The pawl of
each ratchet was actuated by its own electromagnet under control
of the current impulses sent by the subscriber, who, by sending the
proper number of impulses over one of his line wires, could cause
the wiper arm of his switch to step up to the row containing the
contact of the line desired and then by impulses over another
wire to step around to engage the particular one. The system
disclosed in Strowger’s patent! required no less than five wires
between the subscriber’s station and the central office. While
quite impracticable in its details, the fundamental idea of the
‘““up-and-around”’ switch was destined to play an important part

-in subsequent developments. It was Strowger’s contribution to
the machine-switching art and to the step-by-sbep automatlc_
system which bears his name.. . = L el T

-As far as any practical Tesults were concemed Strowgers
idea went no further than that each switch would, of itself, be
able to reach and connect with all the lines in the exchange.
This, of course, would have imposed a limitation, not to be
tolerated, on the number of subscribers that could be served.
Since the cost of automatic switches increases enormously with
the increase in number of lines with which they can directly
connect, it soon became apparent that some plan of trunking
between comparatively small groups of subscribers and the
switches serving them would have to be resorted to where the
number of lines to be served exceeded the capacity of one switch.

Here progress stumbled for a number of years. The problem of a

workable automatic-trunking plan was greatly complicated by the
fact that provision for many simultaneous connections through
1 U, B. Patent 447918, issued March 10, 1891,

.
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the switchboard had to be made. It would not do to have a
connection between any two subscribers block the path for con-
necting any other two subscribers, whether they were in the same
or other groups. This very clearly called for a number of parallel
paths for each possible connection between groups, but a practical
way of doing this remained obscure for a considerable time. The
difficulty arose from the fact that the subscriber, in his control
of the central-office switches, could know nothing of the central-
office conditions. He could not be expected to know that there
were a number of possible paths to choose from, and, even if he

knew this, he would have no.means -of- selectmgan 1dle opeand - .- -

avoiding others that were already engaged. All that the sub-
seriber can be relied upon to do is to manipulate his impulse-
sending device (dial) in accordance with the number of the line
he desires to call. The dial itself will send separate groups of
impulses corresponding respectively to the successive digits of
this number and nothing more. Obviously, it is necessary that
the central-office apparatus shall of itself be endowed with the
ability to perform a purely selective function with which the
subsecriber has nothing to do. The subscriber can (by his dial) -
select only the group of trupks to which he wishes his line to
be extended after which the switch at the central office must act,
of its own volition as it were, to hunt for and connect wzth an tdle
trunk of that group.

This idea of the selection of a group of trunks under-the mhtlon

“of‘the subscriber and the automatic selection of an idle trun‘k‘ ina

that group without the volition of the subscriber has always
seemed to me to have marked the dividing line between success
and failure in automatic or machine-switching telephony. It is

. a vital feature of all present machine-switching systems. In

rétrospect, it was a bold idea, because it seems to demand of the
central-office apparatus something akin to intelligence.

The work of Alexander E. Keith and his associates in. the
Automatic Electric Company of Chicago stands out prominently
in the development of machine switching in general and of. the
step-by-step (Strowger) system in particular. Around the crude
switch of Strowger they and their followers built the step-by-
step system essentially as it stands to-day and a8 1t has .been
adopted throughout the world.

‘But while the step-by-step development was going on, others,
qulte independently, were working along different lines that later

TCI Library: \{vww.telephonetollectors.mfo .
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4 TELEFPHONE THEORY AND PRACTICE

led to what is now known as the power-driven system, of which’

the ““panel system” of the Bell companies in this country and the
“rotary system’ largely used abroad by the International
Telephone and Telegraph Corporation, are prominent examples.
The first really practical work in this direction was done by two
brothers, Hoyt and George William Lorimer, of Brantford,
Ontario, and later of Piqua, Ohio.! These two young men, with
no previous experience in commercial telephony and without ever
having “seen the inside of a telephone central office” designed
and in their 6wn small shop with their own hands built a work-

able automatic switchboard that embodied a number of features

now found to be essential to 3l machine-switching systems.
Later, their system, exactly as they designed and built it, was
used commercially in a few Canadian towns, among them Peter-
boro, Ontario, where it was installed in 1905. The work of the
Lorimer brothers is all the more remarkable because they were
undoubtedly among the first of several inventors to conceive and
put into practical form the trunking plan already alluded to,
where the desired group of trunks is selected by the subscriber
and the individual trunk in the group is automatically selected
by the switch.

The Lorimer system is now of historic interest mainly because
it was the first one of the so-called “power-dnven” systems to
achieve any degree of practical success. In power-driven sys-
tems of which the ““panel-type system” of the Western Electric_

Company and the “rotary system™-of ‘the Intérnafional Tele- |

phone and Telegraph Corporation are highly developed modern

examples, the switches derive their motion from separate con-

stantly running motors, each common to a number of switches.
The selecting members of the switches are brought to the selected
contacts they are to engage by a sieady progressive movement,
as distinguished from the intermittent or step-by-step move+
ment that is characteristic of switches of the Strowger type.

Still another line of endeavor in the machine-switching field is
that which has led to the so-called “all-relay” system. This,
as its name implies, employs only relays, and no progressively
moving switches, to effect the selecting, connecting, and dis-
connecting of lines. The all-relay system is one of minimum
mechanical movensents and consequently of minimum mechan-

1 British Patent 8648 of 1901.
U. 8. Patent 1,187,634, issued June 20, 1916, filed April 24, 1900.
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ical complexity. In it paths are permanently wired from every
line to every other line, these paths being normally broken at the
small gaps of relay contacts. By causing the proper relays to
operate, the gaps may be closed to complete the connection from
any line to any other. _

Theoretically the all-relay system is applicable to exchanges of
any size, but practically it seems, as far as it has yet been devel-
oped, to be limited to those serving a comparatively few lines.
The reason for this is the enormous multiplicity of relays that
would be involved in large exchanges. For small exchanges,

‘however;it appears definiitely attractive. It is manufaetured in’

this country by the North Electric Manufacturing Company and
advocated by it for small exchanges and for branch-office equip-
ment of larger exchanges.

From the foregoing it is seen that there are broadly three types
of automatic or machine-switching systems:

1. The step-by-step system, wherein each switch has"its own
driving magnets adapted to move the selecting contact members
or wipers into engagement with the selected contacts by rapid
successions of short steps, usually in two coordinated directions.
In this system the driving power. is derived from mpulses of
currert through the driving magnets.

2. The power-driven system, wherein the switches through
individual clutches derive their power for moving their selecting
members from a contmuously operating mdtor common‘m'many
of them. In this system, the selecting impulses Serve to control .
the application of the common source of ‘power to the individual
switches.

3. The gll-relay system, wherein relays instead of progressively
moving switches are relied on to connect and disconnect the lines.
In this system, the selecting impulses serve merely to determine
which combinations of relays shall be operated to close the desxred
one of the already existing paths. -

Because the mechanism given the subscriber for exercising this
control has now universally taken the formof a dial, these sub-
scriber-controlled systems are now often called ‘“dial” systems,
principally to distinguish them from manual systems. * Up to this
point we have considered only those machine-switching systems
that were controlled by the subscribers.  After thé practicability
of machine switching had been generally established, Edward E.
Clement of Washington, D. C., an engmeer, patent attorney,

" TCI Library: WWW.teIephonecoIIectors.|nfo )
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6 TELEPHONE THEORY AND PRACTICE

and prolific inventor, came forward with a system which has
since been manufactured by the North Company and its predeces-
sor. In this, the control of the central-office switches was
exercised by a few simple keyboards at the central office instead
of by the many dials at the subscribers’ stations. The control
was thus taken from the subscribers and placed in the hands of a
few skilled operators who manipulated the keyboards in response
to calls given orally by the subscribers. This, then, was an

“‘operator-controlled” instead of a ‘‘subscriber-controlled”

~ automatic or machine-switching system. Clement coined the
name ‘“‘automanual” to apply to it, to indicate-that it partook of . - -

both the automatic and manual systems: automatie in that the
connections were set up and taken down wholly by machine; and
manual in that the subscribers’ station apparatus was the same
as that of the common-battery manual system and that the
subscriber merely asked for his connection as in the manual
system. Some have called this a ‘“semi-automatic’’ system
but this is clearly a misnomer, for it is as fully automatic as the
dial system. Both are full machine-switching systems, the dif-
ference being that one is dial or subscriber controlled and the
other keyboard or operator controlled. The keyboards may be
considered in the nature of ‘“master dm ”” for use by operators
rather than subscribers,

Operator control of central-office switches has played an impor-
tant part in the gradual conversion of manual to machine switch-

T -ing in large multi-office syStems.” ~During {he penod while some

of the offices are operating on a machine-switching and otherson a
manual basis, special equipment must be provided for estab-
lishing connections between lines in the two kinds of offices. In
these “‘mixed systems” a call from a8 manusal station to a dial
station is received, of course, by a “manual A” operator and by
her trunked to a ‘ cordless B’ operator at the mdchine-switching
office. From here on the operation closely resembles that of the
automanual system. The ‘‘cordless B” operator is provided
with a keyboard for controlling the switching apparatus in the
terminating office. She receives the call orally and sets it up on
her keyboard, and the svmchmg machines complete the connec-
tion in response to this “‘set-up.”

The first automatic systems to meet any degree of commercm_.l
suceess required local batteries at the subscribers’ stations for
transmitter current. Common-battery working was a proven

THE MACHINE-SWITCHING IDEA

success in mapual operation but was difficult to apply to machine
switching because of the method of switch control then in vogue.
In the Strowger system of that time,! for instance, one wire of the
metallic-line circuit was required with a ground return for step-
ping the switches vertically in response to the selecting impulses
from the subscriber’s dial, the other line wire with a ground return
was required for the “change-over” which brought about the
trunk-hunting movement of the switehes so selected, while both

wires together with a ground return were required for the final.

release of the sw1tches It was dlfﬁcult to reconclle these reqmre«

) current to the substatlon transmltters It was not until a radi-
cally different method of switch control was found that the way
was paved for common-battery machine-switching operation.
The key to the solution of this problem of doing so many different
things over a single metallic circuit without the use of ground
returns was found in the use of fast and slow relays, all operating
by current from the common battery flowing in the metallic
circuit. A rapid series of dial break impulses, corresponding in
number to the digit being selected, effected, through a fast relay,
the selection of a group of trunks; a succeeding pause between
break impulses, through a slow relay, effected the “change-over”
to permit the automatic selection of a trunk in the chosen group;
and a final long break in the circuit effected the release of the

switches. This introduction of the time elément so prominently-- .-~~~

to dlfferentmte between successive functicns to be performed
over the same cireuit removed the last serious technical obstacle
in the way of a satisfactory machine-switching system, whether
of the step-by-step, power-driven, or all-relay types and whether
controlled by subscribers or operators.

There were, however, other questions than mere technical
operatnveness that had to be determined before machine switch-
ing was ready for general, country-wide ddoption. Its operative-
ness being granted, there were still su¢th questions as whether
the public would like it or not and whether, all things considered,
it could compete economically with '-the‘ manual system.

A paper? given by the writér in 1904 before the International
Electrical Congress, at St. Louis, Mlssoun, shows how some of

! MiLLER, KEMPSTER B., “Amencanm’l‘elephone Practice,” McGraw-Hill
-Book Company, Inc., New York, 4th ed., 1905.

?“The Automatic v. The Manual Telophone Exchange." Sec. G, Elec-
trical Communication, International Electrical Congress of St. Louis, 1904,

¥ TCI Library: Www.teléphonecollectors.info

>

%
g




et mg

8 TELEPHONE THEORY AND PRACTICE

these questions appeared to him at that time. The questions of
doubt at that time have since been resolved mainly in favor of
machine switching. The question, that later arose, as to whether
the switching machinery should be dial-controlled by the sub-
seriber or keyboard-controlled by a comparatively few central-
office operators acting under oral instructions from the subseriber,
has been generally resolved in favor of the dial control by
the subscriber although there are outstanding examples of key-
board, operator-controlled systems now in operation.! Both
are unquestionably good methods as has been amply demon-

key board ‘control, because of they greater smpI'clty permitted

in the substation apparatus and the minimum of work re-
quired of the subscriber, now find themselves in a decided
minority. ' -

Looking back over the fifty odd years of telephone-exchange
development, it seems quite in the natural course that the manual
method of switching should have been the first to be generally
favored, developed, and put into commerecial use. The needs of
the telephone business had first to be determined. The lack of
knowledge concerning these needs and the lack of methods,
equipmeént, and trained personnel, during the time that knowledge

was being acquired, of necessity kept the early practices in the '

simplest and most obvious channels. But meanwhile, as has'so

often been the case in the early development. of-other arts, a .
« - ===~ ""Tguccession of pioneer inventors with liftle encouragement—nay;

in spite of every discouragement—had clung tenaciously to the
-idea of devising a machine that, under the control of ‘the sub-

“scribers, would connect lines and disconnect them and perform

the collateral operations that in manual switchboards had been
required of human operators. To tiie practical telephone man

~of the time this idea seemed preposterous, as indeed it was, in

view of the then existing conditions in the telephone business.
But, as the art advanced, as knowledge and technique grew and

conditions changed, far-sighted men began to see in it .really —
It began to appear that, in some -

practicable possibilities.
" measure at least, hand switching would have to give way to

machine switching in telephony, just as in the older arts, for - -

instance, hand weaving had given way to the machine loom/

! One of these is the automanual system of about eight thousand lines at
Lima, Ohio.

strated, but those who_have-been inclined te favor operators’ - - - .

THE MACHINE-SWITCHING IDEA _ 9

handwriting to the typewriting machine, and hand typesettmg to
the linotype and monotype machines.

It is, of course, as impossible to state just when machine-switch-
ing telephony passed out of the realm of failure and into that of
success, as it is to state when darkness ends and daylight begins.
By 1904 and 1905, as attested, for instance, by the operation of
the Strowger exchanges at Grand Rapids, Michigan (1904), and
Columbus, Ohio (1905), it had clearly demonstrated that it would
work under the comparatively simple conditions of single-office
exchanges in medium-sized cities. The evidence was fairly
good that the ‘public liked it then, but there were doubts as to
how much-of this popularity was attributable to its novelty or to
certain favorable conditions of widespread local ownership that
existed in those cities. There was also an almost complete lack
of fundamental data on which to base judgment of its ability to
compete economically with the older type of service.. Naturally
only time, use, and experience could answer some of the questions
necessary to a determination of comparative economy, The
life of the equipment and its rate of depreciation were quite
unknown, its maintenance and operating costs were matters of
speculation, and, as was learned afterwards, the first costs based
on a fixed price of 335 a line, including complete substation
telephones, were altogether misleading.

TFrom the knowledge gained from a few such early successes to
that-which would. warrant the more- general adoption of machine

‘switching, and particularly its “adoption for the vastly cofaplex

‘conditions of large metropolitan areas, was a long step. - Encour-
aged, however, by these experiences and others which soon fol-
lowed, rapid progress was made and by about 1918 it was
cons1dered fit for. use in very large centers like New York and -
Chicago—a long step indeed. Since that time the process of
conversion from manual to machine-switching telephony, already

_ well under way, has been going on with increased rapidity

throughout the world.

It took more than the mere technical development of the
system itself to bring about the adoption of automatic telephony
in this really large way. Two other principal factors con-
tributed: first, the enormous growth in the use of telephone
service with its more exacting demands, and, second, the changes
in economic conditions brought about by the World War. In
Some respects, particularly in very large cities, the manual system
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10 TELEPHONE THEORY AND PRACTICE

was almost breaking down under the increasing demands on it.

Many features that had been developed in the automatic system
were, as has been shown, engrafted bodily on existing manual
systems and a general policy of replacing larger manual ‘equip-
ments, as they were outgrown or outworn, with those of the
machine-switching variety was adopted by most of the companies
and governments operating telephone systems throughout the
“world.

The World War changed economic aspects in the telephone
business as in most other lines. For one thing, by greatly increas-
ing the demand for female labor in other industries, it taught the
telephone operator something of her own economicvalue. In this
and in many other respects the tconomic problems involved in
the adoption of machine switching were changed by the war so
as to present an entirely new aspect. In some cases, it enabled
machine switching to ‘“prove in” purely on a basis of economy,
where before the war it could not have done so.

The process of conversion, still going on, must, of necessity,
be a gradual one for three principal reasons: in order to keep
within the bounds of reasonable capacity for the manufacture
of the required equipment; in order to conserve investment in
manual equipment that is still adequate for the demands upon it;
and in order to give proper service continuously during the period
of change. :

In this chapter the attempt has been made merely to touch

- —pon- & few of the high spots in the growth of the machine

—switching idea, as a preliminary to the more detailed considera-
tion to follow. In such an intricate subject matter, unless there
is some perspective, one is likely to “lose mght of the forest
because of the trees.”

CHAPTER II
CONTROL DEVICES AND NUMBERING PLANS.

In any machine-switching system the control of the central-
office switching apparatus, as far as the subscriber is concerned,
must be done on a-decimal basis, since the decimal system of
numbering is the one universally used in everyday affairs.!
Accordingly, in telephone directories, the numbers-by which
subscribers are to be called are listed on the decimal basis. This
is true, in machine-switching systems, whether the directory
listing consists wholly of numerals, as ‘“4978,” or of .an office
name and numerals, as “Lennox 4978.” In the latter case,
some of the letters of the office name would be given numerical
digit significance on a decimal basis, in a manner that will appear
later.

It will be helpful in studying automatic-switching systems to
keep in mind the significance of the successive digits in a number
that is used to designate the place of a particular unit thingin a
large group. Thus, among 10,000 unit things, the particular one
referred to by such a number as ““4978” is found in the fourth

group of thousands, the ninth group of hundreds in that thoqsand
the seventh group of ten in that hundred, and the eighth one.in -
- that ten. Each successive digit narrows the seléction down by -

picking one out of ten.

The Substation Dial.—It was shown in the last chapter that
the subscriber in a subscriber-controlled automatic system exerts
his control on the central-office switches by several successive
series of rapidly recurring breaks in the line circuit, the number of
breaks in each series corresponding to the successive digits in the

!Tn some systems, for reasons that will be pointed out, the central-office
switches themselves operate on other than a decimal basis, so that the num-
bers used by the calling subscriber are not the ones which actually control
the switches. Where this is done, devices are employed at the central
office which, in effect, translate the directory numbers into numbers more
suitable for switch operation. This will be discussed in later chapters but it
does not alter the fact that, so far as the subscribers are concerned, all sys-
tems operate on a decimal basis.

1
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12 TELEPHONE THEORY AND PRACTICE

called subscriber’'s number Each substation must, therefore,
be provided with a device by the manipulation of which the sub-
seriber may rapidly and accurately transmit to the central office
several successive series of break impulses, each series corre-
sponding in its number of breaks to the numerical value of the
digit it represents. Each series must, therefore, have from one
to ten breaks. It was also shown that, between each series
of break impulses corresponding to the successive digits, there

must be a pause to allow time for the ‘‘trunk-hunting” and

“change-over” operations of the central-office equipment—that
is, for selecting an idle trunk and passing the control to the next
switch or function to be involved in the chain of operations.

The substation control devicg, therefore, must enable the
subscriber easily and accurately to translate the directory
designation of the subseriber he desires to call into several
series of from one to ten rapidly recurring breaks in the line cir-
cuit; and it must allow a pause after each series during which the
line circuit remains closed. More than this, the device must be
so arranged as to prevent its circuit-breaking functions from dis-
turbing the talking apparatus of his own station. Obviously
also, like substation apparatus in general, it should be as simple,
rugged, and “fool-proof” as possible and as inexpensive as is
consistent with its exacting requirements,

The familiar automatic telephone dial, developed originally in

connection with the Strowger system and later adopted in prin-
ciple by all important systems, has proved to be better adapted
to the purposes of a subscriber’s ““calling device” or “impulse

sender” than any of the numerous:other forms involving push -

buttons or levers that have been designed for the same general
purpose. Its outward appearance, as now used by the Bell
System, is shown in Fig. 1, which also indicates the method of its
use.

- The finger wheel or dial proper has near its péribhery tenfmge? §

holes through each of which, when the dial is in its normal
position, may be seen respectively one of the Arabic numerals,
1,2 3,4,5 6,7, 8,9, and 0, in the order mentioned. These
figures, and the letters which sometimes accompany them, are on
a stationary white enamelled number plate lying a short distance
below the dial. By placing the finger in one of the holes, the dial
may be turned in clockwise direction against the action of a
coiled spring, until the finger engages the stationary finger stop

W o
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shown near the normal position of the “zero” hole. When
released, the dial rotates in the opposite direction to its normal
position under the action of the spring.

Briefly, the functioning of the dial is this: When the subscriber

" lifts his receiver to make a call, the metallic circuit of his line is

closed through the normally closed pair of “impulsing contacts”
of his dial. These contacts hold the line circuit closed during
the forward movement of the dial, but during its return move-
ment they alternately open and close the circuit, the number
of breaks depending on the distance traveled by the dial in this

Fm 1 —Substauon dial and method of use. (C’ourtesy of The Amerwan Tdephm .

— .and-Telegraph Company.)

movement. Obviously, the distance of dial travel will depend
on what finger hole was used in moving it from its normal position
to the stop, and, as the mechanism is so geared as to cause one
break for an angular movement corresponding to the distance
between two adjacent dial holes, it follows that the number of
break-impulses sent by the dial will be equal to the number
represented by the figure seen through that hole. Thus the
number of breaks will always correspond to the numeral in the

- hole “pulled,” the “0” or zero hole always counting as ten, as

will be explained. A small centrifugal governor geared to the
dial shaft only during its return movement controls its speed -of
movement in that direction, so that the speed will be uniform and
such as to eause the breaks to occur at the rate of ten per second.
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14 TELEPHONE THEORY AND PRACTICE

Another set of springs associated with the dial mechanism
are the “off-normal” or “shunt” springs. At the first movement
of the dial, an attachment to its shaft causes these eprings to
shunt the telephone trarsmitter and either shunt or open the
receiver, depending on the type of talking circuit used. These
circuits affecting the talking set are restored to their normal
operative conditions by the off-normal springs just uas the dial
reaches its normal position at the end of its return movement.
The purpose of thus removing the talking apparatus from
the circuit during the dialing operation is in order to remove the

variable resistance of the transmitter and the reactance of the

fom e ———

L=/
F16. 2.—Automatic Electric Company's dial substation cireuit. _.

receiver from the dialing circuit and to prevent the dial impulses
from affecting the receiver.

Two specific types of dial will be described, these being the
ones most used in the United States and elsewhere. Either of
- ‘these is suitable for use with any of the dial automatic systems
later to be described. '

The dial of Automatic Electric Company as developed by that
company for the Strowger system being taken first, Fig. 2 shows
how it is connected in the substation circuit. The parts of the
-dial involved in the circuit connection are indicated within the
dotted rectangle of this figure, the contact springs being shown
in the position they assume when the dial is at rest. In this con-
-dition, the standard booster type of common-battery substation

P
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circuit will be recognized. When the dial is moved out of its
pormal position, the shunt springs SS short-circuit the transmitter
and receiver respectively and on the return movement of the dial
the impulse springs IS open, to break the circuit of the line, a
pumber of times corresponding to the number of the hole
pulled. '
Figure 3 is a rear view and a cross-sectional diagram of this
dial. In the rear view, the pair of impulse springs is seen at the
left, the three shunt springs at the right and the worm-drive for
the centrifugal governor lying 'diagonally under the impulse
springs. The three shunt springs are normally out of engage-

" ment with each other but, as soon as the dial is moved slightly

Pheml—ﬁ_{ire com
o i

Fic. 3.—~Rear view and cross-section diagram of Automatic Electric Company

r

from its normal position, a projection o its shaft-allows them.fo ="~ —

close their contacts and to remain so until again opened by the
final movement of the dial in its return. The impulse springs
are actuated by a cam driven by an auxiliary shaft geared to the
main shaft of the dial plate.

The mechanical action may be better understood from the
cross-sectional diagram. From this it will be seen that, on
account of the pawl-and-ratchet connection between the finger-.

- plate shaft and the main gear wheel, the cam wheel and the

worm-~driven governor shaft will be rotated only on the backward
rotation of the dial. During this backward rotation, however,
the cam shaft actuates the impulse springs, meanwhile driving the
governor shaft which, by its “fly-ball” action, serves to limit
the speed of return and therefore the speed of the impulsing.

TCI Livbrary: WWW.teIephonécoIIecths.info




16 TELEPHONE THEORY AND PRACTICE

The external appearance of the Western Electric dial used by
the Bell System in both its panel-type and its step-by-step type
automatic systems was shown in Fig. 1. A rear view'showing
- contact springs and governor is

given in Fig. 4." The upper pair
of. springs shown are the im-
pulse springs, the contact be-
tween them being normally
closed but opened periodically
during the return movement of

springs below are the off-normal
‘springs. These act in some-
what different manner from
those of the Strowger dial, the
upper pair, normally open, serv-
Fig. 4—Rear view of Western Electric ing to short-circuit the trans-

dial. mitter and the lower pair,
normally closed, serving to open the receiver circuit when the
dial is moved out of its normal position. The long thin spring
of the impulse pair is driven by a cam-actuated pivoted finger

F16. 5.—Western Electric dial—partly disassembled.

shown adjacent to its free end, while the thin springs of the off-
pormal set are moved by an arm rigidly attached to the dial-
wheel shaft. The governor of this dial like that of the Stowger
has two centrifugally operated weights exerting friztion against
the inner cylindrical surface of the governor housing but differs

the finger wheel.” The four

. AT

B
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in that it is driven on the backward rotation of the dial by
ear and pinion instead of by worm gearing. ' '
; Figure 5 shows a front view of this dial partially disassembled.
The three-tined ring at the left is for clamping the enam.eled
npumber plate to the stationary framewqu. The two—tmed
ring at the right is a part of the card holder and serves to clamp
+he instruction card and its transparent covering to -t_hg face of
the finger wheel. Co : _
Finger-hole Designations.—In numbering the ﬁx.lge.r holes of
the dial, we cannot give the cipher 0 its ordinary sn,.g'mﬁ.canoe‘of
“gzero” or “paught,” because no breaks in the ecircuit would

accomplish nothing at all. To omit the zero mark would leave . ... - . .}
only nine of the Arabic figures, and, as ten are Tieeded, the cipher- .~ -

0 is used for the tenth finger hole and made to fo}low nine in the
series. On dials, therefore, ‘the cipher is given the 'va,lue of 10
and the 0 hole is placed next beyond the 9 hole s0 th?,t when
it is pulled, ten breaks will be produced in the line circuits

in the next chapter, serves 100
lines, its “bank”’ contacts being
i?ila%egsl?n}i?c:&r;zﬁﬁt;{lgov? Fia. 6.——.\'umbe:v'6u'1itgbﬁlan of Strowger
The wiper armof thisswitchmay : >

be broﬁ;ht into engagement with any one of these 190 eonta/}ets
by two successive series of dial impulses, the first series stel_)pm.g
it up to the desired “tens’’ row and the second series stepping it
"around to the desired unit in that row. It is the dial that tel!s
the switch what to do, and, in selecting line 95, for instance, it
directs the switch first to take nine steps upward and then .ﬁve
‘steps around. Always two movements of the dial are required

Rotary Mova.mgnf )

to select any number within the 100, the first pull corresponding .

to the tens digit and the second to the units. Obviously,

Gi‘vingthezeromarkavalueof TR RTB®®
ten leads to a variation from the S — 5
ordinary sequence of numbers _ — __ __ e ——
which may be most easily illus- § LI ——
trated by considering, for the 'fé . o
moment, the action of the ordi- 2 _6I_ _______ o
nary Strowger connector switch, 5 3 R
in which the switch action di- 2 T~ — =
rectly follows the dial action. 3} Fr———"—""" "7
- 7 ThigEwitch, as-will be shown _‘{ TET T —ﬁ'jﬁ LT S
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18 * TELEPHONE THEORY AND PRACTICE -

therefore, the numbers of the contacts in each horizontal row or

“level must all begin with the same tens digit corresponding to

the number of the level; and they must end with the units digits
progressively from 1 through 9 to 0 in the direction of the rotary
selecting movement. This results in the group of 100 contacts
reached by the switch being numbered from 11 to 00, as shown in
Fig. 6, instead of from 0 to 99 or from 1 to 100, as the numbers
would ordinarily run. In the same way, for the “hundreds”

~ and the “thousands” groups in a 10,000-line system, for instance,

the groups would be numbered from 1 through 9 to 0 in each
_ease. The lowest number in 10,000 would be 1111 and the

highest 0000, the series thus including the entire 10,000 numibers, —:

P s

- ... .. Fig. 1—Disl faces=lettered.and unlettéred.” ~ ™~

When a system does not réquire numbers of more than four ,

¥

¥

i

£
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designations and to use the first one, two, or three letters of
the office name as well as the switching numbers in dialing. This
involves placiny; letters along with the digit numerals in the finger

v holes of the dial and giving the first few letters of each office

name a corresponding numerical significance.

The right-hand cut of Fig. 7 shows a Bell System dial so
marked. Each of the eight finger holes from 2 to 9, inclusive,
contains three different letters. All the letters of the alphabet
except Q and Z are thus included and they are arranged in
alphabetical order. In this way, the letters A, B, and C are

‘. each given the same significance, as far as the dial is concerned,

b

1]

o oy

or five digits, the finger holes of the dial need have only numeral -/

marking, as in the Strowger dial face shown at the left of Fig.
7. Such marking usually suffices in a single-office exchange or in
a multi-office exchange not requiring mgre than four or five
digits. Even when the number of subscribers is so large as to
require a number of central offices, it is possible, of course, to
disregard office names and to designate all subscribers’ lines by
number only, as might be done by assigning a different *ten-
thousands” group of numbers to each of the offices. This, in
effect, is what is done in practice but, since it is easier for most
people to remember a short number with an office name than a
long number without the name, it has been found conducive to
accurate service to retain office names as part of the directory

L TR

* 45 the numeral 2; the letters D, E, and F as the numeral 3, and-

s0 on. The same effect is produced, thercfore, whether the sub-
scriber pulls the letter 4, B, or C or the numeral 2. Likewice, if
he pulls in the order mentioned L-I-B, it produces the same dial
effect as the numerals 5-4-2. Taking this latter example L-I-B
as being the equivalent of 5-4-2, the directory listing of a sub-
seriber in an office named “Liberty ” might be LIBerty 0086 or
it might be 542-0086, both requiring the same manipulation of
the dial and both, therefore, producing the same effect on the
central-office switches. In this case, the combined name and
numeral would be the better one to adopt for directory purposes
because the office name would automatically suggest to the sub-
scriber the proper letters to pull to select the Liberty office.

Numbering Plans.—The form of numberipg -plan to be used -
ir a partieular case depends-upon the special Fequirementsend - o T

peculiarities of the dialing area, such as the telephone develop-
ment, rate of growth, amount of traffic to suburban points, and
the method of handling such traffic. The use of several types
of numbering plans differing from each other even among areas of
the same approximate telephonic size has resulted from such
individual requirements. '

The numbering plans described below -are the most common
types now in use. The number of offices for which these plans
are designed is always based on some ultiniate engineering period,
estimated far enough into the future to avoid too frequent
modifications of the numbering plan, which are always to be
avoided if possible. - - . o ‘

Areas Reguiring from Two to Eight Office Codes.—In multi-office
areas where eight office codes or less aré required, a single-digit
prefix is used to designate the ¢alled office. - In the directory this

Y

M
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20 TELEPHONE THEORY AND PRACTICE

digit is usually separated from the rest of the number by a hyphen,
as for instance, 7-1234. The limitation of eight offices exists
because the number 0 as a preliminary digit is reserved for reach-
ing the operator, and the digit 1 cannot be distinguished from an
accidental preliminary depression of the switchhook. Sinee
neither of these can be used to designate central offices, the eight
digits from two to nine, inclusive, remain for this purpose.
Areas Requiring from Nine to Sizty-four Office Codes—1It is
generally felt that it is difficult for a subscriber to keep in mind
more than five digits while he is dialing them. Therefore, when

two or more office-code digits are required, the subscriber’s dial .
is equipped with a m_rmb_er.plani having both letters andFnumerals -
(Fig. 7, right). The reason for omitting the letters Q and Z is’

that it is not desired to crowd more than three letters in one finger

Caron Alcide ¢ 4037 Claude...... Y0 rk 1826-M b
Caron Alex ¢ 6732 Denormam].CA lumet 25974

Barnes Wm J 145 E 45....... ngtn 2-5227
Caron Altred T 1814 5t Jerome,FR ontenac 6919 Barnes Wm R 710 W End .v...Lusl ﬂrsde gaszz
Caron André ¥ 5856 Jogues...... Fl 1zr0y 8238 Barnes Wm S books 229 W 29.LA ckwana 4.1768

Caron Mme Antoine ¢ 1933 Kent.AM herst 1468

Barnes H N Co brkrs 33 Nassay. Hi tehek 4-0
Caron Armand ¢ 2013 Dandurand.CA lumet 8115-M 500

Barnet Tag Co 126 W 13......CH elsea 3.
Barnett A 784 Franklin avr. ... PR :spc: 932%

Barnewall H G 285 Longwood av.IN tervale 9.6393
Barney C £ Iwyr 15 Broad...... HA novr 2-1080

Caron Armand ¢ 920 Decarie bl.WA Inut 6279-W
Caren Armand v 4242 Parthenais. . AM herst 1402
Caron Art ¢ 2287 Fromenac..,.CW-errier 7094
Caron At ¥ 566 Vimont.,  _...... CL airval 3968
Carom Arthem T 416 Chmp Ge Mars.NA rbour 4696

Barney's Dairy 1063F1shng av. Wi Nliamsbrg 5-0082

FieG. 8. Fia. 9.

Fic. 8.—Directory listing for areas requiring from 9 to 64 offices.
Fi1G. 9.—Directory listing for areas requiring more than 64 offices.

__hole and they ax_'ethe least frequently used of all the letters of the.- -
S RS Riphabets T ' )

Office names are assigned to the different office units and the
subscribers are instructed to dial the first two letters of the name,
followed by the line number. Of course, as outlined above, the
office names are so chosen that the first two letters of any office

~ will always represent the proper numerical code for that office

and, therefote, a code different from that of any other office.
For the reasons given above, only the holes from two to nine can
be used for office-code purposes.

In the telephone directory for such a system, the letters of the

office code to be dialed by the subscribers are printed in bold-face -

type, as shown in Fig. 8.

The number of two-digit codes which can be built up from
these letters is sixty-four. Although twenty-four letters are
available, they do not, of course, represent twenty-four independ-

==

N

CONTROL DEVICES AND NUMBERING PLANS 21

ent digits because the three letters in each finger hole have iden-

tical numerical significance.
This use of the letters which constitute the beginning of the
office name provides a system much ecasier for the subscriber to

use than numbers, or even arbitrary letters, would be. It also -

accords very well with the use of central-office names as in manual
practice. The dial system, with such a numbering plan, can be
introduced in & mapual area with minor directory changes and,
occasionally, the change of an office name which would conflict
in dialed code with the name of another office. : :

Areas of More than Sizty-four Office Codes.—If more than sixty-

" “four codes are required, three code digits must be dialed. In

some cases, the practice has been to require the dialing of the
first three letters of the office name followed by the numercal
digits. Theoretically, the number of possible codes with this
plan is 512, more than any dialing area has so far requu-ed
Practically, however, the number of usable three-letter codes is
much smaller. One difficulty which limits the number is the
selection or invention of office names which will utilize these
codes and still be easy to spell, pronounce, and understand.
As an instance of this, the five hole contains the three letters
J, K, and L. The difficulty of finding a name having as its first
three letters any combination of these is apparent and the code
555 is therefore useless. The result of this difficulty is to mate-
rially reduce the pumber of useful codes. This has led recently

‘tWo letters of the office pame are-dialed followed by a third
pumerical code digit. In the directory this digit is separated
from the rest of the number by a hyphen. Directory listings
utilizing such a numbering plan are shown in Fig. 9. In addition

" to facilitating the selection of office names this plan also permits

0 and 1 to be used as a third code digit, increasing the possible
office codes to 640.

In- sorhe areas; where the number of codes required is only
slightly greater than a two-digit code plan will serve, a practice
of using some two- and some three-digit codes has been adopted.
In this case, the first two letters of the office name are dialed as in
tWO-digit areas, and the third code digit, when it is used, is printed
and dialed as an auxiliary number preceding the line number.
It the directory this digit is separated from the line number by
a hyphen. - .
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CHAPTER I1I
THE STROWGER STEP-BY-STEP SYSTEM!

Of the three general types of automatic or machine-switching
systems, ‘‘step-by-step,” ‘power-driven,” and ‘“all-relay,”
the former, also called the “Strowger system,” will be treated in
this chapter. It is extensively used by the Bell System -and by
independent companies in the United States and by both govern-

T ;,'T,i*ﬁe—rﬁf’sfziﬁd ;iel’gibhbjﬂ’e‘,éémpiiﬁﬁes“hi many foreign countries,

Strowger Step-by-step Prin'ciple of Switching.—The Strowger

principle of switching is the outgrowth of the fundamental idea of

Almon B. Strowger conceived as early as 1889. The first
exchanges embodying the step-by-step principle were installed at
Michigan City and La Porte, Indiana, in the year 1895. Later
notable early installations on a larger scale were those at Fall
River, Massachusetts, in 1903, and Grand Rapids, Michigan, in
1904. The system has been developed as a whole by the engi-
neers of the Automatic Electric Company and its predecessors,

- under the able leadership of Alexander E. Keith, T. G. Martin,

and others, but, however, the fundamental principle of Strowger
is still employed in the present-day system. _ .

This method of switching employs as its_basic equipment

- -a_switch with-coordinated="up*"afid “around”” movenients:” To
the brush rod or “wiper &haft” is first given a vertical and then

a rotary motion, both motions occurring in short rapidly recurring

- steps. Means are provided for holding the shaft in the inter-

mediate and ﬁnal' positions, and for finally releasing and restoring
Jt to its normal or ‘“ready-for-use” position. While other

. functions must be performed by the switch, only those dealing

with the above-mentioned features will be described at this time,
the others being explained at -appropriate times as the treatment
of the system develops. =~ ' :

- Vertical Movement.—The vertical, rotary, and release features
will first be considered separately, then as combined in one
structure. Figure 10 showg; in diagrammatic perspective,

*The photographs and in many cases the circuit diagram sketches that -
were used in preparing the illustrations of this chapter were furnished by.
courtesy of the Automatic Eleetric Company of Chicago.

. . 22 i
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the me;hanical elements involved in the vertical x_x.love:ment
of the wiper shaft, and an clementary operati.ng circuit f?r
causing the movement. The wiper shaft WS is mountn.ed.m
fixed bearings at top and bottom (not shown), these permitting
vertical and rotary motions of the shaft. The vertical magnet
VM, mounted on the framework of the switch, has an armature
pivoted at its rear end, to which is attached an arm, or finger,
with a pawl at its front end.  Adjacent to this pawl, but normz.tlly
free from it, and forming a part of the wiper shaft, is & vertical
ratchet cylinder, or hub, having circular grooves cu‘t in it. .
The key A in this and the immediately following figures is

 to be taken merely as a circuit-closing device responsive to

|

Fic. 10,~—Vertieal movement of Strowger switch.

the movements of the subscriber’s dial. When it is pressed
with switch C in its first position, as shown, the magnet VM
will attract its armature, causing the pawl to engage a tooth
of the vertical hub and lift the shaft one step. A detent finger
on the upper end of the “double dog” DD prevents the yiper
shaft from dropping back when the magnet is de-energized.
.This double dog is normally held out of engagement with the
ratchet hubs but, however, is released on the ﬁrsf. mo,vem.ent
of the vertical pawl, so as to engage the teeth of the vertical
hub. It will, therefore, be evident that, each time the key A
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24 TELEPHONE THEORY AND PRACTICE

is pressed, the shaft 11"S will be moved upward one step and will
be held in the raised position by means of the dog DD. The
number of vertical steps will, of course, depend on the number
of times the key 4 is pressed. :

Rotary Movement.—Figure 11 shows the same shaft and
double dog but a rotary magnet RM with associated armature,
finger, and pawl is shown instead of the vertical magnet. The
rotary magnet has been brought under control of the key A by
moving the switch C into its second position. Mountéd on
the shaft immediately below the vertical hub is the rotary
ratchet cylinder, or hub, with vertical grooves or teeth cut

TR AT '-ﬁl«_,:in'.fifs surface. In order that the rotary hub may always be

F16. 11.—Rotary movement of Strowger switch.

in a position to be engaged by its pawl, its length is made at
least equal to the length of the vertical travel. The operation

. is the same as already described for the vertical movement

except that the ghaft is turned instead of lifted, the lower end
of the double dog holding the shaft in the proper rotary position
each time the magnet RM is demagnetized.

In order to relieve the weight of the shaft from the double

" dog and to preyent an accidental vertical movement, a stationary

dog SD is fixed to the frame work of the switch in such position

_as to lie in a vertical groove in the upper or vertical ratchet

hub. (Fig.'16).” This had no part in the vertical operation,
since before the shaft is rotated it permitted free vertical move-

——
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ment, but when the first rotary movement took place‘it engaged
one of the grooves of the vertical hub, thus preventm.g furthe.r
vertical movement. The shaft is rotated to any dea?med posi-
tion, depending upon the number of times the key A is pr%sed

Release Action.—Figure 12 illustrates how the switch is
released and restored to its pormal position. It show_'s the
same shaft, vertical and rotary hubs, doublg dog, and statlo.nary
dog as before, but the vertical and rotary magnets are omitted
and a release magnet RM is shown instead. This release

ony
i

s

r

i
\
Leme=

A

Frc. 12.—Release action of Strowger switch.

magnet is epergized when its switch C is brough't t,o. its third
position. The armature of the release magnet is vaoted.at
its upper end and has a projecting finger at tl}e end of wlmfh
is an adjustable stud which, when the magnet is operated, w1}1
press against an extension finger of the double dog DD.. Immedi-
ately above the extension finger of the double dog is a release
link RL, which can engage a pin extending upward i:rom the
extension finger. Also, at the top of the wiper shaft is shown
a clock spring called the ‘““shaft cup spring’’ SCS, one e.nd of
which is fastened to the shaft and the other bears against &
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26 TELEPHONE THEORY AND PRACTICE

:ixed vertical rod. Tl}iS spring and gravity furnish the forces

to return the shaft to its normal position, when the double dog

is removed from engagement with the vertical and rotary hubs
SCS '

O

/,
%

f»ﬁ'&

. Wittt

., ////// /;
B ///,///

Fi1c. 13.—Vertical, rotary and release principles.

Since the release is performed independentl i
’the manually operated key used in plx)'gvidingytl?é tsltlr:pg;:l,
impulses may now be dispensed with. When the connectiog
thfough the step-by-step switch is no longer desired, the switch
C is moved to its third position, establishing a ground’ connection |

i

s < RS YIRS
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which provides an operating circuit for the release magnet.
As the release magnet attracts its armature, the adjustable stud
presses against the extension finger of the dog DD and removes
the dog from engagement with the vertical and rotary hubs.
The shaft WS is then returned to its rotary starting position by
means of the spring SCS, and during this return movement it
is prevented from dropping :
through the agency of the sta-
tionary dog SD. When- com-
pletely restored horizontally,
the stationary dog is no longer
effective, since it at that time
rests in the vertical slot of the
vertical hub, and the shaft is
allowed to drop to the normal
position by gravity. The re-
lease link RL is provided to hold
the double dog in its disengaged
position after the release magnet
has been de-energized. The
switch is now completely re-
stored.

Complete Switch Mechanism.
Figure 13 shows how the opera-
tions just described are all co-
ordinated in one structure. It
also shows the means used for | -
keeping the pawl of the vertical

magnet normally out of engage-
ment with the vertical hub, and also the means for releasing

the double dog from its disengaged position on the first step
of the vertical nmiagnet. In the lower portion of the drawing
are also indicated the wiper brushes and bank contacts with
which they are brought into engagement by the vertical and

Fig. 14.—Strowgey gwitch mechanism.

' rotary movements of the shaft.

The foregoing drawings have been made in purely diagram-
matic form to permit an easy understanding of the principles.
Figure 14 is & view of an actual switch unit with the wipers and
banks removed. - : . .

Control Circuit of Strowger Switch.—In the foregoing deserip-
tions, the simplest forms of electric circuits were assumed in
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28 TELEPHONE THEORY AND PRACTICE

order to make clear the mechanical details. In actual practice
the key A. of Figs. 10 to 13, inclusive, is a relay controlled by
the subscriber’s dial, and the switch C consists of two relays and

Hilir

=Lme

/S~

Fie. 15.——C§nttol circuit of Strowger mu:h. )

a switch. Figure 15 shows the electrical circuits and complete
switch mechanism. The switch structure is the same as in Fig.
13, but with the addition of what is called the “off-normal
switch” seen near the top of the wiper shaft, immediately

e AN s, A, i e 4R

THE STROWGER STEP-BY-STEP SYSTEM 20

below the shaft cup spring. As the shaft takes its first vertical
step upward, a finger fixed on it permits the end of a bell crank
lever to rise and shift the position of the off-normal switch
springs. As the shaft takes its final step downward in returning
to its normal position, the reverse action takes place.

At the lower right of the drawing are shown the portions of
the subscriber’s instrument involved in the control of the switch
circuits. Immediately above and connected to the subscriber’s
line circuit are the relays required, in connection with the
offi-normal switch, to perform the circuit changes previously
described for key 4 and switch C of the preceding figures. On
Fig. 15, A is a double-wound “line relay,” Bis called the “release
relay,” and C the “series relay.” Both B and C are designed for
slow release. : :

In the normal position, as shown, all of the electrical circuits
are open at some point, and therefore all relays and magnets
are in their de-energized positions. At the subscriber’s instru-
ment, with the telephone receiver on the hook switch, the
circuit is open at the hook switch HS. When the receiver is
removed, the hook switch closes a circuit over the line and
through the impulse springs IS of the dial. This energizes line

relay A, both windings of which produce magnetic flux in the

same direction. Relay A, through its grounded armature
spring, causes the operation of relay B. The pulling up.of 4

also removes ground from the armature spring of relay B -

and thus holds open the circuits of all the other relays and
magnets associated with the switch.

" "The dial contacts IS are normally closed but “when the dial

is operated they open and close in quick succession & number
of times, corresponding to the numerical value of the digit
dialed. It will, therefore, be seen that the armature of relay
A will be released and pulled up each time the circuit is opened
and closed by the dial. Since relay B is of the slow-release type,

it will not release its armature during the pulsing period, that is,

during the series of break-impulses transmitted.

When relays A and B are first operated before a series o
dialing impulses begins, a circuit is prepared for the opera-
tion of the vertical magnet VM, and thereafter this magnet
will operate each time the armature of relay A falls back a8

the circuit is broken at IS. This circuit may be traced as -

follows: starting with the grounded armature spring of relay A
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30 TELEPHONE THEORY AND PRACTICE

through its break contact, through armature spring and make
contact of relay B, springs of the switch ONS, thence to the
winding of relay C, magnet VM and to battery. As magnet
VA operates, it will lift the shaft of the switch a number of
steps corresponding to the digit dialed. On the first break-
impulse, or the first operation of magnet VM, the original cir-
cuit through which VM and C were operated, is broken by the
action of the off-normal switch ONS, but an alternate path is
established for the second and succeeding vertical impulses
by the pulling up of relay C. Owing to its slow-release action,
this relay will remain energized as long as the dialing impulses
continue and thereby maintaig a circuit for the successive opera-
tions of the magnet VA{. While relay C is slow to release, the
delay is not sufficient to prevent its release during the pause
before the next series of impulses corresponding to the next
digit.

During this interval, and after relay C has restored, a circuit
is prepared for the subsequent operation of the rotary magnet.
It will be recalled that the circuit by which relay C was operated
has been opened at the switch ONS, so that this relay cannot
be again energized. A circuit for the operation of the rotary

.magnet RM is therefore established through its back contact.

The second digit is now dialed and magnet RM will follow the
break-impulses of the subscriber’s dial. The wipers, through
the vertical and rotary cperations of the switch, have now been

placed on the desired contacts in the switch bank. The switch -
_is maintained in this position until the connection is no longer- —

required.

When the telephone receiver is replaced on the hook switch,
contact HS will be broken and thereby open the line circuit
and release relays A and B. When the shaft was raised from
its normal position and switch ONS operated, a circuit was
prepared for the release magnet RM, but this circuit meanwhile
has been held open at the break contact of relay B. On the
release of both relays A and B, this circuit will be closed to
ground, thereby operating the release magnet RM and permitting
the switch shaft to return to its normal position. Just before
it bas completed its final vertical movement downward, the

switch ONS will again be operated and the circuit of magnet

RM opened. The switch mechanism has now been completely
restored to an idle or ready-for-use position. ‘

!
'
§
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In the foregoing description of the principles of the Strowger
switch, it will be observed that provision was made for con-
nections to points appearing in an individual bank_only, gnd,
as each bank has a capacity of 100 lines, these pf’inclples might
be assumed to apply to a telephone system having
a capacity of not more than 100 lines. I-.Iowe.ver,
later in this chapter it will be shown how this switch
may be used in consecutive steps in larger step-by-
step systems. In certain applications of the Strowger
principle, as-for example in selector switches, the ro-
tary magnet is provided with an interrupter means .
which bresks its circuit when operated, and causes
the switch to rotate automatically under the control
of a test circuit, instead of being positively driven -
by break-impulses from the dial. .

Shaft and Wiper Assembly.—The complete shaft o
and wiper assembly is shown in Fig. 16. .The shaft )
cup spring will be seen at the top; below is tlTe ver-
tical hub, with the vertical slot for the stationary
dog; next, the rotary hub; and, at the bottom, the
wipers for making connection with the bank con-
tacts. - Two sets of wipers are shown, the functions
of which will be more specifically described later.

Contact Banks.—Figure 17 shows, at the left,

a complete bank, with the separate horizontal rows Fro. 16—
_ _ - of contacts clamped between two hea_,g'fgr_;etg__lnpl_&tes.:s;',—ml and—
"~ These plates have holes near eacg em:li fgr the wiper asem- .
ur of clamping on vertical rods, which pro- _
fectpojswnward lf)ro;gn the framework of the switch. ‘At the
right is shown one of the “levels” of bank contacts. The
radial pieces gre the metallic contacts, .and the dark and |
cloth-like portions the insulating mat-er{als. _T!le e?ds . of
the contact pieces which project from the inside of the cylindrical

surface are the portions over which the wipers slide in their
rotary movements, and the outer projecting ends are, f(?r the
attachment of wires. ‘The contact pieces of ez.ich pair are
inserted on opposite sides of the dark insulating material,
their soldering lugs being staggered to provide ample cl(_aarg.nee
for the connection of wires. . 4
- In order to permit simultaneous connections to a given group
" of lines or trunks, it is, of course, necessary that a number of

R
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32 TELEPHONE THEORY AND PRACTICE

switches shall have access to the same group. This is pro-
vided for by “‘multipling” or connecting together the correspond-
ing contacts in the banks of a group of switches. The method
of doing this is shown in Fig. 18.

The foregoing switches, employing Strowger’s original up-and-
around principle, may be classified as ‘“‘numerical’ switches

" F16. 17.—Complete bank and single leve! of contacts.

since they are capable of performing a numeri i

They are, either directly or indirectly, rgesponsive tocztilllesiile;ltlllz;
t?'ansmitted by the subscriber’s dial in making numerical selec-
tions. Another class of switches, to be described next, may be
called “non-numerical” because they ‘“pay no atten’tion” to
numbers but perform their selections wlolly on. some other

Fi6. 18.—Multiple wiring of conta‘ct‘banks.

basis—usually according to whether the i

. 4 terminals to be con-
nected with are idle or busy. Line switch i

fall within this classification. fiches of various types

Plunger Line-switch Princi 1 ier St

' € ple—In all earlier St .
ms.tallanons, eagh subscriber’s line had its own md;\?izgz.ll.
switch of the general type just described. This involved a
wasteful use of rather expensive apparatus since the average

o T TN T

“jeal switches and is still largely
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subsciiber uses the telephone for making calls only a short
time each day, his switch remaining idle the rest of the time.
To eliminate this uneconomical
use of switches, a principle
has been evolved which permits _L
the use of a much less expensive
pon-numerical ‘‘line switeh”
for each line and requires only
enough numerical switches to
carry the busy-hour traffic. -
The plunger type of line. 7
switch, often cdlled the *Keith” -~ L. } - R S
line switch from its inventor, -
was the one at first developed
for concentrating the traffic aris-
ing on a larger number of lipes N

into a smaller group of numer- 7 2 3 «
~ Trunks
Fic. 19.—Fundamental plan of plunger
line switch. N

W N ™~

!
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used in the Strowger system.
The diagram of Fig. 19 will

" aid in understanding its principle. In this, each of the larger

group of telephone lines is assumed to terminate in relatively
simple and inexpensive apparatus, and each of the smaller group
of trunks in Strowger type switches or gelectors. - Now if it
is assumed that, at any intersection, these horizontal and vertical

each one of the numerical switches available to a number of lines.
If the large dots are assumed to represent such electrical connec-
tions, it will be seen that telephone line 1 has been connected to
trunk 3, line 2 to trunk.}, and line 4 to trunk 2." The number of
numerical switches needed would then be only that required for
the simultaneous connections desired by the subscribers of the
group. In actual practice, it has been found that in many -
cases only ten numerical switches are required to meet tlie needs
of 100 subscribers’ lines. o -

In somewhat more detail the principle of the plunger line
switch is shown in Fig. 20. In this, the telephone’ lines and

trunks are arranged in the same manner as in Fig. 19, but in

" addition a means of connecting them is illustrated. Each
telephone line has spring contacts adjacent to corresponding
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34 TELEPHONE THEORY AND PRACTICE

contacts on each of the trunks. With each telephone line is
associated a line-switch operating mechanism as shown at
the right of the drawing. Each line switch has a pull-down
coil PDC, a plunger arm, and a plunger, the pull-down coil
being controlled by a relay in the telephone line. When a con-
nection is desired, the plunger arm is attracted by the pull-
down coil, thereby moving the plunger towards the left. Now
assume _that the line-switch plungers may be moved succes-

Plunger. 7

/

JRmp— R T . . :

[
¢
)
i
|
t
)

A 2 3
. Trunks : .
Fi16. 20.—Schematic diagram of a group of plunger line switches.

sively adjacent to'each of the trunk lines, so that, when operated,

- the plunger will cause the contacts of the line to engage the trunk

contacts in the position which the line-switch plunger has taken.
By this means, a telephone line may be extended to a trunk and
its connected numerical switch. When a line switch has been

plunged for a connection, it remains in that position while

in use, and all the others are moved adjacent to the next avail-
able trunk. This method of trunk selection before an actual
demand for use is called ‘“pre-selecting” and is frequently
used where minimum delays in extending connections are

required. .
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In actual practice,
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instead of moving the line switches from

trunk to trunk, the line and trunk contacts are arranged in
arcs and the plungers only are rotated before the contacts.

This arrangement is shown in
tion between telephone lines an runk
will be recognized. In this drawing it
plungers, when not in use,

Fig. 21, in which the same rela-
d trunks as previously described
will be noted that the
are under the control of a rotatable

Master

Magnet L
s

Plunger

[ Arm- -

Fig. 21.—Principle of operation of plunger line switch.
pfung:er guidé shaft S, the bearing of which (B & B') are in
]
line with the centers about w : _
be noted that line 3 has been connected to trunk 3 through

line switch 3, and the plunger moved out of control of the guide

shaft. The plungers ‘of line switches 1, 2, and 4 have been

. set before the contacts of trunk 4 in a position.to pern;i:::e
* conmoction of line 1, 2, or 4 to that trunk. While only e-

phone lines are shown in this drawing, in practice from 25 to
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36 TELEPHONE THEORY AND PRACTICE

100 such lines may be arranged to have access to a group of ten
trunks.

Fan-tail Type.—Figure 22 shows a ‘“fan-tail” type plunger
line switch with its associated bank. At the right is the slow-
acting line relay and near the center is the double-wound line-
switch magnet. At the left Wwill be seen the plunger, plunger
arm, and associated contact bank. At the left of the magnet
is the plunger-restoring spring and at the right the cut-off
springs, which are operated either by the bridge cut-off armature
shown just below the magnet coil or by the plunger armature

—ghown -resting -against the back stop. When-only . the bridge

cut-off winding of the magnet is energized, the cut-off springs
are operated and not the plunger, but, when the pull-down

Fic. 22.—Fan-tail type of plunger line switch with contact bank.

winding of the magnet is energized, both the plunger and cuj-off
springs are operated. However, when the magnet has once
been energized Gy the pull-down coil, both the plunger and cut-
off springs will be held in an operated position by the bridge
cut-off winding only. The purpose of this will be made clear in
connection with the ecircuit operation. Thei notched rear
end of the plunger, for holding the plunger in engagement
with the guide shaft, as described in connection with Fig. 21,
will_be seen at the lower left of the photograph. The arrange-
ment of the bank contacts will be understood from the deserip-
tiok of the circuit diagrams. N

% The circuit diagram of the line switch and of the other appa-
ratus directly associated with it is shown in Fig. 23. A sub-
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scriber’s telephone circuit is at the left, and, since line switches
are non-numerical, the station dial has been omitted. In the
center of the drawing is the circuit of the line switch proper
with a portion of the master-switch circuit just below. .At
the right of the drawing is a portion of the circuit of 'a numerical
switeh, in which A and B relays are the ones previously described
in connection with the Strowger switch (Fig. 15). At the top

Connector
- C.N.
e e | |
‘ A |
| 1 N ‘ Numerycal
1 - T b switck

s

y N 8
Lo} 4

" To ofher '

trunksi

(e

IIH " : ‘;;_larh% r;/zy

Fia. 23.~—Circuit of fan-tail type of plunger line switch.

center are shown the wipers and bank contacts only of & “con-
nector,” this term being applied to the numerical switch which
makes connection with the subseriber’s line when it is called.
These connector contacts correspond to 2 multiple jack of the
subscriber’s line, in manual practice, and provision is' made
through them to guard the line against intrusion wh'en in use.
In the center portion of the drawing presenting the line switch
proper, the apparatus parts will be recognized as those a.lready_
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described in Fig, 22, except that the plunger and plunger arm
are here represented by four dotted lines in order to simplify
the circuit diagram. It is to be understood that, when the
plunger is operated, the bank contacts 1-5, 2-6, ete., will be
closed. _

Lifting the substation receiver closes the line circuit energizing
the line relay LR. The operation of this relay closes a contact
to ground, which completes a circuit through the pull-down
coil PDC of magnet M, thus causing the plunger to move and
close the bank contacts. The operation of-magnet M will also
open the circuit of relay LR, but, since this relay is of the slow-

- release type, its-armature. will hold the circuit of winding PDC

" " closed for a slightly longer period. The line circuit is now

extended through the line-switch -bank to a numerical switch
in which the relay A will operate immediately and cause the
operation of relay B. Relay B places ground on the control
trunk and through the line-switch bank contacts, energizing
the BCO winding, which maintains the plunger in its operated
position. It also places ground on the control-normal CN
contact of the connector bank. Relay LR of the line switch
is now no longer needed to hold magnet M in an operated posi-
tion, so that no effect is produced when its delayed release
occurs. By means of the ground on CN the subscriber’s line
is protected from intrusion through the connectors, being
‘made “busy” to all incoming calls. The ground placed on

-.-the contrql trunk by relay B-is_also extended to a contact of .

the master-switch bank, which operates the-starting relay of the

master switch and causes this switch to move the plungers
of all other idle line switches, associated with the group, to the
riext free trunk as will be described later.

The line has now been extended through to a numerical
switch and the impulses from the dial may be sent, as previously

" described in connection with the principles of the Strowger

switch. The line calling has been protected against interference
by others desiring to connect with it, and the master switch
has made another trunk available for the use of the other sub-

. scribers in the group. It will also be noted that all line-switch

apparatus has-been disconnected from the line wires,

When the connection is no longer desired and the calling sub-
“scriber hangs up, relay B will release and thereby cause the resto-
ration of the line switch to a normal ready-for-use condition.

AT
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On an incoming call to the subscriber’s line, the lin.e switch
must be prevented from operating, since norma.zlly it would
attempt to appropriate a trunk to a numerical switch when the -
called subscriber answers. This is accomplished through the
control-normal CN contact and wiper of the connector. W'h?n
a connector has been selected for use, ground is placed on its
control normal CN, which remains until the circuit is discon-
pected, thus guarding the connection from interferenf)e 'by
others. This ground is extended through the BCO winding
of magnet M to battery, causing the bridge cut-off armature
to operate and open the cut-off springs at the left of magnet
M and thereby disconnect the line-switch relay LR from the
subscriber’s line. The BCO winding has only suﬁi_cient power
w—operate'fhe cut-off armature and therefore the.lih‘e-sw{xtch
plunger will not be operated to connect a flumencal switch.
Figure 22 shows one type of design which provides for tl.le opera-~
tion as described. The bridge cut-off armature is light and
has a short air gap, whereas the plunger armature is heavier, has
a longer air gap, and must be operated against the force of the
restoring spring. The operation of the bridge cut-off armature,
in addition to disconnecting relay LR, also removes the ground
connection from the positive line; thus the subscriber’s line is
cleared of bridges and attachments at the line switch.

Master Switch.—In the foregoing description the master
switch has been referred to as the means by which the idle
line-switch plungers are maintained opposite an idle trunk.
Figure 24 shows the mechanical construction of one type of
master switch, and Fig. 25 its operating circuits. Wl‘l}h reference
to Fig. 21, it will be recalled that the plunger guide 'slfa.ft S
controls the position of the plungers and that the position of
the guide shaft is controlled through the means of the n'last/er
switch. Therefore, it is obvious that the principal function of -
the master switch is to provide and control the oscillator.y :
movement of the guide shaft. The power for this movement is
furnished by means of a U-shape spring, which, whe.n all.owec_l to
act, will rotate the guide shaft in a counter-clockwise _dlrectlofx. :
When the end of its travel is reached, a solenoid magnet will
restore the guide shaft to the starting position. The moven?e.nt,
in a counter-clockwise direction, is controlled by the condition

(idle or busy) of the trunks in the correspondin-g positions.” In
practice, the trunks are numbered in a clockwise manner, but,
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since the numbering scheme is purely arbitrary, it will be dis-
regarded in the following description.
In Fig. 25, the portion above the dash line will be recognized

as the circuit of the line switch described in connection with -

Fig. 23 except that the battery lead to the PDC windings,
marked ‘‘open main,” is now carried through the double con-
tacts of the open-main relay of the master switch. The portion
of the drawing below the dash line is the circuit of the master
switch. . The master-switch bank at the right has ten contacts
corresponding with the vertical positions of the ten trunks in

F1G. 24.—Master switch for plunger line switches.

the line-switch bank, as shown in Fig. 21. It will be remembered
that the line switch is of the pre-selection type and therefore,
when a trunk is connected with at a line switch, all idle line

* switches are immediately lined up before the next free trunk.

Through the means of the master-switch bank this pre-selection
is accomplished.

When a line has been connected to a trunk through a line
switch, release relay B of the numerical switch is operated and
places. ground on the control trunk. This ground connection
completes a circuit through the master-switch bank and the
winding of the “start” relay, causing the start relay to operate
and through its contact to complete a circuit from 'battery at
the winding of the locking magnet to ground, through the super-
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visory relay. The “locking’ magnet is operated and thereby

_ removes the lock lever from the engaged notch of the sector,

or locking segment. This sector has ten notches correspondin'g :
with the ten contacts of the master-switch bank and, when ft’
moves, the contact arm, or wiper, of the master-switch bank is

Toconn.
banks
7 Iﬁ -y
ALl 1
. 13
g Control trunk | v
<3 }\
S 8
:
(+) 3
R . 2
+7 .
\‘l ” <7
1.t OQoen main ) N
JootherPDC . [ ——
T T windings
So/lenord

Jriprly R

Sypervisery rekay
Fi. 25.—Circuit of master switch for plunger line switches.

also moved. If the next trunk in the group is not in use, no
ground will be found on the corresponding contact of the master-
switch bank and the start relay will be released and in so doigg
will open the circuit of the locking magnet, which in turn will
permit the lock lever to drop back into the next notch of the
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sector and arrest further movement of the plunger guide shaft.
If the next trunk had been busy in some other connection, the
start relay would have remained operated and allowed the guide
shaft to move until a free trunk, or one without ground on the
release trunk, was found.

As previously stated, the sector secures its motive power from
a U spring, which bears on a rear extension of the sector, the
speed of motion being controlled by a governor. Prov’ision
therefore must be made for the restoration of the guide shaft
when it has reached the last trunk in the group. This is accom-
plished by a solenoid magnet which returns the sector against
the force exerted by the U spring. ~ At the rear of, and forming
‘extensions to, the sector are two fingers and between these
but normally out of contact, dre three springs, called the “ﬁngex’-
springs,” whose function is to control the circuits for the restora-
tion of the sector. - The two upper finger springs are so placed
that, when the sector has been rotated to the position of the
last trunk in the group, any further movement of the sector
will cause them to make contact. Therefore, when the last
trunk has been selected for use, the sector will continue to rotate

- in the ‘“‘hunting” direction but in so doing brings these finger

springs together. This contact brings about the operation of
the solenoid magnet. First, a circuit is closed, from battery

g _at the :w.ind_ing of vth_e‘ trip relay, through the now closed finger-
- spring contacts; contacts of the trip relay-and winding of the

supervisory relay to ground. The trip relay operates and-
establishes a circuit for the operation of the solenoid rha.gnet

from battery at the winding of the solenoid, through contact;
of the trip relay, and winding of supervisory relay to ground.
The trip relay also operates the locking magnet, which removes
the lock lever from engagement with the sector during the
restoration. Just after the reverse movement of the sector is
started, the sector finger moves from engagement with the
finger springs and the circuit of the trip relay is broken, but

.however, provision is made to hold the springs of the trip rela}:
in an operated position and thereby prevent the stopping of
the sector before being fully restored. This is accomplished
by an extension spring in the spring group of the trip relay

which engages a latch on the third finger spring. The cont'act:
springs of the trip relay are thus held in an operated position
until the sector has been fully restored and the latch has been

R
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released by the lower finger of the sector. The circuit of the
solenoid magnet will then be broken at the spring contacts
of the trip relay, and the lock magnet will be released, provided
the first trunk of the group is idle. If this trunk is engaged, the
master switch will proceed, through the agency of the start
relay, to “hunt”” for the next idle trunk in the manner previously

described. :

During the hunting and restoring periods the line switches

must be prevented from operating, since at such times the -

plungers are not properly placed before the contacts of an idle
trunk. This inoperative condition of the plungers is brought
about” through the ‘““open main” which supplies the battery
for the operation of the PDC windings. Associated with each
master switch and operated simultaneously with the locking
magnet is an open-main relay, which, when operated, holds the
battery circuits of the PDC windings of all line switches open,
thereby preventing their operation during the time the guide
shaft is in motion. -

The above described line switch is known as the “fan-tail”
or “pick-up” type owing to the method of operating and the
design of the rear end of the plunger. The fan-shaped rear
end of the plunger is notched in the center, and normally this
notech engages the spline of the guide shaft, which moves the
plunger from one trunk position to another, as previously
described. When a plunger has been released after use, jt will

"not be aligned with the other plungers until the guide shaft -

again passes the trunk position at which it was originally engaged,
and the notch is permitted to register with the spline. From
this explanation it will be obvious that, if a subscriber makes
another call before his line-switch plunger has been again placed
under the control of the guide shaft, the same trunk, as previously
used, will still be available. -

Self-aligning Type.—Another form of plunger line switch,
which has superseded the fan-tail type, is known as the self-
aligning type and, while its fundamental principle of operation
is the same as for the fan-tail type, some of the details of opera-
tion are different. The principal point of difference appears in
the method of aligning the plungers before an idle trunk in
providing for the pre-selection feature. As previously stated,
‘when a fan-tail plunger is freed after use, it is not placed under
the control of the guide shaft until the notch in the fan-tail
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44 TELEPHONE THEORY AND PRACTICE

again registers with the spline of the guide shaft. In the self-
<ligning type, a released plunger is immediately placed under
: the control of the guide shaft and aligned
with all the other idle plungers in the
group. Figure 26 shows one design of the
self-aligning plunger and guide shaft and
Fig. 27 shows a complete switech. The
rear end of the plunger is considerably
shortened and in place of the notch is
substituted a stop which projects at right
angles with the body of the plunger.
There js added a pair of scissor-shaped

pendently about its pivot on the plunger
arm, and which are normally held in a
closed position by a coil spring at the front
end. At the rear end, these arms bear

Fia. 26.—Plunger of 2£ainst the spline of the guide shaft and
self-aligning typeofplunger are held inalignment by thestopat therear
line switch. end of the plunger. When a line-switch
plunger has been operated (position shown in Fig. 26), the complete
member is moved forward by the plunger arm but, however,

Fia. 27.—8clf-aligning type of plunger line switch.

the rear ends of the aligning arms do not move forward a suffi-
cient distance to become disengaged from the spline of the
guide shaft. When the guide shaft moves, after a plunger has

arms, each of which-is free to move inde-

*
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peen sclected for use, one of the arms bears again_st ‘the {sphne
and the other against the stop on the plunger. T}us pro;nr((l)es ;
flexibility which permits the guide shaft to oscillate t. ug
its arc of travel without disturbing the 'plungers alrgady ﬁo useil ‘
As soon as a plunger is released, the coil spring, acftmg t Eg
the arms against the stop and spline, will immediately rea gx;
it with all the other disengaged plungers then under the cont?:h
of the guide shaft. The view of Fig. 27 shows a plunger wi

To banks
of coanector
- l—n ~~|c~ l[ - Tru.rm .
l_[f { Cortrol (C)
Lt ~ 304 o A T
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‘ [w—g‘”‘b !U ~
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+ Trynk
[ = 1L1b)) s
1 |
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—I——:frr imP Port of masterswiich i y
5 7
22009 o @
wy e p=ammli I
1D '
Chaun coritrol relay

Fig. 28.—Circuit of self-aligning type of plunger line switch.

'Yboth aligning ifms resting against the stop. The design of

the armatures of the-magnet is somewhat diﬁeren? from tl'mt,
previously described for the fan-tail type, but their operation

" is the same, except that the plunger armature operates a set

springs not required in the fan-tail type. _
o ;:nzzgxegiong with the self-aligning feature, se"v'eral mo<_11ﬁ-
cations have been made in the principle of the circuit of .t.he l}ne-
switch unit to improve its operation. These ‘modxﬁcatlons
pfevent two line switches from ever operating _sxm}llt.aneously
and permit the line switches to pass over open-circuited trunks.
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Figure 28 is a diagram of the circuit used with the self-aligning
type, except that the operating parts of the master switch
have been omitted, since they are the same as already described
in connection with Fig. 25. At the top of the drawing will
be recognized the circuit of a line switch, but differing in some
respects from that already shown in Fig. 23. An additional
contact has been added to the line relay LR, which places ground
on the control normal CN as soon as relay LR operates, instead
of after the operation of relay B of the numerical switch. This
has been necessitated because a slight delay has been imposed
~on the operation of the plunger. The line relay also has an
- additional set of contacts at ¥hich the PDC winding of the line
switch magnet is normally held open. The other normally
closed contacts of this set constitute a series, or chain, circuit
through all the LR relay contacts of the group and the winding
of the open-chain relay to battery, the other end of the circuit
being through contacts of the chain-control relay, 2,200-ohm
winding of the delay relay and to ground through contacts of
the start relay. This is a normally closed circuit, which operates
the open-chain relay but does not permit the operation of the
delay relay. It will be noted that all of the line-relay contacts
in the chain circuit are of the double-contact type to insure
against faulty contact. The open-chain relay, however,
acts as a supervisory relay and, when released, operates a signal,
after a predetermined delay, if any of the relay contacts fail.
"When the chain circuit is broken, by the operation of any line
relay, the open-chain relay is released, and battery is applied to
the grounded end of the chain circuit through the PDC winding
of the line-switch magnet. The PDC winding, when in series with
the 2,200-ohm winding of the delay relay, cannot attract the
plunger, but the delay relay will start to operate, only slowly,
owing to the effect of the short-circuited 8-ohm winding. When
the delay relay has finally fully operated, the 8-ohm winding is
placed in multiple with the 2,200-ohm winding. This relay will
remain operated, and the PDC winding, owing to the reduction of
the resistance of the winding of the delay relay, will operate
the plunger armature and through its plunger close the con-
tacts between the trunk and line conductors at the line-switch
bank, causing the A and B relays in the numerical switch (not

shown) to operate. The B relay places ground on the ¢ontrol

trunk CT. This ground completes a circuit for the BCO winding
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of the line-switch magnet through closed contacts of the plunges
armature PA. This circuit will operate the BCQ e.xrmatur.t; a.ttxl
hold the plunger armature in an opefated position until t. ?
ground is removed at the numerical switches. The armatureﬂ(;)
the slow-release line relay LR may safely restore whenh ;
ground has been placed on the control normal CN by the

relay of the numerical switch. The line relay LR was discon-

nected by the operation of the BCO armature, as pfevio_ulsly
described for the fan-tail type. The release (_)f. the line re| aa}i
restores the chain circuit to its normal cond¥t.10n_. The fin
release of the line switch, when the connection .is 1o Jonger.
wanted, is the same as previously described.

The master-switch operating circuit is similar to that described

for the fan-tail type, except that the start. rela_y is ope;aule]d
from ground at the line relay of the line s.w1tch instead o :es
control trunk, and the plungers of 1i¥1e switches are prevc;f.

from operating during the hunting 1:)e.rlodl‘;)y means of the chain-

, elay instead of the open-chain relay. .

COI'?;ZI x:elf-iligning type has certain advantages over the fan-
tail line switch, in that the chain circuit and dela)( features
prevent ‘“‘double connections,” or two plungers operatmg at the
same time. The delay features also prevent. the selection of a
busy trunk on a recall, which might oceur if the .plunger v;as
allowed to operate before being properly aligned with _the other
idle ones of the group. The self-aligning feature px'mtldes for a
more efficient use of the trunks.in a group and eliminatés the

unsuccessful aftempts to call which. might occur, if a calling -

subscriber was repeatedly connected to a trunk which is in

" trouble (open).

Line-switch Unit.—Figure 29 shows the relative positions
~jn which the master switch and line switches are actually mounte.d
in order to function as just described. Near t!le top 9f this
cut will be recognized the master switch, placed in a borizontal

position, with the shaft of the sector connected to the guide:

shaft, at the point about which it oscillates. Im'mediaf,ely
below is the vertical plunger guide shaft with the‘ llnestntch
numbers marked on it. Just below the master sw1tc_h wxll.be
seen a portion of two divisions of line switches, each ‘sthch being
mounted in a horizontal position. -Back of the guide shaft are
fhe line-switch banks and associated plungers. At the extreme
right and left will be seen the line-switch line relays and, between
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48 TELEPHONE THEORY AND PRACTICE

them and the guide shaft, the line-switch magnets. At the
extreme top is the lower end of another guide shaft which is
associated with the two upper divisions of line switches (not

shown).

While only one application of the plunger line-switch principle
has been dealt with in the above descriptions, other uses will

be explained in a later part of this chapter.

* Fi16. 29.—Portion of plunger line-switch board.

Rotary Line-switch Principle.—Another principle utilized
in Strowger step-by-step systems is that embodied in the rotary
line switch. This is designed for either eleven or twenty-five
points, or sets of contacts. Two types of operation are provided
for: ‘““homing” or ‘“non-homing”—that is, their wipers are
either restored to a normal position after~use or remain in the
position in which last used. These different modes of operating
are accomplished mainly through the circuit arrangements with
practically no noticeable difference in the appearance of the
switch mechanisms. In fact, some of the types may be used
for either method of operation.. The rotary switch differs from
the plunger type, previously described, in that no common
mechanism is employed, each switch unit being a complete
operating device within itself. The plunger-type line switch

is of pre-selection type while the rotary switch is operated on

_ are a group of interrupter springs
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the post-selection principle, that is, tth(ta ;election of an idle trux.l
lace after a call has been initiated. . .
tak;::;:dy-ﬁve-poim Non-homing Type.—The switch xs:ghayls:
(upper cut of Fig. 30) consists of a set of double-en X w;gzts
adapted to be driven over their respective rows of bank con
by means of pavs'l-and-rat?het .
mechanism actuated a step at a
time by an electromagnet. Tt}e
bank contacts are arranged in
semicircular rows and mounted in
such a manner that one end of
the wipers will engage the first'con-
tacts of the rows just after the
other ends of the wipers leave the |
last contacts. The wipers, of
course, are insulated from each
other and from the shaft, and |.
their enlarged circular centers
serve as collector rings to be en-
gaged by the collector brushes
which may be seen in a vertical N
position just below the shaft.
Carried on the magnet structure

oprated by the armature which
also actuates the driving pawl.
Associated with each switch,
and " electrically connected = to
it, are a line relay and a cut-off |
relay mounted together as a sep- . -
arat)(’e unit (lower cut, Fig. 30). Fio- pi?;af_‘::ghg;‘i‘;z’:;;c;‘ (25-
-release line relay is at - .
'tlixt;e 5(1:::’):: but hidden by its armature. Immediately ab(?ve
this is the cut-off relay and at the top are shown the spring
assemblies. At the left, projecting through a hole in the
front plate, will be seen an extension of the cuf,—oﬁ relay arm-
ature which serves as an interlock with the line-relay arma-

ture. This interlock permits the full operation of the cut-off

relay if the line relay also is -operated, but, if the line rq!ay lxs
not operated, the cut-off relay can be moved only suﬁicxentky-
to break all contacts at its springs but not far enough fo make
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50 TELEPHONE THEORY AND PRACTICE

them. In other words, when the cut-off relay is energized and
the line relay is not, all contacts at the cut-off relay springs will
be open. The purpose of this will be described later.

Figure 31 is a circuit diagram of a rotary line switch. The
line relay is designated A, the cut-off relay B, and the rotary
magnet Rot. The other parts of the line switch here shown
diagrammatically will be recognized from the foregoing descrip-
tion of Fig. 30. The line relay is operated in the usual manner
by the removal of the receiver from the hook switch at the
subscriber’s station. Contact X closes first and connects the

rotary magnet Ro? through a back contact of cut-off relay B

- \

<
e
3
To connector “
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v =Line I >t
$ [=or | . = §
< » Nor %
T vline [ 2
R -
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Control norma/ (CY) 2,
%
¢
>
W
Wipers

_,VFIG. _31.——4Circuit“of rotary line switch—non-homing type.

to the control-trunk wiper C. This is followed by the closing
of the ground contact ¥, which places a guarding ground on the
control normasl of the connector and also ground on the winding
of the cut-off relay.

Since this switch is of the non-homing type, the wipers are
always resting on the multiple terminals of some trunk. If
this particular trunk is busy, the control trunk will be grounded,
or, if idle, it will be open. When relay A operates, it com-
pletes a circuit from battery through the rotary magnet Rot
and coil of relay B to ground at contact Y. Now, if the control
wiper C is resting on an idle trunk (open control), this circuit

~ will cause relay B to operate. The magnet Rot cannot operate

in series with relay B and therefore will not move the wipers,
Relay B, when operated, opens the circuit of relay A and connects

e e paca g o
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its own winding to the control wiper C. Relay A isof the. slqw—
release type and therefore will hold the ground on the winding
of relay B until a busying ground has been placed on the control
trunk at the numerical switch with which it is connected. . The
operation of relay B also removes the ground fror.n the + line at
rotary switch and connects both sides of the line through to
e next switch in the connection. .
thIf the trunk on which the wipers were resting had been busy,
the control trunk would have been grounded, and this ground,
through the X contact of the line relay, would have complq@efl
a circuit for the Rot magnet which did not include the coil
of the relay B. This would have permitted the magnet Rot
to operate, advancing the wipers to the next tr\'mk. Wht?n tl.le
Rot magnet attracts its armature, it breaks its own circuit,
reestablishing it again when the armature falls back. It would
thus continue to step the wipers until an ungroupded control, or
idle trunk, was reached, at which time relay B would hav.e
operated as previously described. Contact X of relay A is

closed before the Y contact, in order to prevent a premét\.lre, or -
false, operation of the cut-off relay B when the control wiper C

is resting on the contact of a busy trunk. The control-wiper
contact is made of sufficient width to bridge the space between
two consecutive contacts of the bank for the same reason. When
the connection is released, relay B releases, fmd the wipers
remain resting on the bank contacts of the trunk Just. used. . This
does not prevent the use of this trunk by other line switches,

since in the normal condition all‘connectipi&io-thb;-trunk wipers- — "

are open at relays A and B. ‘

Onpfm incomi!yng call for a subscriber’s line, ground is placed
on the control normal, which completes the same cireuit through
the relay B and magnet Rot in series, as was previo'usly es.tab-
lished when the line relay operated. This circuit will partially
operate relay B, but complete operation is prevented by the
mechanical interlock between the line and cut-off relays, pre-
viously described. The partial operation of relay B opens all
the circuits at its spring contacts, removing all bridges or atta?h-‘
ments to the line at the line switch, thereby preventing connection
with a numerical switch. -

Eleven-point Homing Type.—Figure 32 shows ap _ eleven-
point (ten trunks and one set of home contacts) homing-type

rotary line switch. While this differs somewhat in appearance
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52 TELEPHONE THEORY AND PRACTICE

from the one shown in Fig. 30, it has the same elements, dif-
ferently arranged. The line and cut-off relays are mounted on a
bracket at the top, and in this type no mechanical interlock is
required, since when not in use the wipers always rest on a set
of “home” contacts. Immediately below the line and cut-off
relays is the rotary magnet with its associated armature, ratchet

F10. 32.—Rotary line switch (11-point)—homing type.

pawl, and interrupter springs. At the lower right are the wiper
assembly and the contact bank.

A typical circuit of this type of line switch is shown in Fig.
33. When line relay 4 pulls up, it causes the rotary magnet
to operate immediately. This breaks its own circuit and upon
its back stroke, steps the wipers off the first, or home, position.
The operating circuit is from ground, placed on the home con-

G L R
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tact through contact Y of relay 4, lower contacts of relay B,
contact X of relay A, contact and winding of magnet Rot to
battery. If ground (indicating a busy trunk) is encountered
on the following control-trunk contacts, the wipers will be
stepped until an idle trunk is found. The operation of the
cut-off relay is the same as previously described.

On disconnection, when ground is removed from the control-
trunk contact, relay B will be de-energized and close a circuit
through its upper set of springs, which will operate the rotary
magnet and cause it to drive the wipers to the home position.
This cireuit is from battery at the winding of the magnet Rot,
through the cam springs, shown dirt;ctly above the wipers, con- -

_ =Lline 7 nex? =Trunk
swilch
Signal ™
T
Cark
g i i
o
< ~Hor. (o 9
\3 il Home cont. | montrof >§
Sl Lote | wed trunk | -
L 77712
O
& +hor L. &
5 3
0] 3 7
Q k&
” C.Mor:
rLline =3 : 4T T T
PR £ S S 3‘,?,,&/; T T LT ‘

F16. 33.—~—Circuit of rotary line switch-—homing type. )

tacts of relay B, and contacts of relay 4 to ground. The cam
springs are operated by a cam on the wiper shaft, which causes -
the springs to break contact when the wipers reach the home _
position. The movement is always in the same direction, ¢
therefore, a rotation of 180 degrees being required for each
connection. On an incoming call, relay B is operated over
the control normal, as previously described, but no interlock
with the line relay is required, since at this time the wipers

are resting on the home position, and no trunk is connected

to these contacts. Relay A is disconnected from -the circuit
through contacts of ‘relay B. In this drawing supervisory
circuits are shown connected to relay B and magnet Rot.
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54 TELEPHONE THEORY AND PRACTICE

While the rotary switch principle has been described for use
as a line switch, it will be shown later in this chapter that this
principle is used in other apparatus in the system.

Line-finder Principle.—The principle of the line finder is

the reverse of that of the line switch, although the purpose of
each is to concentrate traffic on a smaller number of numerical
switches than lines. In the line-switch system each subscriber’s
line is directly connected to a line switch, which selects an idle
numerical switch; while in the finder system, a finder switch
directly connected to a numerical switch seeks and -eonnects
_with the subscriber’s line. The Strowger switch and the rotary
switch, the principles of which have just been described, are both
employed in line-finder systems as will be explained in the por-
tion of this chapter on Switching Apparatus.

Principles of Step-by-step Trunking System.—In a present-
day manual system, trunk operators, corresponding to numerical
switches in a step-by-step system, are able to reach andl connect
with all the subscribers’ lines in a switchboard. In all except
very small step-by-step systems, the line capacity of the nu-
merical switches is such that the operation of selecting and con-
necting with a given line is accomplished through a series of
separate numerical switches operating in tandem through
intervening trunks.

The step-by-step system is essentially a decimal system,
the numerical switches—selectors and connectors—each serving

by a one-in-ten selection to extend the calling line, switch by

switch, toward continually smaller groups of “lines until finally
the desired line is reached. The principle of causing a switch
in response to a movement of the subscriber’s dial to select a
group of trunks and then automatically to select an idle one

of that group has already been referred to in the preceding

chapters. In the Strowger system the vertical movement of
the selector shaft, in response to the dial impulses corresponding
to one digit in the called number, is a numerical selection of a
group of trunks. The rotary movement which follows is a non-
numerical selection and is called the “trunk hunting” move-
ment, since it has for its purpose merely the picking out of the
first free trunk of the group chosen by the vertical movement.
Each selector, therefore, performs one numerical selection and

‘one non-numerical. By the time the connector is reached,

however, the choice has been narrowed down to 100 lines, all

e i S
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of which terminate on the connector bank. No further trux'xks
are involved, therefore, and consequently no trunk-hunting
movement is required. The connector, therefore, makes two
pumerical selections in response to the dial movex.nents, one to
pick out the tens group in which the called line terminates and the
other to pick out the desired unit in that ten. .

To make this clearer by an example: in a 10,000-line system
there would be first and second selectors and connectors. I.n
calling the number 9876, for instance, the.ﬁrst selecu?r, in
response to the nine impulses sent by the dial, would rise to
the ninth level in which ten trunks leading to second selectors

cerving the minth thousand terminated. _Thex the- trupk-" = 7. ¥

hunting movement of the first selector would pick out the first -
idle trunk in thdt group. The second selector 50 cho§en would
then, in response to the eight impulses of the dial, rise to t.be
eighth level and then proceed by its rotary trunk hunt‘t.o pick
out the first idle one of the ten trunks in that level, all of which led
to connectors in the eighth hundred. The connector §o chosen,
in response to the seven dial jmpulses, would rise to the seventh
level and in response to the final six dial impulses move around
to the sixth set of contacts in that level. The number.chosen,
9876, would thus have been arrived at by four successive one-
Jut-of-ten numerical selections, one performed by each of the
selectors and two by the connector. - - i
Aside from the selectors, which perform single-digit selections

the other automatic switches are pon-numerical and’ do- not
function in pumber selection. They are used principally as
concentrating switches to reduce the number of selectoysvother-
wise required and to increasc the efficiency of certain. trank
oups. A ‘
ngrI())sm the foregoing it is apparent that a 100-line "system
- would require only one n\}merical switch a co,nnecto_n a 1,000-
line system one selector and one connector; a 10,0(_)0-!me system,
two selectors and one connector; and a 100,000-line system,
three selectors and a connector, and so on for larger syst,ems..
One-hundred-line System.—In a 100-line system employl.ng
a connector for each line, no trunks are required, but when line
. switches are used to reduce the number of connectors needed,
trunks must be inserted between the line switches ax.\d con-
nectors. Figure 34 shows such a trunking system in diagram- -
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56 TELEPHONE THEORY AND PRACTICE

matic form. At the left are indicated the 100 subscribers’
lines divided into four groups of 25 each, each line being termi-
nated in a line switch. The operation of the line switch has been

00
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Fia. 34.—Hundred-line step-by-step trunking system with line awitches.

previously described, and the apparatus for the coniplete unit
of 100 lines will be assumed to be located within the four rectan-
gles at the left. The line-switch unit in this case has 10 outgoing
trunks, each of which is multipled to each of the four rectangles.

In practice the lines
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are thus divided into groups of 25 for the
bdividing the unit, as will be described later. In

urpose of su
i it has been assumed that the four groups are

the drawing,
operated as a unit
have access to any

lines terminates at its right-han

and therefore any one of the 100 lines will

one of the 10 trunks. Each of the trunk
d end in a numerical switch, which

in this case is a connector. The bank of each of these connectors
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g
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Trunks from line swifches
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F16. 35.—Thousand-line stép-b"y-step’ trunking system-

has 100 sets of contacts, through which epnnections may.be Me
to any one of the subscribers’ lines. The connector switch is of
the Strowger type previously described, each of the squares at‘the
right representing 2a compiete comnector apparatu_s., Su'lge.
each of the connectors serves the same 100 lines, the single line
leading from each of them repregents a multiple tap frou} 10(3
lines. These oulgoing multiples are connected to tl}e subscribers
lines at the left through the.normals (not ghown). Only a
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58 TELEPHONE THEORY AND PRACTICE

sufficient number of connectors are provided to meet the require-
ments for simultaneous connections. Each line-switch-tg-con-
nector .trunk starts in switch-bank contacts, multipled together
as required, at its outgoing end and terminates in the wipers of its
associated connecter switch at the distant end.
.On.e-thousand-line System.—Figure 35 shows the trunkin,
principle employed in a system of 1,000 subscribers’ Iinesg

£
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F16. 36.—Ten-thousand-line step-by-step trunking system.

,;In this the line-switch units are omitted, but the trunks extend-
ing ttrom t‘hem bhave been shown at the left.” These trunks
terminate in numerical switches, or first selectors,’ arranged

- to move vertically in response to the dial impulses corresponding

to the ﬁrst. dig.it, and then to rotate automatically under céntrol
of a test circuit until an idle trunk is found. In this case, the
contacts of each corresponding level of the first selectors are

.
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multipled together and terminated in a group of connectors,
each of which has access to a separate 100 lines. The arrange- -
ment of the connectors is similar to that of the 100-line system,
except that in this drawing each rectangle represents 10 con-
nectors for each 100 lines and the bank multipling is not shown.
Each of the lines at the right, therefore, represents the normals
for 100 subscribers’ lines. While the number of switches and
trunks has been designated, in practice the busy-hour traffic
would determine.the number to be provided. The first selectors
are operated by the first, or hundreds, digit of the number dialed,
and the connectors by the tens and units digits. This trunking
system, therefore, provides for. interconnection between any
two of 1,000 subscribers. ST
Ten-thousand-line System.—Figure 36 illustrates the trunk-
ing principle extended to a 10,000-line, or four-digit, system.
The line-switch trunks are shown terminating in first selectors
as before, but in this case the first selectors perform the thou-
sands-digit selection. The multiple banks of the first selectors
are connected by trunks to second selectors, which select the
hundreds digit of the called number. The trunks from the
second-selector banks terminate in connectors, a group for each
hundred in each of the thousands. In the drawing, the trunks
. extending from the second-selector banks are shown for the
seeond selectors of the first thousand, but it is to be understood

e that similar groups. of -trunks are required for each of the other
" groups of second celectors. - The similarity to the trunking..

system for a 1,000-line, or three-digit, system (Fig. 36) will

be noted, provision for the additional digit being made by the

_ addition of second selectors and their associated trunks. . The

actual number of trunks required in each of the various groups

and the number of selector banks multipled to each group is

determined by a study of the traffic in the system and, of course,

must provide in all cases for the required number of simultaneous
connections during busy periods.

One-hundred-thousand-line Multi-office System.—Figure 37

is a schematic diagram of a connection through a trunking

system for 100,000 lines—a five-digit system. Such a system
requires first, second, and -third selectors, and connectors,
the trunking arrangement between these being merely an exten-
sion of that described for the smaller systems. At the left are

shown both primary and secondary line switches, the latter
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60 TELEPHONE THEORY AND PRACTICE

being used in the larger systems to obtain better distribution
of incoming traffic and a resulting increase in trunk and first-

selector efficiency, as will be described later.

This, of course, would be a multi-office system. The line
switches and first selectors shown at the left would be located
in the originating, or calling, office and the second and third
selectors, and connectors, at the right, in either the same or some
other central office. The switching train is shown for one office

infer-office frunk.
other oc;mu/aff::

/1nes

e Seoond Third Connectors

Seiectors Sciectors  Selectors

(0ffice)  (Thousands) (Hundreds) (Tens & Unuts)

F1c. 37.—Hundred-thousand-line (multi-office) step-by-step trunking system.

only, but in a 100,000-line system nine other groups of second
and third selectors and connectors would be required.

The size of the system is not limited to 100,000 lines nor is
the number of digits involved in the selections limited to five.
By adding selectors in the switching train a system for any
desired number of subscribers’ lines may be provided. Further-

_-_.-more, by varying the application of the foregoing trunking
- principles, a trunking system meeting widely different require-

ments may be devised.

SWITCHING APPARATUS

The foregoing portions of this chapter have dealt mainly
with the underlying principles of switch operation and trunking.
The various pieces of apparatus needed to carry out the dif-

. ferent functions of the system will now be more particularly

dealt with. Many of them are based on the principles of the
Strowger switch, plunger, and rotary line switches previously
described, while others are designed to function in connection
with such apparatus.

The Dial.—The subscribers’ stations are equipped with calling
devices, or dials, to enable subscribers to transmit by break-
impulses the successive digits of the desired numbers. These
have been dealt with in the preceding chapter. :

T

" Jine switches are often employed
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Wit rferenc sgan 10 Fi 2, 1 v b8 O e
ial is in its norma ,

Zth efh;h?n?;?xllsl: l:p;;xsxgs 18 agg the short circuits about the
transmitter and recei.ver are
open at the shunt springs SS.
When the finger plate of the
dial is moved from its normal
position in dialing, the shunt
springs are immediately closed,
and the impulse springs also re-
main closed until the finger plate
starts to return under the power
of its spring. As the fmger
plate returns to normal, the im-
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se springs are broken a pum- = 5 ' :
lti:ll' of tli)mesgf:orresponding totpe b > :,ﬁa‘; e \ |
digit dialed, thereby {ransmit- N ‘ ; i
ting break-impulses to the cen- et .w '.:i |
tral office. e :3-2%-: el
Plunger Line Switches.—The . :x el "‘
- s

principle and operating circ}lits
of the plunger type of line switch
have already been described. In
a large step-by-step system two

_in tandem to extend the line to
the first numerical switch, aswas
illustrated in Fig. 37. The first
of these switches in the switching’
train is called the “primary’
line switch. ]

Primary Plunger Line Sunt'ch; g
Figure 38 shows a 10'0-hne_,
primary line-switc(l; .\(;mlt | ig;

“ " The individua o
sv?ﬁillis are mounted in four divi§itoxl)’15 of %3 ig]cl}.‘anliﬂ;(;l; g:;,l]s';,;
of 25 may have its own master switch ovr, v e oo
two, three or four divisions may have their guh e

a single master switch. Betvc.'_een 'eac of ]
:;?(lil el?)v:)ci' ,divis%ons of the unit shown in .Fng.P.38 2199 a Ffmz:ﬁ:
switch, previously shown in more detail in Fig. 9.

Fic. 38.—Primary line-switch unit.
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62 TELEPHONE THEORY AND PRACTICE

master switches are provided, the two additional ones are
mounted just above the two upper divisions. In the center
of each division of line switches will be seen the four plunger
guide shafts which control the position of the line-switch plungfrs
By the insertion or omission of mechanical connections betweel;
th({ master switches and the guide shafts, the number of line
switches associated with a set of 10 trunks may be varied from
25 to 100 in steps of 25, so that there inay be from 10 to 40
trunks for 100 line switches. This provides a flexible arrange-
ment by which the trunks may be properly loaded by varying
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F1g. 39.—Group of primary line-switch boards,

the number of line switches associated with a given group of

. trunks.

The unit shown has line switches mounted on the front and
connectors on the rear. Another arrangement is employed in
which the connectors are mounted on sepératé boards and in
that case line. switches are mounted on both sides of the unit,
Provxding a capacity of 200 line switch#s per board. In some’
ms.ttances where z:‘juﬁicient ceiling height is obtainable, two such
units are mounted one abov ivi i
e e the other, giving a capacity of 400
‘ Figure 39 shows a group of line-switch boards as actuall
installed. The boards are completely enclosed in cases witﬁ
glass panels and hinged doors, protecting the switches from dust

- and permiting accessibility for inspection and testing. A recent

“of originating calls and reduces

T e

o
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development, providing for the mounting of the self-aligning type
of line switch horizontally, is shown in Fig. 40. Two divisions
of 25 line switches each are mounted per shelf with the master
switch in the center. The
shelves are hinged at the bottom
and one is shown turned down
for inspection of the wiring.
Secondary Plunger Line Swiltch.
The plunger type of line switch
is sometimes used as a second
step in-the switch train between
the subscribers’ lines and the
first numerical switches. When
so used, it is called a secondary
line switch. The operation isthe
same as already described for the
primary plunger-type line switch
and the circuit similar, except
that, when a group of secondary
trunks is busy, provision is made
to prevent primary line switches
from routing calls to secondary
line switches serving that group
of trunks. The use of second-
aries insures better distribution

the pigmber of first numerical
switches required. However,
the rotary-type switch is more
frequently employed for this
purpose. ’

Rotary Line Switches.—Both
the eleven- and the twenty-five-
point types already described |k}
are used as primary and as TFic. 40
secondary line switches.

‘Secondary Rotary Line Switch.—When used. as secondary line.
switches, the non-homing type is geperally employed. In z}ddi—
tion to the functions previously explained, means are provided to
prevent primary switches from routing calls to any of the second-
ary switches serving a group of secondary trunks when all trunks

—Plunger line-switch board
—horizontal type.
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64 - TELEPHONE THEORY AND PRACTICE

of the group are busy. This is accomplished by adding a chain-
relay circuit to the secondary trunks and a group busying circuit
to the secondary line-switch circuits. Figure 41 shows the
circuit embodying these features. The upper part of this is
similar to that of the primary rotary line switch (Fig. 31), except
that an additional set of contacts have been added to each of the
relays 4 and B. In the lower part the added elements for use

as a secondary line switch are shown.
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Fie. 41.—Circuit of secondary rotary line switch. )

Connected to the control trunk of the outgoing-trunk cireuit,
at the banks of the secondary line switches, is a chain relay C,
there being one of these for each trunk circuit in the group. The
break contacts of these relays are all grounded, and the armature
spring contacts are all connected in multiple and to the windings
(in series) of the group busying relays D. This same circuit is
also connected, as shown, to a normally closed contact on each
of the B relays of all the secondary line switches associated with
the group. The armature spring contacts of the group busying

.relays D are connected to ground and the break contacts to

s
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hown. The group
ally closed contacts of the A relays, as s
g:;;ngyrelays D are normally held operated by the grounds at
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Fia. 42.—Grouping of trunks between primary line switches and first selectors.

the chain relays C and therefore hold the circuits to the (Eontacts
of the A relays open. When all the sceondary trunks of a grmlx‘p
become busy, all of the C relays will be operated, opening the
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66 . TELEPHONE THEORY AND PRACTICE_

circuit for the D relays. On releasing the D relays will close their
break contacts to ground, thus making busy all of the idle trunks
of this group between the primary and secondary line switches.
The busying circuits are from ground at the armature spring and
break contacts of the D relays, through the contacts of the A
and B relays to the control trunks. These grounded control
trunks will in turn ground the corresponding master-switch bank

contacts and make the associated trunks busy. By this means,

primary line switches are prevented from routing calls to groups of
secondary-line switches which have no available trunks to first

“selectors.

Grouping of Trunks between Primary Line Switches and First
Selectors.—As stated, the use of secondary line switches produces
better distribution of the originating calls to the first selectors and
thus reduces the number of first selectors required. Figure 42
illustrates one method of grouping trunks by which this result is
accomplished. At the left are shown four primary line-switch
units of the plunger type, in the center four groups of seconflary
rotary line switches, and at the right six groups of first selectors.
The lines drawn between the primary and secondary line switches
represent the primary-to-secondary line-switch trunks, each line
representing one trunk. At the right of the rotary line switches
are the secondary-trunk multiples and the lines drawn between
these 'multiples and the first selectors are the secondary line
switch-to-first selector trunks, each line representing five trunks.

Each bank contact shown on -the-secondary line-switches:

therefore really represents five contacts. The banks of the
groups of first selectors (shown by heavy lines) are the multiples
of the first-to-second selector trunks. It will be noted that the
first trunk of the first primary line-switch unit is connected to a

) secondary line switch in the first group, the second trunk to one in

the second secondary group, the third to the third group, ete.
This arrangement of connecting primary-to-secondary trunks is
continued by a definite plan which results in extending not more
than one trunk from a primary unit to a given secondary group.
By providing each primary unit with a trunk into each of the
secondary groups, all of the first selectors are made available to
all of the subscribers’ lines.

Since the number of switch banks multipled to a given group
of trunks is that pecessary to properly load the group and as
the first-to-second selector trunks are in groups of ten, it is
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apparent that the first-selector banks will be multi'pl(.ad u;( a
number of different second-selector trunk groups. Th.ls is taken
advantage of in a further distributing of the or}gmatx}lg traffic.
In the drawing, the banks of the secondary line switches are
shown multipled in groups of five. The ﬁrsfc two groups of five
trunks of the first group of secondary line switches al:e connected
to first selectors in the A group; the next set of five is connected
to first selectors in the B group; the first set Qf the second group

W

F1a. 43.—Seccondary rotary line-switch boards.

of secondary line switches, ‘to first selectors in the B group; the
second and third sets are connected to first §e1ectors in the C
group; and the fourth and fifth sets are mllxlt-lpled througl.x the
first and second groups of secondary line switches and terminate
in the D group of first selectors, The first a}ld sec.ond sets of the
third group of secondary line switches terminate in th(.i E grloup
of first selectors, and so on, until all the secondar}.' line-switch
trunks have been terminated in first select.?rs. 'I.‘hls method_ of
grouping the trunks between the primary line switches and first
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68 TELEPHONE THEORY AND PRACTICE

selectors produces many different routes for traffic, and an
unusually heavy originating traffic in any one of the primary line-
switch units will be distributed to various groups of first selectors,
thereby equalizing the loads on the first-selector groups and as a
: result reducing the number
of first selectors required to
handle the traffic. --
Secondary Line-swiich
Boards.—Figure 43 shows a
typical arrangement of rotary
secondary line switches in an

switches will be scen mounted
in horizontal rows in each bay
of the rack. At the end of
each row are the group busy-
ing relays, and the covers
immediately below the
switches enclose the associ-
ated line-switch relays.
Between certain rows of line
switches and their associated
relays are mounted the chain
relays for the group.- These

o - s

Fia. 44.—Selector switch. plained, selector switches of

the Strowger type are arranged for group selecting and trunk
hunting and therefore require only one selecting digit for their’
operation. The numerical value of the digit dialed determines
the level to which the wipers are stepped, and the rotary or
trunk-hunting movement is automatic. . ‘
Figure 44 shows a typical selector which may be'a first, second,
or third, etc., according to its position in the numerical switch
train. At the top are mounted the relays of the selector; in the
center is the switch-moving mechanism already. described;
and at the bottom are two banks of contacts, the upper called the

“control bank’” and the lower the.*line bank.” The control

bank contains 100 single contacts and the line ‘bank’ 100 double
contacts, thus providing 100 sets of three contacts each, for’

k4

-1 -aetual installation. - The line -

_are also enclosed in metal ___§ .~ _ .

covers.T- 7 - T Ry L
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100 three-wire trunks. Just below the rotary hub wil_l'be se;n f: ,
set of springs which are operated by a cam on the w1p<;r sTail _
when the wipers pass the last or tenth cont:?ct of a leve A t‘he
purpose of these cam springs will be d.escnbed later. At nke
extreme lower right of the figure, at the right .of the; control baf h,
is mounted a test jack to facilitate connection with the sx.vllltge
for testing purposes. The remaining part.s. of ‘the selector will ”
readily recognized from the previous description of the princip

" of the.Strowger switch. . o
Operation of Selector Switch.—Figure 45 is a circuit 'dxagram /
of a selector. The three wires of the trunk from the primary or
secondary line switch, or from a preceding_ selectg_r, are to be seen

—Trunk,

=Trunk -
£ TR Supy rly IME. — n
Qtrol k& — ¢ Cntred
Lb — ST
“3 ] cl| £
~ T
S Gt
L Supd ris batf L—%’
F o piaitredor | 3 ; L"_””L
il N VORT 5 celectors oy - .

Fia. 45.—Circuit of selector switch.

7 a’-c the —ieft, and the trunk conductors extend.ing to sl\:cceei{ng
selectors in the train, or to a connector, at the right. _T e po ;:n
between is the complete circuit of the selector. The hx}e relay
A, release relay B, and series relay C correspogd to T,h}f :;lmﬂaﬂﬁny‘
designated relays already described in .connectxon with the 15 -
ciple of operation of the Strowger switch. The roltlary ?:ch{n d
automatically operates the rotary magnet RM, and }t1 e sv;: ohis }i
through relay D connects the trunk conductors throug L0 e
next svﬁtch in the train, after the wipers have (_:ome to res lofx:
bank contacts of an idle trunk. The cam gprmgs at thhe e 1 lf.;e
for the purpose of initially connecting th.e dial tone to the (t:a : hi

" subscriber’s line and also for connecting a busy tlolr:e obe.é“
calling subscriber’s line after all ten trunks of a leye ?\;; been
tested and found busy. The function and op.eratlf)n of et?on
normal springs ONS have already been described in connectl
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70 TELEPHONE THEORY AND PRACTICE

with the principle of operation, although the electrical circuits
here operated are slightly different.

When the selector is connected with, by a preceding switch in
the train, the 4 and B relays are immediately operated. On a
first-selector switch, the lower winding of relay A has in series with
it normally closed contacts of the cam-spring assembly and the
winding of a dial-tone iransformer. This is provided to advise

the subscriber by means of a distinctive tone that his line has been

extended to a numerical switeh (first selector) and that he may
proceed to dial the digits of the desired number. The operation
of relays A and B prepares a cirguit for the reception of the break-

impulses which are to operate the vertical magnet V2, and relay

B places ground on the control trunk to replace the ground
which is removed at the preceding switch shortly after it com-
pleted its operation. This ground also makes the trunk busy at
all the multiple bank contaects in the preceding switch in the train.
The first break-impulse of the digit dialed momentarily releases
relay A and permits the operation of series relay C and the ver-
tical magnet V' M, over a circuit from the grounded contact of
relay D. The operation of magnet VM lifts the wiper shaft one
level and subsequent break-impulses of the digit dialed will
raise it to the level indicated by the numerical value of the digit
dialed. .
On the first movement of the wiper shaft the off-normal
“-switch ON'S closes its contacts and thereby prepares a circuit for

the subsequent operation of the rotary relay E-controlling the --

rotary magnet RM. Relay E is first operated from battery
through its winding, contacts of ONS, contacts of relay C to
ground at relay B, and when operated it is locked up through a
circuit, from battery at its winding, contacts of ONS, interrupter
. contact of rotary magnet RM, its own upper set of contacts to
ground at relay D. When relay C releases shortly after the last
break-impulse of the pulsing series, a circuit will be established
for the operation of rotary magnet RM, from battery at its wind-
ing, through contacts of relay E, contacts of relay C and to
. ground at contacts of relay B. The operation of magnet RM

will rotate the wipers to the first set of bank contacts and at

the same time break, at its interrupter contacts, the locking cir-
cuit of relay E. The subsequent action of relay E will depend
upon the condition of the contacts of the control trunks, that is,
whether grounded, indicating a busy condition or without

Pt
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ground, indicating an idle, or free, cond.ition. If the first trunk
is idle, relay E will not be operated again. .

The switching-through relay D will operate or fail to ope?ajt,e,
also depending upon the grounded or ungrounded condition
found on the multiple contact of the control trunk. If the first
irunk of the group is idle, wiper C v'jill be connected to an
ungrounded control trunk and relay "D will be allowed to operate.
This circuit is from battery at the winding of rfala)" E, contacts of
ON'S, interrupter contacts of magnet RM, winding of relay D,
uppe¥ set of cam springs to ground at contacts of relay B. 'It
will be noted that relay E is in series _}\'ith relay D bqt t_he,“-?.s,ls”'
ance of relay D is so high that relay E cannot operate. Relay
D on operating will extend the trunk conductors to the next
sw}tfctl;;e first trunk of the group had been busy, the same circuit
would have been established but ground would have been con-
nected to wiper C and thence to the upper_em.i of 'tvhe winding of
relay D and, since the lower end of its winding is grounded at
relay B, relay D would have been shunted and prevented fro;x(;
operating. However, with relay D shlfnte.d out, relay E wou
have operated and thereby closed the circuit of the magnet RM,
causing it to move the wipers to the next set of trunk- con_tactsz.'
This rotary movement would have been continued until wiper (
rested on an ungrounded contact. When relay D ope_rates, it
conneets the trunk conductors through to the next sthcli:t{:nd ,
removes all bridges and attachments to these conductors. . la);

B, being of the slow-release type, will hold ground on the-contro
trunk until replaced by the B relay in the next switch.

If all the ten trunks of the selected level are fgund to be bUS).?,
provision is made to notify the calling subscnbex" and permit
him to release the connection. This is accomphshf;d by the
cam-spring assembly which is so mounted on the switch f.r:?me
that when the wiper shaft is rotated beyond the tent}? position,
its springs will be operated. This spring.assembly will be ;ee;x
in Fig. 44 immediately below and at the right of the rotary hub,
and in Fig. 45 just below the test jack. When ?he cam—szgr:g
assembly is thus operated, the circuit of r(f,]ay D w11.l be' opened to
prevent it from operating, since at that time the clrc‘smt at fmper
C will bc open. At the same time a trunk busy signal \ugltge
superimposed on the telephone circuit, fro.m ground thr-m:ig. .:
winding of the busy transfcrmer, cam .sprmgs, lower mg ing o
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72 TELEPHONE THEORY AND PRACTICE

relay A, thence to the positive trunk and the positive telephone
line, through the telephone instrument, through the negative
telephone line, negative trunk, and winding of relay A to battery.

The release circuit was originally prepared when the off-normal
switch ON'S operated, following the first break-impulse. The
operation of the release has already been described, and the
circuit for this operation is from battery through the supervisory
relay, winding of release magnet RIM, off-normal springs and
contacts of relays B, A, and D. Since relays A and B were

de-energized when relay D was operated, the circuit was already

closed at their contacts and required only"the release of relay D
to complete the circuit. During conversation or use of the con-
nection, relay D is held in an operated position by the ground
maintained on the control trunk. When the calling subscriber
replaces his receiver on the hook switch, the B relay in the con-
nector releases and removes ground from the control trunk.
The removal of this ground permits the D relays of the selectors
to release and in so doing places ground on the release magnet
circuit.
It will be noted that the battery for the B relay was through
a supervisory relay. This relay operates an alarm signal in
case a selector is seized and fails to connect through to the next
switch in the switching train. The battery for the release circuit
was also through a supervisory relay, which gives an alarm in
case a selector fails to return to normal after the release circuit
has been closed for a certain length of time. Discharge circuits
are also provided to protect the relay contacts when the magnet,
circuits are broken.
Selector Trunk Board.—Figure 46 shows an installation of
selectors on a frame, or “board.” The relays and operating
.mechanisms of each switch are enclosed in individual metal
eovers, with the banks, wipers, and lower portion of wiper shaft
projecting below. The multiple bank contacts of the selectors are
connected to terminal blocks to be seen at the upper right-band
corner of this view. The selector board illustrated is known as
the “low type” and consists of two bays placed back to back,
“with an aisle between. The metal door at the end, above which
the terminal blocks are mounted, encloses a distributing-terminal
assembly. This unit is commenly called a ““trunk board” and
has a capacity of six shelves with twenty switches per shelf (two
scctions of ten) in each bay. In the figure, four shelves, of

e o s < el

THE STROWGER STEP-BY-STEP SYSTEM 73

twenty switches each, are equipped. Ano?her type frequently
employed, when there is sufficient ceiling height, is known as the
“high type.” In this, a greater number of she'.lves are employed
and the bays are arranged in straight rows with aisles between,
instead of back to back, as in the U-shaped units. o
Connector Switches.—The connector is the final switch in t-he
switeh train and is sometimes called the ““final selector-.” le.e
the selector it has two movements, up and around_, anfi in fa(':t is
the same general type of switch as the selector, differing mainly

23 VSN

o

Cirs s W

F16. 46.~—Selector trunk board.

in its manner of control. Strowger connectors are, broadly, of
two types, the “individual-line connector” ir§ which the.“qygm
are driven by dial impulses directly to the terminals of the mdwzd’-’
ual subseriber’s line wanted, and the ““trunk-hunting connectm:,
or “P.B.X. connector,” in which the wipers are driven by dial
impulses to a group of lines serving a subscriber, aftef' which an
automatic trunk-hunting operation takes place to pick out an
idle one of that group. , .
Individual-line Connectors.—These ordinarily have a capacity
for 100 subscriber lines. They have no trunk-hunting funo-
tion, both vertical and rotary movements being responsive
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74 TELEPHONE THEORY AND PRACTICE

only to dial impulses. The impulses from the dial corresponding
to the tens digit raise the shaft to the level containing the line
wanted and the dial impulses for the units digit rotate the wipers
to engage the particular line.

Figure 47 shows a typical individual-line connector. In it,
the lower contact bank is the multiple of 100 subscribers’ lines
instead of trunk lines as in the selec-
tors.

Two-hundred-line Connector.—
| Some connectors are designed to
serve 200 subscribers’ lines, These
are similar in general appearance
to the 100-line connector, except
that one additional relay is required
in the relay group, an additional 100-
line bank is provided, and the control
bank has double instead of single
contacts. The additional relay
switches the circuit of the connector
from the wipers associated with the
lower 100-line bank to those associ-
ated with the upper 100-line bank.
To provide for this switching, the
digit 1 or 2 is included in the direc-
tory number in the hundreds place.
.1f one break-impulse is transmitted,
the connection is routed through the
lower 100-line bank while two break-
impulses will switch the connection
to the wipers of the upper 100-line
bank. This arrangement enables
Fie. 47.—Individual-line con- the use of larger trunk groups and in

nector. certain cases eliminates the use of a
selector in the switch train.

Operation of One-hundred-line Connector.—Figure 48 is a
circuit diagram of an individual one-hundred-line connector.
The line relay A, release relay B, series relay C, and off-normal
switch ON.S perform the same functions as previously described
in connection with the principle of the Strowger switch. Rotary
relay E is connected in parallel with the rotary magnet RM and,
being slow acting, remains operated during the pulsing period.

ot
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It maintains a shunt around the contacts on relay G in the
operating circuit of rotary magnet RM so 'fhat, asrelay G operatfes
during the rotary movement, the operation 9f magnet RM will
not be interfered with. Busy relay G transmits the busy' tone to
the calling subscriber when the called line is engaged in some
other connection. It operates each time the wiper C passes or
rests on a grounded control normal contact. The w1p.er-closmg
relay H connects the trunk conductors through to the line of_ the
called subscriber after the line has been tested and found idle.
It also grounds the control normal and thereby cuts off the asso-
ciated line switch to prevent it from operating when the called
subscriber answers. The ringing cut-off relay F operates when
the called subscriber answers and cuts off the ringing current.
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_FIG. 48.—Cireuit of individual brundre'd-lin.e connector.
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During the rihging period, it transmits the ring—back.tonfe to t:he
calling subscriber to advise him that the called station is being
rung. This relay is of a special design with a copper slug on the
armature end and a copper sleeve over the iron core, to prevent
its operation by the ringing current, to reduce it:s impedance to
ringing current, and to give it a wide range of adjustment. The
back-bridge relay D supplies the talking battery‘ to the called
station and, when the called subscriber answers, it reverses ?he
battery on the trunk and line conductors cpnnected to the calling’
station. This reversal of battery serves to operate message
registers and also to give superviéio;xd to manual operators on.
calls originating at manual switchboards. .
The cgi;'cuits %or operating relays 4, B, and C for the vertical

* and rotary movements have already been described. However,

the features required in the operation of the connector necessitate
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76 TELEPHONE THEORY AND PRACTICE

the use of additional apparatus during the rotary movement.
When the relay C releases after the completion of the vertical
movement, a rotary circuit is established, as previously described,
from ground at contacts of the A relay, through ccntacts of the
B relay, springs ¢f ONS, and contacts of relay C, but this circuit
now extends to battery at the magnet RM through contacts of the
G and H relays. At the contacts of relay G, the E relay is con-
nected in parallel with the magnet RM. On the first break-
impulse of the units digit dialed, both the relay E and magnet

" RM_ will be operated, but, since relay E is of the slow-release

type, it will remain operated during the entire pulsing period.
The operation of relay E shuntd the contacts of relay G and
connects the rotary circuit directly from the contacts of relay C
to those of relay H. As relay G operates when the wiper C
passes over a busy control normal, this prevents its interference
with the proper operation of the magnet RM during the rotary
movement.

When the line desired is reached and it at the moment is
engaged in some other connection, relay G will operate through
ground on the control normal and through its lower set of con-
tacts will transmit the busy tone back to the calling station, over

the trunk and line conductors. The relay G, once operated, will

be retained in an operated position, until the connection bas been
released by the calling subscriber, being held over a circuit from
battery at its own winding, through contacts of relays H, E, G,
and B to ground. |
include the wiper C, and therefore the connector cannot attempt
to cut through, if the called line becomes disengaged before the
release has been effected. Relays H, F, and D are not operated
when the called lipe is found to be busy. The release is accom-
plished in a manner already described.

If the called line is free, then the relay G will not be operated
and a circuit for the operation of H will be established by the
release of E. This circuit is from ground at relay B, through
contacts of relay G, lower winding of relay H, contacts of relay
E, wiper C, control normal, bridge cut-off winding BCO of the
line-switch magnet to battery. This circuit will operate relay
H only sufficiently to close its contact X. The closing of this
contact provides a locking circuit from battery at the upper
winding of relay H, contact X, and contacts of relay B to ground.
This locking circuit will complete the operation of relay H

It will be noted that the above circuit does fiot -

B N

—calling tine. —The operation
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which will connect the normally open negative and positive wipers
to the rest of the connector cireuit. .

The operation of relay H also connects the ringing .geperator
circuit to the called line to ring its bell. This circmt is i:rom
ringing generator (alternating current superimposed on direct
current) through the upper winding of relay F, co.nta_cts of F
relay, contacts of relay H, negative wiper, negative nf)rmal,
negative telephone line, bell and condenser of telephone instru-

ment, positive telephone line, positive normal, positive wiper, -

contacts of relay H, and to ground at relay F. Relay F will not

operate so long as the condenser is in series at. the telephone - -

instrument, but when the condenser and bell are shunted by the
lifting of the receiver from the hook switch, the direct current
will operate relay F sufficiently to close its.X contact. 'Th.e
closing of this contact will permit full operation, over a circuit
to ground contact at relay B. '
When relay H operated, the ring-back tone was transmitted
to the line of the calling station, through the upper set of con-
tacts of relay H, contacts of relay F through the telephone line,

and back to ground through the A relay. This circuit will be

opened at the F when it operates to cut off the ringing.

Also, when the F relay operates, the conductors of ?he'called
subseriber’s line will be extended back to include the windings of
the back-bridge relay D. - Since the called station has answered,
this relay will be operated and will reverse the battery on thg

———

holding circuits of relays F and H in parallel with the ground at
relay B. This is a precaution to prevent premature relea,se. of
the F and H relays in case the B relay is released by the tfallmg
subscriber hanging up first. When the D relay operated, it also
opened the release circuit at its upper set"of contacts, s0 that the
connector cannot be released until the culled subscriber hangs up.
This is, of course, to prevent the operation of the line switch of a
called line on disconnection. i
With the circuits just described, the A relay feeds talking
battery to the calling line, and relay D supplies talking battery

to the called line. These circuits are separated by condensers in

each eonductor of the trunk, so that the battery feed is of the .

condenser-retardation-coil type described in Chap. VIII of the
preceding volume.! _ .
1 “Manual Switching and Substation Equipment,” p. 250.

“6f rélay D also places ground on the.
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78 TELEPHONE THEORY AND PRACTICE

When the connection is no longer desired, disconnection is
accomplished through the release magnet RIM as previously
described. However, both subscribers must hang up before the
connector can release, although the other switches in the switch
train will be released when the calling subseriber does so. If
the called subscriber hangs up first, relay D will be released and
thereby will close the circuit of the release magnet RIM, at its
upper set of contacts, but at this time relays A and B will be
operated and hold the release circuit open at their contacts. If
the calling subscriber hangs up first, the A and B relays will be

released and thereby close the release piﬁr»c»uit, b_urt,msirnc’gr%lgz D -
would then be operated, the release circuit would be open at the

upper set of contacts of that relay. Hence, relays A4, B, and D
must be released, by both subscribers hanging up, before the
release of the connector can be accomplished. The other
switches are held in an operated condition by ground on the
control trunk and, since all grounds have been removed in the
progress of building up the connection, except at the B relay of
the connector, the release of that relay will release all the other
switches. Relay B is released shortly aftér the calling subscriber
hangs up. ' : _
Supervision is provided in the form of lamp signals, which are
lighted in ¢ase of delay by either subscriber to hang up after a
conversation has been completed. If the called subscriber
should delay or fail to hang up, a circuit will be established from

. ground atrelay5-contaets 6f Telay B, upper contacts of relay D,

“Supy. #2,” and through a signal lamp to battery. If the calling
subscriber should delay or fail to hang up, then relay D would
release, and relays A and B would remain operated and a circuit
would be established from.ground at the next to lower set of
contacts of relay H, through the lower set of contacts of relay F,
‘lower set of contacts of relay P, “Supy. #1,” and through a signal
lamp to battery. This system of supervision assures that any
connection being held by either the calling or called subscriber
will be called to the attention of an attendant.

Connector Boards.—Connectors are mounted on iron frame-
works, or ‘‘boards,” in much the same manner as selectors. The
relays and operating mechanism of the individual switches are
enclosed in metal covers and at the end of each shelf are the
connecting blocks for terminating the bank circuits of the con-
nectors. The bank wires are terminated on one side and the,

O
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pormal cables on the other. What is known as the “low-type"’

poard has five shelves with a capacity of sixteen connectors

per shelf including a test connector. Low-type boards are also

made with capacities of five and eleven connectors per shelf.

There is also a “high-type” board for connectors arranged as
i scribed for selectors.

prf'?’:‘(:;l;{);lgiﬁng Connector.—The “trunk-hunting,” ‘“rotary,”

or “P.B.X.” connector, as it is variously called, is used instead

of the individual-line connector for lines to subscribers’ es.tz'ib-
lishments having private branch-exchange switchboards requiring

__.more than one trunk. In such cascs, any one of the trunks may
"1 S e used- to make connections between the private-exchange

switchboard and the central office. The line numbef' of the first
trunk in a group is usually listed in the telephione du:ect,ory and
used in dialing the private branch exchange. Incoming connec-
tions to a P.B.X. switchboard thus require the 1.1sebof the trunk-
hunting connector to enable the selection of an idle trunk of the
gr(’)I?rll)x.nk-hun’c-ing connectors have characteristics of both indi-
vidual-line connectors and selectors in that they are 9pe;'=1‘tgd by
the dial impulses corresponding to the tens and umts\dlglts of
the number called, as in the individual-line conneg_tor, and are
then automatically rotated to locate an idle trunk in the group,
in a manner similar to the trunk-hunting operation of the selector.
They perform all the functions of individual-line connectors and,

“f_- - in-addition, test-for am fdle-trunk-ina P.B:X. group:~ Sinee p-- .

Single level has only ten sets of. contacts, each switch has-access
to only ten trunks per level. However, a greater numbexf may be
provided for by connecting the multiple banks of the connectors in
two or more separate groups. -

When large groups of trunks occur, other types of t-runk-punt-
ing connectors may be employed. In one, the switch is equlqped
with a single vertical bank, of a type subsequently to be descnbe.d
in connection with Fig: 60. By means of this, the connector is
enabled to test trunks in two or more levels, up to t:he capxﬁacxty
of the switch bank. Another type is equipped with a smg.le
vertical bank and with a minor switch similar to Fhat.sbow_n.m
Fig.51. In this case, the minor switch actsasa regmtex.-mg device
and directs the conpector to the levels of the required tr}mk-
group. The directory digit for the trunk group steps the minor
switeh to the first level of the group, whereupon the connector

b
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shaft is stepped to that level and rotated. If all the trunks in
that level are found busy, the shaft is released and the minor
switch then.takes another step, directing the connector to the
next level of the group and so on, until an idle trunk is found or all
are found busy. When these types of connectors are used, the
digit zero (0) may be used for the last digit or the last two digits
of the directory number of the private branch exchange.

The general appearance of a trunk-hunting connector of the
type first mentioned, that is, the one used for small groups, is
similar to that of the individual-line connector shown in Fig.
_ .47, except that two more relays are required, these being mounted
- in the blank space at the bottom of the relay mounting plate

shown in that figure. Another difference is that the control
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Fic. 49.-——Circuit of trunk-hunting connector.

-~ ik hias:double contacts ibstéad of single ones as shown on
Fig. 48. . o S
Operation of Trunk-hunting Connector.—Figure 49 is a com-
plete circuit diagram of the small-group type of trunk-hunting
connector. Relays A, B, C, D, E, F, G, and H operate in the
same manner and have similar functions to the correspondingly
lettered relays of Fig. 48, except that some have additional con-
tacts made neccssary by the trunk-hunting feature. Relays
-J }md K have been added and the wiper assembly has an addi-
~ tional wiper called the “extra control” EC. Relay J is operated
~. by the rotary relay E and relay K by the busy relay G, their
" respective purposes being to provide the trunk-hunting feature
.and a busy signal. The extra control EC and.control normal CN
contacts of each P.B.X. trunk are connected together, with the
exception of the last trunk in a group. In the last trunk the
EC contact isdead. This arrangement prevents further rotation
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of the switch and causes the busy tone to be tran§m1t.£ed to th:
calling subscriber when all trunks are bu§y. "l‘hls se l(ime pek
its the dssignment of trunk groups of various sizes on the trux-1 -
r}i]linting connectors and also enables the use of trunk-hunting
individual lines.
co?l‘lixe: t(s);iszfxiz “(1);11‘31“ switch and the vertical movem.ent are
ccomplished in the same manner as in the indiv;duafl-lme con-
, tor. The “units” or rotary impulses from the dial operate
xtl;‘e: reiay E, the magnet RM and in addition the relay J. The
circuit for their operation is from ground at Ycontacts of reflayl,:,
through contacts of relay B, con}acts of ONS, contﬁfzts of ?thy;
(. contacts of relay G, and winding of relay E; at this 1.)0(1;'1 °
| ‘ci,rcuit divides, one leg going to battery through thc:i win dx.ng :))f
relay J and the other through contacts of re}ay H an W];;] ing of
magnet RM to battery. Relays.E and J will operate :;111 remate
operated through the pulsing period, an(.i magnet RM ; Ofergof
and rotate the wipers in accordance with the breal‘:—mr;p\;1 sefs‘lrs f
the dial. The wipers will tht;m relslt- onhthe ;:ontacts of the \

- esired private branch exchange. .
trullfﬂfo}fi(; ttl:-ix?k is idle}a), that is, the cont.rol. normal is ungrm.mdec}
and connected to battery through the bru?ge cut-off Wmcli]mg oh
the line-switch magnet, relay 1 will be partlauy ope?'at,ed t rt(‘)qg.n
its upper winding and will close its X contact. This co(xiltac vz: '
complete a circuit, which will fully operate relay H an conn t
the trunk conductors of the switch through to the neg-atlve ':;111‘
positive normals of the private branch—gxchange trunk hn;. tre,
battery from the line switch will also be connected to t! (; ex a;
control wiper EC, but this will have no effect on the operation ,1(:
the switch. The remaining operations necessary jco f:omplete the
connection and ring the subscribelr’ls bell are bs(;rmla.r to those

ribed for the individual-line connector. .
alrffa(tlt):edgsr:t trunk is busy, that is, ground is connected to the

control normal CN and also to the extra control EC, relay G will™

be operated, from ground at CN through contacts of rlflz;y JE,
contaets of relay H, and winding of rela){ G to battery. . a;;

will release shortly after the last break-impulse, but, s.ln.ce relay
J is slow in releasing, it will remain in an operated posmor} for ?
short time longer and complete a circuit for the operatllon 3
relay K, from ground on wiper EC, through contacts o(ii' rel a(yiv'n ,
relay E, relay G, interrupter springs of magnet RM, and winding

%
%
3

ke P9 ¢ i 5t

PR
e e TR

PRIy

of relay K to battery. Relay G will operate the magne§ RM
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82 TELEPHONE THEORY AND PRACTICE

over a circuit, from battery at its winding, through contacts of
relay H, contacts of relay K, and to ground at contacts of relay
B. It will be recalled that relay J was originally operated by
relay E, which releases shortly after the last break-impulse but,
however, relay J is retained in an op-
erated position during the trunk-hunting
period by being connected in parallel
with the magnet RM when relay E re-
leased.

When magnet RM operates and steps
the wipers to the contacts of the next

this trunk is also busy, relay G' will be
immediately operated again. Relay G
will continue operated until an idle trunk
is reached when the remaining operations
of the switch will be completed as be-
fore described.

If all the trunks of a group are busy,
the wipers will stop on the contacts of
the last trunk of the group. The extra
control EC and control normal CN con-
tacts of this trunk are not connected to-
gether, and therefore relay G will operate,
but relay K will not. Failure of relay K
to operate will permit relay J to release
and in so doing will complete the busy-
tone circuit to the calling station.

The release of the trunk-hunting con-
nector is the same as that of the individ-
ual-line conncctor previously described.
The supervisory signals (“Supy. #1 and
#2") are provided for the same purpose as described for the in-
dividual-line connector.

Frequency-selecting Connector.—Selective ringing for twe-
and four-station party.lines in step-by-step systems is usually
provided for by assigning the different kinds of ringing current

Fia. 50.—Frequency-se-
lecting connector.

required in the selection each to a separate connector board. , ‘

Thus with four-party harmonie selection four separate groups of
connector boards would be required, each provided with one of
the four frequencies of ringing current. The party-line subscrib-

trunk, relay G will be released but, if"

T

R i
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ers are assigned numbers which will extend the connections to the
particular connector boards that are equipped with the proper
frequency for ringing the bells of their respective stations.
Another method is by the use of frequency-selecting conneclors.
These connectors may be used for as high as ten-party line
service, the ringing selection being accomplished by an additional
digit in the directory numbers. They may also be arranged for
code ringing.

The frequency-selecting connector (Fig. 50) is similar in
appearance to the selectors and individual-line connectors but has
a frequency-selecting mechanism in the form of a minor switeh,
mounted directly below the group of relays at the top. An

F16. 51.—Minor switch of fmqucncy—seiecting connector.

unmounted minor svﬁtch is shown in Fig, 51. It is a rotary
switch, in which the wipers are returned to normal by a spring,
when the switch is released.

Operation of Frequency-selecting Connedor —TFigure 52 is a
circuit diagram of a frequency-selecting connector, adapted for
10-party harmonic ringing over either limb of the line cireuit.
The line-selecting operations of this switch are the same as for
an individual-line connector as previously described in connection
with Fig. 48. The circuit of the frequency-selecting minor
switch J is shown at the extreme right.

The additional digit dialed selects the proper one of five ringing-
frequencies and the side of the line over which it is to be sent, the -
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84 TELEPHONE THEORY AND PRACTICE

minor switch being used to register this digit. The bottom level

of contacts of this switch are connected to five different fre-
quencies, contacts 1 to 5 being multipled respectively to contacts

6 to 0. The top level of contacts is divided into two groups, the
contacts of each group being multipled together. The purpose of
the top level is to reverse the line for the second five stations.
The circuit for the break-impulses of the last, or frequency-
selecting, digit is from ground at contacts of relay A, contacts of
relay B, off-normal springs, contacts of relays C, G, and H, and
winding of minor-switeh rotary magnet Rof to battery. Magnet
Rot will operate with each break-impulse and rotate the minor-
_ switch wipers to the proper contacts for the desired frequency
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Fi6. 52.—Circuit of frequency-selecting connector.

arid ground connection to the line. The ringing current will
then be applied to the subscriber’s line, through the minor switch
in the manner described for the individual-line connector. How-
ever, if the station called is in the second group, requiring the
reversal of the line, relay Z will reverse the wipers of the switch

with respect to the trunk conductors and transfer the ringing.

ground connected to relay F from the positive to negative wiper.

When the connection is no longer desired, the connector switch
is released in a manpner similar to an individual-line connector,
except. that the release magnet Rls of the minor switech J is
operated and permits the switch to restore to normal, when relay
B releases. The release of the connector is controlled by the
last party to replace his receiver, but the release of the minor
switch is controlled only by the calling station.

Reverting-call Switch.—In the Strowger system, provision is
made to enable a subseriber on a party line to call another on the

e S g . Ly
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game line, such calls being termed “reverting’’ calls. Although
it is possible to design the switches and circuits so that a sub-
scriber may make a reverting call by dialing the regular directory
number, it has been found more economical to handle this traffic
by other methods. In one method of operating, the subscriber
may be instructed to call an operator by dialing a special number.
"The operator receiving such a call, after instructing the subscriber
to hang up, dials the desired number in the ordinary way. The
bell of the called station is rung, and, after waiting a few moments,
the calling subscriber again removes his receiver and talks with

the called party. The operator may either hold the connéction

and supervise the call or release it and permit the two subscribers
to converse with each other by means of current derived from
the first selector.

Another method employed is to assign special numbers fqr
party-line subscribers to use when calling other stations on the
same line. This information may be given either in the telephone

directory or by means of an instruction card placed at each party-".

line telephone. This method of operating requires the use of a
special mechanism called a “reverting-call switch.”” The
subscriber first ascertains the special call number for the desired
station, dials the number, and hangs up. Immediately both
the bells at the calling and called stations will start to ring alter-
nately and, when the called party answers, the bells will stop
ringing, the calling subscriber will again remove his receiver from

_.the hook switch and find the called -party on the line. If aftera

reasonable time the bells continue to ring, indicating that the
called station does not answer, the calling subscriber will remove
his telephone from the hook switch momentarily and thereby
disconnect the circuit and the reverting-call switch used in the
connection. .

" Impulse Repeaters.—In the foregoing description of selector
switches it will be recalled that each trunk circuit between

_switches consists of three conductors: two for the talking circuit

and one for the control conductor. When inter-office trunks are
involved, two-wire trunks are, of course, to be desired. Two
types of impulse repeaters are employed to permit the use of
two-wire trunks: namely, the ‘“one-way” for use in trunks on
which connections are established in one direction only, and
“t{wo-way” for trunks on which connections may be established
in either direction.
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86 TELEPHONE THEORY AND PRACTICE

Figure 53 shows an individual repeater unit which consists ofa
group of relays and a resistance spool mounted on a relay mount-
ing plate, with no mechanical step-by-step progressive switching
mechanism. Mounted at the lower right corner of the plateisa
test jack to facilitate testing.

\ One-way Repeater.—Figure 54 is a circuit diagram of a one-way

impulse repeater. This shows at the left the three trunk con-
ductors, from the banks of
the preceding local switch con-
nected to the relay group of
the impulse repeater. . At the
right is a portion of the cir-
cuit of an incoming selector
at the distant central office,
this being connected to the
circuit of the impulse repeater
by a two-wire inter-office
trunk.

The line Telay A and the
release relay B of the repeater
perform functions similar to

~ those already described, in re-
ceiving the impulse signals,
guarding and holding the con-
nection, and releasing at the

shunt relay C shunts wind-
ings of relays E and F to re-
duce the impedance of the
- impulsing circuit. The back-
bridge relay E operates a chain circuit for the purpose of indi-
cating when all the trunks of a group are busy and serves as a
" high-impedance bridge across the trunk during conversation.
The differential relay F operates on the reversal of current
at the distant office connector and controls the operations
of the reversing relay D. The reversing relay D reverses
the battery to the calling station, when the called station
answers, and controls the windings of relay E, bridged across the
inter-office trunk side of the impulse repeater during conversa-
tion. The reversal of the battery on the calling line is to provide
for the operation of message registers, as will be described, and

F1G. 53.—Impulse repeater.

end of the conversation. - The
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also to provide means of visual supervision in case of calls
originating at manual switchboards. ‘
When the trunk with which the repeater is associated is con-
nected with at a local selector multiple bank, relay 4 is energized,
operating relay B in the manner previously described. The
operation of relay B places a guarding ground on the control
trunk through one of its upper sets of contacts and prepares a
circuit for the subsequent operation of relay C through its lower
set of contacts. It also completes a circuit from battery at the
lower winding of relay F to ground through one of its upper sets of
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contacts. Current through this winding of relay F will mag-
netize its core but not sufficiently to cause it to operate.

An impulsing circuit has now been prepared for repeating the
impulses to the selectors in the distant office. This circuit is
from battery at the upper winding of relay A-1, upper contacts of
relay D-1, negative trunk, contacts of ielays B and C, upper
winding of relay F, contacts of relay D, right winding of relay E,
contacts of relay A, positive trunk, lower contacts of relay D-1,
and lower winding of relay A-1"to ground. The two windings
of relay F are so connected that the current now flowing in them
will not operate the relay. Relay E will be operated over the

above circuit simultaneously with relay A-1 and will close a pair .

of chain contacts. When all the repeaters in a group are busy_, a
circuit is closed through all the chain contacts in series, which
operates a register. When relay A releases on the first breakj

k4
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88 TELEPHONE THEORY AND PRACTICE

impulse from the subseriber's dial, a circuit will be completed
for the operation of relay C. Relay C is of the slow-release type
and will, therefore, remain operated during the pulsing period of
each digit. Relay C, on operating, shunts the upper winding of
relay F and the right winding of relay E, thereby providing a
low-impedance path for the repeated impulses. Relay C, also
maintains the chain circuit when relay E releases. At each
break-impulse the above circuit will therefore repeat the dialed
impulses to relay A-1 of the incoming selector. The resistance,
shown above relay F and bridged across the contacts of relay C, is

to prevent the possibility of an extya impulse being sent to the ~

incoming selector when relay C operates on the first break-
impulse. At the end of each series of impulses, relay A remains
operated and relay C releases. The digits of the required number
are repeated to the A-1 relay by the above circuit.

When the called subseriber answers, the battery on the inter-
office trunk is reversed by the connector. This reversal of cur-
rent will operate relay F, since the current flow in its upper
winding will be reversed, and both windings will then produce
magnetic flux in the same direction. Relay F, on operating, will
energize relay D through its lower set of contacts, and relay D
will operate and reverse the battery feed to the: calling station.
Relay D also, when operated, increases the impedance of the
bridge ‘across the inter-office trunk by placing in series through

its lower set of contacts both the right and left windings of the -

bridged relay E.” This additional” impedance will ”pi-event ‘the
relectors and connector in the distant office from releasing and
will also improve the voice-frequency transmitting quality of the
trunk circuit. For inter-office trunks of considerable length,

additional condensers are connected in multiple with those per-

manently in the circuit, through contacts on relay D.

When the connection is no longer desired and the receiver at
‘the calling station is replaced on the hook switch, relay A of the
impulse repeater will release. Relay B will shortly afterwards
releas¢ and remove the guarding and holding ground from the
control trunk. However, before relay B releases, relay C will be
operated and prevent the opening of the chain circuit before the
repeater has been entirely cleared. W hen relay C finally releases,
the repeater circuit will be restored to normal. The circuit of
the selectors and connector in the distant office has been held
in an operated position through the lower set of ‘contacts of relay

-~
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A and, when this relay released, the switching train in the distant
office was restored to normal in 2 manner previously described for
the selector switch and connector. ’

Two-way Repeater—The two-way impulse repeater provides
for repeating impulses over two-wire inter-office trunks in either
direction and therefore permits the use of inter-office trunks for
calls originating at either central office. However, repeaters are
required at both ends of each trunk. Itsuse is mainly with small -
offices in which the inter-office traffic does not warrant the use
of one-way trunks. Figure 55 shows the circuit diagram of a
~'two-way repeater, “and n i&similar in de&xgn and ‘operation tothe
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one-way repeater (Fig, 54), except that another relay, designated
as relay G, is added to the eircuit. ‘
On outgoing calls, or calls from the local office to a distant
office, relay G is operated frqm contacts of relay B. ~ The opera-
tion of relay G disconnects the incoming selector in the local
office from the trunk and also closes the trunk loop circuit to the
incoming selector in thé distant office through the upper winding
of relay F and the lower winding of relay E. Relay G is of the
slow-release type to insure that, on releasing from -outgoing calls,
the selectors in the distant office release -before the incoming
selector in the local office is reconnected to the “trunk. ’This
prevents the sclectors in the distant office from being lgcked up -
until the called station disconnects. ' E
On incoming calls from the distant office, the trunk wires are
connected through the contacts of relay G dxrectly to the i mcommg'
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90 TELEPHONE THEORY AND PRACTICE

celector. When the incoming selector is seized, it places ground
on the control trunk to make the trunk busy to outgoing calls.

Outgoing Secondary Line Switches.—When the number of
trunks in a group between central offices is large, the number of
such trunks required to handle the traffic can be reduced by the
use of oulgoing sccondary line swilches. These line switches may
be of the plunger or rotary type, and they are inserted between
the selector banks and the impulse repeaters.  The additional
annual charges for the line switches must be balanced against

the annual charges for the repeaters and trunk conductors saved, . |
in determining whether or not tha use of outgoing secondary”™ ~ T f

line switches is warranted.

The types and circuits of line switches used are similar to those
employed for local secondaries as already deseribed.

Two arrangements of outgoing secondary rotary line switches
are used, one providing for post-selection of the trunks, and the
other, pre-selection. This latter arrangement, however, does not
provide for full pre-selection of trunks but does decrease the
average time required for a switch to select an idle outgoing
trunk. The pre-selection takes place only when all but one of the
idle outgoing rotary line switches, associated with a particular
outgoing-trunk group, are resting on the contacts of busy trunks.
The wipers of these line switches are then rotated until at least
the wipers of two line switches are resting on the contacts of

idle trunkse T =i T s e e UES - -

Switching Selector Repeater.—DBricfly, a suboffice is a subsid-
iary office serving a portion of the line numbers nominally
assigned to its main office. It is usually a comparatively small
office located in the outskirts of a central-office area, where the
telephone development is such as to make a separate line center
mére economical than to extend a)l of the subscriber’s lines to the
main office. ‘Such an office is usually connected with the main
office of which it is a subsidiary, by a group of two-way trunks,
and traffic between it and other offices of the system is routed
over the trunk groups of the main office. When it is desired not
to trunk the local suboffice calls through the main office, *“ switch-
ing seleclor repeaters” are employed. ’

A switching sclector repeater consists of a Strowger-type
selector switch and an impulse repeater, with a means for switeh-
ing from one function to the other, combined in one unit. It

" has the same appearance as a selector switch, except that the

>
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relay group has more relays and the control bank is equipped
" with ““extra-control” contacts similar to a trunk-hunting con-
nector. Its functions are to complete local suboffice calls with-
out the use of the main-office apparatus, and to extend the
connections for other calls to the main-office apparatus where
they are completed in the same manner as calls originated by a
subseriber in the main office. Incoming calls for suboffice
numbers are completed in the same manner as for subscribers’
numbers in the main office, except that -impulse repeaters are

~_.required in the connections to the suboffice to permit the use of

“two-wire frunks. -~ - o 0 .

The block of numbers assigned to the subseribers’ lines in the
suboffice are distinguished by the first, first and second, or first,
second, and third, digits, depending upon the size of the system
and the size of the suboffice.

With respect to the point at which the connection is switched
from the main-office trunk to the local numerical switches, three
types of switching selector repeaters have been designed. One
type switches on the first digit and is for use where no other
numbers in the system begin with the same digit as those of the
suboffice; the two other types switch on the second and third
digits respectively. The type which switches on the second digit
is the one which finds most frequent application in practice.

Operation of Switching Selec_!or.Repeater.-—Figure; 56 is a sche-

- matic diagranrshowing theuse  of switching seleetor repeatersing-- 7 - ;

1,000-line suboffice, in a five-difzit exchange system.’ The-portion
above the broken line is the switching equipment at the suboffice,
and that below, the part of the main-office switching equipment
required for use with the suboffice. -At the upper left are the
primary line switches to which the suboffice subscribers’ lines are
_ connected, and to the right of these are the outgoing secondary
line switches. Below the line switches, from left to right, are the
switching selector repeaters, local third selectors, incoming third
selectors, and the connectdrs of the suboffice. The arrangement
at the main office shows the numerical switches regularly required
for a 10,000-line office in a five-digit exchange system, except that
incoming first selectors from the suboffice have been added, and
the fifth levels of the second selectors are extended through
outgoing trunk repeaters to the suboffice, instead of to local
selectors and connectors. Two-way. trunks are shown between
the main office and suboffice. The numbers assigned to the

¥
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92 TELEPHONE THEOkY AND PRACTICE

suboffice, in the case illustrated in the drawing, comprise the
35,000 group, and the remaining lines in the 30,000 group are
served by the main office. Hence, it will be noted that at the
main office the third levels of the first-selector bank are carried
to local second selectors; and that the fifth levels of these second
selectors are extended through repeaters to the suboffice. At the
suboffice the fifth levels of the switching selector repéaters are

Sub-Office .
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Jineswifches lineswitches
= sumy Of { LT T - (3-ire) - - (2-Wire)
lines ,)f J ] / J v
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70 focal 3t se/,
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Fia. 56.—Diagram showing use of switching selector repeater.

from other central offices

the only ones having trunks connected, and these are carried
directly to local third, selectors.

When a calling subscriber at the suboffice lifts his receiver, the
primary line switch extends the connection to an idle switching
selector repeater, which, in turn, causes its associated outgoing
secondary \ine switch to operate and select an idle trunk to the
main office. The. connection now terminates in a switching
selector repeater at the suboffice and an incoming first selector
at the main office. 'When the subscriber dials the first digit of
any desired number in the system, the line relay of the switching
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selector repeater receives the break-impulses and repeats them
over the trunk, operating the vertical magnet o-f the first selector
in the main office. At the same time, the vertical magnet of the
switching selector repeater is also operated., and,.therefore, the
wiper shafts of both switches will be raised §1multaneously.
The incoming third selector, in the suboffice, while connect.,ed to
the trunk between the two offices, is preventeq fron} operating a.t
this time by a cut-off relay, operated over a .thxrd wire bt.atw_eex.x it
and the outgoing secondary line switch. Th.xs opefa’non is sxml.lar
in principle to that of the cut-off relay of a line switch when a yne
is seized by a connector. _ '
Lsi3 will ge noted from the groups of pumbfers assigned to the
different offices that the first digit distir.)gulshes between calls
to distant offices and to the combined main and' suboffice group,
whereas the second digit is required to distinguish betw'ween calls
1o the main office and to the suboffice. Hence, the actlo.n of th.ls
«gecond-digit type’’ switching selector .re.pea‘ter, at this point,
is necessarily dependent upon the first digit dialed. R
If the number being called is in a distant office, the‘ switching
selector repeater wipers are stopped, by control furnished over
the extra-control (EC) wiper, on the first contact of the du.xled
level, and they will remain there throughout the call, the switch
i repeater.
aCt\:\I’]}%ezstfme nlt)xember being called is in either the Itnain or sub&fli'isce;
, " wiper of the switching selector repeater encoun
:};‘i-eft?al ofx)e the first contact of the dialed level (the t_h}rd level
in the drawing), which causes the shaft to be restored to l?orma'.l.
On the second digit, the shaft is again elevated, this time, in
unison with a second selector in the main oﬁic.e. The potent.la.l
now encountered by the EC wiper will distinguish between main-
office and suboffice numbers. 1f a main-office nur.nber has been
dialed (any digit except 5), the wipers will remain on the first
contact of the level, and the switeh will function as a repeater
i e remainder of the call. |
d.u;tl'nag stt?boﬁice number-is dialed, the switch shaft i.s .restored on
the first digit exactly as before, but on the seconfi élgxt no p<?t,en—
tial is encountered by the EC wiper, thus pcrml?tmg t.he wipers
o rotate over the contacts of the first level and scize an idle trunk

to a local third selector. The operation of the switching—thm\_lghi

relay of the sclector repeater causcs the pp(?ning of the loog
through the inter-office trunk, ‘thereby releasing the localrou
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94 TELEPHONE THEORY AND PRACTICE

going secondary line switch at the sub
8 office
second selectors in the main office. wod the frst and
- Ipcommg calls to suboffice subscribers are routed in a manner
sulr;xlar_ to any other inter-office traffic. Connections for such
calls are extended to either local or incomi ’
the main office in the usual w hen the o (o
: sual way. When the second digi i
: git (5
:l;)alc;idf, tihe wiper shaft of the second selector will be eIevati(i) tfs
c; 't level and then rotated until the wipers rest on an idle
outgoing trunk t9 the suboffice. At the suboffice these trunks
2;et;(;nnecte§ie to u;{:oming third selectors. The remaining digits
number will then extend the connecti '
: to the desired
suboffice line. -In order to ent™ i in cto
. . ; prevent-the incoming first select
;; the tma§n office from operating when a suboffice trunk is se(i:zzgs
! e 011 %omg repeat.ers are equipped with cut-off relays, which aré
dpera‘ ed over a t!nrd wire from the first selectors, as previousl
ei‘c;bed for the incoming third selectors at the suboffice d
] e relgase of the switches involved in the switchin.g train
accomplished by the same principle as previously described f:
othe; Strowger-type switches. x
. “tl,];le in the‘ above illustration the switching selector repeater
' ;;t th?s c;e;;nbetd for usebein a multi-office system, it is obvious
aratus can v i
that this used when only one main office is
-I-’atyxs)t?tion Regeater.——Paystations equipped with multi-slot
coin J\G,S; operating on either the “post-payment” or the *‘pre-
gg?i fn‘ent plans are used. With post-payment coin boxespn'
l-eq1?103211bapparatus'other than the paystation instrument ig
uired, but pre-payment boxes requi i
AR q ire special apparatus at
. -payment service is usuall '
the plan of requirin i T oo
g the deposit of a coin befo i
re calling fo
exchtarlxlge num}:)er and of no such deposit before calling f ser:ri!:\'
Z;r o -drecordmg 'o;?erator. However, the circuits lfﬁ;); be
anged so that it is necessary to deposit a coin even before
calling an operator. : o
- The apparatus requi .
required at the central office for
v . - - » I3 r& a
f:) st;mo’x’x service is embodied in what is called ag‘ p:grs};;x;?:;
re{)::dﬁion c’l(;lillls consx:;u;ii of a group of relays, resistances, and a |
, mounted together as a unit and havi
; : t ng the gen-
;x:‘l,iz:l;;plenarancci of the impulse repeater shown in Fig. &,ilthoggg
ore relays, its mounting plate is eonsid ,
\ : erably longer.
order to permit the extension of ¢alls to an operator, };Vithgu!t: ﬁrstln

"
w

o
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depositing a coin, it is the usual practice to provide a gpecial train
of switches for that purpose. Paystation
repeaters are usually connected in the trunks
from the primary. line switches associated
with the paystation lines. The switches
directly connected to the repeaters may
be first selectors, secondary plunger line
switches, or secondary rotary line switches.

Toll Switch Train.—Toll calls to step-by-
step subscribers are usually routed from the
toll board to the central office over toll dial-
ing trunks, and thence to {he subseribers’
lines through a toll swit ch train, consisting of
special switches. The main reasons for using
special switches for this purpose are to pro-
vide for the supervision of the call and con-
trol of ringing by the toll operator and also
to establish the most favorable conditions
for transmission. The interrelation of the
operation of the different switches in the
train is such that it is more convenient to de-
seribe these. special switches together than
asseparate units of apparatus.

The toll switch train employs three types
of numerical switches. These types are
called ““toll transmission selector,” “toll in-
termediate selector,” and “combination toll
and local connector.” Sometime “toll con-
nectors” are utilized instead of the combina-
tion toll and local, but the more general
practice is to use the combination type.

Toll Transmission Selector.—The toll trans-
mission selector switch, shown in Fig. 57 with
its metal cover removed, consists as usual
of a relay group and switch mechanism, and
in addition as shown at the top of the mount-
ing plate, 8 repeating coil, transmission con~
densers, and resistance coils. The switch is
also equipped with 400-point banks, to pro-
vide for four-wire trunk circuits. The ex-

Fig. 57.~~Toll trans-
mission selector.

tra equipment requires that the base of the gwitch be approxi-.
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96 TELEPHONE THEORY AND PRACTICE

mately twice as long as that of the regular selector (Fig. 44) and
it therefore uses two selector shelves, spaced at the standard
mounting distance.

The toll transmission selector functions in the same manner
as a regular or local selector when hunting a free trunk to a toll
intermediate selector, or a special connector, but differs in that,
after the trunk-selecting operation is completed, it has additional
duties to perform. It is required to repeat the break-impulses
to the toll intermediate selector and the toll connector, to supply
talking current to the called subscriber, and to provide for all
necessary supervision. This supervision may include the collect

_and refund of coins-on paystation calls. There are, accordingly,
two classes of toll transmission selectors—one of the non-coin
type and the other of the coin type.

Toll Intermediate Selector—The toll intermediate selector
is similar to a regular selector in general appearance, except that
it is equipped with a 400-point bank. The functions of the
switches are also similar, except that the toll intermediate
selector employs four-wire trunks to extend the extra control

lead from the transmission selector to the toll connector, in order -

to enable the toll operator to control the ringing at the connector.

Combination Toll and Local Connector.—The combination con-
nector may be of the individual line, trunk-hunting, frequency-
selecting, or of any other type suitable for use with the central
office in which it is installed. The individual-line type will be
used as a typical example in the following description. In

appearance it resembles very closely the individual-line connector; )

except that an additional relay is required to provide ringing
control and supervision for the toll operator.

Operation of Toll Switch Train.—Figure 58 is a circuit diagram
of a typical toll train, for a four-digit central office, using individ-
ual-line combination connectors. The non-coin-type toll trans-
mission selector circuit is shown at the upper center and left, the
toll intermediate selector at the upper right, and below is the
circuit of the combination toll and local connector. The relays
A, B, C, D, and E of the toll transmission selector perform similar
functions to those already described for the ordinary selector in
connection with Fig. 45. RelaysF, G, H, R, and S are additional
‘ones. The repeating coil and condensers shown at the left of the
diagram are added to produce the most favorable conditions for
speech transmission. The added resistances Y are provided to
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maintain the current-flow limits of the connecting toll board, and
resistances Z are used to adjust the trunk-circuit resistaxice, toa
standard value.

The trunk entering from the left is from the toll board, which
in this case is assumed to be manually operated. The switch
ON S and cam springs operate in similar manner to those already
described for other switches but have additional contacts. The
tf)ll switch train may be equipped for either audible or visual
signals at the toll board, and in this circuit diagram both arrange-
ments are shown.

In the toll intermediate selector relays A-1, B-1, C-1, D-1, and -

E-1 perform similar functions to tRe relays A, B, C, D, and E
in the ordinary selector switch (Fig. 45), except that.ad’ditional
sets of contacts are provided to extend the extra-control EC
lead from the transmission selector to the connector. Relays
A-2, B-2, C-2, D-2, E-2, F-2, G-2, and H-2 of the combination
toll and local connector are similar to the correspondingly
lettered relays of the individual-line connector (Fig. 48) and
perform similar functions with some added features. Relay
K-2 is the additional supervisory control relay.

In the present diagram (Fig. 58), the toll trunk conductors
from the toll intermediate selectors are shown entering the circuit
of the connector at the top, and the local trunk conductors from
the regular or local selectors are shown entering at the left
The local selector trunks are connected to the last contacts on th(;,
~ local sclector bank levels and the toll trunks-to only the toll
intermediate selector bank levels. Thus, the combination con-
nectors are used for local calls only when all the regular eon-
pectors are in use, and only the combination connectors are
~available to the toll intermediate selectors. On calls from local
scllecmljs._wt,he combination connector operates as any other cqn-
nector, but on toll calls the operation must provide for manual
sppervision, special talking battery, and manually controlled
ringing. All the mechanical functions of these switches are
accomplished in accordance with the previously described prinei-
ples of the Strowger-type switch. '

To .complete a call from the toll board to a subscriber, the toll
op'cr?tqr plugs a calling cord into 2 trunk leading to a téll trans-
mission selector, operates the “dial” and “talk” keys, and dials
the desired number. If the subscriber’s line is free, a cord
supervisory lamp glows, indicating that connection I,las been

L -
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made to the called line. When the operator is ready to ring the
called subscriber, the pressing of a ringing key will cause the
operation of an alternating-current relay in the toll transmission
selector, which starts the machine ringing by the toll connector.
The cord supervisory lamp is extinguished” and the machine
ringing is stopped when the called subscriber answers. When
the called subscriber replaces the receiver on the hook switch,
the cord supervisory lamp again lights, giving the toll operator
discopnect supervision. If an all-trunk-busy condition is
encountered at the toll transmission or an intermediate selector,
the cord supervisory lamp flashes at a predetermined frequency
(or the busy tone is received).
busy, a different frequency of flashing (or tone) is transmitted.
When a busy condition is encountered, the toll operator must
release the connection and dial again. It is possible, however,
for the toll operator to reach a busy line over another path, called
the “verification-switch train,” to check a busy-line condition, or
to notify a subscriber, then engaged with a local call, that a toll
call is waiting for him, but the verification-switch train is never
used for completing a toll connection. ’

When the toll operator connects with the circuit of the toll
transmission selector, relay 4 (Fig. 58) is operated, which in turn
operates relay B and places ground on the control trunk. Relay
A follows the break-impulses from the dial and operates relay C
and the vertical magnet VM. Relay C, in addition to its
regular functions, short-cireuits the winding of the repeating cot

i the negative toll trunk, to reduce the impedance of the impuls=

ing circuit. When the wiper shaft is lifted, the off-normal
switch ON'S operates and causes the operation of relay E.

When relay C releases, after the completion of the series of
impulses, the rotary magnet RM is energized, steps the wipers
to the first-bank contacts, and breaks the circuit of relay E.
If the first trunk is busy, ground is connected over the wiper C
to relay E, which re-epergizes the rotary magnet RM. The
switeh will then rotate under the control of relay E and action
of magnet RM until an idle trunk is found, when relay D will
operate in series with relay E; however, relay E does not operate.
At the time relay D operates, the circuit of relay A is still main-

If the called subscriber’s line is -

tained, and the operation of relay D completes the cireuit of relay :

A-1 of the toll intermediate selector. The circuit for the oper-
ation of relay A-1 includes the upper winding of relay S, but this
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100 TELEPHONE THEORY AND PRACTICE

relay can only operate sufficiently to close the circuit through its
X-contact, owing to current through its lower winding. The
closing of the contact .X' completes a locking circuit for relay S.

The second series of break-impulses are repeated to relay A-1
through the action of relay A. The slow action of relay §
prevents this relay from completing its operation during the
pulsing period. The vertical and trunk-hunting movements of
the toll intermediate selector are the same as previously described
for a regular selector switch. When the relay D-1 operates, a
circuit through the upper winding of relay S completes the circuit
of rélay A-2 of the connector, and relay D-1 remains operated
through grounds on the control trunk at relays B and B-2.
Relays A-1 and B-1 are now released. Ground from relay B,
over the control trunk, makes the connector busy to both local
and toll selectors from the instant of seizure by the intermediate
selector. :

The next, or tens-digit, series of break-impulses is repeated to
relay A-2 through the operation of relay 4. The impulsing
cireuit for the vertical movement of the connector is established
in the standard manner, except that ground is applied to the
circuit through contacts of relay K-2. Relay C-2, in addition
to its usual duties, energizes relay F-2 through its upper winding,
and relay F-2 locks itself up through its X contact and the upper

winding of relay K-2. The upper winding of relay K-2 is short-

circuited through the X' contact of relay F-2. After the last
break-impulse of the series, relay C releases, opens the operating
circuit of relay F-2, removes the short circuit from the upper
winding of relay K-2, allowing relay K-2 to be encrgized in series
with relay F-2, and transfers the impulsing circuit to the rotary
magnet RM. Relay K-2 only partially operates to close its X
-contact. ?

The last, or units-digit, series of impulses now operates relay
A-2, which closes the circuit of relay E-2 and magnet RM. The
operation of relay E-2 connects the busy relay G-2 through to
the control wiper, opens a part of the incompleted busy flash
(or bugy-tone) circuit, so that no signal will be sent back to the
toll operator when the wipers pass over busy lines, and short-
circuits the contacts of relay G-2 through which the impulsing
circuit is carried. The rotary magnet RM follows the break-
impulses of the dial and rotates the wipers to the bank contacts
of the called line. : '
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When the desired line is reached, and if it is found idle, relay’

E-2 releases and the lower winding of relay H-2 is energized over

the control wiper in series with the BCO winding of the line-

switch magnet associated with the called fne. Relay H-2

operates and locks up through its upper winding. Bela.y K—2

now operates through its lower winding and transfers its locking

circuit, and that of relay H-2, to ground on the control toll

trunk; grounds the control trunk from the regular local se!ect(?r;

separates the toll and local control trunks; and opens t,l.le circuits

of relays A-2 and B-2.7 When the circuit of relay A-2 is broken,

the circuit through the upper winding of relay S is opene-d.

Relay S is now allowed to complete its operation through its -
lower winding and reverses battery from relay 4 back to the toll

board, as well as connecting battery-feed relay G to the called

line. The reversal of battery operates & polarized relay at the.

toll board which in turn operates a lamp and gives the toll
operator ‘‘seizure supervision.” Relay A now has both windix'lgs

connected to the toll-board trunk conductors. After receiving

the seizure-supervision signal, the toll-board operator may pro-

ceed to ring the called station.

She operates her ringing key, when ready for the called station,
and the ringing current operates the alternating-current relay R.
The operation of relay R energizes relay F, which remoVves ground
from the control lead EC, thus permitting relay F-2 of the
connector to release and to connect the ringing generator to the

called line, - A_ring-back tone is connected . to the tolkbodrd . =

trunk through relay F-2. Ground placed on the positive trunk
at the toll board holds relay 4 operated during the ringing period.
When the called subscriber answers, relay F-2 will operate and
again lock up to ground on the EClead. Relay G isnow operated
through the circuit of the called subscriber's telephone a.r.xd
operates relay H. Relay H, when operated, breaks the metallic-
circuit connection between the toll board and the toll switch
train. This extinguishes the lamp at the toll board and gives
the operator ‘‘answer supervision.” Relay A is held operat.qd
through a resistance on the toll transmission selector. During
conversation, relays 4, B, D, G, H, 8, D-1,F-2, H-2, and K-2 are
maintained in an operated position. - .
When the called subscriber hangs up, relays G and H release.
Their release re-connects relay 4 to the toll-trunk and gives the
toll operator “release supervision.” When the toll operator -
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102 TELEPHONE THEOR).' AND PRACTICE

disconnects the toll trunk, relay A restores, followed shortly
after by relay B, which releases relay D and these relays remove
ground from the C and EC trunks, thereby releasing relays
D-1, K-2, F-2, and 11-2. The release of relays A, B, and D
completes a circuit for the toll transmission selector release
magnet RIM. When the switch ONS of the toll transmission
selector restores, the locking circuits of relay S is opened, thereby
permitting relay S to release. The release of relay D-1 com-
pletes the circuit of the release magnet RLM of the toll inter-
mediate selector, and the release of relay K-2 completes the
release magnet (R1)) circuit of the connector. The switches of
the toll switeh train are now all restored to normal and are ready
for use in other connections.

When all trunks are busy, or the called subscriber’s line is
busy, the operation of the circuit is different, depending upon
whether the “tone-busy” or “flash-busy”’ method is employed.
In the following description, the visual flash-busy method only
will be considered. The flash-busy leads are connected to a
source of interrupted ground, the rate of interruption being 60
per minute for the toll transmission and toll intermediate selectors
and 120 interruptions per minute for the connectors. The
flash busy from the connector indicates that the called sub-
scriber is busy, and from the selectors, that all trunks are busy.
Relay D of the toll transmission sclector will operate as previously
described, and, after the cam springs close on the eleventh

rotary step, the first flash-busy ground impilse will fully operate—

relay S and cause the reversal of battery to the toll board and
light the supervisory lamp. Succeeding ground impulses will
cause the operation of relays G and JI, which will alternately
pull up and release, thus intermittently breaking the connection
from relay A to the toll board and eausing the supervisory lamp
to flash sixty times per minute.
toll intermediate selector, the eam springs will be closed on the
eleventh rotary step and the relay D-1 will be operated and
locked up. The operation of relay D-1 will open the circuit
of relay A-1 and thereby permit relay S to completely operate.
Succeeding ground impulses will cause the operation of relays
G and i, which will cause the supervisory lamp to flash sixty

times per minute as previously described. At the ‘connector,

when the wipers rest on the contacts. of a busy line, relay E-2
will release, lock up relay G-2, and complete a circuit from inter-

I all trunks are busy at the .

B T
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rupted ground through one winding of relay D-2. Relay D-2
will operate and cause relay K-2 to operate .and locl'( up, thus
breaking the circuit of relay A-2. This will permit relay S
of the toll transmission selector to operate and lock up. Succged-
ing ground impulses will cause the .operati(.)n of relays G a?d H.
The supervisory lamp at the toll board will ﬂgsh as prev1.ously
deseribed, except that the frequency will be 120 times per minute,
indicating that the called subseriber’s line is busy. o .
Line-finder Systems.—In general,- as stated_ earlier in this
chapter, the operation of a line-finder system is the reverse of

Toconnector Subseribers Finder Swifch Numerical Swilch
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4 F16. 59.—Circuit of line-finder system with 25-line units.

that of a line-switch system. In the latter system, .each sub- -

scriber’s line is connected directly to a line switch whlcp _selgc:ts o
-aii idle- Famerical=switch, while in” the finder system—2a findeé® - -

switch, directly connected to a numerical switch, hul.xts and con-

nects with the subseriber’s line. The function of a lme ﬁnde; is,

therefore, to seek a calling line from a comparatively large group

of lines and to extend it to one of a smaller group of nun,.lencal

switches. The outgoing circuit of a finder is connected directly _

to the incoming circuit- of a numerical switch and, therefox:e, as

coon as a calling line is connected with by a finder, the associated

numerical switch is ready to receive the dialed‘impulses. .

Line-finder System with Twenty-five-line Units.—The §1mplest

form of line-finder system is that employing the non-homing type -

of rotary switch (Fig. 30), the principle of which has already been

described. The subscribers’ lines are directly connected to 'the .

bank contacts of the switch and, therefore, the nmpb(fr 9f lines

which may be served by a group of finder switches is limited by |

the number of contacts in the bank level.
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104 TELEPHONE THEORY AND PRACTICE

Figure 59 is a circuit diagram of one application of twenty-five-
point rotary switches in a line-finder system, At the left are
shown the subscribers’ line relays for one line, one such set being
required for each of the twenty-five lines in the group. Directly
below are the common relays, one set for each group, for con-
trolling the operation of the finder switches. '

In the center of the drawing is shown one of the finder switches
serving the group of lines. The number of such switches for the
group is determined by the busy-hour originating calling rate of

~the group. This finder switch is a non-homing-type rotary
switch, equipped with-thfee bank-levels-of {wenty:five contaets ~ |

each. These contacts are multipled throughout the switches of
the group. The principle of its operation is similar to that
previously described for the non-homing-type rotary line switch.
The outgoing circuit of this switch is directly connected to the
incoming cireuit of a numerical switch or selector and, therefore,
-a selector switch is required for each rotary finder switch. At the
right of the drawing is shown the portion of the circuit of a
selector-type numerical switch involved in the functioning of the
finder switch. i . '
When a subscriber lifts his receiver in making a call, the line
relay LR and the common relay C are operated over the sub-
seriber’s loop circuit, through -contacts.of the cut-off relay CO. -
Relay C operates the common relay D, thereby preparing a cir-

relay D and connects the control-bank multiple contacts of
the ‘calling line in the finder switches, to the control normal of
the line. Since relay D has been operated, ground from its

_ contacts will be placed on all the gontrol-bank contacts of the

finder switches, except those of the calling line, from  which
ground was disconnected by the operation of relay LR. This
has established an identifying condition at the finder:switch -
banks, since ground has been placed on the control-bank contacts

of all lines except the calling line. .

The operation of relay D energizes relay A of the finder sy\'itch; '

through the finder control lead and contacts of relay B. Relay ’
A closes a circuit for relay B and the motor magnet MM in
_ series, from ground at relay A to battery at the winding of MM.

It also connects a point between relay B and MM to the control
wiper C. The operation of relay B and magnet MM will depend

¥

™

ram——
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on the condition at the contacts on which wiper C is resting. It
will be remembered that all contacts except those of the calling
Jine were connected to ground when relay D operated; therefore,
if the wipers are not resting on the contacts of the calling line,
ground will be encountered. This ground will cause magnet
MM to operate but prevent the operation of relay B. The
magnet MM operates and steps the wipers to the next set of -
contacts and will continue to operate until contacts without
ground—that is, contacts of the calling line—are reached. In
this position, since the ground has been removed, relay B will oper-
ate, and magnet MM will not attempt to move its wipers, as this
magnet cannot operate in series with the winding of relay B~

Relay B on operating will extend the positive and negative
conductors of the calling line to the first selector, disconnect the
winding of relay A, close a part of the finder control circuit to
the next finder switch, and disconnect the control lead from
relay A and connect it to ground through contacts of relay A.
This ground, through the control-bank contacts and contacts of
relay LR, will cause the cut-off relay CO to operate. Relay A4 is
of the slow-release type to prevent the removal of ground from
the eontrol lead until another ground has been placed on this
lead at relay B of the first selector.

Relay CO on operating will disconnect the LR and C relays
from the line circuit and connect the control normal to the control

- cuit for the operation of the finder switch. When'relay-LR oper-- =1 =" -Jead: - When relay C is disconneeted, it will in turn restore relag
“ates, it disconnects the circuit leading through the contacts of tie

~ . D and thereby discormect the finder control lead, unless relay-
is held operated by some other line in the group attempting to

* call. When relay B of the finder switch operated, as the wipers
connected with the calling line, the subscriber’s line circuit was
extended to the first selector. Relays 4 and B of the first selector
then operated and placed the guarding ground on the control
lead, and through contacts of relay CO also on the control normal.
Relay B of the finder switch was also locked up through the same
ground. After obtaining the usual dial tome from the first
selector, the calling subscriber may proceed to dial the number
desired. When the first selector has operated and extended the
cannection to the next switch, relay D of the first selector has
operated and connected the control lead through to'the B relay .
of the next numerical switch in the train.

Since the non-homing-type rotary switch is used with this

system, the release of the connection restores relay B of the finder .
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106 TELEPHONE THEORY AND PRACTICE

switch and leaves the wiper on the bank contacts of the line just
released. If this subseriber should make another call before
this particular finder switch has been selected for some other
connection, the wipers will not be moved and the connection
will be extended merely by the operation of relay B.

Incoming calls are extended to the subscriber’s line in a manner
similar to that used in line-switch systems. When the normals
of the line are connected with at a connector, the cut-off relay is
operated over the normal control. This relay disconnects the

_calling equipment f_ro_m,,:t_l_le_line__ and places a guarding ground on
< -~ - -the-control lead,-thereby grounding the control-bank cortacts at

the finder switches. ‘

Line-finder System with 200-line Units.—Another system, more
generally employed, utilizes both rotary and Strowger-type
switches, which permits the use of 200-line groups. In this sys-
tem, the apparatus is divided into three distinet groups: namely,
the subscribers’ line relays, the finder switches, and the group
distributor equipment. These three groups operate as a unit,
each having certain definite functions to perform in the extension
of the czlling line to the associated numerical switch.

Two relays of standard type, line and a cut-off, are required for
each line, these being the only central-office apparatus associated
individually with the lines. The manner in which they operate

depends upon whether the call iéf})rigiﬂ:}ting or_incoming. - On_
-* "an originating call, the"lime Telay ‘operatestto “mark " or identify

the calling line in the finder-switch banks; to start the operation
of theé associated distributor equipment, which in turn assigns a

~ pre-selected finder to hunt for the line; and to prepare the circuit

of the associated cut-off relay, so that it will operate as soon as a
firler switch connects with the calling line. On an incoming
call, both the line relay and the cut-off relay are operated in
scries over the control normal from the connector; the line relay
has no functions to perform, but ﬁkhe cut-off relay disconnects
the distributor circuit from the line relay to prevent operation of
the finder switches. :

The finder switch, twg of which are shown in Fig. 60, is a
Strowger-type switch. Each is.equipped with three 200-point
banks and associated sets of wipers. The top bank carries the
contacts of the control trunks, and the two Jower banks the line

_contacts. By means of two separate.sets of line wipers, the
" switch covers twenty lines on each level, the control wipers testing

N
v

C‘i,
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the lower and upper control contacts alternately until a calling
line is found. The capacity of this type finder switch is, there-
fore, 200 lines. The relay group and operating mechanism are
provided with a metal cover (not shown).

In addition to the standard banks and wipers, the gnder switch
is also equipped, as shown in Fig. 60, with a single wiper mounted
on the wiper shaft, for operating over a special ten-point vertical

I

Nmk’””fﬁ?,(ﬁ, ol

Fi6. 60.—Line-finder switches—200-line units.

bank. This wiper breaks contact with the special vertical bank
when the switch starts to rotate. It enables the finder switch,
in the vertical movement, to‘determine the level to which ' a

calling line is connected, the level of the calling line being marked -
on the corresponding contact of the vertical bank. The wiper

shaft is elevated to this level, hunts over the horizontal bank, and
connects with the calling line,
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108 TELEPHONE THEORY AND PRACTICE

The finder switch is pre-selected by group-distributor equip-
ment. Only one finder switch in a group may hunt at one time,
and, as soon as a calling line is extended to a numerical switch,
the common equipment is released for use in the next call. The
release of the finder switch is under the control of the numerical
switch with which it is directly connected, and the finder there-
fore releases immediately following the release of other switches
in the switching train. . :

A principal feature of this system is the application of *“prefér-
ential hunting” by means of a multiple reversal between the

7. bnnks of “two- associated groups of line-finder switches. The

lines, although arranged in group$ of 200 on the banks of the finder
switches, are actually served in 100-line groups under normal
traffic conditions, each 100-line group having its individual

GroupA . ' GroupB -
‘ lOﬁnders' _ lOFinSgr__;_r . _ -k
Tl 1 iFIGs 1Nl pling of fmesfifder switeh banks T T
. Hp s Ce S

“allotment of line-finder switches. However, the 200-line group-

ing is established whénever the traffic in-a 100-line group becomes
abnormal to the extent that its allotment of finder switches is
momentarily inadequate. . The finder switches of the associated
160-line group are then assigned, by means of the group-dis-
tributof equipment, to serve the two 100-line groups until the
traffic in the overloaded group again becomes normal.

The principal advantage of this arrangement of line grouping
is that the individual lines of the two associated 100-line groups
may be so transposed in the banks of the finder switches that the
finder switches of neithey group are required normally to hunt in
the upper five levels. This results in the establishment of a
uniform and minimum hunting time and reduces the possibility
of lines in the lower levels “stealing” a finder switch from lines
~, in the upper levels. . e ‘
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Figure 61 shows one method of eﬂjecting the transposivtion t‘;y
means of a complete vertical and horizontal ?e\'ersal between the
panks of the two 100-line groups. .By this anangemin;, (:
lines farthest from the starting position of the ﬁxﬁxder. sv:lh-c etsh Zr
one group are given a more advantageous location pllleto her
group. In the drawing it will be note_d that numberlf . (}
and 211 to 250 (standard Strowger switch-bank numbering) form
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Fio. 62.—Group distributor and portion of line-relay equipment.

a 100-line group accessible to the finder .svv.itches of group 4

through the levels 1 to 5, inclusive. In a similar manner, except
for a reversal in the direction of numerical sequence, numbetrs 161
to 100 and 261 to 200 form a second 100-line group accfassnbh? to
the finder switches of group B through the levels 1 to 5, mclr)swe. .
Therefore, under normal traffic conditions,.the. finder switches
serve the two 100-line groups without searching in tl_me upper five
levels. However, this arrangement of lines provides for the
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110 TELEPHONE THEORY AND PRACTICE -

serving of the entire 200 lines by either group of finder switches
whenever conditions require it. .

The group-distributor equipment is shown in the left portion
of Fig. 62, the right portion being a part of the subscriber’s
line relay equipment. The complete relay equipment consists
of 200 sets of line and cut-off relays provided with metal covers.
The group-distributor equipment shown is for 200 lines and con-
sists of a five-level non-homing-type rotary switch gnd associated
relays for each 100 lines, with two common keys mounted near
the center. One of the keys provides a means for cutting out of
service either group-distributing equipment temporarily, for
~ testing or repair purposes. The other key is provided for routine
testing of the distributor and finder switches.

A group distributor is associated with each 100-line group.
Under normal conditions, each serves its own group of lines,
but, in case either group of finder switches becomes completely
occupied, the two group-distributor equipments are. so inter-
connected that either may serve both groups. The calls are then
picked up in the order in which they occur or, in the case of
simultaneous calls, in the order in which they appear in the
banks of the finders. As soon as a finder switch in the busy
100 group becomes free, calls in that group will be again served
by the associated group-distributor equipment. This team-work
feature operates automatically and is a safeguard against a group
of 100 lines being left without finder switches in case of trouble
or a busy condition in the group. - o ) -

Figure 63 is a circuit diagram of a 200-line unit line-finder
system. In the extreme upper center is shown one subscriber’s
line relay equipment in each of the 100-line groups A and B.
Above the horizontal dash line are two line-finder switches, one
for each of the groups A and B. Each group is often equipped
with ten of these line-finder switches, although, as a matter of
practice, the originating calling rate should determine the actual
number to be provided. In the center, below the line relay
equipment, are shown one set of switch-bank contacts for each
finder switch, and immediately below these, two special ten-point
vertical banks, one for each of the finder switches. The bank
contacts of all the lines would be multiplied to all the switches
in the groups, as previously deseribed, in connection with Fig. 61,
and the special vertical banks shown would be multipled to the
other finder switches of each group. At the extreme left is a

. THE STROWGER STEP-BY-STEP SYSTEM
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112 TELEPHONE THEORY AND PRACTICE

part of the numerical switch (usually a first selector) shown
connected to the finder switch. Each of the ten finders in ecach
of the groups would have corresponding numerical switches,
Below the dash line are the two group-distributor equipments,
one normally associated with each of the groups 4 and B.
Immediately below this line are the non-homing-type rotary
switches, each with five levels of bank contaets, and below these
are the associated relay groups. In the lowei center of the
drawing will be seen the key for cutting out of service either one
of the distribufor equipments, and below this is the meter
equipment for determining the adequacy of the line-finder
switches provided.- ' o

The operation of the system, briefly, is as follows:

A ground from the line relay of the calling line starts the oper-
ation of the group-distributor equipment. A ground is placed
on a lead to a pre-selected finder switch through the banks of the
distributor switch, causing the finder switch to start its hunting
operation. The finder switch steps vertically to the level of
the calling line and then rotates until its wipers rest on the bank
contacts associated with the line. As soon as the finder switch
connects with the calling line, the group-distributor switch steps
ahead and pre-selects a finder switch for the next call in the group.
The distributor switch will not stop on the contacts of a busy
finder, and, if it pre-selects a finder switch which later becomes
busy (due to switchman testing), the distributor -switch then
steps to the next idle finder switch. . e e

Only one finder switch in each 100-line group may hunt at one
time, but, however, one finder switch in a 100-line group may
hunt simultaneously with a finder switch in the associated 100-
line group, provided that both 100-line groups are segregated at
the group-distributor equipment. When two calls occur simul-
taneously in the same group, the eall on the lower level, or, if
on the same level, then the call nearest to the starting point,
- will be selected by the first finder switch. The other call waits
until a second finder switch is started, which takes place as soon as
the first finder switch connects with the nearest line. The wait-
ing time is very short and the delay is therefore inconsequential.

Figure 64 shows a line-finder switchboard. This is of the
“high type” and shows the finder switches mounted in the
left bay. The right bay contains the distributors at the left
and the subscribers’ line relays at the right. All the switches

- e
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are shown with the metal covers in place, the different parts 0:;
the distributors being enclosed by three separate c.overs for eac
two 100-line units. Each group of twenty sets of line and cut-off
is enclosed by a separate cover.. .

r61':;‘)}7lsislsbo:1rd has gn equipment capacity for 800 lines w{.h 10
finder switches, for each 100-line group. The two lower shelves
here are equipped with only 8 each. Low-type boards are a}so
used for this equipment, in which case the boards have a capacity

of 600 lines each.

Measured-service Systems.—Two methods of charging for

local telephone service are in common use: pamely, the ﬁat-l\"atc
method and the measured-service method. Local megsured
service may be subdivided into messageor.at-e and coin-box
service. In the apparatus previously described, the flat-rate

method has been assumed, except that the apparatus required _

for handling coin-box service has been mentioned in connection
with the paystation repeater. Strowger step-by-step apparatus

may be readily arranged for individual and two-party-line t_neas-v |
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114 TELEPHONE THEORY AND PRACTICE

ured service, with slight modifications and additions in the
circuits of certain apparatus and the addition of registering
equipment. The arrangement generally employed for individual-
line service requires message registers, located at the central
office, and additional relays, and bank contacts in the line
switches. The additional relays are usually mounted in the
vacant space shown at the top of the line-switch board in Fig. 38
when this type of board is used; in other cases a separate rack
of the relay type is employed. The two-party-line service
requires special trunk repeaters, in addition to the apparatus
required for individual-line service. '

Message Registers.—For recording-the number of completed
messages or, more properly, completed local-exchange connec-

Cor pank 2 e}

mals

mals Ml

. + *Trunk

*Line 1l

C.Trunk

7o svbscribers station
@ g
(N
9
g |
1z
Y

Jo secl. sw.or first sel,

" ~Lmne =Trunk

"Fi16. 65.—Circuit of individual-line registration—reverse-battery method with

) » : plurnger-type line switch..
tions, as a basis of charging the subscriber for service, message
registers of the type shown in Fig. 185 of the preceding volume
on manual equipment?! are used. They are either mounted on
racks similar in design to the standard line-switch uprights,
p.rovid/egi with- a metal casing and glass doors, or on standard
unit-type relay racks.

Two methods of providing for message-rate service on individual
lines are employed. One is known as the “reverse-battery”
method of registration and the other the “booster-battery”
method. ' .

Individual-line Reverse-battery Method.—The reverse-battery
method may be adapted for use with either the plunger- or
rotary-type line switches. With both types of line switches,

' “Manual Switching and Substation Equipment,” p. 201.

. N S - 4 _
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units equipped for message-rate service may be used for flat-
rate lines by changing the method of connecting and omitting
the message registers.

Figure 65 shows the essential parts of the plunger-type line-
switch circuit used in the reverse-battery methods, and the
additions ‘required to provide for registration. At the left is
the line to the subscriber’s station, at the right the trunk4o the
secondary line switch, or first selector, and at the top the message
register M. In the center of the drawing at the left are portions
of the line switch, and at the right the additional relay D required
for registration. The line-switch portion shows merely the
bridge cut-off winding BCO of the line-switch magnet, the plunger,
and one set of four bank contacts. With reference to Figs. 25
and 28, it will be noticed that one pair of contacts in the line-
switch banks was not used, and these contacts (M, Fig. 65)are
now employed for the message-register circuit. .

The line switch operates to extend the connection to the next
switch, in the manner already described and, in addition, pre-
pares the circuit of the message register M. Ground over the ’
control lead from the next switch in the train energizes the BCO
winding of the line-switch magnet and the upper winding of
relay D in multiple with it. Current also flows through the
lower winding of relay D, which is connected in the negative
trunk lead, but, however, relay D will not be operated at this
time, as the magnetic fields of the two windings are opposed.
When the connection has been extended to the called line and
that subscriber has answered, current flow is reversed in the -~ -
trunk conduetors, so that relay D will then operate. Relay D, on
operating, short-circuits its lower winding and places ground
on the message-register circuit. It is held operated by its upper
winding after its lower winding has been short-circuited. Regis
ter M is operated, its magnet remaining energized as long as the
conneetion is held, even if the current in the line conductors is
again reversed. This prevents more than one registration for a
call,

Since the operation of the register is dependent on the reversal -
of battery in the negative trunk, “busy,” “don’t answer,” and
“aberrated” calls, on which no reversal occurs, will not be regis-
tered. Likewise, “official” or special calls may be made without
registration by arranging the circuits, so that on answering the
current flow will not be reversed in the trunk conductors. The

i

‘I!’-
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116 TELEPHONE THEORY AND PRACTICE

non-inductive resistance, connected in multiple with the lower
winding of relay D and the copper sleeve placed over the core, is
to maintain transmission at a normal standard when relay D is
not operated on non-registered calls.

Figure 66 shows how the rotary line switch, described in
connection with Fig. 31, is adapted for message registration
by the reverse-battery method. When arranged for registration,
the rotary line switch requires four bank levels, an additional
set of contacts on the cut-off relay, and an additional relay.
The operation will be understood from the description just given
for metering with the plunger type of line switch.

+ Trunk

8
% CTrunk -
£ ¥

o d

~
3
R

L= Trunk

normals

- F16. 66.~Circuit-of individusl-line registration—reverse-battery method with

rotary-type line switch.

Individual-line Booster-battery Method.—In the booster-battery
method of message registration on individual lines, while the
primary control of registration is dependent upon the battery
reversal, the actual registration is accomplished over the control
trunk of the line switch by approximately doubling the potential
of the current flowing through the winding of the message register.
Additional bank contacts, additional relays, and also a special
booster battery are required with this method. This principle
of registration can be applied to either plunger- or rotary-type
line switches, but a description in connection with the plunger
type will suffice. ) :

The essential parts of the circuit are shown in Fig. 67. Here
the message register is connected directly to the normal control.
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Its characteristics differ from the one previously used, in that
it will not operate on the regular central-office battery voltage
(48 volts) but requires approximately double voltage (93 volts).
Relay D is operated on the battery reversal as before but performs

slightly different functions. The operation of the line switch

is as previously described. -
When ground is connected to the control lead by the next
switch in the train, it does several things. It completes & local

‘circuit through the BCO winding, it closes a circuit through the

upper winding of relay D, it closes a circuit for relay C through

the lower set of contacts of relay D, and it closes a cireuit for -

the register M. Relay D does not operate at this time because

Conn. bank Mé’ m

normacls
e r z +Trk.
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Fig. 67.—Circuit of individual-line registration— booster-battery method with
plunger-type line switch. :

of its opposed windings and the meter M does not operate

because of insufficient voltage. Relay C, however, operates and -

disconnects the control lead of the line switch from the control
Jead to the next switch, through a set of break contacts, and
reconnects these leads through a set of make contacts, and break
contacts of relay D. Relay C, at its upper contacts, also con-
nects the booster battery to an open contact of relay D, thereby
preparing the register circuit for operation when relay D sub-
sequently operates on the battery reversal. When the called
subscriber answers, relay D will operate, open the control lead
of the switch ahead, and connect the booster battery to the control
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118 TELEPHONE THEORY AND PRACTICE.

lead of the line switch. The double voltage mow connected
to the winding of the register M will cause the register to operate.
Also, when relay D operates, the circuit of relay C is opened.
However, owing to its slow-release feature, relay C will hold the
booster battery connected in the register circuit for a period long
enough to cause the register to operate. When the relay C
releases, the booster battery is disconnected, the control lead
of the line switch is reconnected to the control lead of the trunk,
and the short circuit replaced on the-lower winding of relay D,
thereby holding it in an operated position until the connection is
released. Register M, after once being operated, is held by the
regular battery voltage until the line switch is disconnected.

As in the case of the reverse-battery method, “busy,” “don’t
answer,” “aberrated,” and “free” calls will not be registered.

Two-party-line Registration.—Measured service for two-party
lines in the Strowger system requires two meters and twb control
relays for each line, these being individual to the line and asso-
ciated with the line switch. The subscriber’s telephone circuit
at one of the stations is so arranged that ground is connected
to the positive line wire through the shunt springs when the dial
is off-normal. The other station on the line is connected in the
standard manner. Special trunk repeaters are also required
for two-party measured service, one in each outgoing trunk
from the line switches. These, called “two-party message-rate
line repeaters,” each consist of a group of relays similar in
appearance to the impulse repeater shown in Fig. 53, but with

more relays. This service may be given with either plunger or -

rotary types of line switches but will be here described in con-
nection with the former.

Figurc 68 is a diagram of the circuits. The two meters
M-1 and M-2 and the two relays S-1 and S-2, which control
their operation, are shown below the line switech. The repeater,
interposed in the trunk between the primary line switch and the
secondary line switch on.the first numerical selector, comprises
the group of relays at the right of the diagram.

The repeater has two scparate sets of functions to perform:
it acts as an impulse repeater in transmitting the dial impulses
to the numerical switches; and it acts to associate the proper
meter or register with the line switch when the subscriber dials,
to operate the selected register when the called station answers,
and to hold it operated until the connection is released. Only

»

e s — v

g e eircait is held closed at the contacts of relay B
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the latter, or metering, functions will be described here since the
repeater functions have been previously explained. o

Relay C determines which meter is to operate. If it is ener-
gized, the resistance R will be included in the meter circuit
through relays S-1 and S-2 in series, from battery at §-1 to
ground at the contacts of J. Relay S-1 will not pull up through
{his resistance; hence only S-2 will operate, to comple‘:te the
cireuit through meter M-2. If relay C isnot energized, resistance
R will be short-circuited, causing both S-1 and S-2 to pull up
and thus close the circuit of meter M-1. Relay 8-2 is of the
slow-operating type in order to delay the placing of the ground
on the register circuit until S-1 has operated, when resistance = -

: 7 Two-partly line
Subscribers neswitch R trunk reprga/tr o
tiephone  (Gonbank o1k i)
Indcoil * (¢ Tk — ‘(}Z;‘) 1 !
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Fia. 68.—~Circuit of two-party line registration—f“'ith plunger-type line switch.

R has been short-circuited. On disconnection, hpWever, relay
S-2 must release before S-1to prevent false registration. . _ o

D until that relay is released on disconnection, regardless of
whether relay C is operated or not and, therefore, whichever
one of the registers is operated will remain in an operated posi-
tion until the circuit is opened at the line switch. The circuit
of relay C is controlled through contacts of relay E, and, if
ground is connected at the calling subscriber’s telephune when
dialing, relay E will be operated through its lower winding and
in turn operate relay C. When relay C operates, it is locked
up to ground on the control trunk (out) and removes the short
circuit. from resistance R, thereby permitting register M-2 to be
operated, when relay D subsequently operates. - However, if the
station with no ground connection is calling, then the current
flow in the two windings of relay E will produce opposed magnetic
fields and prevent relay E from operating; hence, relay C will not
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120 TELEPHONE THEORY AND PRACTICE

operate 1o remove the short circuit on resistance R, and, there-
fore, register M-1 will be operated when relay D operates,

“Reverting-call” switches are usually provided in party-
line systems, but, since the installers and repairmen frequently
use them for ringing tests and bell-adjustment purposes and
since revertive calls made by subscribers are comparatively
few, means are provided to prevent registration on such calls.
The reverting-call switches employed in measured-service systems
must be so designed that, when one is selected-for use, direct
ground will be removed from the (out) control trunk of the two-
party-line repeater and ground thraugh a resistance substituted,
thus permitting relay J to operate and prevent registration by
removing the ground from the meter circuit.

COMPLETE EXCHANGE SYSTEMS

1

J
As in manual practice, an automatic exchange to serve a

specified local community may comprise one or more offices.
Several typical arrangements of central-office equipment
will be described in order to illustrate the actual applications
of the different forms of step-by-step switching apparatus to
the purposes of a small single central-office exchange, a full-
sized single-office exchange, and a large multi-office exchange.
A system utilizing what is known as the “director”! will be
described for multi-office exchanges. )
_both manual and step-by-step central offices and small “¢om-
munity systems will also be explained.

Three-digit System.—Dial systems serving less than a thou-
sand and more than a hundred subscribers’ lines may be referred
to as three-digit systems, since the line-designating directory
numbers have but three digits each. Party-line numbers,
when frequency-selecting connectors are used, require an addi-
tional digit to select the ringing frequency.

Schematic Diagram of Three-digit System.—Figure 69 is a
schematic diagram of the central-office apparatus and wiring
for a typical three-digit exchange system. It is assumed that

" this exchange is equipped to render service to individual, private
branch exchange (P.B.X.); and party-line subscribers, and that
provision is made for toll service to and from the subseribers.

' The word “director’’ is régistered a8 a trade mark of the ;Automatic
Electric Company. : e ,

Mixed_ systems having

- - 1 -] . -selectors = - —
T e T T e e —{ . for toll =m===y—tt o—
) | — .
information and — ol
[ poard m——rnue?
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All of the outside lines would terminate on a main distributing
frame M.D.F., as shown at the left, where they would be cross-con-
nected to the central-office equipment. The switching equip-
ment would consist of primary plunger- or rotary-type line
switches, first selectors, and connectors. Testing facilities,
information desk, toll-board equipment, and the necessary power
plant would also be provided for the operation and maintenance
of the system. The line switches would be cross-connected to the
subscribers’ lines at terminal blocks on the connector boards, and

Jfineswitches - - — - R -~

First
Selectors

Ind lines /‘10_ £

O]
-
I

Rd 0 ¢ —
S i
PBX. Ines 3 = 1
"R ]
R 4 5
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Party lines "
170 Party)

hL

) g— I :

Test Rev — Br-

= turret o3 i ca. .

Sw.

Toll lines

e T =
F1e. 69.-—Schematic diagram of three-digit system.

the first selectors to the line switches at terminal blocks on the
line-switch boards. - In the drawing, separate groups of line
switches have been shown for each of the different classes of lines,
although in a very small office the line switches might all be in one
group. Regular selectors are shown for the trunks from the toll
board, since a special toll switch train would not usually be used
in an office of this size.

The subseribers’ dials would have their number plates marked
with pumerals only, as shown in Fig. 7 (left), since the sim-

plest form of dial numbering meets all requirements of a

small, single-office system. On the drawing,. only one symbol

Prim plunger  _ . - oo " D | =

A
e
&
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122 TELEPHONE THEORY AND PRACTICE

has been shown for each type or group of apparatus, but it is to

be understood that a sufficient number of each, connected by the
proper number of trunks, would be provided to handle the traffic
during the busy-hour period. ,

The first selectors are the first numerical switches involved
in a connection, and, therefore, the gencral description of the
system may well start at that point, it being remembered that,
whenever a subscriber calls, his line switch acts automatically
to connect his line to a first selector. )

The first-level bank contacts of the subscriber’s first selectors
are shown connected to special second selectors. These special

colectors are similar to the first, selectors, and in”addition to ~

providing facilities for connections to information, etc., are
utilized to prevent a subseriber from securing a wrong number
when a false preliminary break-impulse has been transmitted,
in removing the receiver from the hook switch or by any other
cause immediately prior to dialing. Thus, when a subseriber
dials after a false impulse has been transmitted, the special
second selector will respond. The multiple connector-trunk
banks of the two groups of switches are similarly connected, and,
therefore, the subscriber will be connected with the correct
number regardless of whether or not a false preliminary impulse
has been received. .The first-level bank contacts of the special
second selectors are connected to a distinctive tone, which will
be transmitted to the subseriber, in case two false impulses have

. been received. - he -subseriber; -on  hearing this tone, will hang -

up momentarily, releasing the connection to the first selector

and thereby restoring the switches which bave been improperly

operated.

The second level of the first selectors is reserved for P.B.X.
lines, and its contacts are therefore connected to P.B.X. or trunk-
hunting connectors. Therefore, in the system shown, P.B.X.
numbers will all have 2 as a first digit. The third to seventh
levels, inclusive, are for individual lines, and the trunks from
these levels terminate in individual-line connectors. The
cighth and ninth levels are for party-line numbers, the trunks
from these levels terminating in party-line frequency-selecting
connectors. The tenth or 0 level is used for calls to the special-
service operator, or for toll, and is multipled through the first
and-special sccond selectors, terminating at manually operated

positions. The ninth Jevel of the special second selectors is
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used for revertive calls and, therefore, terminates in reverting-
call switches. These switches are connected with and ring the
desired station when the proper code is dialed.

The first sclectors for toll are for extending incoming toll
calls to the step-by-step subscribers’ lines and are only accessible
to the toll operators. The bank contacts of these selectors are
multipled to the first and special second selectors and therefore
the toll operator, by dialing, may reach any subscriber in the
system. The outside toll lines are extended through the main
distributing frame to the toll operators and there provision is

- made for handling both incoming and outgoing toll calls.

~“The multiple banks of the connectors, of each type, are shown
connected directly to the main distributing frame and are there
cross-connected to the respective outside lines. The normals
from the connectors to the line switches are cross-connected at
the connectors.

The test equipment is connected to the jmain distributing
frame, at which the necessary cross-connections may be made
to provide for the testing of the equipment. "

An actual connection may now be explained. Assume
that a subscriber on one of the party lines is calling station
456.- The calling line, it will be noted, extends through the
M.D.F. to contacts of terminal blocks on a party-line connector
board and thence to the associated line switch. Since a plunger-
type line switch has béen assumed, the plunger of his switch will

be standing-befors the contagts of a trunk te- some: idle first. —

selector. When the subscriber lifts his receiver in ‘making his call,
the plunger will operate to extend his line to the operating relays
of ‘the chosen first selector. He will then hear the dial tone
and proceed to dial the digits of the desired number.

The first digit (4) of the dialed number will cause the first
selector to step its wipers up to the fourth level and therefore
to the terminals of a group of trunks leading to connectors

serving the fourth hundred group of lines. The wipers will"

then rotate in trunk hunting and will finally stop on a trunk
leading to an idle connector in that group. This selection of a
trunk, from the first sclector to an idle connector, takes place
after the dial finger plate has returned to normal and while the
subscriber is again, rotating it for the second digit.. .
The second digit (5) of the number will step the wipers of

the selected connector up to the- fifth level, where they will
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124 TELEPHONE THEORY AND PRACTICE

stop, awaiting the dialing of the third digit. The fifth ten of
the fourth hundred has now been selected. As the digit 6 is
dialed, the connector wipers will be rotated over the fifth bank
level until the sixth set of contacts is reached, and, if the called
line is not busy, the connector will switch through and extend
‘the connection through the M.D.F. to the called station.

As soon as the connector stops rotating, the ringing current
will be applied and the bell rung. At the same time the ring-
back tone will be connected to the calling subscriber’s line, to

notxf) hlm that the connection has been made and that the bell
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F16. 70.—Typical floor plan for three-digit system office.

is being rung. When the called station answers, the bell will
stop ringing, the ring-back tone will cease, and the connection
is ready for use. :If the line called had been busy, the con-
nection  would notihave been extended beyond the connector
and the calling subscriber would have been advised of the busy
condition by a distinctive ‘“busy tone.”

When the subscribers hang up, the various pieces of apparatus
used will be disconnected and made available for other con-
nections, with the exception of the calling subscriber’s line
switch, which is permanently associated with his line. At the
time the calling subscriber hangs up, the first selector will be

A
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released and restored to normal, and the line-switch plunger
released. The connector, however, will not be released until
both subseribers have hung up.

Typical Office Floor Plan of Three-digit System. -—Flgure 70
is a typical central-office floor plan for a three-digit system,
showing how the apparatus of the preceding schematic diagram
might actually be installed. By comparing this with the
schematic diagram, it will be seen that the subscribers’ line
cables would be run from the M.D.F. to the connector boards,
and the normals from the connector terminal blocks to the
line-switch boards. The line-switch-to-first-selector trunk cables
would exténd from the line-switch boards to the first-selector
boards, and the first-selector-to-connector trunk cables would
be carried across the aisle between the first-selector and con-
nector boards. Since this is a relatively small exchange system,
the central-office building would provide accommodations for
dealing with the public, and space for such facilities is shown on
the floor plan.

Four-digit Systems.—Dial systems serving less than ten
thousand and more than a thousand subscribers’ lines are called
four-digit systems, since all the numbers involved in the line
selection may be expressed in four digits. As before, party-
line numbers, when frequency-selecting connectors are used,
require an additional digit to select the ringing frequency.
Such systems are usually the largest served by a single ceptral
office, although at times this capacity is excceded by the use
of some five-digit numbers for individual and P.B.X. subscribers’
lines. Frequently suboffices are found to be economical; and,
at times, other main offices are established before the ultimate
capacity of the four-digit system is reached.

Schematic Diagram of Four-digit System.—Figure 71 is a
schematic diagram of the central-office apparatus and wiring
for a typical four-digit single-office exchange system. It is
assumed that this particular exchange would render service to
individual, P.B.X., two- and four-party city, and ten-party

* rural line subscribers, and measured service on individual, P.B.X.

and two-party lines. Provision, of course, is also to be made for
toll service. ’ _ .
The switching equipment would' consist of primary plunger-
type line switches, secondary rotary-type line switches, first
selectors, second selectors, and connectors. Rural selector
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repeaters would be provided for the rural lines and meters and

local connectors, would be provided in an office of this size.
ST =S YT S Also, in an office of this size, an intermediate distributing frame

3 11111 o111 o111 T A would be installed to afford flexibility in the use of the apparatus i b
and economy in cabling. In order to facilitate the testing, i
test-distributor and test-connector switches would be included. . i
The subscribers’ dials would have simple. number plates, that is, 1 b
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All ‘subscribers’ outside lines are shown terminating at the _
M.D.F. From there all are cabled to the I.D.F., with the excep- i
tion of the rural lines, which are run directly from the M.D.F. to o -
the selector repeaters. The primary line sv’vitches are con- b
nected to the vertical side of the L.D.F. where they are cross- - i
connected on the incoming side to subscribers’ lines and on the st
outgoing side to secondary line switches. On the drawing, the SN

It

Fi6. 71.~Schematic diagram of four-digit system,
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classes of lines. The message registers are shown connected to
the vertical side of the I.D.F. where they are cross-connected to
the subseribers’ lines, on the horizomtal

é = LD.F. terminals are shown in separate groups in order to sim- b
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< | 5% ?S NI g ’§ Since the two-party measured-service lines also require special
& e ] 3 ey trunk repeaters, these are shown connected between the hori-
N - g : ""[_J e sontal and vertical sides of the I.D.F. where they are cross-.
Seb o) 3 5 53.?; 3 N connected to the line circuits as required. Other terminals
— \7 / / § L[ 2 are also shown at the LD.F. which permit direct cross-cob-
k4 ‘ ] § nection for the four-party lines between the primary and second-
- ;.3 DR[| R ! ary line switches. _ ‘ h _
N - ’ f The secondary line switches  are shov?vn in one group and il
ks ¥ 8 g g g connected between the horizontal and vertical sides of the ID.F, 8l
v N S N § where they are cross-connected as required. The first selectors, .
< < R 53 - 8 shown in one group, are connected to the horizontal sides of the ; §

1.D.F., where they are cross-connected to the secondary line
switches. A method of arranging‘for the distribution of incom-
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128 TELEPHONE THEORY AND PRACTICE

ing traffic between primary line switches and first selectors,
when secondary line switches are employed, has previously been
described in connection with Fig. 42, and this or a similar method
would be employed in the central office shown in the diagram.
The rural selector repeaters are shown connected direct to
the M.D.F,, since it has been assumed that line switches would
not be required for the rural lines. This apparatus is merely a
combination of a selector and repeater, acting as a selector on
originating calls and as a repeater on incoming calls to the
rural-line stations. The rural lines in the case illustrated
" have been assumed to be operated on a ten-party line selective
basis. It will be noted that the' selector repeaters have the
same position in the numerical switch train as first selectors.

The first selectors, in a four-digit system, respond to the first
or thousands digit of the dialed number. The first level of their
bank contacts is connected to special second selectors, as pre-
viously described for the three-digit system, but, in this case,
special third selectors are also provided. A false preliminary
impulse would operate the first selector and connect the circuit
to a second special selector, and a second false preliminary
impulse would in turn connect the second special selector to a
third special selector any further false impulses, usually owing
to incorrect operation by a subscriber, would connect a distine-
tive tone to the line. The other corresponding bank levels of
the first and special second selectors are multipled, so that &
subscriber will secure the correct dialed number when false-
impulse has been received. ) '

The “service lines” are connected to the bank levels of the
third special selectors and therefore three digits are required to
call information, the toll operator, or the test desk. In the
arrangement as shown, the call number for the toll operator
would be 110, information operator 113, etc. The levels of
the rural selector repeaters are also multipled in the same manner
as the first sclectors, thus giving the rural subscribers access to
the same switching train as the city subseribers. , .

The four-digit system requires second selectors, these operating
on the second or hundreds digit of the called number. Therefore,
the trunks from the first-selector banks terminate in second
selectors, The second level of the first-selector banks terminates
in second selectors capable of extending connectors to the various

hundreds in the second thousand numbers of the exchange,

THE STROWGER STEP-BY-STEP SYSTEM 129

the third level to numbers in the third thousand, and 50 on fo; the
rest of the levels up to and including the ninth. T.he fifth, sixth,
and seventh levels are shown grouped together, since all of the

" lines in these groups are of the same class, namely, individual

‘ii A

lines. The tenth, or 0, level of the first-selector switches is not
used in the system shown and the contacts are connecte.ad to a
distinctive tone, to advise calling subscribers, w}}en this .level
is connected with, that some error has been made. Experience

has shown that in a single-office system it is not advisable to -

use -subscribers’ numbers commencing with the numeral. 2e10
(0), unless absolutely necessary to secure the desired capacity.

The trunks from the banks of the second selectors terminate -

in connectors, which are segregated according to the d'}fferent
classes of lines, and also, of course, according to the different -
hundreds of the directors numbers. It will he noted that the
bank levels of the various groups of second selectors are not all
multipled in the same manper. This, of course, is due to the
plan of assigning blocks of numbers for the different cla?,ssgs of
lines. The bank levels of the second-selector groups designated
as 2, 3, and 4 are all similarly connected, and it will be noted -
that all except the third levels are grouped togethe'r.and tfar-
minated in local, and combination local and toll, individual-line
connectors. The third levels are’likewise multipled and ter-
minated in P.B.X. or trunk-hunting connectors. The bank
levels of groups 57 arc all grouped together. and these are

connected to -individual-line. comnectors:. _The-_different ifank -

levels of group 8 are variously connected.: The -ﬁrst and tenth
(0) levels are shown terminating in individual-line connectors,
the second to fifth levels, inclusive, in four-party connectors,

and the sixth to ninth levels, inclusive, in two-party connectors. -

In the system illustrated, the city party lines are sef'ved by
the arrangement in which a difierent frequency of ringing cur-
rent is connected to each of the four connector boards serving
party lines. Therefore, party-line stations must be a.smgned
numbers corresponding to the connector boards having the

inging current.
PTOTP}:' {)l;lfk livels of group 9, with the exception of the fourth
level, are connected to individual-line connectors; the -fourth
terminates in rural-line connectors. The rural-line conn.ectors
are of the frequency-selecting type and therefore require an
additional digit in the directory number, to ring the proper
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130 TELEPHONE THEORY AND PRACTICE

station. It will be noted, from the above, that two methods
of serving party lines are illustrated. The arrangement of the
wiring of the switch-bank levels shows that the assignment of
numbers to the various classes of lines is as follows:

H Thousands C e

un-

dreds

2 3 4 } 5 6 7 4 "8 9

0 }Ind. Ind. Ind. Ind. Ind. | Ind. | Ind. Ind.
9 |[Ind. Ind. Ind. Ind. |, Ind. Ind. | 2-pty. | Ind.
8 Ind. Ind. Ind. Ind. Ind. Ind. | 2-pty. | Ind.
7 |Ind. Ind. Ind. Ind. Ind. Ind. | 2-pty. | Ind.
6 {Ind. |Ind. Ind. Ind. Ind. Ind. | 2-pty. | Ind.
5 Ind. Ind. Ind. Ind. Ind. Ind. | 4-pty. | Ind.
4 Ind. Ind. Ind. Ind. Ind. Ind. | 4-pty. | Rural
3 |P.BX.|PBX.|P.BX.| Ind Ind. | Ind. | 4-pty. | Ind.
2 {Ind Ind. |Ind. Ind. Ind. Ind. | 4-pty. | Ind.
1 |Ind. Ind. Ind. Ind. | Ind. | Ind. | Ind. {Ind.

The bank levels of the connectors for each class of lines are
grouped together and connected to the terminals of the respective
lines on the horizontal side of the I.D.F. The party-line con- ,
nector banks are shown connected to group terminal blocks on
the I.D.F., where cross-connections are made to the proper line .
circuits. These connections between the connectors and the
1.D.F. constitute the so-called “normals.” . = . — " — e

The switching train for incoming toll connections consists of
switches and trunks, previously described as the “toll switch
train.” The toll transmission selectors are connected to the
toll board through the I.D.F., where the necessary cross-con-
nections are made. The second to ninth bank levels of the toll
transmission selector are connected to toll intermediate selectors,
and it will be noted that these trunks are arranged in the same
manner as the first-to-second selector trunks. The trunks from
the toll intermediate selector banks terminate in combination
local and toll connectors. The combination connectors may
be used for local connections when all the local connectors in
any given group are busy, at the same time keeping the toll
switch train free from the local switch train. The method of
accomplishing this was explained in- connection with the circuit

diagram of the toll switch shown in Fig. 58.
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Access to the subscribers’ lines, from the test desk, is provided
for by the test-distributor switches and test connectors. The
test distributors are connected to the test desk through the
I.D.F. and their bank levels are connected to test connectors in
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{he various hundred line groups. The circuit of this switch
train is so arranged that a test connector can be connected with

a subscriber’s line even though the line may be busy at the time; .
and, when so conneccted, a complete metallic circuit with no-
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" terminate at the second-selector boards.
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attachments or bridges is made continuous from the desk to the
line of the subscriber. o ‘

‘The toll board is provided with “verification circuits” which
terminate in verification switches. The bank levels of these
switches are multipled with the bank levels of the test-dis-
tributor switches, thereby giving the toll operators access to
the test connectors. This switch train is ordinarily used to
verify “busy” or “don’t answer” conditions but also permits
the toll operator to advise a subscriber, then busy on a local
call, that he is wanted on an incoming tolf call, when such pro-

cedure is deemed advisable. The verification train, however,

is never used for toll connections.‘ :

Typical Office Floor Plan of Four-digit System.—Figure 72
shows how the various apparatus units of the preceding schematic
diagram might be arranged on a central-office floor plan. The
power switchboard, scen near the test and repair-clerk desks,
is the only portion of the power plant in the switch room, the
remainder of the power equipment being elsewhere in the build-
ing. The toll board and information desk are also installed
on another floor. While this floor plan shows an orderly and
convenient arrangement of the apparatus, it is obvious that,
on account of the relatively small sizes of the switchboard units,
floor areas of widely different shapes may be economically
utilized for the installation of such equipment. '

The outside cables terminate on protectors on the vertical

- _side of the M.D.F. —The subscribers’ line cables-extend bétween

the horizontal side of the M.D.F. and the horizontal side of
the I.D.F. The primary line switches are connected by cables
to terminals on the vertical side of the I.D.F., and the secondary
line switches are cabled between the horizontal and vertical
sides of the I.D.F. The secondary line-switch-to-first-selector
trunks are cabled from the horizontal side of the I.D.F. to the
first-selector boards. The first-to-second-selector trunk cables
The second-selector-
to-connector trunks are cabled from.the terminal blocks on

‘the second-selector boards and terminate at the connector

boards. The normals of the subscribers’ lines are cabled from
terminal blocks at the connector boards to the horizontal side
of the I.D.F.;, where they are connected to the respective sub-
scribers’ line terminals. From the above description of the
cabling, it will be observed that the apparatus has been arranged
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g0 8s to require a minimum average length for the various cable
runs. This is a fundamental consideration in the planning of
central-office installation, on account of its effecting a con-
siderable saving in first cost.

Six-digit (Multi-office) System.—In larger city Qxchanges,
served by several central offices, the switch train is somewhat
more complicated than for a single-office exchange. It may
be divided into two separate parts: one for office selection and
the other for"A subseriber’s line selection within the office. The
pumerical switches involved in the train are thercfore classed

_ .in.two: groupst’ “ office-code - switches _and “station-code”
switching steps required for the office code depends on the
number of offices ultimately planned for the excl;ange. Line
selection within each office is usually on the basis of four-digit
aumbers, although additional digits may be required for party-

' line selection. The requirement of any scheme of numbering is,
of course, to provide a sufficient pumber of digits in both the
office and station codes to accomplish the selection, first among
the total number of offices and then among the total number of
subscribers in any office so chosen. ,

In the present case, it will be assumed that the central offices
are arranged for a four-digit station code, similar to the_ four-
digit system juét described for a single office, and that the oﬂice
code will require two digits, designated in the telephone directory

will, therefore, be equipped with dials having -number plates
with both letters and numerals as shown in Fig. 7 (right). Since
the case now to be considered is a six-digit system, the directory
numbers will be made up of two letter digits for the office code
and four ndmber digits for the station code. The office codes
would consist of the first and second letters of the names of the
various central offices. This arrangement, as explained in the

codes, but in actual practice the number of codes usable would be
smaller, owing to the fact that suitable common names in the
English language do not permit the use of all the possible letter
combinations.

73 is a schematic diagram of one of the central offices in & multi-
_ office exchange system. It is assumed that- this office will

¥ TCI Library: WWW.teIéphonecoIIeCtors.info
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preceding chapter, would provide for sixty-four theoretical office
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flat-rate or measurcd-rate basis,
charging is not material, as this diagram is inten
to illustrate the office-code portion of the switch train. Since
a four-digit central-office s
with Fig. 71, the ',s’(ation-code switch train is, in large measure,
omitted from this diagram.
«gtation-code switches” are
complete connections wit
"7 ~he calls-originate
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‘the normals of these lines exten
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ce to individual, P.B.X,, two- and four-party, and
rs. The service charges might be on a
but, however, the method of
ded primarily

ystem was described in connection

It will be remembered that the
the ones in the switch train which
h lines in their own office, whether
d in their own or any of the other offices. Of
eode switches only the “incoming” or “M” (thou-
sands) selectors are shown at the extreme right of the diagram,
it being understood that the “C” (hundreds) selectors and

rform the hundreds, tens, and units

connectors beyond these pe
selections as already described for the single-office, four-digit

system. ‘
In the upper left portion is shown the non-numerical switch
train for the subscribers’ lines served directly by this office,
ding across the top to the right.
The non-numerical portion of the local switch train is shown
terminating in first officecode  selectors. The paystation
switch train requires special repeaters, and the special selectors
are slightly different from the regular type to permit toll-record-
hout the necessity of

Furthermore it is asstmed that the pag-~
station lines would hot be provided with secondary line switches.

Below the paystation lines are the toll-recording and service
it has been assumed

lines. In the case under consideration,
that centralized information and testing facilities would be
provided, and located in one of the other central offices of the
exchange system; therefore they are not shown on this drawing.
Below ‘the service lines are the outgoing and incoming inter-
office, tundem, and toll trunks. The outgoing trunks and
service lines are provided with impulse repeaters to permit the
use of two-wire outside trunk circuits. ~
The' bank levels of the first office-code selectors and the
_special second selectors are multipled, as previously described.

f the first office-code seléctors i8 carried to

The first level o
special second, and that of the special second to special third,

selectors for the purpose of providing facilities for connections
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136 TELEPHONE THEORY AND PRACTICE

to information, ete., and for absorbing false preliminary impulses.
The tenth, or 0, bank level of the first selectors is connected to
trunks to the service operator. The other office lines, including
the recording trunks, are taken off at the bank levels of the
special third selectors. A special switch train for paystation
service is provided, consisting of first, special second, and third
paystation selectors. The bank levels of these switches are
multipled to the corresponding bank levels of the switches just
described, except that separate paystation toll-recording trunks
are provided and connected to the tenth, or 0, level of the special
. third pavsfation -selecters. ~*This is £6" provide special identifi-

cation for paystation lines and td advise the recording -operator, h

by a “class-of-service” tone, of paystations to which toll service
is denied. The vacant levels on the special third selectors are
shown extending to a source of distinctive tone or to intercepting
trunks. The intercepting trunks terminaté at operators’ posi-
tions and provide means for advising subscribers when improper
connections have been made. :

The second to ninth levels of the first and special second
selectors are multipled and are connected to correspondingly
designated groups of second office-code selectors, with the excep-
tion of the fifth level, which is connected through outgoing
secondary line switches and trunk repeaters to the group of
trunks designated as ‘‘Out. trks. to tandem office with first

digit (5).” In the system illustrated,.it bas-been- assimed that: -

a group of two or more offices is so located, geographically, that
trunks may be extended from the office shown to one of the
offices of the group, called a. “tandem office,” and from there
connections would be extended through the regular inter-office
trunks to the otheg offices of the group. It is, of course, neces-
sary to assign offices of this group, names whose first letter is
associated with the digit 5 on the dial number plate, that is,

each must begin with the letters J, K, or L. The second office-

code selectors in this case, therefore, would be in'the tandem
office of the group. The group of trunks from the office shown
to the tandem office would then carry all the outgoing traffic

from the originating office to the several offices’of the tandem -

group. This feature has been introduced to illustrate how
tandem trunking may be accomplished whén the offices of a
group are so geographically located and named as to. make such
an arrangement economical. . ‘ ‘

W
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The bank levels of the second office-code selectors, (.iesignated
as 2, are grouped together and conpected tg t'he ouf’gomg trunks
marked as “ Out. trks. to offices with first digit (2). Of course,
there would be a scparate group of trunks for each of the offices
with the first digit (2). These trunks have becx? shf)w'n'connected
in two different ways at the intermediate dlstnbutlfxg frame.
One arrangement consists of the regular cross-f:onnectlon at 1:.he
1.D.F., while another alternative arrangement m_f:ludes outgoing
secondary line switches in the circuits. {\s pre\"lously sta‘.ued in
the description of outgoing secondary line switches, their use

_ would be determined by a study of the annual charges. The

bank levels of the second office-code selectors, designated as 3,

4. and 7-9, are shown connected in the same manner as just
b 3.

described. :
The office shown in the diagram is assumed to be in the same

building with another full-sized unit, and therefore an arrange- .

ment of incoming tandem trunks serving the two offices is shown.
The third and fourth bank levels of the secon'd office-code
selectors, designated as 6 and “Tandem 6,” are multlple.d together
respectively, the third levels being connected to outgoing trunks
designated as “Out. trks. to office 63’f and the fourth levels
to the local “M’" selectors. The outgoing trunks to the other

office (63) would terminate on incoming «M?” selectors in that

office, and, since the two offices are in the same building, the

-} 7_.—_trunk repeaters are _omitted and three-wire trunks used. The

switeh -train from the local “M” selectors is not s'hov;yn3 but.jt
would be the same as already described in connection with Fig.
71. The two offices in the same building wczuld be 63 and 64 or,
using central-office names, they might be NEwton and MIchigan
respectively. The other bank levels of t-hese' second selectcfrs
are grouped together and connected to outgoing trun%ss desig-
nated as “Out. trks. to other offices with first digit (6). ,

The incoming-trunk groups shown at the lowe’l" }?ft of t.he
diagram and marked “Incoming direct trunks, ?nc?mmg
toll trunks,” “Inc. paystation trunks,” ‘Test _dl:stnbutor
trunks,” and “Toll verification trunks” ecach termmabe‘ on
either “M?” selectors or distributor switches shown at the .nght.
The switch train for each of these classes has been previously
described in connection with Fig. 71. . .

The diagram for each of the other oﬁice.s‘ in the exf:hax?ge
system would be similar to the one just described, only differing
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138 TELEPHONE THEORY AND PRACTICE

in the office-code switch train, to provide a switching arrange-
ment, which would be proper for the inter-office trunking system
required for each of the respective offices.

Director System.—In the description of the six-digit multi-
office exchange system, it will be recalled that two examples of
tandem trunking were illustrated: one for incoming tandem
trunks and one for outgoing tandem trunks. These arrange-
ments provided for using only one tandem office in certain

. connections, although with a three-digit office code the same
principle might be extended to include two tandem offices in a
connection. It will also be remembered that, in order to provide
for tandem trunks, certain restrictions were imposed on the
selection of office names, that is, the first letter of the office
name had to correspond with the letters associated with certain
numerical digits of the dial number plate. This limitation of
free use of office names frequently makes it difficult to apply the
tandem principle to the extent which the geographical location
of central offices and the volume of traffic between the offices
would normally warrant. In certain instances the difficulty
inherent with the use of office-name codes has been overcome by
assigning predetermined office code numerals, or letters and
numerals, in place of the first letters of the central-office name,
but, however, this method has not had a very extensive use.
Another disadvantage of the fixed-code system is the low effi-

2 2= _ciency- of _certain switches and their associated intra~office

) "I {runks, since numerical switches must provide for paths in the
office-code switch train to accommodate all the combinations
of the numerical equivalents of the letter codes used, and this
frequently results in vacant levels on many of the office-code
selectors. The simplest way to overcome these difficulties
appears to be to dissociate the fired office-code numbering system
jrom the trunking system and to substitute ‘directing” numbers
for the office codes, thereby permitting the switch trains to be
designed for a more efficient use of both switches and trunks.
A system designed to accomplish this, and which has other
advantages, utilizes an arrangement of apparatus known as the
director. : .

The director equipment consists of Strowger-type switches,
rotary- and minor-type switches, relay groups, and impulser.
It is inserted in the switch train between the non-numerical
switches and the first office-code switch and dissociates the
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calling subscriber’s line from the numerical switch train until
the connector has completed its rotary movement. The com-
plete number dialed by the subseriber is registered and stored
and then sent with translated directing digits for the office
code, and with the same station-code digits as dialed by the
subseriber. However, since the incoming and outgoing circuits
of the director are kept separated, the translated office code is
sent shortly after the directory office code is dialed and before
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Fic. 74.—Inter-office trunk routes for tandem trunking.

the complete station-code digits are registered. This enables the
director to complete its work and release shortly after the sub-
seriber dials and last station-code digit. The dissociation of the
telephone directory office code from the trunking system has
several advantages in addition to permitting inter-office trunk
routing in the most economical manner. It takes advantage of
the efficiency obtainable by the use of larger trunk groups,
provides a simple means of re-routing calls as traffic conditions'
change, and serves a.useful purpose in facilitating the transition
from manual to step-by-step operation. The choice of office
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140 TELEPHONE VHEORY AND PRACTICE

" names is simplified, since trunk routing is no longer a factor in
their selection. _

Before describing the details of the director, it may be well to
consider some of the possible economies in the use of translated
directing digits in the exchange trunk plant.

Tandem Trunking.—Figure 74's a diagram of a hypothetical
six-digit multi-office exchange system. The larger circles repre-

sent the central offices, and the smaller circles suboffices of the

main offices with which they are shown connected. The solid
lines are the trunk groups required with tandem trunking, and
the dotted lines are the inter-office trunk groups used only for
conneétions between the central offices at which they are ter-
minated. These lines indicating trunk groups are shown as
straight lines between the points which they connect, but in
practice they would follow established subway or cable routes and
therefore frequently deviate widely from air-line courses. The
central offices are numbered, for convenience, with the numerical
equivalents of the first two letters of the office names, since it is
assumed that the central offices would all be named.

On the diagram, twenty central offices are shown. With the
ordinary step-by-step system using direct trunks from each office
to each other, there would be required at each office nineteen
groups each of outgoirg and incoming trunks, except that the
number might be slightly reduced by the selection of office names
to permit tandem trunking as explained in connection with Fig.
73. With the substitution of translated digits for the directory
office codes many of the trunk groups are made to serve several
central offices and thereby reduce the total number of separate
groups, as illustrated on the drawing. In the case assumed, four
tandem trunking centers have been utilized and these are located
at offices 35, 48, 62, and 77. It is not always necessary that the
tandem centers be located at central offices, but for convenience
they have been so located in this case. The tandem-trunking
system, of course, does not preclude the use of direct trunks
between any of the central offices in the system, when that
method would be more economical. :

Figure 75 is a schematic diagram of the tandem-trunking plan
required for this hypothetical exchange. It will be used to illus-
trate a connection between a calling station in office 38 and a
called station in office 42. The main central portion of the

diagram shows the arrangement of tandem selectors at the four

- office(38) | > . b .
Office selectors | Jandem seleifors i/'ana’emqe/cc rs ‘Tana’cmse/ec/ors | JTandem sefectors ; Num. code
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offices used-as tandem centers. At the left are the office selec-
tors and directors at the originating office, and at the right are
the station-code switch train of the terminating office.

The directory office code for the called subscriber will be the
letter equivalent of 42, since the called station is in office 42.
However, as the call is to be routed through offices 62 and 77
(see map) the director at the originating office will translate this
code into a directing code 3-2-9, the numbers of which correspond
to the bank levels of the office selector at the originating office

ofticed Fice(35) 1 Office(8) | _ Office(77)

FiG. 75.—8chematic diagram of tandem-trunléng plan.

and of the tandem sclectors in the chain necessary to reach the
terminating officc. Thus the first digit 3 operates' an office
selector and steps it up to the third bank level connected with a
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trunk to office 62. At office 62 the tandem selector responds to _

the second digit 2 and extends the connection over a tandem
trunk to office 77, where the last digit 9 steps the tandem selector

to the ninth level and extends the connection over a trunk to the |

station-code switch train at-office 42. . At office 42 the “M” and
| “C" gelectors and a connector are operated by the station-code
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142 TELEPHONE THEORY AND PRACTICE

portion of the desired number and thereby extend the connection
to the line of the called subscriber.

This diagram also shows all possible trunk combinations which
may be established at each of the four tandem centers. The
numerals placed on the switch symbols indicate the offices at the
outgoing end of the trunks. TFor example, at office 62 the top
selectors are designated 38, which means that they are connected
to trunks from office 38; the next is marked 35, which indicates
that they are associated with trunks from office 35, and so on for
all except the bottoni group.. The bottom selectors in each office
are marked Loc to indiecate that ¢hey serve the local office and
all other offices tributary to each of the tandem switching centers.

Fi16. 76.—Director—{ront view.

The selectors 38 at the top in office 62 would ordinarily be in
this group but have been shown separately to illustrate the
tandem switch train used in the specific case explained.

By comparing Figs. 74 and 75, any assumed connection
may be traced through the trunking system. As an example;
assume that a subscriber in office 96 is calling a number in office
85. The calling office is tributary to 48 and the normal routing
for guch a call would be through tandem centers at offices 48 and
77. The first tandem selector used would be one of the lower
groups of office 48, and the connection would be extended through
an office selector at 96 over a trunk to 48, where a tandem selec-
tor would be stepped up to the fourth level, and connected by a
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trunk to a tandem selector in office 77. At that point, the tan-
dem selector would be operated to connect with the bank level
assigned to trunks to office 85.

In the exchange system illustrated, it will be noted that'only
first office-code selectors are required at the tributary offices

and that all the tandem selectors in the system are located in .

the offices 35, 48, 62, and 77. In a larger system where more
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Fi6. 77 .-fSchcmatic diagram of director system.

than {en groups of outgoing trunks would be needed at any of the

offices, then first and second office-code selectors would be-

provided.

Director Apparaius.—Figure 76 is a front view of a director
with the metal cover removed, and Fig. 77 a schematic diagram
of a director circuit, which also shows a ““director selector,” and

a tandem switching train. By comparing these two figures, the -

corresponding picces of apparatus will be readily recognized. In
Fig. 76 the ““office-code register” is at the extreme left; across
the top are, first, the “register-control”” switch and then the four
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144 TELEPHONE THEORY AND PRACTICE

“station-code registers.” For party-line service requiring five
digits, a fifth register would be provided and mounted in the blank
space at the extreme right. At the right of the offiee-code
register are the “sender” and ‘‘sender-control” switches, and
at the right of these are mounted the various relay required in the
circuits of the director. :

The office-code register is a Strowger type switch with a
four-hundred-point bank, which registers the office-code portion

- ‘ v “
- N

Fi1g. 78.—Director—rear view.

of the directory number. In the particular form shown, pro-

vision is made for registering a two-digit office eode, -hewever;

the system may be arranged for a three-digit code, as will be
described later. The register control is a minor-type switch,
which controls the registration of the dialed digits and the
impulser circuit of the sender. The station-code registers are also
- minor-type switches and are used to register the numerical digits
of the ealled number. The sender and sender control are rotary-
type switches. The sender transmits the translated directing
digits to the switch train; and the sender control arranges for
the transmission of these digits in the proper order and at the
correct time and also serves to control the release and disconnec-
tion of the director when the complete office and station codes
have been transmitted to the switch train.
In the central portion of Fig. 77 will be seen the elements of

the director just identified and also the cross-connecting board,
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which is mounted on the rear of the director. Figure 78 shows &
rear view of a director, with the cross-connecting board and all
the cross-connections in place. At the extreme upper left of
Fig. 77 is a trunk from the line switches, shown passing through
the “trunk relay group” and terminating in the first office selec-
tor. Immediately below the trunk relay group is the “director
selector.” This is a non-homing rotary-type switch gimilar to
that shown in Fig. 30. At the bottom of the diagram is indicated
its associated relay group and an impulser. The director selector
has four bank levels but only two levels are shown, to represent
the separate registering and transmitting circuits. ’

At the top of the drawing are the first office selectors and first™ < "”":"T-' s

and second tandem selectors, and at the right is the local switch
train of a terminating office.

Operation of Director.—When the calling subscriber lifts his
receiver, his line circuit is extended to the trunk relay group in the
regular way. At this time, only the control trunk lead is
extended through to the first office selector, and the associated
director selector is connected to the trunk relay-group circuit.
The director selector operates in similar manner to & rotary line
switch and places its wipers in contact with the bank terminals of -
an idle director. When this operation has been completed, the
subseriber receives the dial tone and proceeds to dial the directory
digits of the desired number. v

The first digit of the office code raises the wiper shaft of the
office-code register-to theJevel eorresponding to the numerical”
equivalent of the first office letter, over a circuit through the®
wiper and bank contacts of the register control. The register
control, after the completion of the first impulse series, steps its
wipers to the second, or “rotary,” contact position of the bank.
The second digit dialed rotates the wipers ‘of the office-code
register to the bank contacts corresponding to the numerical
value of the second digit. The office-code register wipers now
rest on the bank contacts corresponding to the numerical value
of the directory office code. The particular code is immaterial,

since it is to be translated to direcling digits appropriate for the
switches required in routing the connection to the desired office.

The subscriber continues to dial the station code, and the regis-

tration and retransmission of these digits will be described later.
The scparate bank contacts of the office-code register (400
contacts in all) are each connected permanently to one of the
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146 TELEPHONE THEORY AND PRACTICE

400 terminals shown in Fig. 78 on the upper and lower portions of
the cross-connection block. In the center of the cross-connecting
block are eleven ““ digit bus-bars’ which on Fig. 77 are represented
by the office-code register. Each of these bus-bars is provided
with projecting terminal lugs, so that any one of the bank ter-
minals may be cross-connected to any one of the digit bars. On
Fig. 77 the first ten of these bars are numbered from 1 to 0
respectively, indicating the number of break-impulses that will
be transmitted from the respective bars. The eleventh bar, at
the right, marked DCO (digit cut~off) is for use when the number

of directing digits is less than four, the total for which this par-

ticular director is designed. Some offices may require only one
directing digit, while others may need two, three, or four. (In
certain designs of directors as many as six are provided for.)
This cross-connecting block on the ‘back of the director pro-
vides means, as will be seen, for translating the office-code
directory digits dialed into any arbitrary one-, two-, three-, or
four-digit directing eode. The dialed digits of the directory office
code will set the office-code register in a certain position, this
position determining the digits of the directing code to be sent
out according to the cross-connections that have been made

between the bank contacts on the ofﬁce—code register and the

digit bus-bars. »
Let us assume that the four mpers of the office-code register

have been set in certam position by the vertical and rotary .

. movements of s shaft T response to the two digits of the
Yirectory office code dialed.

digit bar 1, the next bank contact to bar 3, the next to bar 5, and
the last, or lower one, to the DCO bar, then the two-digit code
dlaléd will have been translated to the three-digit directing code

1-3-5 and these latter dlgxts will be the ones sent out from the
director.

When the last directory office-code digit is registered, then
through a level of the-register control (not shown) the impulser
will be connected to the sender relays, to transmit the directing
digits at the same time the station-code digits are being registered.
This dual operation is made possible by the line-switch-to-first-
office-selector trunk, which is broken at the trunk relay group,
the left level of the director selector being connected to the line-

switch side and the right level to the first office selector, as indi- -

ot R G, i
gl o i

If now it is assumed that the upper
one of the bank contacts so chosen had been cross-connected to
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cated on the drawing by the vertical dotted lines through the
rectangle designated as the “trunk relay group.” The grounded
wiper of the sender control is resting on its first bank contact
which is connected to the top wiper of the office-code register,
and, since this bank contact is cross-connected to bus-bar 1,
ground will be connected over the first “impulse-stop”’ lead to
the first contact of the sender bank. The impulser, previously
having been connected to the sender relay group, will cause the
sender to move its wipers over the bank contacts. However, the
ground, encountered on the first bank contact, will cause a

"% reliy, of 1hé sender relay group, to operate and short-circuit the
Therefore only one impulse will be trans- -

impulsing circuit.
mitted over the “sender-impulsing” ecircuit. This impulse,
through the bank contacts and wiper of the right level of the
director selector, will elevate the wiper shaft of the first office
selector to the first level. This selector will then rotate and
conneet with a free trunk to the first tandem selector... The
sender switch will continue to rotate over its bank contaets,
and, when the ten “impulse-stop” bank contacts have been
passed, it will close a circuit for the operation of the sender-
control switch. The sender control will then step its wipers to
its second bank contact and connect ground to the second
wiper of the office-code register. The register bank contact on
which this wiper is resting is cross—connected to dlglt bus-bar 3.

The sender awill start:to ﬂ‘:fa%engwiper and: %mas*mt thiree bregks - -

impulses before thé' sender iipulsing circuit is short-circuited.

“These three impulses will now elevate the wiper shaft of the first

tandem selector to the third level, at which point the wipers will
rotate and connect with an idle trunk to a second tandem
selector. The sender continues to rotate its wiper and, after

_passing the tenth impulse lead, will again operate the sen_der

control to move it to the next position. In the same manner as
before, the second tandem selector will be operated to the fifth
level and connect with a {runk to the terminating office. The
director shown is capable of transmitting four directing digits,
but, since only \hreo are required for the connection desired, the
fourth must be ehmmated When the sender completed its
third rotation, the sender control was operated to the fourth
position, connecting’ with the fourth wiper of the office-code

register.
cross—connected to the DCO bus-bar and it will be noted that

The bank contact on which this wiper is resting is.
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148 TELEPHONE THEORY AND PRACTICE

this bus-bar is connected to the operating magnet of the sender-
control switch. The grounded wiper of the sender control will,
therefore, cause the sender control to move from the fourth
contact and the sender switch will not rotate. The transmission
of the directing digits has now been completed and the connection
has been extended to the “M?” selector of the desired office.

It will be recalled that, simultaneously with the transmission
of the directing digits, the director has been receiving and
registering the station-code digits of the called station. This
registration is accomplished by means of the register control

" switch and the station-code registers. After the directory office

code was registered, the wiper of the register control was moved
to the third bank-contact position. In this position the thou-
sands or first digit of the dialed number operates the thousands

station-code register and rgoves its wiper to the contact corre-

sponding to the dialed digit. The hundreds, tens, and units
digits are registered in the same manner, and, if party lines
requiring five digits are served by the system, a fifth register
would register the additional digit. After receiving the station
digits, the register control wiper is moved to a dead contact and
remains there until the director is released and disconnected.
Another level of this switch (not shown) continues to hold the
impulser circuit connected to the sender relay group.

It will be noted on the drawing that the multiple contacts of the
‘station-code reglsj:ers are connected ‘to corresponding “impulse--

stop’ leads and thence to the bank contacts of the sender switch.
After the sender control was operated to cut off the last directing
digit, which would normally be transmitted through the fourth,

" or lower, brush of the office-code register, its wiper was moved

to a contact connected to the wiper of the thousands register.
In this position ground, through the wiper and contact of the
sender control and the wiper and contact of the thousands
register, would be connccted to the correspondingly numbered
impulse-stop lead. The sender would again rotate and cut off
the impulsing when the grounded bank contact is reached,
thereby transmitting to the conmected “M” selector, at the
terminating office, the thousands digit of the called number.
The “M" selector would be operated and extend the connection
to a “C” selector. This same operation would be repeated for

" each of the station-code digits of the desired number, and the

switch train in the terminating office would be extended to the
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line of the called subscriber. The director has now completed
its work and is ready to be released and made available for use in
directing other connections.

After the sender-control switch disposed of the last, or units,
digit, its wipers were moved to a contact, which has connected to
it a circuit extending through the director selector to the trunk
relay group. Ground connected to this circuit, through’the

wiper of the sender control, operates a relay in the trunk relay -

group, which extends the circuit (shown by the horizontal
dotted line) directly from the line switch to the first office selector,
and disconnects the circuits to the wipers of the director selector.

This disconnection of the director selector in furn provides for -

the disconnection of the director.

All of the switches in the director, with the exception of the
sender and sender-control switches, are provided with release
magnets (not shown) and, when the director selector is released,
these magnets are all operated simultaneously, thereby restoring
the office-code register, operating the register control to its first
position, and returning the wipers of the office-code registers to
their normal positions. The sender switch is rotated to its
normal position, if for any reason it has not already done so,
and the sender-control switch is stepped to its normal or first
position. The director is now completely restored and is in a
position ready for use in directing another connection. The
director selector is a non-homing type of rotary switch, and there-
fore its wipers remains in the position in which last used.

The director system is capable of handling all classes of traffic
and provides for all special or irregular calls. In cases of calls
for “dead”” or unused office codes, or when a subscriber delays
unduly in completing the dialing of a number or does not dial a
complete number, the director will route the call {6 a special-
service operator and then release. Provision is also ‘made for
extending the “class-of-service tones” to the toll or special-
service operators. '

Busy keys and test jacks (not shown in the schematic diagram)
are provided to enable the attendants to remove a director from
service temporarily, to make routine or special tests.

Mixed Systems.—Where there are both manual and automatic
central offices in the same exchange, the completion of connec-
tions between subseribers in one kind of office and those in the
other presents a specml problem. This is"a problem which
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nearly always occurs in the conversion of a multi-office system
from manual to machine switching, as there is nearly always a
considerable period during which some of the offices are operating
on the manual basis while others have been cut over to the auto-
matic. In making such connections from manual to automatie
or rice versa, a fundamental requirement has been adopted quite
generally: namely, that either the manual or automatic sub-
seriber shall be able to make his call in the usual way (manual
or dial) regardless of which class of subseriber he is calling.
Thus, the subseriber need not, and frequently does not, know the

- type of office to which the called subscriber is connected all
numbers being listed: in the telebhone du‘ectory in the .same
manner.

One of two mcthod< may be employed in extending connec-
In one, the “A)”
or answering, operators’ positions in the manual office are

equipped with dials, and the operator receiving the call selects

an idle trunk to the office desired and dials the station-code
portion of the number. In the other, special apparatus is
installed in the step-by-step office, and the call is extended to
that point by either the call-circuit or straightforward method of
trunking. The equipment at the step-by-step office in this case

‘consists of special manually operated positions, commonly called

“cordless B" positions. The incoming trunks from the manual

B AL ofﬁces-temruna’(eat these positions which are equipped with send-

| Bl
B

>

ing-key sets. = The cordless “B”’ operator, when advised of the
number desired, sets up the station-code digits on her key set
which then acts, in lieu of a dial, to extend the connection through
the step-by-step switching apparatus to the called station.

Two methods are also available for extending connections in
the other direction, that is, from step-by-step to manual offices.
In one, a number of station-code switches, sufficient to handle
the traffic from the step-by-step offices, are installed in each
of the manual offices. The other method utilizes special manu-
ally operated incoming-trunk positions at the manual offices.
The method used depends upon the ultimate plan of the system,

-although the latter is the one more frequently employed. In

the second arrangement, the special trunk positions are provided
with the complete subsecriber’s multiple, and the incoming
trunks from the various step-by-step offices terminate in plug-
ended circuits., The key shelves are equipped with visual
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illuminated number-display apparatus called “ecall indicators,”
and, hence, these positions are termed “ call-indicator” positions.
Associated apparatus is provided at each manual office which
registers and stores the station-code portion of the number dialed
by the calling subscriber.

Call-indicator Positions.—Figure 79 shows a call-indicator
position of a manual multiple board. It is equipped with
forty-eight incoming-trunk ecircuits from step-by-step offices.
The trunks from a particular office are distributed among the

i
.’.'.'.

F1c. 79.-—Call-indicator switchboard position.

various incoming positions, providing for better-distribution
of the incoming traffic and facilitating night service by permitting
subgroups of trunks from all the offices to be consolidated on a
few call-indicator positions. The trunks terminating at the
unoccupied positions are made busy by special busying circuits,
so that the step-by-step switching apparatus will not attempt to
distribute calls to them.

The plugs of the mcoming trunks are shown in a single row
on the plug shelf at the rear of the key shelf. Associated with,
and in front of, each of these plugs are two supervisory lamps,
one the assignment lamp and the other the disconnect lamp.
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152 TELEPHONE TH EOR Y AND PRACTICE

In front of these and at the center and left portions of the key
shelf are two call-indicator display panels. The one at the
left is the reserve panel, and the one at the center the regular
panel. The object of providing duplicate panels is to enable
the operator to continue to operate with the reserve panel, in
case one or more lamps burn out in the regular panel during the
busy period of the day. Each panel has a frosted-glass top
plate, below which are four groups of ten lamps each with a
transparent number plate above each lamp, each group repre-
senting the ten numerals for each of the four digits. The calling
number is displayed by lighting ong lamp in each group, and in
“the illustration the number 9753 is shown displayed. '

In manual offices serving party lines, a fifth group of display
lamps is sometimes required. The lamps of this group indicate
the party-line designation following the display of the four
digits of the number. A certain time interval is required to
cither display the party-line suffix or to definitely indicate an
individual-line number.

In the right portion of the key shelf is a lamp and key panel.
The central office at which this view was taken has seven register
sets for each operator’s position and the seven lamps in & row are
associated with these register sets. One of the lamps is illumi-
nated when a number is displayed, thereby indicating the partic-
ular register set on which the number is registered. In front of

- the first lamp at the left is a plunger-type key called the “assign-

ment” key. The circuit of this key is so arranged that, if a

number is displayed and no trunk-assignment lamp lights, the
operator, by depressing the key, will cause the disconnect lamp of
the assigned trunk to light, thereby directing her to the proper
trunk to use in completing the connection. The plunger-type key

in front of the seventh lamp from the left is the “stepping” -
key and is used by the operator to move the display control.

switch off the contacts of a register set which is showing an
aberrated or incomplete number on the display panel. This key
enables an operator to free an aberrated number from her position
and continue to complete normal connections. Busy-back
jacks are mounted below the multiple for transmitting a busy
tone to the calling subscriber in case the called line is busy.
Figure 80 is a schematic diagram of call-indicator equipment
and its circuits. At the top of the drawing is a portion of a
group of incoming trunks from a step-by-step office. Each of

"
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the trunks has an associated relay group, which in addition to
providing for the usual automatic ringing and supervisory func-
tions, has additional relays for extending the break-impulses of
the dialed number, through register selectors to register sets.
Below the trunk relay groups are shown the register selectors.
These sclectors are non-homing-type rotary switches and serve
to associate an idle register set with an incoming trunk. One
register selector is required for each incoming trunk and the bank
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Fi6. 80.—Schematic diagram of call-indicator equipment.

contacts are multipled and terminated in the wipers of the digit
distributor switches. At the right of the register selectors are
the display panels at the switchboard positions. The regular
and reserve panels are shown for one position. Below the dis-
play panels are the register sets which are mounted on a standard
rack in the terminal or apparatus room. Three of these sets are
shown, but in practice from six to eight are associated with each
switchboard position. The register switches of these sets are of
the minor-rotary type and are therefore restored to normal after
the set is rcleased. The digit distributor switches (one per
register set) are also minor type and serve to connect the dialing
circuit with the proper digit registers as the impulses are received.
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154 TELEPHONE THEORY AND PRACTICE

At the left of the register sets is shown one of the display control
switches. This switeh is of the non-homing rotary type (one per
position) and it is controlled by the availability of the operator;
that is, when an operator has disposed of a connection and is
free, this switch transfers to her position another call which at
that time may be stored on another register set associated with
her position. However, if no calls are waiting, this switch does
not operate. The controlling relay for transferring the registered
call to the display panel is shown at the left of the upper register
set. One of these relays is required for each register set.

lamps

R T 7IALé :7-74 K
Registers KRR

9 0
9,
Thous f ] ‘l

)N

—: 4] - - . ;“-" T . - .

éﬁ_.__ To display

confrof
FiG. 81.—Wiring of display-lamp circuita.

Figure 81 shows in a little more detail the method of wiring the
-number lamps of the display panel to the register bank contacts.
When the controlling relay is operated by the display control

switch, ground is applied to each of the wipers of the register-

switch, and through the contacts on which the wiper are then
resting, to the proper number lamps in the display panel and to
battery. This causes to be displayed before the operator the
numerical digits which have been stored on one of the register
sets. At the same time, the assignment lamp, associated with
the plug of the incoming trunk, lights and indicates the particular
trunk to be used in completing the connection.

-
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Cordless ““ B” Positions.—Figure 82 is a photograph of several
cordless ‘““B”" switchboard positions utilized in extending con-
nections from manual offices to a step-by-step office. Associated
with the switchboard positions, but located elsewhere in the
building, are senders, and sometimes sender finders, for allocating
senders to the positions, for transmitting the digits set up on the
key sets, to the step-by-step switching apparatus of the office.
The sections of the switchboard are of onc position each and,
in order to facilitate operation and the observation of signals,
both the key shelf and trunk face panel are placed at an angle, the-
face panel having about twice the angularity of the key shelf.

Fig. 82.—Cordless ‘' B’ switchboard positions,

In the center of each key shelf are the digit-sending keys and
immediately above them a cancel key. When an error has been
made in the operation of the digit key, the cancel key is depressed,
thereby erasing the incorrect number and permitting the correc-
tion of an error without again pressing the assignment key
associated with the incoming trunk. At the left of each position
is mounted a glass-covered instruction-card panel. These posi-
tions each have a capacity of fifty trunks of which in this case
thirty ‘are equipped. The face panel has five horizontal rows of
keys and lamps with a designation strip below cach row. The
four lower rows have changeable designations for trunk numbers,
while the top row has fixed designations. In each of the two
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156 TELEPHONE THEORY AND PRACTICE

lower rows are fifteen plunger-type keys and lamps associated
with the incoming trunks. The plunger keys are the trunk-
assignment keys and are pressed immediately after the operator
has received from an “A’" operator the number called and has
assigned the trunk, but before the number has been registered
on the sender-key set. The assignment key serves to associate a
sender with the position. The associated lamps are the super-
visory lamps, and in this case the “one-lamp’’ type of supervision
is employed. In this method, the lamp remains lighted while
the trunk is in use and flashes if an “ A’ operator plugs into the
“ wrong trunk or one on which the assignment key has not been
pressed. The lamp is extinguished when the trunk is discon-
nected, but the cordless “ B’ operator is not involved in the
disconnection, since it is accomplished automatically. The third
and fourth rows of the face panel each comprise fifteen two-posi-
tion lever keys associated with the correspondingly positioned
trunk-assignment keys and supervisory lamps in the first two
rows. When a key lever is moved downward or toward the
operator, the associated trunk is removed from service and the
supervisory lamp lighted. The upward position of the key is for
the purpose of converting the associated incoming trunk to an
emergency call circuit when the regular call circuit is out of serv-
jce. In this case also, the supervisory lamp lights and remains
lighted whilethe trunk is used as an emergency call circuit. The
top or fifth row contains keys associated with the local operation

of the positions, such as disconnecting a faulty call circuit or-

grouping call circuits for night service, calling a supervisor
and disconnecting sender finders.

While the above illustration and description are for the call-
circuit method of operating trunks, the straightforward method
is equally applicable with a similar type of equipment.

Small-community and Rural Systems.—Step-by-step central-
office equipment has been adapted to the needs of small-
community and rural-district exchanges serving from a few
subscribers up to several hundred. These small exchanges may
be “attended,” that is, looked after by somecone in constant
attendance, or they may be “unattended” and supervised from
a near-by city exchange or toll center. The latter method of
operating is assumed in the following description. In many
instances, several small unattended exchanges are supervised
from the same ‘point. Toll, information, and epecial-service

'
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calls are handled through the supervising center, so that a twenty-
four-hour service is furnished which otherwise might not be
warranted in certain small communities. The unattended
offices are visited by maintenance employees at predetermined
intervals to check up on the operation of the equipment and
correct any non-standard conditions that may, have developed.
Similar switching apparatus operating on the general prin-
ciples already described for larger offices are employed in these
small exchanges. The main differences are in the arrangement
and mounting of the apparatus and in the addition of remote-
control apparatus for maintcnance supervision. Certain of the
local equipment must also be arranged to function automatically, -
as, for example, that for charging the storage batteries. The
subseribers’ stations are usually served by party lines. )
Two general methods of serving small communities by step-
by-step equipment are employed by Automati¢ Electric Company
and styled by that concern as “full-automatic” and “semi-
automatic” respectively. Each of these general methods is -
subject to various modifications to meet special local requirements.
Full-automatic Operation in Small Communities.—With the.
full-automatic method of operation, the central-office switches
are controlled by dials at the subscribers’ stations as in larger
step-by-step exchanges. The subscribers’ dials have simple
pumber plates with numerals only, as shown in the left-haud cut

of Fig. 7.

' _The common-battery method for both talking and. signsling--

js used, thus requiring storage batteries and means for charging
them. The “floating”” method of charging, explained in Chap.
VII, is used, the charging being automatically controlled by the
voltage of the battery and in some instances by ampere-hour
meters. FEither rectifiers or motor-generator sets may be
employed for charging, depending on the type of power supply
available. : - _
The telephone stations are ordinarily arranged for ten-party
service with code or harmonic ringing, thus;equiring the use of
frequency-selecting type connectors. Reverting-call switches
are provided to handle calls between stations on the same line.
The ringing current may be supplied by rotary ringing machines
but, on account of the small current required, the vibrator type
of cquipment is most commonly provided. These unattended
offices are also equipped with apparatus for the transmission of
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158 TELEPHONE THEORY AND PRACTICE V

alarm signals to the supervising center, as will be described later.
The subscribers secure connections in the same manner as
previously explained for the larger systems, the switching opera-
tions being in no way affected by the method of supervision
employed. ’

Semi-automatic Operation in Small Exchanges.—This is really a
remote-control method of operation, the control of the central-
office switches being exerted by a distant operator rather than by
the subscribers themselves. This operator, located at an
associated city -office, is khown as the “control” operator. She
merely ascertains the wishes of the calling subscriber and estab-
lishes the connection by means of a dial or key set connected
to the unattended exchange over a control trunk. The control
trunk is used by the subscriber in telling the control operator the
connection desired, and by the control operator in setting up the
connection. ‘This trunk is not used in the actual connections
between subscribers. After dialing, the operator disconnects
from the control trunk and exercises no further supervision on the
local connection she establishes.

This method of operating may be employed in small scattered
‘communities to elimipate the necessity of maintaining operators
at points where there is insufficient traffic to keep them busy.
Sometimes such offices are installed when the associated city

exchange is manually operated, but where it is planned to change.

the entire system to full-automatic operation at some later date,

~ at which time the semi-automatic offiees will be chatiged-to’ full--
automatic operation. .

These exchanges generally operate with local battery trans-
mission and magneto signaling requiring, therefore, local batteries
and hand generators at the substations, the generator being used
to signal the control operator and to release the connection after

completion of conversation. The central-office equipment com- -

prises line switches and numerical switches and is similar to
that just explained for full-automatic unattended exchanges,
except that a semi-automatic type of numerical switches is
required. Toll trunks, usually the two-way type, are provided
between the unattended office and the control center and such
other toll centers or exchanges as the local conditions and traffic
warrant. Provisioas are made, by remote-control means, for
converting any one of the toll trunks to a control trunk in case
the regular control trunk becomes inoperative, and an emergency

R

"answers the signal by operating a key associated with the trunk
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operating set is usually installed at the unattended office for
use when, for any reason, all of the trunks to the control center
are out of service.

When a subscriber removes his receiver from-the hook switch
and turns the hand generator to make a call to another local
station, the line switch operates and extends the connection to a
numerical switch or connector. A relay in the numerical switch
operates and extends the connection to the control trunk. If
the control trunk is busy, the line switch will not operate until
the trunk is free. This trunk, when seized, causes a signal to be
displayed before the contral-operator. - The eontrol - operator

and connects her listening and dialing circuit. After ascertaining
the number desired, she dials and releases her circuit from the
control trunk by restoring the key. When the operator dials
the desired number, the numerical switch previously used at the
unattended office in extending the connection to the control
trunk receives the break-impulses and operates to extend the

_connection from the calling line to the line of the called sub-

scriber. Ringing current is then applied to the line, or if the
called line is busy, the busy tone is transmitted to the calling
station in the usual manner. When the numerical switch com-
pletes the selecting functions, the control trunk is released.and
made available for use in connection with other originating calls.

Reverting calls are completed. by the operator. who dialsa . _.

code number to signal the “wanted station, after 'finii'mcti'i;gv’che'
calling subscriber to hang up and wait for a moment. ”
Outgoing toll calls or calls for other exchanges are handled in
the same manner as a local connection, except that the control
operator, instead of diali)pg a subscriber’s number, dials a pre-
assigned number to connect the line of the calling subscriber to a
toll or other exchange trunk extending to the proper operator.
Incoming toll or other exchange calls to subscribers_are com-
pleted in the same manner as in full-automatic operation; since
the unattended exchanges are provided with numerical switches
capable of reaching any subscriber’s line in the exchange.
Rural-line Operation.—The rural lines are practically ‘always
operated on the multi-station basis, with code ringing. These
lines may be operated by the full-automatic or the senji-automatic
method as may be desired, but the following ‘description will be
for the full automatic: : , - -
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160 TELEPHONE THEORY AND PRACTICE

The local-battery method of telephonic transmission is gener-
ally used, and the subscribers’ stations are equipped with local-
battery magneto instruments provided with dials having the
gimple number plate. The central-office switching equipment
consists of line switches, selector repeaters, and connectofs,
according to the requirements of the individual exchange. On
account of the frequent long length and character of rural lines,
“simplex’ dialing is quite often employed. In one arrangement
of this, the dialing cireuit is established by connecting one of the
impulse springs of the dial to ground and the other to the center

_ tap of the ringer coils and by connecting the-line relay at the - — -

central office to the center tap of the line repeating coil. Thus
the dialing impulses are sent over both sides of the line in parallel
with a ground return.

The subscribers secure connections to other stations in the
same general manner as previously described for full-automatic
or semi-automatic operation in small-community systems.
Calls for another party on the same line are usually made by the
subscriber’s signaling the code of the desired station by means
of his hand generatort .

Safeguards and Alarm Signals.—Since the unattended com-
munity exchange depends upon supervision from a distant point,
the maintenance methods are somewhat different from those in
the larger attended exchanges, and it is desirable to provide

"%ontinuity of service. - - Thra
The self-aligning type of plunger line switch affords means
for enabling a subseriber to free himself from a defective trunk
circuit. The inter-office trunks to the city exchange or toll
center are so arranged as to enable a subscriber to ¢connect with
one even though one or more of theni may be in trouble. - The
<incoming ends of these trunks at the toll center or city exchange .
are under constant supervision but, however, certain classes of
faults, as for example open conductors, do not give an indication
until connected for use. This contingeney—of being unable to
get through—is guarded against by using a “trunk-busying”
circuit which is arranged to busy the first trunk after it has been
used, so that the next call must take the second trunk. Thus a
subscriber, by recalling, is always able to get free from a faulty :
trunk and reach an operator, or other central-office switching
apparatus, as long as any of the trunks are working. Special

i

remote-control means .and additional :safeguards to insure the. —_L

=
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forms of intra-office trunk multipling also are employed to dis-
tribute the traffic, so that recalls will not be routed through the
same switching apparatus. When duplicate 'ringing sets are
provided, the circuits are so arranged that, if trouble shoqld
develop on the set in service, it will be removed from service
automatically and the other set substituted.

In order to facilitate the supervision of these offices from a
distant point, various alarm signals are: provided to indicate
when a non-standard condition occurs at the unattended office,
such as a blown fuse, lack of ringing current, improper operation
of the charging equipment, or line permanents. These signals

- _are transmitted to the supervising office over one of the regular
inter-office trunks. The signal received does not indicate the -
character of the fault and the attendant then dials a pre-assigned
“test” number to connect with the supervisory equipment at
the unattended office to obtain further details. The alarms
are divided into two classes: “emergency”’ alarms indicating
conditions which prevent the continuation of service or the
proper functioning of a major unit of apparatus, and thus
requiring immediate attention, and “regular” alarms for non-
standard conditions which do not seriously impair the service
and may, therefore, be cleared when convenient. After dialing
the test number, the attendant will hear a tone signal if the
alarm was of a regular naturc and will not hear any tone if the
alarm was of an emergency character.

51 Sectionat Mounting Frames—A type of mounting frame

and method of wiring for small unattended office equipments,
which provides for flexibility in growth and for complete enclosure
against dust and mechanical injury, has been developed and
standardized. The frames are of “sectional” type, after the
manner of sectional bookcases. The sections or units are
designed for mounting numerical switches, line switches, and
_other groups of apparatus and all the circuits for each shelf
are wired to terminal blocks before leaving the factory. Each .
section is therefore completely self-contained, so that, in installing
them, it is necessary only to place them in the desired positit?ns
and make the proper cross-connections between their respective
terminal blocks. ' - )
Such a switchboard is shown in Fig. 83, in which the enclosing
panels of the center section and two of the individual connector
switeh covers are shown removed and on the floor. The rear
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panels” are removable in the same way, affording complete
access to all the equipment. In this particular switchboard,
the front compartment of the lower section is the “ power shelf”
containing the power panel, busy and ringing interrupters,
and ascociated relays, while the rear compartment contains
fifty line switches. The middle and upper sections each contain
in their front compartments capacity for ten ten-party frequency
selectors, of which ten for local service are seen in the illustra-

i
o

Do o
awaaibcodibi F o i

Fig. 83.—Sectional-type switchboard—top and bottom section panels in place.

tion. Multiple banks for the complete switch capacity are
The rear compartments
of these sections contain miscellancous equipment, such as
reverting~call switches, impulse repeaters, numerical switches
associated with trunks to other offices, and supervisory and
testing equipment. .

- - The battery and charging equipment is enclosed in a separate
k A separate distributing frame with protective
apparatus for the lines is also required. This may be of either
the wall or the floor type according to the size of the office.

"
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AUXILIARY CENTRAL-OFFICE EQUIPMENT

The more important groups of auxiliary equipment, not
directly entering into the switching operations . proper but, .
nevertheless, essential or convenient in the operation of the
exchange, are the distributing fragnes, power plant, testing
and routine equipment, and information and service-observing
equipment. _

Distributing Frames.—The general type of main and inter-
mediate distributing frames described in Chap. IX are used in
step-by-step systems, but, in addition, some special types
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Fia. 84.—Floor plan of central office with combination distributing frame and
' selector distributing assembly frames.

developed for the particular requirements of the system may
be referred to here.
the “combined main and line intermediate distributing frame”
and the “selector distributing terminal assembly frame.”
Combined_Main and Line Intermediate Distribuiing Frame.—
This arrangement provides the necessary flexibility in cross-
connecting and at the same time affords a saving in floor space,
in cable and cross-connections, and in the number of terminal
blocks needed. o . o
Figure 84 is a typical floor plan of a 6,000-line office using
the combination type of frame. The combination frame is

TCl Li'brary: WWW.teIephoneCoI}ecvtors.info

The two most important of these are-—

reryne

i e v s e sk i

AR O e Tk WA s R b g ST

-

i, i e,

EFERRY R R




164. TELEPHONE THEORY AND PRACTICE

shown at the left, the protector side facing the wall. Placed
on the opposite side of the framework, and adjacent to what
would ordinarily be the switchboard terminal side, are the
line-switch and -connector-board terminal racks. These racks
are at the ends of the rows of line-switch and connector boards.
These rows, with aisles between, extend at right angles to the
distributing frame proper. -

The line-switch units are mounted on both sides of their boards
and arranged horizontally, as shown in Fig. 40. The con-
nectors also are mounted on both sides of their boards. The
terminal blocks on the line-switch and connector racks are

- mounted vertically and replace sthe terminal blocks formerly
‘mounted on the separate boards. ‘What would formerly have
been the switchboard side of the main framework carries no
terminals, except that the party-line grouping terminal blocks,
when required, are mounted in the spaces opposite the aisles,
and except that the four vertical rows of terminal blocks shown
at the upper end of figure on the combination frame- are pro-
vided for terminating toll and miscellaneous circuits.

At the right of the vertically mounted terminal blocks are
the rotary secondary line switches, and at the right of these
is the trunk I.D.F. Below the trunk I.D.F. are the first and
second selectors, mounted on double-sided boards and with
selector distributing terminal assembly frames (to be described
later) shown at the right of each.

In the arrangement shown, the subscribers’ line eircuits of
the primary plunger line switches and the normals of the con-
pectors are cabled to blocks on the respective terminal racks.
The trunks from the primary and secondary line switches are
cabled to the trunk I.D.F. The trunks to the first selectors
are cabled from the trunk I.D.F. to the first-selector boards.
The multiple bank circuits of the first selectors are wired to
the associated terminal assembly frames and from. these the
trunks are cabled to the second sclectors. The multiple bank
circuits of the second selectors are likewise wired to associated
terminal ‘assembly frames and from there trunks are cabled to
the connectors. The subseribers’ outside lines, the terminal
blocks on the line-switch terminal racks, and the terminal
blocks on the connector terminal racks are cross-connected on
the combination frame properly to connect the line switches

" and connector normals to the subscribers’ lines. The primary

LDF.
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line switches are cross-connected to secondary line switches,
and the secondary line switches to first selectors at the trunk

Selector Distributing Termi-
nal A ssembly Frame—This |t
type of frame has been devel- [be
oped to facilitate the re-ar- gt
ranging of selector trunk |
groups, to provide for readily n
making additions to the trunk- |
ing system, and to permit the
use of the method of trunk mul-
tipling, which is the most eco-
nomical for a given installa-
tion. Figure 85 shows a se-
lector distributing frame at the |&f £
left, and a portion of a trunk
selector board at the right. ¥
This is a high-type board with |
eight shelves of sclectors, each |},
shelf having a capacity for &
twenty selectors, divided into
two subgroups of ten each.
The selector terminal frame
may be placed between two |.
single-sided trunk boards or at _
the end of a double-sided board
as was shown at the right of |2
Fig. 84. ‘

The selector distributing
frame consists of 32 horizon-

tal rows. of . thre&pin contact Fig. 85.—Selector distributing terminal

blocks mounted on an iron assembly frame.

framework. The pins in thesé _ .
blocks project on both sides and, therefore, connections
/" ‘ v . 3 f
may be made at either side. Each horizontal row o
blocks has 300 terminal pins, on which are terminated the
multiple bank circuits for a subgroup of 10 selectors. The

32 rows will, therefore, serve to terminate the multiple bank

circuits of 32 subgroups or the total capacity of two single-

sided high-type selector boards or one double-sided board. '
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166 TELEPHONE THEORY AND PRACTICE

The multiple bank wires from the switches are connected
to the back side of the frame terminals and on the front side
vertical cross-connections are placed to arrange for any desired
grouping of the subgroup multiple bank circuits. The circuit
groups are wired from the horizontal blocks to terminal blocks
mounted vertically on the right and left sides of the selector
distributing terminal assembly frame. From these, terminal
blocks cables are extended to the next selectors or connectors in
the switch train. Therefore, by merely changing the cross-con-
neetions and the connections to the vertical terminal blocks,
changes may be made in the trunk groups without disturbing,
in any way, the permunent multiple switch-bank wiring on the
horizontal terminal blocks.

Power Plants.—The common elements of telephone power
plants, such as storage batteries, charging and ringing machines,
and power boards, are dealt with in Chap. VII, which also
contains a description of typical power-plant practices of the
Strowger step-by-step system. As it is the practice of Auto-
matic Electric Company closely to associate the apparatus
of its supervisory alarm system with its power-plant apparatus,
specific attention to this alarm system may be given here.

Supervisory Alarm System.—This is an arrangement of
signal equipment which, in case of a non-standard condition,
gives an alarm indicating the nature of the abnormal condition
and its general location. The alarm generxlly consists of an
audible and visual signal. The operation of the various alarm
circuits is under the control of relays mounted on the super-
visory panel of the power switchboard (right panel of Fig. 215,
Chap. VII), and also relays on the connector, selector, and
line-equipment boards. Alarm circuits are usually provided

for line-switch boards, selector trunk boards, connector boards;~

power equipment, and the main distributing frame.
Non-standard conditions may be divided into two classes.
The first is non-standard as soon as the fault occurs, such as
the blowing of a fuse on any one of the fuse panels, which
must cause the immediate operation of an alarm; and the second
becomes non-standard only after an appreciable time interval,
such as the failure of a connector to release. In the latter case,

the alarm equipment must not operate until after the normal.

releasing time of the switch has elapsed. Each of the line-
‘switch, connector, and selector signal groups has associated

J
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with it a group of relays, the function of which is to delay the.
operation of the alarm equipment on non-standard conditions
of the second class. The interval of delay is controlled by two
release-time control relays which are operated alternately by
the ringing interrupter equipment or by special timing control
equipments.

The particular supervisory arrangement provided is determined
by the type and layout of the switching equipment, the alarm
apparatus being divided into the most convenient signal groups
according to physical location. In an office employing the
low type of frame equipment, a typical signal scheme would
operate as follows: When a non-standard condition develops,
an audible alarm signal sounds, and directing lamps are illu-
minated. One lamp is located in a “ceiling panel” (Fig. 86)

Fic. 86.—Signal-lamp panel—ceiling type.

which is placed near the ceiling in a position easily visible from

various parts of the switchroom or visible from a desk at which
some switchman is normally on duty. This lamp indicates
by its color and marked designation the nature of the alarm
and the signal group in which the fault exists. Another lamp
is lighted on the shelf of the particular board where the non-
standard condition occurs. A switchman following these signal
lamps is readily guided to the location of the fault. In an
office using high type of frame equipment, the ceiling panel
lamps are usually omitted, since they could not be readily
seen, and; instead, signal group lamps at the main-aisle ends
of the trunk-board line-ups are generally employed. In this
case, signal lamps also are provided on each shelf of the boards.

On the line-switch boards, a blue lamp is lighted when a master
switch continues to rotate and a green lamp when a line-switch
line relay fails to release. A red signal light indicates a blown
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168 TELEPHONE THEORY AND PRACTICE

fuse. On the trunk selector boards, a green lamp indicates that
a selector switch has failed to release, and a white lamp shows
that a sclector switch is held operated but not switched through.
As in the case of the line-switch alarm, a red light indicates that
a fuse has blown. The alarms for the connector boards are the
same as for the selector boards and the non-standard conditions
are indicated by lamps of the same characteristic colors. Asso-
ciated with the delay relay group of -the line-switch, selector, and
connector boards and mounted on the audible alarm panel is a
harmonious bell which operates simultaneously with the visual
signals. The blowing of a battery or ringing-generator.fuse, or
the opening of a circuit breaker, ¢auses the operation of a buzzer
on the audible alarm panel, and a generator failure causes an
alarm bell to ring. An alarm bell is also provided to indicate
high or low voltage at the battery bus-bars. When a main dis-
tributing-frame heat coil operates, a buzzer located on the
distributing frame gives an audible alarm and a white lamp asso-
ciated with the particular protector vertical is lighted. -

Testing Facilities.—Facilities for rapidly and accurately
testing to determine the presence of conditions that interfere
with the proper operation of the system or that, if allowed to
persist, would be likely to do so in the future form an important
part of step-by-step exchange equipment. The type of testing
equipment provided depends somewhat on the size of the system,
" smaller offices requiring relatively simple and larger systems
more elaborate equipment. Centralized testing from one
office is usually employed in the multi-office- exchanges on
account of the economy resulting from maintaining only one

group of testing employees. However, sufficient testing equip-
" ment is usually installed in each of the other offices to provide
for the cut=over and additions or major changes in the outside
plant, and for use in cases of emergency, such as a cable failure
or damage from a disastrous storm. In offices where quite a
number of toll lines are terminated or looped through, separate
toll test pancls are usually provided in addition to the local
testing equipment.

Local Test Desk.—When the ultimate equipment of an office
or system is planned to exceed about one thousand lines, the
more complete testing facilities operated from a “local test
desk” are usually provided. The desk has a volt-milliammeter
and associated equipment for quickly determining the nature and

)
e

e
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degree of electrical faults and a dial speed indicator for accurately
measuring the speed of impulsing of the subscribers’ dials, and
it may be provided also with a Wheatstone bridge for making .
“)ocation” tests of faults in the outside plant. In addition the
desk is afforded means for communicating, usually by ecall
circuits, with other test desks and service facilities in the system.
Circuits are provided from the special selectors to the desk
for extending calls from inspectors, installers, or other company
employees. Outgoing calls to subscribers’ stations are made
by single-ended cord circuits terminated in selector switches.

In general, three methods may be employed in connecting
the subscribers’ lines or trunks to be tested to the test desk.
The first is by means of the incoming trunks to the test desk
from the special selector levels. These trunks are provided
for the use of company employees in communicating with the
test desk and, when not equipped with repeaters or holding
bridges, they may be used to advantage for testing purposes.
The second method is by means of test lines to the M.D.F.
These lines terminate in multiple jack boxes suitably located at
the M.D.F., from which a connection may be extended through a
flexible cord and test shoe to the protector springs of the line or
trunk to be tested. At the test desk each of these test lines
terminates in a bridged listening jack and two cut-off jacks, so
arranged that the “line” side of the circuit may be tested
independently of the “switchboard” side, thus providing a

_ means of first determining whether the trouble is “inside’” or _

“outside.” The listening jack permits the testman to determine=
whether or not the line or trunk is in use before *“splitting”
the circuit for test. The third method utilizes the ““test switch
train,” which was briefly deseribed in connection with Fig.
71. The test switch train is made up of two or three special
types of Strowger switches, depending on whether the exchange
is a single- or multi-office system and, in the latter case, on the
number of central offices. The test switch train circuits ter-
minate at the test desk in jacks - with associated supervisory
lamps, busy lamps, and release keys. They enable the testman
to make direct connection with the normals of any desired line
at the connector banks over a test trunk free from all bridges
and’ attachments, and thercfore suitable for making tests
on the outside line, station equipment, and line switch. When
the wipers of a test connector are rotated to the normals of a busy
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170 TELEPHONE THEORY AND PRACTICE

line, a busy tone and visual signal are transmitted to the test
desk and the testman may hold the test trunk until the line
becomes idle or he may connect with the busy line. In cases
where a number of lines terminating on the same connector are
to be tested, the testman may release the test connector and
connect with the other lines by simply dialing the tens and units
digits of the number or, when the desired number is on the same
level, by dialing the units digit only. This feature is generally
employed when routine tests are made on all the subscribers’

P mama

Fic. 87.—Local test desk.

lines. The test connectors are also utilized in the toll-verifica-
tion switch train as previously referred to in connection with
Fig. 71 When so used, the toll-verification switch-bank levels
are multipled to the bank levels of the test-distributor switches
and the verification switch train conneccted to the toll board in
the same manner as the test switch train is connected to the
test desk. '

The front of a typical one-pusition local test desk, with
a cable-turning section at the right, is illustrated in Fig. 87.
When several positions are required, the necessary number of
one-position sections are placed adjacent to each other. In
the desk is mounted all the apparatus associated with the various

" eoin-box test circuit. The next three keys are for use with the~

. v
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circuits with the exception of the switches in the test switch
train and in the combined howler and insulation breakdown test
switch circuit. The face equipment of each section is installed
in three panels. The volt-ammeter is located in the left panel,
and below it the associated rheostat dials. The center panel
has the dial speed indicator mounted at the top and immediately
below are ten test distributor trunks with designation strip,
busy lamps, jacks, supervisory lamps, and release keys; and
below these are ten miscellaneous test lines including those
to the M.D.F. This test line equipment consists of designation

“strip, jacks, and supervisory lamps. The right panel has ten

inspectors’ trunks from selector levels, consisting of designa-
tion strip, hold lamps, answering jacks, and answering lamps.
The lower group of trunks in this panel are reserved for test
lines to a toll test panel and consist of designation strip and
jacks. Below the jack space in the center and right panels are
various pilot lamps and keys associated with the position.

The key shelf of the position is equipped with keys, plugs,
and supervisory lamps associated with the circuits of the desk.
The dial will be scen at the right of the keys. At the left of -
the lever keys are five standard call-circuit keys. The first
nine lever keys from the left are arranged in two rows, those
in the front row being associated with the primary test circuit
and those in the back row are the master ringing keys and the
keys associated with the auxiliary test circuit. The tenth key
in the front row is the coin-control key associated with the -

Wheatstone bridge. A key space comes next and then the key
for talking and dialing on the single-ended cord circuit. The
last key in the row is the transmitter cut-out. Of the five
plugs, the two at the’left are respectively for connecting the
primary test circuit and the auxiliary test circuit. The third
plug is associated with the sounder test circuit and the fourth
with the Wheatstone bridge. The last plug at the right is
the answering plug of the single-cnded cord circuit. These
plugs have associated cord supervisory lamps, not visible in
the illustration. Mounted in the lock rail below the key shelf
at the left are the jacks for the operator’s telephone set, and at
the right is the drawer for the Wheatstone bridge.

The principal elements of the testing equipment . proper
are associated with either the primary or auxiliary testing cord
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172 TELEPHONE THEORY AND PRACTICE -

circuits. The primary test cord is ordinarily used for making
routine tests and others requiring the use of the volt-milliam-
meter or the Wheatstone bridge, while the auxiliary testing
circuit is employed in making howler and insulation breakdown,
dial speed, sounder tests, ete., which consume considerable
time. This arrangement permits the testman to conduet dif-

F16. 88.—Dial speed indicator.

ferent kinds of tests simultaneously. However, by means of a
switching key the primary and auxiliary testing circuits can be
interchanged with respect to their cords without the necessity
of actually changing the plugs.

Besides the tests common to telephone exchanges in general,
the step-by-step system requires some peculiar to itself. An
important one of these, for which this desk is equipped, is that
for the accurate d(tcrmmanon of the speed of the substatlon

-
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dials. The device for making this is the dial speed indicator
which was referred to in describing Fig. 87. A larger view of
this apparatus, with the cover removed, is given in Fig. 88 and
its operating circuit in Fig. 89. The pointer of the dial speed
indicator is moved from left to right by a clock spring under
control of an escapement. Its speed is constant regardless of the
speed of the dial being tested and is such as to move from 0 to
10 on the scale in just 1 second. The starting and stopping are-
under conirol of thé station dial being tested, the first dial-
break starting it and the tenth stopping it at whatever point it__
may have reached. Obviously, if the-dial under test is runping "
too fast, the pointer will stop before it reaches 10; if too slow, it
will be stopped some point beyond 10; if just right (10 impulses

- - Jo dral
. § Ind.corf - fone
s _
£ =
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Fic. 89. -——Dnl speed-testmg cu-cmt

-==persecond), it will stop at 10. The seale is calibrated in 1mpulses' e

per second. )
The clrcum of this indicator is connected to the auxlhary

testing circuit by means of a ‘“dial key” and supervision is
provided by means of the cord supervisory lamp. The auxiliary
testing c¢ord is connected Yo the subscriber’s line by any one of

the throe means previously stated, namely, test lines at M.D.F.,

inspectors’ trunks, or test connectors. Before making the test, ..
the testman must be assured that the line is free from bridges or -

- attachments at the central office, this condition being indicated

by a lighted cord supervisory lamp. To set the indicator for
operation, the testman turns its handle to the left until the ~
pointer is at the 0 mark. The handle then turns clockwise

to close the circuit-breaker springs shown at the right of the
magnet C in Flg 89. The device is now ready for the dial
impulses, ; .

TCl.Library; Www.telephon%collectors.info

-

e

b s

s R A G A L



174 TELEPHONE THEORY AND PRACTICE

With the receiver off the hook at the subscriber’s station
the line circuit is closed through the dial-impulse springs anci
relay A in the testing circuit is energized. The operation of
the slow-acting relay B follows and connects the circuit of
the stepping magnet C through the closed circuit-breaker springs
to contacts of relay A and extinguishes the testing cord super-
visory lamp. Dial tone is transmitted to the subscriber’s station
to advise that the testman has the indicator connected and ready
to reccive the dial impulses. The inspector or person assisting
the testman then dials zero (0). At the central office, relay A

will be releaséd momeptarily on the ﬁli‘*tbre‘t:l\ Simpulse from the -

dial and thereby close the circtit of magnet C fo release the

o B Fic. 90.—Testing turret—iront view.

indicator pointer which will begin to move at ‘its owh spe:d
Meanwhile, magnet C will be operated ten times and on the tentl;
impulse will operate a tripping device to stop the pointer. The
position of the pointer when stopped indicates directly the num-
ber of break-impulses transmitted Dy the dial per second. The
usual standard for which dials are adjuéticd'is ten per sec(;nd

In small installations the duties of testman and repair cléarku
and sometimes of information operator, are performed b}i‘
one employee. In such cases, the complaint and information
trux?ks are wired to the local test desk, and the jack and signal
equipment are installed in vacant jack spaces of the face panels.
Eqwever, if these classes of work require more than one employee; -
it is more  economical to assign separate employees to the dif-’ '
ferent classes and provide separate information and repz;ir
clerk desks than to install additional test-desk positions,
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For smaller offices, with cstimated ultimate capacities not
exceeding 1,000 lines, a less elaborate test-desk equipment
called a “testing turret” (Fig. 90) isused. Thisis of the cordless
type and may be placed on an ordinary desk and used with the
dial and talking set of any standard dial telephone.

Repair-clerk Desk.—The duties of the repair clerk are princi- -

pally of a clerical nature. He maintains the subscribers’ line
card records, records the data and prepares the reports of the
routine tests, receives complaint reports from subscribers,
and assists the testman by locating for him cards needed in the
testing work. Obviously, the local testing and the repair-clerk
Services are closely related and therefore, if the testing in a

multi-office system is centralized, the repair-clerk service also_

should be centralized.

In small offices where these clerical duties are not great
enoyzh to require a separate employee, they may be carried
out by the testman at the local test desk. For larger offices,
however, one or more repair clerks may be required and specially
equipped desks have been designed for their use. One of these
consists of the necessary number of “operator’s writing-shelf”’
units and «card-compartment’ units to meet the requirements
of the system. Each writing shelf is equipped with an operator’s
telephone circuit, with a dial, incoming key-ended trunks from
selector levels, outgoing trunks to the verification switch train,

" and such other circuits as are required for the operation of the
“service. -A-desk consisting -of ome writing shelf and one card

compartment is illustrated in Fig. 91.

In the larger multi-office exchanges with centralized service,
where the line records occupy 2 number of card compartments
and several clerks are required, it would be difficult to arrange
all the card compartmehts so as to be accessible to each of the
clerks. In such cases, it is often advantageous to segregate the
cards in office or district groups and also to arrange the incoming
complaint trunks terminating at the desk in corresponding
groups, so that a clerk may be assigned to a particular office or
district and have the corresponding line records within reach.

Routine-test Equipment.—In order to anticipate conditions
which lead to future faulty operation, the outside plant, sub-
scribers’ station apparatus, and certain of the apparatus at
the central office associated with the subscribers’ lines are
periodically subjected to tyoutine” tests. When a step-by-step
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176 TELEPHONE THEORY AND PRACTICE

installation is first put into service, a program i

rec'ommending the intervals at which inspcclt)iofs sxl?oullsd g:e;aal;ied
adjustments checked, apparatus cleaned, and routine tests co ;
ductcd.. The schedule is subsequently modified, if necessa D:
de;?cndmg upon the percentage of faults found each mong]’
Thls' method tends to insure the continuation of commerciai
service without incurring expenses out of proportion to th
.beneﬁts derived. As a general principle, the rout-'me-tesi
intervals are scheduled so as to produce a weighted balaﬁce

[
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Fie. 91.—Repair-clerk desk.

between the percentage of faults detected and their relative

cffect on present or future service. To facilitate these tests
y

a'number_of special routine testing devices have been developed
liiepresentative among these are the ‘“hand test telephone »
the *“rotary test set,” the “interrupter machine,” the “connect(,)r
test set,” and the ‘““toll train and repeater test ;set."

. Hand Test Telephone.—~The hand telephone- set, probably

" used in more of the routine tests than any of the other portable

test apparat'us, is commonly called by testmen the “buttinski,”
4 name c'ienved from the slang expression “butting in.” Oxyle
of t}Tem is ehown in Fig. 92 with cord and test plug attached.

b

= leaving only the receiver and a
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- By means of its plug and a test jack provided on each unit of

switching apparatus, this set formsa convenient means of making
certain tests lon individual units of equipment.

The set has a transmitter at one end and a receiver and .
dial placed back to back at the other. The handle portion of
{he frame contains two exposed push buttons marked C and R
and a condenser, retardation »
coil and resistance inside. The
button C is depressed, when
plugging into a test jack, and
opens the transmitter circuit,

condenser in series across the
line. This prevents interference
with dialing if a subscriber should
happen to be establishing a con-
nection when the test plug was
inserted. If the testman desires
to communicate with the sub-
geriber, the button C is released
closing the transmitter circuit.
The button R normally short-
circuits a 1,000-ohm resistance
and, when this button is de-
pressed, the short-circuit is re-
moved, and the resistance is ,
connected directly in series with the dialing circuit .of the set.
This enables the testman to test a switch to determine whether
or not it will step properly on the break-impulses of the test
dial over a 1,000-ohm loop circuit. The hand set is utilized
in routines which require talking, listening, and dialing over a
standard-resistance test loop.

Rotary Test Set.—The rotary test set, shown in Fig. 93,
is used for testing the automatic rotary (trunk-hunting) move-
ment of switches, such as selectors and P.B.X. connectors.
As shown, it is arranged for convenient temporary attachment to
the top angle-iron support of switch shelves. The set has
mounted on the front a standard dial and on the left side two
keys for changing the test resistances and the test conditions,
and for releasing the switeh after it has been rotated. Of the
two cords at the left, one has a plug fitting the regular switch test

F1g. 92.—Hand test telephone. ¢

-
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178 TELEPHONE THEORY AND PRACTICE

jacks individual to each switch, and the other a “busying tool”
for connecting with a row of bank contacts of a Strowger-type

Fia. 93.—Rotary test set.

switch. All the radial contacts of the busying ool are connected
together, with the exception of the fifth which is insulated from
the others and to which a separate electrical condition may be

v Fic. 94.—Interrupter machine,

applied. Within the case are two standard resistances and ‘a
condenser. In testing, the busying tool is first placed on the con-
trol bank contact level of one of the switches in the group under

tacts, except the fifth which has a
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test. Then the test plug is inserted in the jack of the individual
switch to be tested and the dial operated to raise the wipers to
the corrospc\nding bank level. It is obvious that the switch on
which the busying tool is placed cannot be tested until the tool
has been moved to some other switeh in the group.

This set provides for testing the rotary movement of switches,
first, with the control bank contacts grounded through 20 chms
cesistance (trunk-hunting connectors
through 150 ohms) and, second, with
direct ground on all the bank con-

capacitance to ground of 14 microfarad.
All switches should make a complete
rotation under the first test and should
rotate tc and stop on the fifth contact
under the second.

Interrupter Machine.—The test set
shown in Fig. 94 is called the “inter-
rupter machine’”’ or “varying machine.”
It is used for testing the stepping ac-
tion of selector switches under extreme
operating conditions. Also, it is em-
ployed frequently in making certain
tests on repeaters. The extreme con-
ditions, under which it is considered a
selector must operate satisfactorily, -
are: over a zero-resistance loop with a Fre. 95.—Commector ~test-set
15,000-ohm non-inductive resistance stand.
shunted across the impulse springs (representing leakage)
and over a 1,000-ohm loop with no resistance shunt (no leakage),
both at a fixed speed of 14 break-impulses per second.

The case of this set contains a motor driven from the central-
office battery with a rheostat for adjusting its speed. Through
a speed-reducing worm gear, this motar drives two impulse-
spring units. The necessary st andard resistances and a switching
relay are also carried in the case. A connecting clip in the
lower right corner of the cut is for making the battery connection
and the small plug at the left is for the test jack of the switch
under test. The fan-shaped “hand control unit” below the box
contains three push buttons, marked respectively ““loop,”
“ghunt,” and ‘“rel,” these being respectively for applying the
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180 - TELEPHONE THEORY AND PRACTICE

1,000-ohm loop and the 15,000-ohm shunt tests and for releasing
the switch after testing. )

Test-set Stands.—In addition to the sets readily portable
by hand, such as those shown in Figs. 92, 93, and 94, more
elaborate “floor sets,” wherein testing apparatus is assembled
on floor stands supported on casters, have been developed.
One of these for testing individual line, trunk-hunting, frequency
selecting, and other special types of connectors is shown in Fig.
93.

The tests for which this particular set was designed may be

enumerated as follows:
_ eT: \ _ o

1. Impulsing at 10 impulses per second ‘through 1,000-chm loop resist-

ance having no leakage.
2. Impulsing at 10 impulses per second through a zero loop resistance

having 15,000 ochms leakage.
. Back-bridge cut-off relay operating in series with 1,500 ohms resist-

3
ance.

4. Busy relay operating in series with 150 ohms resistance.

5. Ring-back tone. '

6. Reverse-battery supervision.

7. Interrupted ring.

8. Ring cut-ofl.

9. Grounding of control normal.

10. Release. -

11. “Last-party-hang-up” feature.

12. Transmission continuity.

13. Wiper cords.

Information Desk.—In the larger step-by-step offices, specially
designed desks are provided for handling information and
gpecial-service calls. In the smaller systems, where the volume
of this class of traffic does not require the full services of one oper-
ator, such calls are sometimes answered at one of the toll-board
positions. The usual custom now, in multi-office exchanges,

_ is to centralize information service in one of the central offices.
The subscribers’ line records may be in book form or in rotary
card files. A desk arranged for a rotary card file is manufactured
in one-position sections which may be grouped as necessary
to meet the needs of any particular system. The trunks from
the selector levels terminate in keys with associated supervisory
signals, and, when several positions are installed, the circuits
are multipled through them as required. A group of four posi-
tions, using rotary card files, is illustrated in Fig. 96. The
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positions are staggered, a rotary file being placed between the

two operatf)rs on each side.

Service-observing Equipment.—It is desirable to make
service observations for three reasons: first, to test the quality
of service the subscribers are receiving in general; second, to
watch for particular irregularities that have been reported;
and, third, to collect data, by stop-watch timing, as to the time
clements of the service, such as holding time, dialing time, and

Y16, 96.—Information desk. ‘
ansvs:ering time, as an aid in determining the cireuit and appa}atus
requirements in various parts of the system.

Service-observing equipment in Strowger exchanges com-
prise a ““service-observing turret”’ (Fig. 97), a single-pen register,
control relays, ‘and cut-in relays. It has been developed for
single-office and multi-office centralized service, but the following
description refers to the single-office type.

With this, one control relay group is required, and a number
of sets of cut-in relays, depending upon the total number of
subscribers’ lines or trunks to be connected for observation at
one time. In a 10,000-line office, fifty sets are usually provided,
permitting observations to be made on a group of fifty lines or’
trunks. The cut-in and control relays are mounted in groups
on standard mounting plates similar to those shown in Fig. 53
used for impulse repeaters. ~ The control relay group is connected
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182 TELEPHONE THEORY AND PRACTICE

to the turret, which may be located on a desk or table placed in
some reasonably quiet position. The circuits of the cut-in
relays are cabled to the line I.D.F. or the connector boards, where
they terminate in multiple jack boxes so placed as to give
access to all the lines and trunks, by means of flexible ex-
tension cords equipped with shoes designed for clamping to
the terminals. The lines or trunks under observation are
thus connected directly to the cut-in relays, and thence they
are extended to the observing turret by the control relays
in the order in which calls originate on them. Means are

Fi1:. 97.—8ervice-observing turret.

provided to prevent interference when observations are being. -

made on a particular call.

In ordinary observing, the operator is required to manipulate no
keys and therefore may confine her entire atiention to timing and
recording the different time elements of the connection and to
making any special notes, such as those regarding transmission.
When a subseriber connected for service observation réemoves his
receiver from the hook switch, the cut-in supervisory lamp lights;
when the called number is dialed, the pen register (not shown)
records the number; and when the connection is released, the
““disconnect” supervisory lamp lights. The service observer is
connected during the entire period and may, therefore, obtain a

. complete time-interval record of the connection. '

CHAPTER 1V

THE PANEL DIAL SYSTEM!

Outstanding Characteristics.-—The panel-type machine-switch-
ing system derives its name from the fact that its contact banks
take the form of flat panels. 1t is the type of equipment gener-
ally used by the Bell System for providing dial telephone service
in large cities and their environs.

In such telephone-exchange areas the trunking plan is always
complicated, while the service requirements are varied and fre-
quently subject to change. Where each modification of service or
operation affects so much equipment, a flexible system becomes
of first importance.

At its first adoption, such a dial system must be introduced
into a manual-exchange area where the service and trunking
conditions are already very complex and where the large number
of subscribers involved muakes it impossible to introduce any
rapid wholesale changes in the subsecriber’s method of placing
calls. The system must be capable of handling in an economical
way the calls requiring interconnection between manual- and
dial-system subscribers; and, when manual offices are replaced
by dial offices, the conversion should be accomplished with the
least pessible expense of time and equipment. At any stage of its
life, the equipment must permit rapid changes in trunk routingsor
in the number of trunks in working groups. When new offices
are placed in service, the new trunk groups necessary to reach
them from the offices alrcady working must be readily established.

Such flexibility under changing conditions is the most out-
standing characteristic of the panel system. The two most
important means of providing it are the use of a “sender’” and
the provision of a switching train made up of selectors with a
large trunk or line access; but many other details of apparatus
and circuit design have been dictated by the same requirement.

The Sender.—With the panel system, when a subscriber ini-
tiates a call, his line is extended to an auxiliary unit of equipment

1The photographs and other material used in preparing the illustrations
of this chapter were furnished by courtesy of the American Telephone and
Telegraph Company. :
183 ‘
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184 TELEPHONE THEORY AND PRACTICE-

called a “sender.””  As he dials the office code and line number he
desires, it is the sender which receives and records this informa-
tion. The subsequent control of the selectors, by which this
call is routed first to the desired office and then to the desired
line in that office, s erercised by the sender and not directly by the
dial. '

This centralization of the reception and the control of the call
in the sender serves many useful purposes, the most important
of which are:

1. The arrangement of the inter-office trunks on the selector
banks is independent of the code digits; economy and conven-
ience are the controlling factors. ‘'

2. It is possible to change the routing of calls to a particular
central office or group of central offices without affecting the code
that the subscriber dials or changing the routing of calls to other
offices. :

3. The steps of selector operation, being under the control of
the sender, are not dependent upon the speed or other limitations
of subscriber’s dialing.

4. The decimal basis of selection upon which the switch train
must be arranged when under the direct control of the dial is no
longer necessary and freedom of selector design is gained.

5. With selectors under direct dialing control, it is necessary
to provide space on the selectors for every office code which can
be dialed whether used or not. This necessity is eliminated

since the sender recognizes non-working codes and routes them
all in the same way. — o

6. Tandem operation is greatly facilitated, since any code can
be routed through tandem without reference to other codes and,
having been so used to determine the routing from the local

—~ office, it can still be used as a whole to control the routing in the
tandem office.

Large Access Selectors.—Ireeing the selectors from the need

of following the decimal basis of selection and making them

independent of the time elements of dialing permit the use of
larger banks and selectors of longer travel. Advantage has been
taken of this in the pancl system to use selector frames upon
which 500 scts of terminals appear before each sclector. This
- has two fundamental effects on the selector train. In the first
place, it reduces the number of selectors through which a con-
nection need be routed by increasing the number of routes to
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! .
which one selector has access and, in the seconc% place, .1'(. §el:x(11utsl
increasing the size of the trunk groups over wh1'ch the in 1':1 u]::
selectors m\a.y test to find an idle trunk, thereby improving trunk-

fliciency. - . N
gr(z;ll)]:r chnra?:'teristics of the panel system are the prowsmlxlx. of
motors to supply the power by which the selectors and conL ro utltg1
switches are moved and the use of flat, double-faced banks w1

selectors mounted on both sides of them.

ELEMENTS OF PANEL EQUIPMENT

_ Figure 98 shows in a summary schematic form the element,t;
involved in establishing a telephone conne'cuon through panel

- - —

-4

— ! i - ‘
i ! Called
| 4
Calling | 9 : | alle
line ] ) ! ;
1
i VYo .
¢ str 1 : Final} |
\District] Office} | v Neomin
; /4;;‘,\7/.8:’ I/'u. for se/ecror | ' /ecfo‘z .58/&6/0" }
H
s b H
i by 3
' Vo i
l .
] Sender : : :
l N 1
\ 1
| 1
| omoman OFFICE | TERMINATING OTICE
Fia. 98.——Panel dial-system elements—sachematic.
equipment. The subscriber’s line terminates on the banks of a

line finder, When a callis originated, an idle.line finder searches. . .

out the calling line and makes cohnoéti(?n to it. To .thls line
finder a sender is then attached into wl‘nch the -subscrlbelz I;ero-
ceeds to dial the number he is calling. "'1 he selection of fthe hxinh r-
office trunk is made through the dist.nct selector, one of w hc thls
permanently associated with each line ﬁnd?r, an(.l througd the
office selector. On some calls the latrte'r is omitted and the
desired trunk is selected directly by the 'dlStTlct. selector. ed
In the terminating central office, the sclection of the ca.Ttl_e1
line is made by the incoming selector' and ﬁx}al selecftor. 0 e
incoming selector is permanently associated with t}.le m’;f.r-l;) t;e
trunk. Its function is to select th(', ff"“l group in whic thi
desired line appears and to choose an idle final select.(})(r mf .tlz:e :
group. The subscribers’ lines appear upon the b;m % of the
final-sclector frame and the selection by the final selector of t
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_ 186 - TELEPHONE THEORY AND PRACTICE

particular line desired completes the setting up of the connection.
All stages of selection from the district selector on are under
control of the sender.  When the called line is reached, a talking
path is established between the calling and the called party and
the sender releases.

Ft- Commutator

\
L Commutator
brush

"I Selector rod

[~ Top bank(Bank4)
Tt Selector brush
3| tWormal)

| | Trip finger

TS Trip rod

-Bottom bank(Bank0)
“t1Sekector brush [ Tripped)

2, 7rip magne?

2okl .. Up drive clufch

Fi1G. 99.—Panel sclector I'nechanism.

~ The Panel Selector.—The essential mechanical features of the
panel. selector are shown in Fig. 99 which represents, partly in
section, an end view of a typical selector frame, such as that of
which a complete view is shown in Fig. 112. At the bottom of
the frame, on each side, are two power-driven cork-covered
rollers, constantly revolving, onc in each direction. Above
these are the banks, five in number, of 100 sets of terminals each.
Long vertical selector rods designed to slide up and down appear
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-~

before these banks The bottom of each selector rod terminates
in the rack \a flat strip of metal which can be pressed against
cither the up-drive o1 the down-drive cork roller to drive the
selector rod up or down. In front of the rack are two magnetic
clutches, one opposite each of the drive rollers. Each clutch is
arranged, when operated, to force a small roller against the rack
to hold it against the corresponding cork drive roll. One of
them operates in this way to produce the upward motion of the
selector rod, and the other the downward motion. i
The rack is provided with small slets into which may fall the
spring pawl that appears just stove the down-drive magnet.
The armature of the down-drive magnet is arranged to lift this
pawl out of the rack slot before pressing the rack against the
down-drive roll. The pawl] and the rack slots provide the neces-
sary support to hold the rod in a set position after it has moved
up the bank. There is one slot for each position that the rack
and selector rod are called upon to assume,
. Mounted on the selector rod are five selector brushes, one for
each of the five banks. ‘The extent of travel of the selector rod
is just sufficient to move these brushes from their normal position,

- below their corresponding banks, to the top of the bank, that is,

slightly more than one bank height. These brushes can make
contact with the terminals of the bank, but each brush has an
operated and a non-operated condition, only one of the five
brushes being permitted at one time to be in an operated con-

dition capable of making contact with the bank terminals, . . = 7 ==

The top of the selector rod terminates in the commutator
brush which slides on the metal strips of the stationary com-
mutator. The tip, ring, and sleeve leads are brought into the
rod by this commutator and brush and the wires are led down
inside the selector rod, which is made hollow for this purpose,
to be brought out and multipled to the springs of each brush.
This commutator also serves a purpose in controlling the selector
operation. )

Parallel with the selector rod and between it and the bank is the
‘trip rod. This rod has no vertical motion but it is arranged to
rotate through an angle of about 90 degrees. This rotation is
produced by the operation of the trip magnet, mounted just
above the down-drive clutch magnet. When the trip magnet
releases, the rod is restored by a spring. Mounted on this rod
by a spring attachment are five small trip fingers. The position
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188 TELEPHONE THEORY AND PRACTICE

of these fingers with respect to the brushes and their correspond-
ing banks is shown in Fig. 100. One of these is located above the
normal position of each brush but below the level of the bottom
terminal of the corresponding bank. As the drawing shows, all
these trip fingers are not in exactly the same relative position with
regard to the normal brush positions. The bottom trip finger is

Cmmfafac.--w'm
brush ~

Bank 4

/p finger.
‘ /Jp/acemenf 5 pos)
Brush4

I
[
[

o Trip fing
l D:qz’a/ccmem‘ 14 pog)

Bank 2

.
I

Selector,_ |
rod

Fe
Trip rod-s” Trip finger
i | Iaﬁi,é’m%;f 73 pos)

'1"’ Brysh
g Bank |

Trip linger
1 Drapﬁc/}zmml/ 2 pos.)

g Bank0

- Zr/ /fm_qer f”
splacemen 08
= pace pos)

Fi1e. 100.-~Brush and tnp finger positions.

the closest to its brush in the normal position, the second one
step higher relative to the second brush, the third two steps
higher, and so on.:

The Selector Brush and Brush Tripping.—A selector brush
(Fig. 101) consists of a set of four flexible contacting springs
mounted on a elamp by which the brush fastens to the selector
rod. These springs project inwardly toward the bank far enough
to permit contacting with the bank terminals. The two outside

Y

]
fi.
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springs of the brush make connection, respectively, to the tip
and ring telsminals of the bank. In all frames except the line
finder the two inside springs are strapped together and both
contact with the sleeve terminal. On line-finder frames an
additional terminal is required for control purposes and contact
with this fourth terminal is made by one of the inside springs,
while the other still contacts with the sleeve terminal.

Below the contacting springs is a support which carries a
pivoted trigger. Inone position of this trigger a pair of insulated
rollers is pressed between the brush springs to hold them sepa-

SIDE VIEW - TRIPPED

BOTTOM VIEW - TRIPPED

—~TRIP /»n:s:r CLAMP
szr.n LEVER
ND_ »
councr -
SPRINGS §

- BOTTOM VIEW - NORMAL . T SIDE VIEW -NORMAL

Fia. 101.—Selector brush.

rated and away from the bank terminals. This condition is
shown in the lower pair of brushes in Fig. 101. There are two
levers to the- trigger, one short and one long. The shorter, or
“trip,” lever is used to operate the brush by engagcment with
trip fingers. When this level is pulled down, the rollers snap out
from between the springs permitting them to come closer together,
as shown in the two upper brushes of the figure. In this positién,
the springs of the brush are capable of contacting with the ter-
minals of the bank. The longer, or “reset,” lever of the trigger
is provided to restore the brush to the non-operated condition.
This it-‘does by engaging with a base plate, or “reset plate,”
such as that shown in Fig. 102, when the selector is lowered to its
normal position.
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190 - TELEPHONE THEORY AND PRACTICE

The selector rod, because of the provision of slots in the rack,
can be stopped in any one of five different preliminary positions
between normal and the level of the first terminal. These five
preliminary brush positions correspond to the five different levels
of the trip fingers shown in Fig. 100 and they are so established

\ B -
Bank ferm/'na/.i(
A
1
N
Brush RN NN
Springs—-> X or2p b |
. N
‘Sp@wng n.’”irf: y\; . —f:' ~Trip finger
Trip lever--==" °
Reset fever-="" . _A4-- 7rip rod
Retractile re.
spring ™ KIN"" Selector rod
Brush resef_..>
plafe - 3 | | -

Trip armature
extension

Rotating lever-" -

Fic. 102.—Brush-tripping mechanism.

that, if the selector rod is stopped in the lowest position of the
five, the trigger of the bottom brush will be just opposite the first
trip finger. Stopping the rod in the second position instead of
the first will bring the second trip finger just opposite the second

brush while the trip finger of the first bank is then below, and

those of the upper banks above, the triggers of their correspond-

.
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~

ing brushes. The thlrd position of the rod brings the thlrd brush
opposite its trip finger, and so on.

The tripping of the desired brush is accomplished in the follow-
ing way. The selector rod is moved up, let us say, to the first
step just described and is stopped in this position. The trip
magnet is operated as shown in Fig. 102, turning the trip rod and
its five trip fingers with it. The bottom trip finger in this posi-
tion of the selector rod will just hook over the trigger of the brush
of the bottom bank. This will not stop the further rotation of
the trip rod itself, because there is a spring connection between

the rod and the fingers which permits the rod _to- continue its’ - 7.

motion after the finger engages the trlgger "The other trip -
fingers of the rod are all too high to catch upon the corresponding

brush triggers, so they move past without engaging anything.

With the trip magnet still operated, the selector rod is started

up again. As it moves, the bottom brush finds its trigger held

down by the trip finger which has caught it and thus the sepa-

rating rollers are snapped out and this brush is placed in the oper-

ated position capable of making contact with the bank terminals.

It is this precise stage of the operation which is illustrated in

Fig. 102. - All the other brushes will remain unoperated.

If, before rotating the trip rod, the selector rod had been
moved to the second position, it would have been the trip finger
of the second bank which engaged its brush, and so on. '

By this arrangement the choice of the brush to be tripped 2 and,

- conseguently, the bankin which connection will be made, depénds

upon the extent of a preliminary vertical motion of the selector
rod. The second vertical motion of the rod brings the operated
brushes into contact with the terminals of the bank, and those
terminals to which it will be connected are determined by the
height to which the rod is raised. ks

The Clutch and /ssociated Apparatus.—Typical clutches and
some of the associated apparatus for an adjacent pair of selector
rods are shown in Fig. 103. The lowest clutch magnet, by

‘operating to raise its armature, forces the associated idle roler

against the rack which is, in turn, pressed against the up«dnve
cork roll (see also Fig. 99). The clutch magnet, just above, ina
similar way presses the rack against the down-drive cork roll.
Associated with the armature of the down-drive clutch is a second
arm so arranged that, as the clutch armature is drawn up, this
arm moves with it, pressing upon the pawl which is thus with-
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192 TELEPHONE THEORY AND PRACTICE

drawn from the rack to free the rack and the associated selector
rod and permit the downward motion.

The upper, or trip, magnet of each clutch operates an-armature
which bears upon a lever associated with the trip rod, so that,
when this magnet is operated, the trip rod is turned. This is

shown diagrammatically in Fig.
102. o
The Panel Bank.—The panel
selector bank is a double-faced,
~flat, rectangular block, from
both sides of which the contact
teyminals project. Each out-
going trunk is represented by
three terminal lugs per trunk
appearance—tip, ring, and
sleeve. Each trunk appears
thirty times on each side of the
bank so that it will be available
to all the 60 selectors which
mount on a single frame. The
bank is 100 sets of terminals
high, so that a selector brush can
take 100 different contact po-
sitions. The details of the bank
construction are illustrated in

spective view of a bank.

Each bank is formed by piling
up long flat metal strips B, C,
and D of Fig. 104, with interven-
ing strips A of insulating material
separating each from those on
each side of it. Each metal strip has contact lugs projecting
from each of its edges as shown. Three metal strips with in-
tervening insulation constitute the terminal lugs and strapping
for one trunk. The lugs of these three strips are in different
relative positions along the length of the bank, so that those for
cach selector fall in three different vertical rows before each se-
lector brush (see Fig. 101). ) .

The whole bank is clamped together by insulated bolts running
from top to bottom. Soldering lugs are provided at each end of

FiG. 103.—Clutch.

- Fig. 104, Fig. 105 being-a- per---- ===
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each strip for making the circuit wiring connections to the banks.
In order to a‘llow ample space for bringing in and soldering the
wires, the lugs for successive sets of terminals appear on opposite
sides of the bank.
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Fic. 104.—Panel selector bank.

This general type of bank construction is used in all "panel
frames but the number of terminals, terminal appearances, ete.,
is varied to suit the required conditions. In the line-finder
bank, for instance, there are four terminals per line instead of

- three, and banks are only forty sets of terminals higho .. -
=== - The Commutator.—The commutator of the panel selector is'a -

flat approximately rectangular piece of hard dielectric composi-

Fic. 105.—Panel selector bank.

tion with inset metallic strips on both sides. These strips are
of various shapes one being shown in Fig. 116. In Fig. 106 they
are shown mounted in place at the top of a selector frame.
Connections to these strips are made through soldering lugs at
the top or bottom. T

The commutator brushes, associated with the selector. or

elevator rod, slide over these metallic segments as the selector rod _

- ~
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194 TELEPHONE THEORY AND PRACTICE

moves. The main purpose of the ladder-like segments is to
signal to the sender the position of the moving selector rod as a
part of the selection process to be later deseribed. They also
play a part in returning a signal to the subscriber, when all the
trunks in a group are busy,
and assist as well in centering
the clevator rods on the bank
terminals,

The Sequence Switch.—One
piece of auxiliary equipment

ih the panel system is the se-
quence switch. This switch

Lo A . i o
et e
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~2d-t consists of a set of electrical
Zo contact cams mounted on a
-3 horizontal shaft to the end of
| which a disk is attached by

means of a flexible spider. A
magnet is provided which,
when operated, draws this flex-
ible disk against a constantly
revolving driving disk mounted
on a vertical drive shaft. Four -
brushes bear on each cam and
1| _any .two_or more of these can- -
1" be electrically connécted to-
gether through this cam in any
225! position of the switch by proper
design and cutting of the con-
tacting faces.
" The sequence switch can be
(" stopped in any one of eighteen
angular positions and, since
the sequence switch can carry
twenty-four cams, it is possible
to produce eighteen different sets of interconnections between
ninety-six different leads. ‘
This switch is used in the sender circuit, selector circuits, ete.,
" where it is arranged to move from position to position as the
circuit functioning progresses, accomplishing as it moves most
of the essential circuit operations. The duties which it per-
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Fiq. 106.—Commutators.

«! which finds very extensivé-use . . - I
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forms could be discharged by relays but the number required
would be so’ great that the cost of the equipment would be
considerably increased.

The details of this device will be clear from Fig. 107, which
shows an unmounted switch. At the left is the driven disk with
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Fic. 107.—Sequence switch-—detail,

the magnet which pulls it against the driving disk. A flexible
spider provides the attachment between the disk and the shaft,

-with-its gssociated ‘cams——Nearest the driven disk is a special- = - V

cam with a crimpéd edge upon which a small roller bears. This
is called the “A” cam and is shown in detail at the bottom of the
figure. This cam aids to center the switch in each of its eighteen
different positions. This effect is accomplished by a combination
of mechanical and electrical action. The tension of the roller
tends mechanically to stop the switch with the roller in one of the
disk depressions- which are arranged to correspond with the
cighteen switch positions. In addition, an electrical circuit
through the brushes and ‘cuttings of this cam is arranged to hold
the driving magnet operated between switch positions, opening
the circuit and releasing the magnet when the switch is centered.
At the end of the shaft farthest from the driven disk is an indi-

~cator by which it is possible to read the position in which the

switch is standing.:
Motion of the switch is accomplished by closing a circuit to
its driving magnét through a cam contact of the switch iteelf, so

Y Tos
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196 TELEPHONE THEORY AND PRACTICE

that, when the switch has moved ahead far enough to break the
circuit, the magnet will be released and the switch will stop in the
first position following. The electrical circuits accomplishing
this are independent of the centering circuit of the “A” cam.

At the bottom of Fig. 107 is shown a typical cam of the sequence
switch. It consists of a disk of insulating material, upon each
side of which are riveted metallic plates punched in the proper

“shape to make the desired connections. The rivets serve as an
electrical coupling between the two plates, so that each cam

ll a qu.z( ({{rf?f? é:'%‘%im

Fig. 108.——-Sequence switch—assembly.

comprises one circuit connecting unit. A detached brush
assembly for making contact with these cams is also shown.
In Fig. 108 appears a group of these scquence switches mounted
in posmon on a frame. The vertical constantly turning drive
shaft and its associated driving disks appear at the left.

Relays.—In the panel system as in all other telephone switch-

ing systems the relay plays an important part. In order to
serve the wide range of requirements which the design of the
system demands, many varieties of structure and many winding
and spring arrangements-are used.

By far the greatest number of relays in the panel system are
of the “flat” type alrcady discussed in connection with Fig. 163
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of the preceding volume.! The distinguishing feature of relays of
this type, it will be remembered, is that the whole framework
including the core is formed by punching operations. In some
cases, the core, which would othermse be left rectangular, is
swaged into an oval shape, per-
mitting more wiring turns to be
introduced in the winding
space.

Round-core relays, which
lend themselves more readily
to the design of relay structures
of low magnetic reluctance, are

N\
ARMATURE

. TENSIONING
used for some purposes in the SPRING

panel system, especially where
high sensitivity or exceptional
time requirements are necessary, but their use is comparatively
small. The stepping and counting relays of the sender, whose
functions are later described, are examples of this. The step-
‘ping relay must be both fast operating and sensitive, while the

Fra. 109.—Counting relay.
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Fia. 110.—Multi-contact relays.

counting relays must meet particularly the requirement of
speedy operation. Figure 109 shows one of the counting relays.

Figure 110 shows two types of multi-contact relays. In the
lower relay of the two shown, the operating magnet appears at
the right-hand end. The metal sheath covering it forms a
part of the magnetic structure. When this magnet is energized, a

! Manual Switching and Substation Equipment, p. 184.
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198 TELEPHONE THEORY AND PRACTICE

bar extending across the relay is drawn toward the right, moving
with it the contact springs mounted above and below. In the
relay shown, thisTesults in the closing of fifty make contacts and
two transfer contacts. Upon the release of the magnet, this bar
restores to its normal position. )

The upper structure in the figure comprises two relays inde-
pendent of each other except for their common mounting. The
operation of each of these relays is the same as that of the one
described, except that the magnet of the left-hand relay is at the
left of the operating bar instead of at the right.” ;
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Fi6. 111.—Interrupter.

The Interrupter.—The power-driven interrupter is a mechanism
used in various capacities in the panel system. This type of
- interrupter consists of a reciprocating bar driven back and forth
by a cam geared to a drive shaft. This bar, as it reciprocates,
periodically closes and opens sets of contacting springs. Figure
111 shows an interrupter of this type mounted in place. At
the left of this figure is shown the vertical drive rod with its
attached driving gear. Meshing with this driving gear is the
driven gear with its associated cam. Bearing against this
cam, under the tension of the stiff retactile spring, is a roller,
which is attached to the horizontal bar extending across the
front of the interrupter. Projecting from the top and bottom
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of this bar are small cylinders of insulating material which
bear against the contacting springs. As the cam rotates, this
bar is moved back and forth in accordance with the elevations
and depressions of the cam, so that the time at which the con-
tacts are opened and closed is determined by the design of the

‘F1c. 112.—District selector frame.

cam and the gearing ratio. Since these interrupters are used
for many different purposes, there is a number of different designs
of gearing and of cams as well as of spring arrangements. For
very slow interrupters, an idling gear element is added. i
The cam design is frequently arranged to permit three different

‘bar positions; that is, right, left, and neutral. This permits thg
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200 T ELEﬁIlONE THEORY AND PRACTICE

alternate closing of pairs of contacts with an intervening time
interval during which neither pair is closed. This is a form very
useful in timing circuits, since the two different signals serve to
indicate the beginning and the end of a timing interval.

The Selector Frame.—A complete district-selector frame is
shown in Fig. 112. Since the frame is double-sided, the rear of
it would present a similar appearance. Thirty selectors are
equipped on each side. At the right of the selectors is mounted a
bay of sequence switches, while the circuit relays are located under

the covers on the right of these. One selector circuit would
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Fig. 113.—Panel central-office terminal room.

include one complete selector rod and its associated apparatus,
one sequence switch, and the relays under one of the covers.
Except for minor differences such as the number of relays per
eircuit or cams per sequence switch, the district, office, and incom-
ing selector frames are similar in appearance. The final frame
differs in that it has an additional drive roll and clutch to provide
a slow speed of up-drive. For circuit reasons this has been
found desirable in making line selection. Figure 113 shows a sec-
tion of a central-office terminal room with aisles of selector
frames.

One motor provides the drive for one side of each of two adja-
cent frames, These are duplex motors running - normally

— |
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on the alternating-current power supply but, in case this should
fail, they automatically transfer to the 48-volt central-office
battery. Reduction gear boxes translate the drive to a suitable
speed for the cork rolls and sequence-switch drive shafts. The
top of the motor and gear box can just be seen in Fig. 112 at the
lower left corner of the frame.

GENERAL OPERATION

In describing the way in which the panel system functions, a
general outline of the operation will first be given. This will be

Originating panelOffice = -~ %L“S*' - 1~ Called-Pamel.Office _—
SN ~ . -
5 ! £y Sde
Calling i I o LResl |
subseriter|CY= . &y 2a8¥ 1L
line [.. re IR
S SN | k== © Called
Py ---_;,f_ »\QgJ R th BScriber
£ Inferoffice i |t= <8 line
st st t g £ 3 Fronk - ---——tub
;\&5 - QB 7
] T R o - ! R
Line finger frame | VO.4¢rect selector E.‘-:‘ ;-l‘;"'\ Icomngseh ‘w\
Trome 0 “Yrame selector frame
. 50 Panel A - TR
! operator |
Sencter Gosnon Called Manual Office
Manual office call Called
der naicaltor position subscriber
: L——7—me
Link
cireuit Displa
- ! Lamy,
FPosition
o — I ety
’ curear!

Fiu. 114.—Panel dial system—schematic.

_ O - LI T
= followed by-a Tiore detailed description of the operation of-the

separate elements. .

Figure 114 represents a connection in a schematic form, and
reference to this sketch will assist in understanding the descrip-
tion which follows. .

Each subscriber line appears on a set of terminals of a line-
finder frame.  Sucl: a frame 1s of sufficient capacity to serve the
outgoing calls from 400 subscribers’ lines. Associated with each
line is also a line relay and a cut-off relay. The operation of the
line relay, when a subscriber initiates a call, serves to start an
idle line-finder circuit scarching for this line. A link cireuit is
associated with the line-finder circuit, and this link eircuit will
choose an idle sender and connect it to the line finder.

When the line finder has found the calling line, connection will
be established from the line through the line-finder circuit and the

s o P

-
O
i . T
B

o o e oo

1 gy L2




202 TELEPHONE THEORY AND PRACTICE

link circuit to the sender. The sender will return dial tone to the
subsecriber informing him that he ean proceed with his dialing.

The subseriber then-dials the desired number, and this number
the sender receives and records. The digits which the subseriber
dials form two groups: first, the office-code digits which repre-
cent the called office and, second, the digits representing the
" number of the called line in that office. The sender determines
in accordance with the office code dialed what the routing of the
call should be. This it does by the use of an auxiliary circuit
called a “decoder.” As soon as the office code has been dialed,
the sender attaches itself to an idle decoder circuit. To this
circuit it transmits the code which represents the called office,
and the decoder, in turn, informs the sender with regard to the
type of office, trunk routing, ete.

Let us first assume that the called office is another panel dial
office to which direct trunks are provided. Information which
the sender has gained from the decoder permits it to set the
switches of the outgoing train in the proper positions to reach the
desired group of trunks.

The outgoing switch train usually consists of a district selector
and an office selector. One district selector is permanently
associated with each of the line finders, so that in assigning a line
finder to this call a district selector has been assigned at.the same
time. Under the control of the sender this district selector is now
moved and its selection operation consists of three stages: first,

the proper brush is tripped-in order to_choose that.one of the five-

“banks ﬁ)r‘ough which routing is desired; second the selector is
moved up to the bottom terminals of the proper group of trunks;

and, third, the selector tests these trunks one by one until'an idle -

trunk is found.

Each of these trunks terminates in a selector on an office-
selector frame.
control of the sender as the district selector was before, the proper
brush is first tripped and then the selector is moved to the bottom
terminals of the desired trunk group. This selector also tests to
find an idle trunk.

These trunks on the banks of the office-selector frame are the
inter-office trunks and each one terminates in the called office on

" aselector of the incoming selector frame. This incoming selector
frame is similar in general appearance and operation to the
district and office-selector frames.

This office selector now moves and, under the
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The selection of the proper line in the called office is made
through two successive frames, the incoming selector frame and
the final selector frame. Since each final selector frame, upon the

banks of which the subscriber’s lines appear, has a capacity of "

500 lines, a 10,000-line office will thus be divided into 20 final

choices. The incoming selector frame access is, therefore,
b Final Choice-19 Lines 9500~ 9999 ‘f Group 3
T - - /8 * 9000-94% Z Group 2
" o = 77 = B500-8999 5 Group 1
ol e e s |G erowp0 -
~ v~ 15« 7400-7699 = Group 3 ‘
e 4~ T000-T499 Z Group 2
" T - /- esw-6099] | Group !
v - J2 -~ 60006439 | Group 0
[ w J] w B50-5999 %4 Group 3
nom o 10 - 5000-54%8 | |Z Groupl
. - - "9 ~ #500-499 | |5 Groupl
[ " 8 » 4000-4499 | | GroupQ
- - 7 - 3500-3999 | |, Groupd
- s o 6~ 300-34%9 | |2 6roupl
e v v 5~ 25w-299 | |E Groupl.
. - 4 » 2000-7P | |D broupod
3 v v n 3 n 1500-999) lo Group3 . ~_,;
: - e . 2= 1000-1499 z’embii a7 e
R 1~ 05090359 | Group! ’
- 0 ~ 0000-0459 o- Groupo
Incoming Selector Frame |
Bank Layout

F16. 115.—Incoming frame trunk layout.

divided into 20 trunk groups in accordance with these 20 final
choices, 4 groups being assigned to each of the 5 incoming seleptor
banks. This will be made clear by reference to Fig. 115. The
first final choice, comprising terminals numbered from: 0000 to
0499, will be reached through the bottom group on the bottom
bank on the incoming frame, and successive choices -appear..
above this in order, ending with the choice which ccomprises

‘terminals 9500 to 9999, which appear as the top group of the top

bank.

-7
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204 TELEPHONE THEORY AND PRACTICE" ~

In accordance with the number dialed, the sender will, there-
fore, control the tripping of the proper incoming selector brush
and the raising of the selector rod to the proper group of terminals
to reach the final choice in which the called number appears.

The final selector frame (Fig. 114), which is divided into five
banks of 100 sets of terminals each, requires three selection
steps to reach the proper line: first, the proper brush must
be tripped; second, the proper group of 10 lines must be reached;

and, third, the desired line of the 10 must be selected. All of

these steps are made under the control of the sender and, when

they have been completed, this sender, its duties accompplished; -

disconnects from the line finder. The link circuit also re-
leases. The ringing is controlled by the incoming selector and
the call is cut through when the subscriber answers. The talking
path now extends from the originating subscriber’s line, through
the line finder, the district selector, the office selector, the

" incoming selector, and the final selector to the called subscnber 8

line.

In the case of party lines, each station on such a line is given
an independent number and the choice of the desired station is
determined by the type of ringing current sent out.

The provision of the two steps of outgoing-trunk selectlon
constituted by the district and the office selectors is necessary
to give access to all of the required outgoing trunks. If the

number of trunks were small enough, the district selector alone
~ “might be sufficient ‘to-reath them and the office selectors might
be omitted, but this seldom occurs in the larger cities. Provision
is, however, made for reaching outgoing trunks directly from the

district selector, for use in the case of individual trunk groups
when it appears economical. When this trunk arrangement is
_used in the case of a particular called office, the sender is informed
of the fact by the decoder and, after completing distriet brush and
‘zroup selections, it completely omits the steps of office-selector
control. This is one of the features which assists in lending
flexibility to this system.

In case the call dialed is intended for a subscriber in a manual
office, the office code dialed is recognized by the decoder as that of
a manual central office and the sender is so informed. The sender
controls the district and office selections just as it did in the
previous case, but, having reached the inter-office trunk group, its
procedure after that is quite different.
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Each trunk of this inter-office group terminates in a cord-
on a “B” position in the manual office. The sender closes
through an electrical circuit over the trunk, which constitutes
a signal for associating a pulse-receiver circuit with this cord.
As soon as the path to this receiving circuit has been established,
the sender transmits a series of code pulses which are recorded in
the pulse-receiving circuit, and from this record a set of indicator
lamps is lighted to display to the “B” operator the number of the
called line. She then plugs into the line jack indicxted by the

. displayed number. The sender disconnects after sending out
- the pulses-and the talking path is established:-

Overfiow ferminal

rertoow _ferminal S Trunks T3 3 00,
S i Fer el TIelTecliel ¢ Toants runks % repolr service
Overflow terminal 10 Trunks } & Trunks fo pore! X" goerafor

Overfiow fermnal (Ineffectme) 10 Trunks

Overflow ferm:nal (inefleclive) 10 Trunks 330 Trunks fo local incorning selector

Overflow Yerminal 1071 runid

Overflow_terminal (Ineffective) 10 Trunks

Overflow termunal (laeffective) 10 Trurks

Overflow fermunal (lneffective) 10 Trunks ) 40 Trunks fo office group No.l
) ’ 10 Trynks J

P
Typicel District Bank Layout.

N ~ —— e
- Il site SmER _*,—»—é, :«"—-—*}'T e
- + T oy

" Fial 116, -—-Typxc&l district bmk la)out. ‘

Each panel ofﬁce is provided with an ‘“A” board, the main
functions ‘of which are to complete short-haul toll calls, handle
irregular connections, etc.. To reach this operator’s position
subscribers are requested to dial 0. The sender upon receiving
this code routes the. call through district and office selectors as
before, after which the lamp at the “A” operator’s answering
jack is lighted and the sender is freed. The subsequent handling
of the call is under the control of the answering “A” operator.

Other service codes, such as those for long distance, repair
service, and information, are recognized by the sender and these
calls may be completed either by trunks from the office-selector
frames or directly ffom the district frame, as desired. " .

Selector-bank Layout.—As stated before (Fig. 114), each
district- or ofﬁce—selcctor frame is provided mth five banks of 100

"
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206 TELEPHONE THEORY AND PRACTICE

sets of terminals each. Not all of these terminals are connected
to trunks, however, 10 sets of terminals in each bank being
reserved as overflow terminals to facilitate returning a busy
signal on callswhich find all the trunks of the desired group in use.

The layout of a typical bank is shown in Fig. 116. Beginning
at the bottom of the bank, the first 10 terminals are available for
conneetion to trunks and the eleventh is an overflow terminal.
This arrangement continues throughout the bank, except that the
two top groups are of five trunks each. The bank provides 90
terminals for use with trunks and 10 overflow terminals. In

case a trunk- group-exteads over more: thar one of ‘these bank - ~

divisions, the intervening overflow terminals are made ineffective
and only the overflow terminal at the top of the group will signal
back a busy condition. This is done by making ineffective
overflow terminals test busy, while the effective ones always test
idle to the hunting selector.

The drawing shows a typical distriet-bank layout, in which the
bottom 40 trunks are assigned for connections to ‘the office
selectors, the next 30 trunks for local calls connecting directly to
incoming selectors without using office selectors, the 15 following
trunks go to the special service operator, and the top 5 to repair
service. At the right is shown a commutator in its position
relative to the bank as determined by the corresponding positions

of the selector brush and the commutator brush of a selector rod. -

‘Line-finder and Link Operation.—Returning now to the more
detailed operating features of the.line finder, Fig. 117 is a sche-
matic showing the stages of line-finder operation. Figure 118isa
photograph of a line-finder frame. :
 Each line-finder frame carries 10 banks of 40 subscriber lines
cach. The 40-point banks are used rather than the 100-point
banks in order to provide a short hunting time. Kach line
appears as four terminal points before each finder: tip, ring,
sleeve, and a fourth conductor used for control and for message

registration.

The line-finder selector rods are each equipped with 10 selector - -

brushes, one before each bank. If a whole frame is assigned to
a single 400-line group, there will be space for 60 selectorsito
serve them. In case either more or less than 60 line-finder
selectors are required. to serve the 400-line groups, provision is

~
¥

¥
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made for splitting the multiple at a point within the bank. This
is done by building up the bank with terminal strips which, instead
of extending continuously from one end of the bank to the other,
are cut to provide an electrical separation at the desired point:
One end of the bank can in this way be associated with one group
of lines, while the other end serves a different group.

Two types of split frames may be used in cases where, owing to
a lower calling rate, less than 60 line-finder selectors are required
for the 400-line group. In one type, the frame is split two-thirds

g 10 Barks of L‘ 7
f V] | 40 subscriber
3 lines each ]
Ll Y
Subscrib- l Y ']
ers’ lines y Y
TS I Y ]
]
£ K 1
8% Line B h District
RN . isFric
:E; finder frome. ."_ b-, J | \Selecter frame
ISE _~ ,—' HIRN S | i____, ;
& 8

A b
Shart-girevit -~ - | fm s ! Sender I

of the way across, allowing a maximum of 40 selectors to the line-
finder group. The other third of the frame will be used in
conjunction with the third of an adjacent frame to provide
another complete line-finder group, also of 40 selectors. In
case the calling rate is still lower, the banks are divided in the
middle and space for 28 line finders is made available before each
of the two line-finder groups which such a frame would serve.
In a similar way, it is possible by utilizing sections of adjacent
frames to build up groups served by more than 60 selectors for
high calling-rate conditions. : )

In order further to reduce the time of hunting for a line, all
lineXfinder banks have a reversal in the line multiple in the middle

——d
Link frame B

———d

Link frame A

F1e. 117.—Line finder-—schematie.
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208 TELEPHONE THEORY AND PRACTICE

of the group, so that half of the selectors have access to the
straight multiple and half to the reversed multiple. Under
normal operation, each line is so connected that it will use a line
finder in the section of the frame at which that line appears
nearest to the bottom of the bank. This subgrouping of the line
finders, which is necessitated by this feature, extends to the trip,
start, and link circuits also, as Fig. 117 shows. The designations

Y

«“A” and “B” are used in each ciise to distinguish these subgroup
divisions. In case all the line finders in the first choice subgroup
are busy, provision is made for starting a line finder in the other
subgroup. This grouping arfangement materially reduces the
line-finder hunting time, because very seldom does a selector
have to hunt over more than half the bank in order to find the
calling line. o _

ot oo
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The link circuit is a two-ended unit, both ends of which
terminate in short selector rods having access to panel banks.
Its function is to connect a line finder with an idle sender. These
link circuits are mounted on frames as shown in Fig. 119, each
frame having capacity for thirty link circuits.

Like the selector frames, these link frames are double-sided,
with fifteen link circuits mounted on each side. The selectors

- S
gu!uu!

ELALLLLLLLY

"F1e. 119.—Subscriber link frame.

on the right half of the frame use the top bank and the com-
mutators above it. These serve to find and connect the link with
an idle line finder. - This selector and bank are called the “dis-
trict finder” and the *district-finder bank,” since the line finder
and its associated district-sclector circuit, as stated before, really
constitute a single circuit unit. ' .
At the left side of the bank are the sender-selector rods, one
of which is associated with each district finder. These sender
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210 TELEPHONE THEORY AND PRACTICE

selectors use the two lower banks and the commutators just
above them. Through these banks the link has access to a maxi-
mum of 100 senders.

The sequence switch and the relays associated with each link
circuit appear in the bay to the right. -

Each group of links is divided into two subgroups to corre-
spond with the subgroups of line finders before the direct and the
reversed multiple. Link group 4 has access to the line finders
before the direct and group B those before the reversed multiple,
as Fig. 117 indicates. Fach link circuit is arranged to scarch for

_ an idle line finder in its district-finder bank as soon as it has
“become free from a previous call., The idle links, each-with an

idle line finder that it has seized, are allotted in turn to handle
the originating calls.

One trip circuit for each line-finder bank and a start circuit
used in common by the whole line-finder group are provided.
The main purpose of the trip eircuit is to control the tripping of
the line-finder brush. The start circuit controls the order in
which calls from lines in the different banks are handled. The
trip and start circuits are each divided into an A and a B section.
These sections work independently, each with its corresponding
subgroup of links and line finders, except that, when all the links

_or all the line finders of a subgroup are busy, provision is made for
‘allotting a link and a line finder in the other group, tripping the

‘Let us assume. that a call has been originated by the lower one
of the two subscribers’ lines indicated in Fig. 117. The line
relay operates and this fact is signaled through the trip and start
circuits to the previously allotted link.

In the normal case, the two link subgroups A and B will each
be waiting with a link allotted and in the present case the one
started will be the one on link frame A because this has access to
those line finders which will find the calling line in the lower half
of the bank. In case either all the links or all the line finders of
subgroup A are busy, the allotted B link will be started. The
only penalty is a slightly longer line-finder hunt to find the calling

. line.

The link circuit, when the signal indicating an originated call
has been received, starts in motion the line finder which it has
previously selected. At the same time, the sender-selector end of
the link begins searching for a sender.

* operate the proper brush.
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The next step of line-finder operation is to trip the proper
brush in order to insure testing over the lines in the bank in which
the calling line is located. The method of tripping the line~
finder brushes is different from that of other selector frames and is

" accomplished by a horizontal rod at the bottom of each bank

which extends across the frame before all the line finders of a
subgroup. When this rod is turned, fingers associated with the
rod are placed in a position to trip the brush of any line finder
'which starts moving up. It is the function of the trip circuit to
place the proper trip rod in this rotated condition and thus to
No interference with other selectors
occurs because the start. circuit is designed to permit only one
line finder to be started up at a time, insuring that the trip rod will
restore before another selector is started.  With its brush tripped,
a line finder then tests, one after another, the lines of the bank
until it finds the one which has been marked by the operation of -

“jts line relay as having originated a call, and on this line it

stogs. ,
Assuming that both the line and the sender have been found,

the subscriber’s line is now extended through the line-finder bank
to the line-finder selector rod, and from there to the district-
finder bank of the link frame. Through the brush of the link-
circuit distfict-finder selector it is carried into the link, and from
there to the bank on the sender selector, whence it goes directly
to the sender circuit. This establishes the path for the sub-
scriber’s dialing. ’

Sender and Decoder Operation.—It is the function of the”
sender to receive and record the number dialed by the subscriber
and to use this information in controlling the subsequent handling
of thecall. Inthis,itis assisted in the larger cities by the decoder.

In the smaller of the panel cities, where the number of_ godes is
not too great nor the changes too frequent to permit changing
connections in individual senders when routing changes are
required, it is possible to make the sender entirely self-contained;
but if such a plan were extended to the larger citics, not only
would the mass of code cross-connections per sender be extremely
expensive in initial cost but the labor of making the required
changes would be excessive.

This- difficulty has been met by the use of the decoder. This
decoder is an equipment unit consisting of relays and cross-
connecting panels. 1t is seized by a sender when the office code
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212 TELEPHONE THEORY AND PRACTICE

has been dialed; it receives from the sender signals which inform it

what the dialed code is; and it returns to the sender all the infor- '

mation necessary for completing the routing of the call. Thus
the decoder serves somewhat the same purpose as a routing chart
in manual operation. :

F1c. 120.—S8ender frame.

Owing to its very short holding time, from three to five of
these decoders will be ample to serve very large central offices.
The result is both to reduce the cost of the cross-connections and
to facilitate the making of changes.

Figure 120 shows a sender frame mounting ten senders. The
open doors display the relays associated with one sender. In
the middle are the sequence switches, three of which belong to
each sender. The bay at the right of the picture provides relay
cquipment by which connection between the senders and decoders
is accomplished.’

® each digit of the required num-
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A decoder frame is shown in Fig. 121. Relays of the usual
type are mounted at the left of the frame. At the lower right,
above the fuse panel, appear multi-contact relays and above these
are the cross-connecting panels. _ _

In the larger cities it is the : KETMA
first three digits dialed by the ;
subseriber which designate the
central office desired. The
next four digits in all cases
will represent the number of
the desired line in that office.
Each set of dial pulses, consti-
tuting a single digit of the %
number, is recorded on a set of
relays as it is received by the i1+
sender. Inthe case considered, I} '
there will, accordingly, beseven
sots of recording relays, one for
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ber. An eighth set is provided
to record party letters when-
ever these are dialed on calls to
party linesifi manual offices.

The first three digits, consti-
tuting the office code, are those
which determine the routing
and the general method of
handling the call. It is these
three digits which the sender
transmits to the decoder. As
soon as they are received, the
sender is, therefore, ready. to
connect itself to anidle decoder.
For this purpose each sender is
provided with a multi-contact
relay. This multi-contact re-
lay has access to a Jink circuit, called a “decoder connector,”’
which is used in common by the ten senders of a single sender
frame. Each of these link circuits is also provided with a set of
multi-contact relays. There will be as many in this st as there
are decoders to which this link may be connected.
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Fig. 121.—~Decoder frame.
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214 TELEPHONE THEORY AND PRACTICE

Figure 122 shows the connecting arrangement between a
pair of sender frames and a set of three decoders. Let us assume
that sender A requires a decoder. If the link circuit is not
being used by any other sender on the frame, the multi-contact
relay of sender 4 will connect it with this link. Next, one of the
relays of the link cireuit will operate to connect the link with an
idle decoder. Each link has an order of preference in accordance
with which it uses the decoders, but any one of the three decoders
will serve the purpose equally well.  In case the link circuit wasin

Sender Frame Sender Frame
Mullicontact relays fo connect
7 ~ Sender requiring a_degader 5.

1 Sender | L | Sender Sender | Y| Sender
v ML vl K
[Sen Send Sena Send
e er...fl- ender der Lehl ender
Selz_a’erh lLSer;_der L.Se%derh I Je/;g’er
Sender Sender Sender Sender
c MYy o c U\ o
Sender Sender Sender 6ena’ar;
A Uf 8 A 8
- ]

- N

FiG. 122.—Sender-decoder interconnection—schematic.

“Multiconfact relays to connect an”
idle decoder

use at the time sender 4 desired to use it, the connection would

merely be delayed until the previous sender had finished with it. -

Since the holding time of the decoder and its connecting link is
only a fraction of a second, this delay is hardly appreciable.

After the connection between the sender and the decoder has
been made in this way, the sender transfers the digits representing
the desired code into the decoder.

Figure 123 represents in schematic form the steps of decoder
operation. Its first function after receiving the three digits of
the code from the sender will be to combine them in order to

“isolate the specific code desired and so be enabled to deal with it
asaunit. Thisis donein two steps: First, the 10 digits represent-
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ing the third number of the code are combined with the 10 digits
representing the second number of the code to make 100 cOfnblna-
tions. Sccond, these 100 combinations are combined with the
digits representing the first number of the code. Now t.he use of
1 as the first digit of the code is always avoided because it cannot
be distinguished from a false preliminary pulse such as freqx‘xentI.y
occurs from a jarring of the switch hook when the receiver is
lifted. The digit 0, dialed as the first digit, is used to route the
call to an “A” operator without requiring the dialing of any

Code Register Relays .- SelectionRegisterRelays. - —

’ a l g [ ¢ - [Toess Y e pistrict | L aistrrcr Of/iceJ Office
- ’ of sa bdrush
c?.‘:fir ’P‘;;i/ rgfg‘ir call w{‘gm o e - ez

Sender A = =11 R
T 3o
6 _Decoder Connector , ‘*[:[‘:[{[ t
1, h by the connector of . eo.
m“ﬁ hich 4 s ont ol s, Oens @ indicated .
= - : : - Transiation
A lﬂ < Decoder crass. e
Lode Code Code connections :
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Fia. 123.——Decoder——schematic.

further digits, so there is no occasion to combine it with the
second or third digits of the code. This leaves only 8 first (-:ode
digits to be combined with the 100 combinations alrcady obtained
from the 2 other digits, making a total of 800 possible codes.
With this combining arrangement a specific code, when trans-
ferred to the decoder, will result in the operation of.a ??rrespond—
ing set of code-combining relays, the effect of which'is to ph:we
ground upon a particular one of the 800 code cro§s-connectmg
points to show that this is the code which has been dialed. .
On the other side of this cross-connecting frame appear .the
leads to a group of ‘‘code-route” relays. By cross-connection,
any one of the code points may be connected to any one of the
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216 TELEPHONE THEORY AND PRACTICE

route-relay points. Usually only one code point will be con-
nected to a route relay, but there are certain eases in which more
than one code may be conneeted to a single route relay, as for
instance where codes of a group are all routed through a single
tandem point or where a number of unuséd codes may be routed
to an intercepting operator. When the ground has been placed
on the code point as a result of the transfer of the code digits into
the decoder, the route relay corresponding to this code point will
operate.

Each of the code-route relays has six contacts, each one of
which controls a major feature of the routing: information.
These contactsare terminated on a'second set of cross-connecting
points and it is this set of eross-connections which detérmines the
information that will be returned to the sender. In taking,
for instance, the connecting lead which determines the class of
call, cross-connecting to one point would indicate a direct con-
nection to a dial office, cross-connecting to a second point would
indicate a call to a manual office, to a third point would indicate
a call routed through tandem, etc. A second connecting lead
represents the compensating resistance which should be put in the
fundamental selecting lead in order to give the proper resistance
to the selecting path. This cross-connection will, thercfore,
depend upon the trunk resistance between the originating and
terminating offices. A third lead, by its cross-connection, will
determine which brush on the district frame should be tripped.

A fourth will determine which group in the distriet bank the call
should be routed through. The fifthand sixth leads will convey-

similar information for the office selector.

Between these cross-connecting points and the sender are
thirty conductors divided into six sets of five conductors each.
Fach set of five conductors will convey the information with
regard to one of these major features of the call. As a result
of the combination in which these thirty leads are grounded by
the decoder, a corresponding combination of selection register
relays will be operated, and from these operated relays the sender
controls all subscquent routing of the call.

As soon as these selection register relays have been set, the
connection between the sender and the decoder is broken and the

. decoder may be used for a new call.

" Having gained this information, the sender can now proceed
with its sclections.
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Dial Pulse Recording.—Figure 124 is a simplified circuit
showing the means used to record the dialed number. It assumes
that the circuit between the subscriber’s dial and the sender has
already been established: All the equipment shown ifx the
drawing, with the exception of the dial itself, is located in the
sender circuit. )

During dialing, the line circuit is completed through the L
relay which is connected in series with the dial contacts to follow
the dial pulses. This relay also acts as an induction coil to place
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Fi. 124.—Dial pulse-recording circuit.

dial tone on the line. The L relay is operated as soon as the
pulsing path is closed, since the dial in the normal p‘osmqn com-
pletes the circuit through its contacts. The subscriber receives
the dial tone as soon as the dialing path is closed and he can then
begin to dial the desired code and number. ' .

“ach digit is represented by a set of short breaks in thg lme.
current. At cach break the L relay releases, so that the number
of breaks which represents the digit dialed resultsina correspond-
ing number of releases and reoperations of the L l:elay. 3

The SR relay is of the slow-release type. It. is eflerglzed at
the first operation of L and remains operated durmg'wrt\ial%y the
whole sender holding time, since the pulses during which L
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218 TELEPHONE THEORY AND PRACTICE

releases are of too short duration for the release of SR. Relay
RA, also slow release, operates on the first pulse of each digit
dialed, holds up on the succeeding pulses, and releases after the
last pulse of the group which represents the digit.

The group of counting relays between P1 and P6 functions on
each digit. After they have been set from one dialed digit, they
transfer their setting to a recording group of relays, such as the
Al to AZ group or the group B1 to BZ, and then restore to await
the dialing of the next digit. The recording group of relays
A1 to AZ takes a setting from the first digit that the subscriber
dials and holds this record until the sender releases. The BI to

* BZ relays make a similar record of the second digit dialed and
similar groups, not shown, do the same for the other digits.

While the circuit is awaiting the dialing of the first - digit,
relays L, SR, and AC are operated. Let us now assume that the

“subscriber dials as the first letter of his code a D which, on the
dial, corresponds with the digit 3. At the first break in the cir-
cuit, the L relay releases, operating the RA relay from its left
back contact. Tracing the ground from the right back contact
of relay L, we find relay P1 will also be operated. At the end
of the first pulse, relay L reoperates and relay P1’, being no longer

- shunted by the ground that operated P1, will now operate over

- the series path through the winding of P1, the winding of P1/, the
make contact of P1, the back contact of P2’ and the front contact
of RA, which still remains up beeause of its slow-release character-
istic. On the second pulse, relay L will again release and the
cireuit through its right-hand back contact, which is now com-
pleted through the make contact of P1’, will operate the P2
relay. The reoperation of L at the end of the second pulse per-
mits the P2’ relay to operate. The operation of P2’ breaks the
locking path for P1 and P1’ and they release. It also extends
the lead from the L relay to relay P3, so that upon the third
break in the line current the release of L will operate P3 and the
reoperation of L will permit the operation of P3’.

This being the last pulse of the digit, relay L will now remain
operated for a time. Relay RA will release shortly after but,
before it releases, the setting will have been transferred to the A
group of recording relays. At the end of the three pulses, relays
P2, P2, P3, and P3’ were operated. Ground at the left-hand
make contact of P2’ will complete a circuit through contact of
relay AC to operate relay A2. Similarly, ground from the left-
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hand make contact of P3’ will operate Al. Up_on the release of
RA, a locking path will be established from its back contact
through the winding of relay AL to hold A1 and {42. AL '\jnll
operate in series with this locking path to estabhsh a locking
ground of its own as well as to release relay AC .and to operate
relay BC. The release of relay RA has meanwhile removed the
loc];ing path for the remaining counting relays of the P group 0
that these will release and be ready to record the next d.xglt.

Let us assume that the next digit dialed is a U, whlf:h results
in the sending of eight pulses. The P group of counting relays
will be opérated as before in the following steps: On t.he ﬁrst pulse,
the P1 pair will be operated, on the second the P2 pair w111 operate:
and the P1 pair will release; on the third the P3 pair will operafje,

"on the fourth, the P4 pair will operate and the P2 and P3 pairs
will release; on the fifth, the P5 pair will operate and the P4
pair release. At the same time, the P6 pair will operate. On th.e

(sixth pulse, the P1 pair will operate, on the seventh the P2 pair
will operate and the P1 and P5 pairs will release and finally, (})ln
the eighth pulse,the P3 pair will be operated. We find tb.at t : lel
relays now operated are the pairs P2, P3, and P6. This wi
result in the operation of recording relays B1, B2, M}od B5, tllle last
one of which is operated through afn};z;llie contact of’ the P6’ relay

und at the back contact o . L
frO'llf]lneg rs(\)xbsequent digits dialed by the subscriber act in a similar

way to_set other groups of recording relays until finally; Wheno. - =7

dialing is complete, all of the digits which the subscriber has
dialed will be recorded in relay combinations. In thrce»dx.glt
offices, it would be the setting of the first tl.lree sets of recordx-ng
relays which is transferred into the decoder in orde;’ to determine
ing of the call. : o

thi);(;ufturtgher detail which may be noted upon this circuit is the
means by which preliminary pulses are handled. .S_uppose (;lhz;;d a
single pulse had been received before the first digit was dia d
The P1 and P1’ relays would have been operated by this pulse an

from P1’ the A1 recording relay would have operz}ted. In the 4
group of register relays, however, there is no lockl.ng path .for fhe
Al relay operated alone. It must be operated in combination
with either A2 or 45 to insure its holding. The releafe of RA at
the end of this single pulse would release P1 and P1 an_d. relay
Al would also drop. Relay AL which cannot operate mthox.lt
the battery from one of the recording relays would not obtain
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220 - TELEPHONE THEORY AND PRACTICE THE PANEL DIAL SYSTEM . 22

- it from relay Al alone and would not operate. The circuit, [
,g : therefore, would stand in identically the same condition that »
D, it did before the single pulse was reccived and no record of
this pulse would have been made. -

Selection Control.—The means by which the sender controls
the selection process is usually called the “revertive” method of
pulsing. The principle of this plan is to start a selector in motion
by action of the local selector circuit and, as the selector moves,
to return signals to the sender to indicate the successive steps
- of this motion. The sender counts these signals and when the

correct number to represent the desired sclector position has been
received, the sender signals the selector circuit and the selector

stops. O

In the simplified selector circuit shown in Fig. 125, it is the -

_ commutator of the district selector circuit which sends back the
pulses; the “stepping relay” follows them, the “ counting relays”

count them, and, when the correct number of pulses has been
received, the last counting relay opens the pulsing circuit. This

: opening of the circuit stops the selector by releasing the L relay.

The dotted rectangles which contain the district brush-selec-

tion register relays, district group-selection register relays, ete., ;
correspond to those of Fig. 123. As explained, these relays are i
cet from the decoder. The relays which control the value of the 128
compensating resistance to be inserted in the selceting path do | . :
not come into play in district selections, because both the district _ SR
colector and the sender are in the same office and no material RIS
variation in -trunk_resistance exists. A_fixed resistance”can. -z "
o '.! “thérefore; be used and for simplicity it is not shown ‘in the ‘ ;
simplified ecircuit. Only those selection operations which may : o
be made to selectors in other offices use this compensating ' oy ’
resistance information, since only in this case are variations 1
necessary. : . '

As shown in the drawing, the.effect of the setting of district .
brush-selection register relays is to determine to which pair of
counting relays the stepping relay lead is connected. It is in
this way that the number of steps counted before stopping, the
selector is determined.

The circuit drawing illustrates the process of selection in the
first step of the switching train, that is, in the district selector.
Position 1 is the normal position of both the sender and the
district sequence switches. Selection is started as soon as
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222  TELEPHONE THEORY AND PRACTICE

the decoder has set the selection register relays by moving the
gender sequence switch into position 2. The path for this is not
shown in this simplified circuit. As soon as the sender sequence
switch reaches position 2, it closes the selecting path through
the cam marked C, which, though shown separately for clearness,
is one of the cams of this switch. The L relay of the district-
selector circuit is operated over this closed selecting path and,
through its left-hand make contact, it provides a ground which is
transmitted through the district sequence-switch cam C to
operate the sequence-switch magnet. This magnet draws the
flexibly mounted disk of the sequence switch against the driving

“disk and the switch turns, As soon as-the switch has moved

out of position'1, the operating path for its magnet is broken
and the switch stops in the next succeeding position, that is,
position 2. Through cam D, a path is closed in position 2 from
the right-hand make contact of the L relay to energize the
up-drive magnet. This magnet acts to press the rack of the
selector against the up-drive cork roll and the sclector starts
its upward motion, :

As it moves upward, the commutator brush at the top of the
selector rod makes successive contacts with the commutator
segments. Each time it passes over one of these segments,
ground is placed on the selecting circuit through cam G, shunting
down the stepping relay of the sender. The stepping relay will
reoperate as the brush moves between the segments, so that
cach segment passed over will be represented by one relcase
and reoperation of the stepping relay. -

The first operation of the sender stepping relay occurred
when the selecting path was closed. From its make contact,
the stepping relay at that time closed a path from ground through
the E cam of the sender sequence switch to the contacts of the
district brush-selection register relays. Let us assume that the
first” and third of these relays. were operated by the decoder.
This path would then be continued through the make contact
of the first relay, the back contact of the second relay, and the
make contact of the third relay to the No. 2 pair of counting
relays. The ground from the stepping relay would operate
relay C2.

reaches the bottom segment of the commutator. At this point,

- ground on the commutator shunts down the stepping relay,

removing the ground from the path to the counting relays.

No further action occurs until the commutator brush -

L

_energizing relay CO.
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The removal of this ground permits relay C2' to operate in
series with €2, transferring the operating path from the stepping
relay to the No. 1 pair of the count ing relays. As the commu-
tator moves over the first segment, breaking contact with it,
the stepping relay is permitted to reoperate and ground from its
contact now operates relay C1. When the commutater brush
makes on the second commutator scgment, the stepping relay
releases and relay C1’ operates, transferring the counting path

to the zero pair of counting relays. As the commutator brush

breaks with segment 2, the stepping relay again operates,
When the commutator brush-reaches the
third segment, the stepping relay is again released and relay CO’
operates. The operation of CO opens the sclecting path to
the district selector and also operates relay T which locks up
through cam D of the sender sequence switch. Relay T at its
right-hand break contact removes the ground from all- t_he
counting relays and permits them to release. Through its
left-hand break contact it continues to hold open the district
selecting path. Assoon as the CO relay has released, the ground
at its break contact is extended through the make contact of
relay T and cam B of the sequence switch to operate the sequence
switch magnet. The operation of this magnet draws the flexible
disk against the driving disk and the sequence switch moves fror.n
position 2 into position 3. In moving between these two posi-
tions, the locking path of relay T is opened and T releases
before the path can be reestablished in position 3. .

Meanwhile, in the district-selector vdrgui%,;_the‘Lsrelay may: - -

still find a path to hold it operated through the commutator
until the commutator brush has moved past the third segment.
When this occurs, the L relay releases, breaking at its right-hand
contact the circuit to the up-drive magnet, stopping the motion
of the selector at this point. Through its left-hand back contact
it 'provides a path through cam B of the sequence switch to

operate the sequence-switch magnet, moving the swjtch. into
position 3. ' : .
The sclector has now been set in the position for brush trip,
and in position 3 a path is established through cam E of the
district sequence switch to operate the trip magnet and 80
revolve the trip rod. In the position in which the selector red is

standing, the trip finger is opposite the third brush of the bank,

so that, when the trip rod is revolved, the trip finger catches op
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224 TELEPHONE .THEORY AND PRACTICE

the trigger of this brush and is thus in position to trip the brush
when the brush moves.

When the sender sequence switch has been moved into posi-
tion 3, as described above, the selecting path between the district
and the sender is re-established at cam C of the sender sequence
switch. The L relay of the district again operates and through
its left-hand make contact it moves the sequence switch from
position 3 into position 4. In this position, a path is again
established from the right-hand contact of L to operate the

- up-drive magnet, and the selector rod again starts to move
upward. This commutator segment representing the steps of
group sclection has now been connected through cam F to the
fundamental path. The motion of the brush over the segments
of this commutator is signaled back, as in the previous case, to
produce releases of the stepping relay. Corresponding pulses
are given by the make contact of the stepping relay but, in this
case, they are carried to the district group selection register
relays through cam F of the sender sequence switeh. These
selection register relays have a setting from the decoder which
also results in connecting this path to one of the pairs of counting
relays, and, as before, these relays are counted down in order
until the CO’ relay is finally operated. This, as before, breaks
the selection path, operates the T relay, releases the counting
relays, and moves the sequence switch on into position for further
selection stages. In the district circuit, the L relay is released,
as before, as soon as the commutator brush has moved off the
desired commutator segment. The up-drive is stopped and the
sequence switch is moved forward in order to perform the other
selector functions. The selector rod is now standing with the
third brush tripped and in contact with terminals of the bank
at the point in the bank which the sender has determined by the
group selection. '

The selector cireuit can now proceed to test the trunks of
the group which starts at this point of the bank, in order te
find an idle one which it may secize to extend the connection
forward. This is accomplished in the usual way by moving
the selector upward from terminal to terminal, testing at the
same time the third, or sleeve, conductor to determine from
its electrical condition whether the trunk is idle or busy. On
the first terminal which it finds idie it stops, and the circuit
is cut through, ’

[
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If the call is routed through an office selector, the path is
now completed for office-selection control. 'Ijhe. process by
which this is accomplished is similar to that of district sel.ectlon.
The selection recording relays set by the decoder determine, by
means of the counting relay connections, the setting that the
office sclector takes. The office selector then trunk hunts to
find an idle inter-office trunk to the called central office. o

If the inter-office trunks are reached directly from a dl.stnct
celector, the setting of the office-selection register relay.s indicates
{hisfact to thé sender-and all the steps of office-selection control
are omitted. . o

In case all of the trunks to which a selector has access are -
busy, the selector, after testing them all, stops on the overflow
terminal. When standing on this terminal, one of the com-
mutator segments will be grounded by the qomrx.luta’ror brush
and the grounding of this segment operates a relay in the selector
circuit which reverses the tip and ring leads back to the' sendfar,
thereby reversing the polarity of the currfznt-. In series with
the stepping relay in the sender is a polarlze'd r(?lay cal.led' the
“gverflow relay” omitted in the simplified circuit. This is s0
connected that it is not operated by the direction of current
flow used in normal selections, but this reversal of th.e current
from the overflow condition operatés it. The result of 1’('s opera-
tion is to cause the sender to discontinue further‘s-electlons and
release, after setting the district circuit in a COn_dltlop t‘.’f?fd a
~busy signal to the calling subscriber- o= o = T

After an idle inter-office trunk has been chosen, t.he sender
is in position to make incoming selections. The choice .of th.e
incoming selector brush to be tripped is the ﬁrst step in 't.hls
process. From Fig. 115, it is apparent that-t}ns is dete‘rmu.le_d
by the thousands digit dialed by the subseriber. If- thx§ digit
is 0 or 1, the bottom brush, that is, brush 0, must be tripped.

If it is 2 or 3, the pext brush (brush 1) must be selec?ed, ete.
The counting relay connections for this are detex:mmed by
the register relays set from subscribers dialing w1?hout t}‘le
intervention of the decoder. The compensating resistance In
the selecting loop is, however, determined »byr rel-ays. set by
the decoder. Otherwise, the method of selection is like that
described for the district selector. ‘ _
The incoming group selection is determined by the th<.)usa.nds :
and hundreds digits of the callednumber taken in combination. . 4
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226 TELEPHONE THEORY AND PRACTICE

From Fig. 115, it will be ai)pamnt that, in any bank, the bottom

group (group 0) is chosen whenever the thousands digit is an
even number and the hundreds digit is four or less, the next
group (group 1) whenever the thousands digit is even and the
hundreds digit five or more, group 2 whenever the thousands
digit is odd and the hundreds digit four or less, and the last
group (group 3) whenever the thousands digit is odd and the
hundreds digit five or more.

When incoming group selection has been completed, an
idle final selector circuit is found by the usual trunk-hunting
process. The next step is final brush selection. This is deter-
~-mined from the hundreds digit. Ifithis digit is 0 or 5, the bottom
bank (bank 0) is selected. If itis 1 or 6, the next bank (bank 1)
is chosen, and so on.

The position of the subscribers’ line in the final bank is deter-
mined by the tens and units digits. The final bank arrange-
ment differs from that of the banks of other selectors in that
all the terminals are used; no overflow terminals are required.
The tens digit is first used like a group selection to reach the
. proper group of ten lines. The units digit is then used to

determine the exact line, in this scction of ten. Thus the
final frame has three selection steps instead of the two required
in other frames.

When the final line has been reached, the final selector tests
this line to determine, in the first place, whether it is busy or
.mot. If it is idle, connection is immediately made. If it is
-“busy, the selector must further determine-whether it is an
individual line or the line of a private branch-exchange group.
This is indicated by marginal resistance conditions on the
third, or sleeve, conductor. If it is a busy individual line,
the final selector does not seize it but returns a busy signal
to the calling subscriber. If it is the line of a private branch-
exchange group, the final selector moves on to test over the
succeeding terminals, stopping when an idle line is found or when
it has tested all of the lines of the group and found them busy.
The selector recognizes the last line of the group because this
line is wired to give the same marginal condition as an individual
subscriber's line. Reaching this line and finding it also busy,
the selector will stop and return a busy signal as it does in the
case of individual lines, '

Hé!&—#f‘i
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The speed of up-drive at which units selections and the line
testing are accomplished is slower than that of other select.ions
to permit sufficient time for the necessary circuit operations.
In order to make this possible, an additional drive roll turning
at slow speed and a corresponding clutch per selector circuit
are-provided on final frames.

With the arrangement for private branch-exchange lines
described, it will be apparent that the only limitation in the
number of lines which may be assigned to a subscriber is the
number of sets of terminals available between the one which
corresponds to the listed number and the top of the bank. In
very large groups it is customary to assign listed numbers
ending with the digits 00, so that all the terminals of th<.3 ban.k
may be made available as private branch-exchange lines if

Callmgi Line
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Disconnectio) A 7

Disconnection
FiG. 126.—Talking and supervisory circuit.

desired, since such numbers appear as the bottom lines in their

banks. It is thus possible to_provide groups of-100 lines and at- * -~

the same time permit each callto test, if necessary, all the lines
of this group.

The sender completes its functions after final unit selections
have been made, by sending a signal to the district-selector
circuit to effect the connecting through of the talking path from
the subscriber to the inter-office trunk. The release of the

sender and its associated link circuit then occurs and they

become available for use on another call.

The battery supply for the calling subscriber’s transmitter
and supervision is connected at the district selector t}‘u‘ough
a repeating coil. For the called party, this function is per-
formed in the incoming selector circuit. Figure 126 represents
the talking and supervisory circuits for a panel connection.

The location of the ringing, supervisory, and current supply
functions in the incoming selector, which is directly associated
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228 TELEPHONE THEORY AND PRACTICE

with the inter-office trunk, makes unnecessary special final
selectors for types of service which require different transmission
or supervisory conditions, such as toll and testing.

Message Registration.—On . subscribers’ lines  where the
charging is on a message-rate basis, a message register is pro-
vided. The operating path of this register is carried through
one of the terminals of the line finder into the district circuit.
The actual operation of the register on a completed call occurs
at the end of conversation but the circuit condition to effect
it is prepared upon the answer of the called party, by the opera-

tion of a ‘‘charge’” relay in the ‘district-selector circuit.

"From Fig. 126 it will be clear thit the operation of the called
party’s supervisory relay reverses the current over the inter-
office trunk. The polarized relay at the originating end is
operated by this reversal. This polarized relay operates the
charge relay, but there is introduced at this point a delay interval
<o designed that the polarized relay must continue operated for a
period of about three seconds to be effective. A closure of the
contacts of the polarized relay of less than this interval would
not result in a charge to the subseriber. This delay interval is
timed by a power-driven interrupter of the type described above.

This delay interval has shown itself to be of considerable
value. In the first place, it protects against false charges due
to surges and other transient conditions. It has, besides, aided
the flexibility of the system because it is possible to use short

- flashing Signals for busy-back, re-order, and other similar pur-

poses, so that the operators may use the same final selectors
or {runks as ealling dial subscribers do and at the same time
may rececive visual indication of these conditions on their super-
visory lamps. : '

.After the charge relay in the district-selector circuit has
been set, no further action is taken until the end of conversa-
tion. When the calling subscriber restores his switch hook,
this charge relay provides a circuit for imposing an operating
current on the message-register lead to operate the register
associated with the line. ]

In case of a busy line or a failure of the called party to answer,
no reversal of the trunk supervisory current of sufficient duration
to operate the charge relay will occur. No registration will be
made. The same is true of service calls and the like, for. which
no charge is made.
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Coin-box Operation.—The district and sender circuits used
with coin-box lines must be made capable of additional functions.
On account of these added functions, the line-finder groups on
which they appear and their associated district circuits are used
by coin lines exclusively. The average number of coin lines per
central office is so small, however, that it is not usually economical
to use a group of senders for coin lines alone. For this reason,
the coin senders are designed to be capable of serving the non-
coin lines as well. The link circuits associated with coin lines
signal to the sender, when the link seizes it, that a coin-box call
is to be handled, so that upon the receipt of such a signal the
sender brings the coin features into play.

In order to initiate a call from a coin box, a coin must be
deposited and the receiver removed before a line finder and
sender will be associated with the line. When these conditions
are satisfied, the operation is the same as that for the regular
subseriber’s call, up to the completion of subscriber’s dialing.

Now the coin box is so designed that the deposit of a coin
closes a circuit path through the coin magnet to ground. This
can be removed only by collection or return of the coin. Any
kind of a ground connection would serve to connect the line
finder and sender, so, to make sure that a legitimate deposit
has been made, the resistance of the ground circuit must be
tested to determine that it is such as a coin deposit gives. When
the last digit has been dialed, the sender, therefore, makes a
test of the line to insure that-the proper condifions have been
met. If this proves to be the case, the sender completes its
functions as usual. The lack of a correct resistance ground
condition indicates to the sender that there is some irregularity
and in this ease the sender proceeds only to the completion of
final tens selection. Before making final units selection, the
sender brings in a signal to an operator. This operator, upon
answering, is connected to the line and she tries to establish
the reason for this irregularity. If it can be cleared up by a coin
deposit, the connection will be completed when this is done.

The answer of the called subscriber sets a charge relay in the
district circuit just as it does in the case of a message-rate
subscriber. The delay interval is effective in this case as in the
other. When the calling subscriber restores his switch hook
at the end of a call, the coin-box district-selector circuit is con-
nected with an auxiliary coin control circuit. There are usually
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230 TELEPHONE THEORY AND PRACTICE

four of these circuits available to the thirty district circuits on
one cide of a district-selector frame. After seizing the circuit,
the district circuit informs it whether or not a charge is to be
made. The coin control cireuit is given direct access to the line
conductors and its first act is to test the line to make sure that
there is a coin in the box. If the coin is to be collected, it next
places battery of the proper polarity over both sides of the sub-
seriber’s line in parallel. The eircuit is completed at the coin
box through the coin-box magnet to ground, and the magnet is
operated in the proper direction to accomplish the collection.
_After this is done,-it makes'a Tast tect of the line to insure that
* the collection has boen accomphﬂhed

In case the call was not completed, the process is the same
except that the current sent out over the line is of the opposite
polarity and operates the magnet in the direction to return the
coin, :

In case of any irregularity, such as no coin being in the box
upon the first test or the coin remaining in the box after collection
or return, a signal is given to an operator and the difficulty is
reported for investigation. After its functions have been per-
formed, the coin control circuit frees itself from the district
selector and can be used by another one. The restoration of
the line-finder circuit follows shortly afterward.

Another general plan of coin-box operation used in some cities
differs from the one described in permitting the subseriber to
. seize a sender and to dial even if a coin has not been deposited.
The sender coin test will be made, however, substantially as
described and the call will not be completed until a deposit is
made. -With this arrangement it is customary to permit calls
which dial the “ A” operator to reach her without a coin deposit
and this facility is the main reason for its use.

“A” Operator.—The duties of the “A” operator are varied.
She completes short-haul toll conncctions, answers subscribers’
requests for assistance in completing their calls, supervises those
which have been incorrectly or incompletely dialed, and verifies
busy reports. The regular intercepting work is also done at this
line of board and may be combined with other duties of the
“A” operator.

Inits general form the panel “A” board is similar to a manual
“A” board. The answering jacks in the panel board, however,
are not directly associated with subscribers’ lines, but, instead,
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the greater number of them will represent those trunks from the
district or office selector, which the subscriber reaches when he
dials “Operator.” A similar group of answering jacks will be
reached by the subscriber if he, in error, dials an unused com-
bination of digits as an office code. The trunks to the inter-
cepting operator come from final terminals which are unused or
which, on account of some irregular condition, require an
operator’s intervention. ‘

The most widely used form of panel “A” board is the dialing
type. Double-ended cords are provided and a position dial
may be associated with the calling end of any cord. These
cords may also be used to complete connection in the same way
as in manual “A” boards. Either straightforward or call-circuit
operation may be used and calls may be trunked either directly
or through tandem.

Figure 127 is a view of a representative panel “A” board.
The dial is mounted on the right of each position, otherwise
the shelf equipment is similar to a manual “A” position. In
the face equipment the answering jacks appear nearest the
bottom. Sinee the trunks associated with these jacks have a
high calling rate, a comparatively small number will provide a
load for an operator. Above the answering jacks are the out-
going trunk jacks and the jacks for reaching the dialing dis-
trict selectors, described below. '

At the top of the multiple space appears the checking multiple.

This consists of a set of terminals, one connected to the sléeve . -

lead of each subscriber’s lin€ In ticketing a toll call, the
operator must ask the calling subscriber for his own number
since his call comes in over a trunk. In order to check the
number that is given, an arrangement is provided for sending
a signal back from the trunk on which his call appears to the
sleeve conductor of his line. If the number given is correct,
the operator will hear a tone when she touches the checking

" terminal corresponding to that number with the tip of her ‘plug.

The signal of an originating call is the lighting of the lamp
associated with one of the answering jacks. These jacks are
multipled before several operators, and one who is idle plugs
in with her answering cord.

In case a eall is to be completed by dialing, she plugs her
calling cord into a jack which is associated with an operator’s

- district selector. These selectors generally have access to the
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232 TELEPHONE THEOGRY AND PRACTICE

same out trunks and connect with the same senders as the sub-
scribers’ district selectors de. The operator associates her
dial with the cord by means of a key and dials the number
desired into the sender to which the dialing district has been
connected. The sender then eompletes the eall in the usual

F

]

4

1

4
|

F16. 127.-—Panel “ A" positions.

way. This dialing method of call completion is used mainly
in the handling of assistance ealls to lines in the dialing area;
the toll calls are usually completed by the straightforward or
call-circuit method, frequently through tandem.

Another form of panel “A"” board which is coming into use
uses a simple ten-button key set in place of the dial, following

a1
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a method of operation similar to that of key pulsing,' described

" below.

INTERCONNECTION WITH MANUAL BOARDS

Call Indicator.—Calls originating in a panel office for sub-
scribers in a manual office are completed by the panel call-
indicator method. The call-indicator trunks appear at the
originating panel office on the district- or office-selector frame
and at the called manual office each terminates in a cord on a call-

FiG. 128.—Call-indicato;,“ B’ position.

indicator “B”’ posmon which is similar to a manual “B’! posi-
tion. A portion of a position of this type is shown in Fig. 128.
The indicator for displaying the called number to the “B”
operator here replaces two strips of ringing keys. This form
of indicator is designed for easy installation in an existing
manual “B” position. On positions on which the cord ringing

. keys are not used, the form of indicator chtched in Fig. 129

may be provided mstead

TCI Library: www.telephonecollectors.info

it

- o




234 TELEPHONE THEORY AND PRACTICE

The two main functions of the call-indicator position circuit

are, first, the finding of the trunk upon which a call is held
and its connection to the position and, second, the recording
" and display of the called number as reccived from the pulses
transmitted by the sender. Figure 129 shows the main operating
features of the call indicator in schematie form. .
The position connecting equipment includes a set of three
trunk-finding rotary selectors each having access to sixteen
trunks, that is, one-third of the forty-eight which appear at

each position, An additional selector, called the “control
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switch,” is arranged to comnnect a position call-indicator circuit -

to any one of the three trunk-finder selectors or, for team-work
purposes, to similar selectors on adjacent positions, All these
selectors are of the rotary single-motion type.

" The position call-indicator circuit includes a set of pulse-.

receiving relays and, associated with them, the pulse-recording

relays, one set of which is provided for each of the digits to be.

received. These recording relays control the lighting of a set
of lamps on the indicator on the key shelf of the position, such
as that shown in Fig. 128.

In order to facilitate the provision of call indicators on existing
manual “BY positions, the call-indicator apparatus for each
position is mounted and wired in a single umt thus sunphfymg
its shipping and installation.

¥
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Manual offices, unlike dial offices, sometimes serve lines
designated by numbers over 10,000 or by four-digit numbers
followed by party letters, though both of these are never com-
bined in the same line designation. A maximum of five digits
or letters must consequently be provided for.

Let us assume that a subscriber dials a central-office code

which represents a manual office reached by call indicator.

By means of the “class-of-call” setting, the decoder will inform o

the sender that this is the case. Distriet and office selections
are made in the usual way to reach the inter-office trunk. The

~ sender, when the-called_number-is vompletely- dialed,places a
circuit closure on the ‘chosen trunk; thus operating a relay at

the manual-office end. Recognizing that this is the signal of

a waiting call, the trunk circuit grounds a start lead to its asso-.

ciated trunk finder, and this trunk finder moves to test over
the trunk circuits, searching for the one which is calling. The

control switch is started at the same time as the trunk finder,

and it, too, tests, searching for the trunk-finder switch that is
being used. When these switches have been successful in their

" search, the tip and ring conductors of the trunk will be extended

through the trunk-finder switch and the control switch to reach
the pulse-receiving relays. A circuit is thus prepared to receive
pulses from the sender. The sender is informed of this by a

change in the circuit conditions and proceeds to send out a series

of pulses to indicate the number of. the desired line, "

The type of pulses used-to transmit the mumbear conswts of S

combinations of polarity and resistance changes. For con-
venience we shall designate a condition of battery on the ring
of the trunk and ground on the tip as a negative polarity, while
a positive polarity is the reverse of this. Four pulse intervals
constitute a set for the stnding of one digit. The arrangement
and possible variations of these pulse intervals are as follows:

The choice of pulse conditions for the first apd third intervals . .

is: , « “

1. Positive polarity through a low resistance.

2. Positive polarity through a high resistance.

3. An open-circuit condition. p -

The choice of pulse conditions for the second and fourth
intervals is: !

1. Negative polarity through a low resistance.

2. Negative polarity through a high resistance. .

¥
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236 TELEPHONE THEORY AND PRACTICE

This alternate succession of positive and negative polarities
provides clean-cut pulsing cycles which simplify the pulse
recording and also permit rapid pulsing,

Connected in series with the trunk conductors in the pulse-
receiving cireuit of the “B” position are three relays: a polarized
relay operating on negative pulses, a polarized relay operating
on positive pulses, and a marginal relay. From the contacts

" of these relays, the recording relays are set.

The selection of the proper pulse conditions to send the
number desired is determined by the sender from the record
on the register relays set by the calling subscriber’s dialing.
The first digit transmitted by thq sender is the one which deter-
mines the party letter or the ten-thousands digit if either of
these is used. This is followed by the pulses representing
the thousands digit, the hundreds digit, the tens digit, and the
units digit. In this order each of these sets of pulses is received
at the “B” end of the trunk by the pulse-receiving relays and,
one after another, the sets of recording relays corresponding
with these digits are operated. As soon as all the pulses have
been sent, the calling line is switched through the district circuit
and the sender disconnects.

From the contacts of the recording relays is controlled the
lighting of the proper indicator lamps to display the called
number to the operator. This indicator, which is mounted in
the position key shelf, as shown in Fig. 128, consists of a bank

of lamps over which is placed a tmnslucent screen on which. . -—-

appears=thé set of numbérs and ‘letiers indicated in Fig. 129.
Each of these numbers appears directly above one of the lamps
and, when a lamp is lighted, the corresponding number is dis-
played to the operator. These lamps are divided into groups.
In the first group is the digit 1, uséd for numbers over 10,000, .
and a star, which indicates that the number has neither a party
letter nor a digit in the ten-thousands place. The next four
groups display successively the thousands, hundreds, tens, and
units digits. The last group displays the party letter if there
is one. In order to completely designate a number, it is, there-
fore, necessary to light a particular set of five of these lamps.
Such a display indicates to the operator that a call has been
received for this number. The cord upon which this call is
held is indicated By a flashing supervisory lamp, so she takes
up this cord and completes the call by plugging it into the line

_‘ Now,
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multiple as in manual operation. The called party is rung and
as soon as he answers conversation may take place.

The disconnection of the position indicator equipment from
the trunk is accomplished by the depression of a release key
by the operator as soon as she has read the displayed number,
The indicator equipment will then be free to handle subsequent
calls.

In offices which have no numbers above 10,000 and no party
letters, the sender can send out the circuit closure for connecting
the position circuit as soon as the units digit is dialed. In the
more_common <¢ase -of .offices- with-some_five-pull numbers, the
“sender delays the signal for a period”of Tour seconds after four
digits have been dialed to allow time for the dialing of 2 fifth
digit. At the end of this interval the circuit closure will be
sent. Of course, the dialing of the fifth digit cancels further
delay, and in this case the circuit closure is sent immediately
afterward.

Another problem of pulsing is that, when a subscriber dials
a number over 10,000, the first numerical digit is recorded in

" the sender on the register relays commonly used to record the

thousands digit; the second numerical digit, which really repre-
sents the thousands, will be recorded on the hundreds register,
etc. In order to send out the digits in the proper order, the
sender must recognize this fact and change the order of sending.
whenever numbers over 10,000 are used _these nnmbers
never exceed 10,999. ‘The sender, therefore, v
number of this type by the fact that ﬁve numencal digits have
been dialed, the first two of which are 10.” When this occurs
in combination with the code of a central office which has such
numbers, the sender makes the necessary change in the order
of pulsing. Lines with tumbers from 1,000 to 1,099 followed
by a party letter cannot be used at the same time, because the
sender could not distinguish these from hnes numbered : from
10,000 to 10,999. I

On the secompanying schematic drawing (Flg 129) it will be
noted that the control switch of the position has access not
only to the trunk-finder switches of its own position, but also to
the two adjacent trunk-finder switches of the position to the left
and the one adjacent switch of the position to the right. | With
this arrangement, it is possible for the operator on one position
to receive and handle calls which come in on trunks on an adja~

.
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233 TELEPHONE THEQORY AND PRACTICE
cent position when the latter is either busy or out of service.
For this purpose, trunk-finder switches are so arranged that, if
they find their home position busy on a call or otherwise unavail-
able, they will start the control switch belonging to the next
position in the line if it is idle, bringing in the call to this operator.
In this case, the cord lamp flashes at a different rate to avoid
confusion with a cord whose call is being handled at the home
position. The further operation is the same as that described.
The call-indicator position arrangement described above is

called “automatic-display call indicator’ to distinguish it from .

a key-display arrangement prewously used. The connecting
arrangement between the trunk and the position cireuit is
particularly designed to simplify the installation of call indicators
in existing manual “B” positions by requiring but small change
in the trunk circuits and position equipment. The same con-
necting equipment can be used to handle straightforward trunks
by substituting the operator’s telephone set for the pulse-
receiving circuit. This permits the call-indicator equipment
to be installed and used on a straightforward basis earlier than
it is required for calls from panel offices. As the originating
manual offices which it serves are replaced by panel offices,
simple conversion changes can be made to chavge to call-indicator
operation. Such facilities for rapid conversion' are a great
convenience and frequently avoid the necessity for providing

additional equipment for temporary operation.. . The simplicity--

in operafion which this plan of automatic connection between the
trunk and position provides is also a decided advantage.

Panel “B” Board.—Calls originating in manual offices for
subscribers in panel offices are usually completed through the

panel “B" board. The form of “ B’ position now used in panel.

installations is based on a straightforward method of operation
with call distribution to the “B” operatore.

At the manual office the trunk to the panel “B” board is
reached through an outgoing-trunk jack on the “A” board in
the usual way. At the panel-office end the trunk is directly
associated with an incoming sclector. A schematic drawing
of this equipment is shown in Fig. 130.

The “B” position, a photograph of which is shown in Fig.
131, consists of a simple desk in which is mounted a ten-button
key set with the keys marked in order from 0 to 9. Link cir-

cuits are provided for finding a calling trunk and connecting
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it both with a position and with a “B” sender. These links,
as the schematic diagram indicates, use panel-type selectors
for the trunk finder and for the “B” sender selector, while the
operator is connected through a rotary selector which permits
aceess to.a team of twenty operators.

The incoming selector, except in minor circuit details, is
similar to that used on calls from panel offices and is, in fact,
designed to be readily convertible to these, when the replacement
of inanual offices by panel makes it desirable to do so.

When a eall for the panel office is received, the “A” operator

straightforward operation. The ipcoming selector circuit
receives an indication of this and over a starting lead it sets
an idle link in motion. The trunk finder associated with this
link circuit tests over thé trunks to which it has access, until
it finds the one by which the call is being held. At the same
time, the position finder of the link tests over the group of
positions to which it has access and chooses an idle one. , The
connection is then extended from the trunk through the trunk-
finder switch and the position finder to the “B’ aperator’s
position. An order tone is sent back to the “A” operator to
indicate that the “B” operator is waiting, and the called number
is then passed verbally by the “A” to the “B” operdtor. ,

As soon as this path between the two operators is established,
the sender selector of the link starts testing over the “B” senders
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240 TELEPHONE THEORY AND PRACTICE

to choose an idle one. The connection of the link to an idle
sender is indicated by a lamp on the operator’s position. Recog-
nizing that a recording path to the sender has been established,
the “B” operator now sets up on her ten-button key set the
number which she has received, one digit at a time. By a system
of marginal pulses, these key settings are transferred to the
sender circuit and recorded there. The operator's position is

:

P .

F16. 131.—Panel ‘B " position.

released and made free to other calls as soon as the last digit is
recorded. .

The “B” sender now proceeds to use the recorded number
to control the incoming and final selections. This eperation
" is similar to the corresponding sclections made by subscribers’
senders from the recorded dial pulses.. As soon as these sclee-
tions are complete, the sender and link are both dismissed and
the talking path is established in the usual way.

At the end of the conversation, the “A’ operator receives

the disconnect supervision as in manual operation and, when she

pulls down her cord, the incoming and final selectors release
without further action on the part of a “B" operator.
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The very short *B" operator’s work time permits the handling
of high loads with this type of equipment. It is also well adapted
to service in hours of light load because unoccupied positions
test busy to the link circuits and all calls are then received by
the positions remaining in service.

Key Indicator.—Another method for handling calls from
manual to panel offices, called the “key-indicator method,”
has been used in some cases. The principle of this arrangement
is to provide senders in the manual office and key sets on the
“A” operators’ positions. Calls to the panel office are then

~complefed by-associating a- ‘sender” with the operator’s key set

and also with a trunk to the called office. The operator then
sets up the number and it is recordgd in the sender, which uses
it to control the incoming and final selections. A set of indicator
lamps displays to the operator the number of the trunk to which
this sender has connected, and into this trunk she plugs her
cord. Upon the completion of selections, the talking circuit is
established through the operator’s cord to the trunk jack -and
from there directly to the incoming and final circuits in the
called office. The sender releases as soon as the selections are
completed.

The key-indicator equxpment is desngned to be readily installed
in existing manual offices. By avoiding the use of a ‘“B”
operator it effects a saving in operating ch‘u‘ges as comp_a}‘_ed mth
panel “B’_boards:: The initial-cost ‘of the-keysindieator equrp-—
ment is, however, the greater of "the two, sd.that_the relative
economy of the two plans can only be determmed by careful
study of individual cases.

Key Pulsing.—An arrmgement called “key pulsing” for
handling,calls to panel offices finds particular use on toll posi-
tions. With-this plan, the toll operator is provided with a key
set which may be associated with any-of the cords of her position.
The panel trunks, which appear in outgoing-trunk jacks before
the operators, are arranged to associate themselves through a
link circuit with a key-pulsing’ sender located in the toll office.

When a call to a panel office is to be made, the toll operator
chooses and plugs into an idle’ trunk fo the called office as in
straightforward operation. By means of a position key, she
then conncets her key set and its:assoviated circuit with the
cord which she has used. The plugging in of the.cord is the
signal to start a link circuit, which v».'ill pick the trunk on which
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the call is being originated and connect it to an idle sender.
When the sender is waiting, a lamp indication is given to the
operator and she then plays up on her key set in their proper
order the digits of the called number. After the number is
recorded, the key set and its associated circuit are released from
the cord.

The key settings are transmitted to the sender by means of
combined marginal and polarized pulses. The sender records
them on relays and uses this record of the number to eontrol

selections through incoming and final selector frames in, the _

panel office. - When these are completed, the link and sendér
release and the trunk circuit is cut through for talking.

In comparison with key-indicator equipment, the key-pulsing
plan is cheaper in first equipment cost, especially where a large
number of positions is involved. = It is much less readily installed
in existing offices than key indicator and for this reason has
found no field in manual ““ A boards sufficient to justify its use.
It is well adapted to use in panel ** A" boards where it will be used
in many cases instead of the dialing plan described.

MAINTENANCE AND TESTING

In order to insure accurate and continuous operation of all
the elements of the panel system, automatic routine test sets
are provided. Taking as an instance the testing of senders,
there is provided an automatic sender test circuit arranged -to.
"~ conmicct-it&H to the senders much as a link circuit doés on an
originating call. This test circuit then transmits to the sender
a set of pulses simulating subscribers’ dial pulses. -
in the same way that it does on a call from the subscriber,
the sender prepares itself for selection control.
then simulates, one after another, all the steps of the selection
process, recording the settings which it thereby obtains from
“the sender. These it checks against a record of what the proper
setting should be and if any diserepancy is found, an alarm is
sounded and a lamp lighted to show the point at which the
" trouble occurred. Keys are provided upon which the test
~ number which is to be used is set up. These, in conjunction
with other control keys, permit the testing of any of the normal
sender functions on any class of call.

As long as po trouble is found, this test eircuit functlons
automatically without attendance. The dial pulse conditions

Operating -

The test circuit

i
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and the selection conditions in these tests are made to present
particularly severe margins so that a sender passing such a
test. will have proved itself capable of functioning under condi-
tions more difficult than those usually met in service.

Similar automatic test sets are provided for each selector of
the switching train, for “B’’ senders, etc. Troubles found in
this way are more easily located and corrected than those which
occur on regular calls, and incipient troubles are likely to be
found before they interfere with service. While it does not, of
course, eliminate the need of locating trouble conditions which

" “appear under regular operation, it greatly reduces this labor.

TANDEM OPERATION

In large cities of the type that pan€l equipment is designed
to serve, tandem operation is especially useful. With a large
number of central offices in the area, the number of daily calls
from one particular central office to another is, in many cases
very small. Direct trunking between all of them would result
in a large number of small, and consequently inefficient, trunk
groups.

" To escape this situation, it is the practice, as pointed out in
earlier chapters, to provide in the large cities trunk-switching
centers called “tandem offices” located at central points. When
a call is received for a central office to which the volume of

traffic is_small, thls _call-will- be - extended first-to-the ta,ndem :
.’ofﬁco and therz it will be switched to a trunk to the office called

The choice of the office routings to be handled in this way is in
each case a problem in service and economy: the cost and
inconvenience of using the tandem routing must be balanced
against the trunk saving which it produces as compared with

.direct routing.

The saving is effected both in the trunks to the tandem

_office and the completing trunks from the tandem office, since
‘the first handles calls from one office to a number of called

. offices and the completing trunks handle traffic to one terminat-

ing office from a number of originating offices. The location

of the tandem office in the area is such as to give the maximum

of economy where both of these types of trunks are considered.
Much of the toll service to near-by toll points, handled by

: panel ‘“A” operators or by manual “A” operators, is directed

through a tandem board. For this reason, the general tandem
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plan must be arranged to handle both the calls dialed by the
subseribers and those handled by “ A’ operators. '

Manual Tandem with Call Indicator.—Manual tandem equip-
ment was the earliest type to be used. Trunks from manual
or panel “A" positions terminate on cords before the tandem
operators, much as they do in a manual “B" position. In
the multiple before the tandem operator are jacks connecting
with trunks to terminating offices. These terminating trunks
appear either on manual “B” position cords or on panel “BY
~ _incoming selectors,_ just as direct trunks do. Manual tandem
- -~ - positions may- be-arranged for ca‘ll -circuit operation but usually
the straightforward method of operation is followed.

Call-indicator tandem positions may be included in the manual
tandem line-up to handle tandem calls dinled by subscribers.
‘These positions are similar to those of the manual tandem,
cxcept that they are provided with eall-indicator equipment to
display the desired number to the tandem operator. The tan-
dem call-indicator display lamps in addition to displaying the
number of the called line must indicate the code of the called
office in order to permit the tandem operator to choose the proper
group of completing trunks.

On a call of this type, the sender in the calling office transmits
the called number to the tandem position by means of panel
call-indicator pulses, sending first the three digits of the office

code and* then - the Fne-Trumber. —Fhes called- office code and™

. pumber are displayed to the tandem operator, who completcs the
call to the desired office through a manual or panel “B” operator.
" Office-selector Tandem.—The simplest form of tandem equip-
ment used for handling calls dialed by the subseribers is the
o%ce-selector tandem. This consists of a selector frame similar
.to the office selector of a local office but located at a switching
. point distant from the ong’m'ltmg office. The distant-office
sclector is reached by trunks from the district-selector multiple
and it is controlled by the sender just as a local-office selector
would be controlled. "This plan amounts to the enabling of a
number of central offices to combine some of their office-selector
frames at a switching center and thus takes advantage of the
saving in terminating trunks which results from thls combined
traffic. - * v

Sender Tandem.-—A new type of equipment has been specifi-
cally designed to meet the tandem conditions of large panel areas,

"
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This is called the “sender tandem.” It is adapted to receive and
complete both manual straightforward calls from “A’’ operators
and mechanical calls which have been dialed into senders in the
originating office. In the latter case, it serves a purpose similar
to the office-selector tandem. However, sender tandem selec-
tions are made through two successive tandem selector frames
instead of one, and a much greater number of outgoing trunks
can, therefore, be reached. Tandem connections can also be
established over longer distances than it is possible to do by office
tandem, since the originating office transmits the number to the

L Straightforward o R
from operalor . : - R - -
Pa:,e/ call
indr¢calor
pulses frorm L ] L
sender Trunks fo ferminafiny
r J ’/?(t;? by/ Me/.se/e: ons
anel cail indieator
r J J call nnnaz;nccr poking
[ J ] step by step pulsing
. Tandem 7 ndcm
istrict fromd of/ce frame
Link circurt Position
=, finder

{ Y
Ermmg /,,,,@,EE -t i
a&m&rse’a‘faq‘F — 7 [L/nk "'f crreur?

Key set

Fic. 132. ——Sender tandem—schematic.

tandem office and sclections are completed from a sender at that
point.

The sender tandem arrangement is represented schematically
in Fig. 132. FEach trunk incoming to the tandem center ter-
minates on a tandem district selector. Link circuits are provided
to pick up these incoming trunks. Such links are of two types.
The first type is a two-way link for handling the trunks over which
come the calls that have been recorded in senders at the origi-
nating office. Its function is to connect the trunk with an idle
sender. Panel “A” operators also use this type of link when
they handle a call by the use of a sender-at the originating panel
office. The second type is a three-way link circuit for trunks
from manual “A” operators or from panel “A” operators on
calls completed manually by the straightforward method. It
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246 TELEPHONE THEORY AND PRACTICE

connects the trunk with an idle sender and an idle tandem oper-
ator as well. This second type of link is designed to be convert-
ible to the first type, since the decrease in the number of manual
offices frees equipment of this type while the mechanical tandem
calls will continue to increase. Senders are provided which can
be used with both types of calls. Tandem positions equipped
with key sets for recording the number received from the origi-
nating operator are also provided. A photograph of one is shown
in Fig. 133. ‘ - ‘

.

I T

Fi6. 133.—Sender taridem operator position.

Consider, first, a call originated by a subscriber’s or operator’s
dialing a call into a sender at the originating office. This is, in
the usual way, exterided through the district and office selectors
of the originating office to reach an idle tandem trunk. When
this trunk is selected, the tandem district-selector circuit with
which it is associated starts one of the group of two-ended link
circuits. ‘The truak-finder end of this link moves to pick up the
calling trunk i‘n‘ the trunk-finder bank, and the sender-selector
end of the link choases an idle tandem sender. '

As soon as this conneeting path between the originating sub-
seriber's sender and the-tandem sender has been established over

"
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the trunk and through the link, the first sender transmits the
details of the call to the tandem sender by means of call-indicator
pulses. This information includes both the code of the central
office desired and the number of the desired line in that office.
The tandem sender records this information and then, through a
decoder, it obtains the necessary routing information. The
tandem sender proceeds to control the sclection process through
the tandem district frame and also through a tandem office
frame if one is required. In this way, it reaches the trunks to the
terminating office.

If the called office is of the panel type. incoming and final selec-
tions are controlled by the tandem sender to reach the-called line.
If a manual office is called, the call can be completed by the usual
call-indicator method. As soon as these duties are completed,
the tandem link and sender circuits release and the through path
is established. The release of the subscriber’s sender in the
originating office occurs as soon as it has transmitted the informa-
tion to the tandem sender. "

On a tandem call completed by the manual straightforward
method, the tandem trunks appear on trunk jacks before the

operator. When such a call is to be handled, she chooses an idle

trunk and plugs in. At the tandem end, each of these trunks is
associated with a tandem district selector and each oOne also
appears on the trunk-finder bank of a group of the three-way

“link circuits. One of these link circuits is started and moves

its trunk finder to pick up the calling trunk. ‘At the same
time, the link circuit starts a rotary position finder like that
used in panel “ B’ operation to choosc an idle tandem operator’s

position. Upon the connection of the tandem position to the -

trunk, an order tone is sent back to the originating operator who
then passes the details of the call. The tandem operator sets up
this information on a key set, recording both the office code and
the called number. Meanwhile, the sender-selector end of the
link circuit connects to an idle tandem sender. The key setting is
transferred into the tandem sender by means of panel call-indi-
cator pulses sent out by the position circuit. As soon as the
sender has taken its setting, the tandem position is released.
The sender proceeds to complete selections and then releases as
it does in the case of the call from a dial subscriber, just deseribed.

" The plan of transferring the number recorded on the key set
into the tandem sender by means of panel call-indicator pulses
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218 TELEPHONE THEORY AND PRACTICE

permits the same type of sender to be used for both classes of
call.

One feature provided in these tandem senders, which sub-.

seriber senders do not have, is the call announcer. This is a plan
for transmitting the called number to a manual office without the
use of the call indicator. It consists in a phonographic device
which speaks the called number to a “B” opemtof at the called
office who handles it like a straightforward call. Such an
arrangement is capable of operation over phantom trunks, which
the eall indieator is not, and it can be used to reach offices too
- distant: for satisfactory panel call-indicator pulses.

The call-announcer machine usds a film record of the voice
which is reproduced by passing a beam of ]fgh{ through the
moving film on to a photoelectri€ cell. This trunslates the light
variations into variations in the current through the cell. These
current variations are then amplified to a sufficient volume to be
readily heard when transmitted over the inter-office trunk.
Fourteen electrically independent drums are carried by the call-
announcer machine. Each drum speaks only a single digit or
letter, the fourteen drums constituting the ten numerical :ligit.s
and the four party letters. To send out the desired number,
the sender connects in the proper order to those drums which
speak the digits of the line desired. One such call-announcer
machine can serve all the senders in the office, any sender making

s befn;'zéfc_ﬁétrﬁoifhc-—ghhms ‘as-the sending of the called number.

requires.
In addition, these tandem senders are arranged to complete
calls to step-by-step offices. On this type of call, the inter-office

» trunks terminate on step-by-step selectors in the called office.
The tandem sender, with the assistance of the decoder, recog-
nizes by the office code that the called office is of the step-by-step
type and, after reaching the inter-office trunk in the usual way,
it completes the selection of the called line by sending out the
Strowger form of decimal pulses to set the step-by-step sclectors,

CHAPTER V
ROTARY AUTOMATIC TELEPHONE SYSTEM!

History and General Characteristics.—The carly development
of the step-by-step system was little influenced by the then
existing wire networks of manual practice. Automatic systems
were almost invariably installed either independently of any
existing manual networks or else with an idea of altering an
existing wire plant to fit the needs of the automatic equipment.

“Later on when the timé came to consider in a really large way the
gradual and general conversion of the well-cstablished and well-
organized manual networks of the Bell System, the step-by-step
system was thought to be lacking in two ways essential to large
multi-office systems: first, ability to handle economically large
groups of trunks and, second, flexibility in trunking. We have

_scen in Chap. 111 that the makers of the step-by-step system later
responded to the small-trunk-group criticism by the use of non-
numerical switches at the outgoing ends of trunk groups, and to
the lnck-of-flexibility criticism by the use of the “director.”

It was in an effort to meet these two essential requirements
{hat the Western Electric Company in the late nineties, while
engaged upon the work that led to the development of the panel
and the rotary systems, came to adopt for both their two. out-
standing characteristics, namely, power drive and the sender or

register. As in the case of the panel. system, it is around these -

two features that the present rotary system is built and it is from
them that it derives its essential operating characteristics. The
panel and rotary systems differ fundamentally, principally as
regards their types of selectors. The selector used-in the panel
system, as we have seen, employs a straight-line movement of
the selecting member over a flat panel of bank terminals. The
selector of the rotary system employs a rofary movement of the
selecting member over cylindrieally arranged bank terminals.
It is from this characteristic that the rotary system derivesits name.
Iventually the Bell System retained the panel system with its
larger-capacity switch and its more difficult manufacturing
1 The photographs and other material used in preparing the illustrations
of this chapter were furnished by courtesy of the International Telephone
and Telegraph Corporation.
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250 TELEPHONE THEORY AND PRACTICE

problem for use in America, while the rotary system with its

smaller-capacity switch and its easier manufacturing problem’

was transferred to Europe, later to become the standard system
of the International Telephone and Telegraph Corporation.
Manufacture of the rotary system in Europe was begun in 1911
but was stopped at the outbreak of the World War when the
German troops took over the Bell Telephone Manufacturing
Company’s! property in Antwerp. Conditions permitting manu-
facture were not restored until 1920 and it is since that date that
this system has made its great advance in use in foreign countries.
In 1930 there were in use or in course of installation over a million
lines of rotary cquipment. So far‘as known, it is not used at all
in the United States or Canada, but some of the notable foreign
cities served by it are Paris, Copenhagen, Hague, Geneva,
Zurich, Bale, Antwerp, Brussels, Ghent, Marseilles, Budapest,
Bucharest, Madrid, Barcelona, Seville, Rio de Juneiro, Welling-
ton, New Zealand, Oslo, Bergen, Mexico City, and Lima, Peru.
In working out the design of the rotary system, the growing
cost of switches as switch ecapacities increased was balanced

against the lowering costs of trunks as the sizes of trunk groups-

increased, with the result that a 300-line switch was adopted
with 10 levels of 30 sets of contacts each. This gave each trunk
group level 30 sets of trunk-line contacts in the selector switches,
with the possibility of extending the trunk-hunting limit to 60
by using two levels as is done in some cases in Paris. As we

have seen, the corresponding level or trunk-hunting capacity of
the usual step-by-step switch is 10 and of the panel switch 90.7

A distinetive feature of the rotary system is “continuous hunt-
ing.” By continuous hunting is meant a selector switch eapable
of hunting or testing indefinitely until an idle trunk is found.
It is usual to adjust the speed to permit the scleetor to hunt over
a group of 30 trunks in 1 second ora group of 60 trunks in 3
seconds, thereafter retesting all trunks in one level at intervals
of 2 seconds. Lost calls due to all trunks being busy are thus
converted into delayed calls and the actual or real efficiency of
the trunking system increased.

By virtue of the “register,” which corresponds in a very general
way to the “sender” of the panel system or the ‘‘director”

" (when used) of the Strowger system, the subscribers’ line plant

! Now & subsidiary of the International Telephone and Telegraph Corpora-

tion. ’
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becomes separated from the trunk'or switching plant during
switching. The register on the one side receives the called
number from the calling subseriber without regard to its destina-
tion or numerical composition, while on the other side it forwards
the call to its destination free from all numerical limitations or
limiting conditions of the calling line and its associated equip-
ment. The engineer is, therefore, enabled to design his trunk
plant and to route the traffic in the most economical manner.
Calls may be sent direct or tandemed through any number. of
offices, all without reference to the directory numbering S).fstem.

A register does pot imply any particular construction in the
rotary system. A simple register consists entirely of a tram’ of
relays. A more elaborate register includes also quick-moving
automatic apparatus. The translation may be fixed or cross-
connecting facilities may be provided to vary the trunking plan.

3rdsel  Finalsel
Ist sel, wdsel hund. lens & umiks
Sub. IstLF  2nd L.F ten thou digit  thou digit digit digit Sub.

- S — — e
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- A ... Foeaet”

Sl RCA “ymercal’”
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Fic. 134.—Call diagram of a 100,000-line system.

In large networks, such as Paris and Copenhagen, automati.c
translator switches are used by means of which complete flexi-
bility as regards trunking, numbering, and office prefixes are
obtained. It is possible here to describe in a general way only a
typical register. ‘ '

Outline of System.—Aside from the use of the re.gxs_ter unit as
a control point, the concentration and selecting S\letcheS assume
a straightforward layout and operate progresswel'y until all
functions are completed. The register unit is supenmpos.ed on
the train of abpamt us at a point after the concentration switches
and before the first numerical sclection switch.

In Fig. 134, a call diagram is shown with the switches in t.heir‘
propér positions for a 100,000-line system. Following the direc-

tion of arrows, it will be seen that the subseriber’s line termina.tx:s
on a first line finder. When a call is originated, the ﬂrs?- _lm'e
finder moves to find the calling subseriber and extend the circuit

through to the second line finder. At this point, a second line
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finder functions to extend the circuit through to the register
chooser. A register circuit is then attached to the subscriber’s
line and the sending of the dial impulses may start.

The purpose of the first and second line finders is to act as
concentration switches as in other systems and condense the
traffie so the actual selecting equipment can be kept to a mini-
mum. A similar purpose is performed by the register chooser
in that it further concentrates the traffic into the registers. This
additional switeh is desirable as the registers are held only for the
time required to set up the call and are relatively few in number
compured to the number of circuits they serve.

While the number is being sent into the receiving side of the = -

register, numerical selections directed from the controlling side
are taking place over an independent path to set up the different
numerical selectors. First, the first sclector works in conjunc-
tion with the register and, when its operations are completed, the
circuit is exténded to the second selector and, in turn, the third
and the final selectors until the entire connection is established.
Selections in each switch are made as soon as the corresponding
digit is transmitted from the subscriber to the register and in this
way the connection is being built up almost simultaneously with
the dialing. During a period of light traffic, the complete con-
nection will be established practically as soon as dialing is com-
pleted. Inthecaseof heavy traffic, this interval may be increased
to the extent of a few seconds if considerable trunk-hunting time
is required.

'As the register is used only as a control unit, its use is termi-_

nated as soon as the final selector is positioned. When the last
digit is received and the last numerical sclection is made, the
register is dismissed for use by other subscribers. Ordinarily,
the total holding time for a register used for a 100,000-line
system will be in the order of 15 scconds. This means that a
small number of registers will be capable of serving a very large
number of subscribers. : :

From a selection standpoint, a 100,000-line system corresponds
to a five-digit scheme, since 100,000 combinations of numbers
can be produced with five digits. With reference again to Fig.
134, the four selecting switches, classified as first, second, third,
* und final selectors, must collectively be able to build up a connec-
tion to any one of 100,000 numbers.  As previously mentioned,
the first and second line finders-and register chooser play no
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part in the actual selections, as they serve only for concentration
purposes.

The proper ten-thousands digit is selected op the first selec-
tor, the thousands on ‘the second, the hundreds on the third,
and the tens and units on the final selector, each switch perform-
ing a single numerical selection with the exception of t.he final,
which performs two. Trunk hunting is done automatically on

“all switches, the first, second, and third selectors to find idle

trunks within the particular numerical group they selected and
the final selector to find vacant trunks within a P.B.X. group
when necessary..

Description of Mechanism.—In general, the use of power
drive has permitted the design of very sturdy switches, the power
transmitted through the individual switch clutches being ample
to drive the switches over large groups of contacts at high speeds
and under heavy contact pressures. Again, the central-office
control plan places the time allowance for trunk hunting under
control of each switch as it works with the register, rather than
limiting it to the interval between the successive series of dial
impulses.

Power Drive—All switches are set in motion by temporary -

attachments to a rotating power-supply shaft, forming a part of a
distribution arrangement which is kept in continuous rotat-io'n
by an electric motor. In Fig. 135, a typiecal drive—shaf.t layout is
shown. The power from a }§-horsepower motor 1is usua.ll.y
sufficient to drive an entire line-up- of switch frames on what is
the equivalent of 1,000 lines of equipment. Each bay or switch
frame has a main vertical shaft arranged with a toothed gear
appropriately placed opposite each switch. The driving mecha-
nism of the switeh itself is equipped with a flexible toothed gear
which may be brought into temporary contact with the shaft
driving gear by means of an electromagnetic clutch.

The mechanics involved in obtaining contact between. tl.xe
switch driving unit and the vertical drive shaft i§ shown in
Fig. 136. The brush carriage of the switch, carrying brushes
which rotate over and make contact with the terminals in the are-
shaped bank, is mounted on a short drive shaft 1, the complete
assembly revolving in two self-aligning bearings 2, supported
by the switch framework. Attached to the lower end of th‘e
shaft is a thin flexible toothed German silver disk gear 3, whlcl_l is
0.015 inch thick and adapted to mesh with a corresponding
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driving gear 4. This is 0.020 inch thick and clamped in a

rigid position between an upper plate 5 and lower plate 6, on
the continuously rotating shaft 7. The principle employed for

Aertical drive shafts one for each,
anwrg gear 47 ;s bay or 7 rare o
ooposeeach X
EWFEN S

Dryver gear
Itegral part =
of switeh .. _f

Rediection ‘l
B I

;{:__
tH++

7
Main horizontal shaltservi
Motor: entire ine-up of /mm”rymg

Fi6. 135.—Power-drive layout.

controlling the drive is to utilize the flexible characteristics of
the driven gear and deflect it out of mesh when a drive contact
is not desired. In order to cause the driven gear 3 to enter in
positive mesh with the driving gear 4, the former is so positioned
on a horizontal plane in relation to the driving gear that it has a

Fi1c. 136.—Gear-drive mechanism,

natural tendency to spring from its deflected point through the
teeth of the driving gear to a normal position opposite the upper
plate 5. By extending the upper plate to a point flush with the
outer edge of the driving-gear teeth, it acts as a stop for the
driven gear when it is released and causes it to come in mesh
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with the driving gear under light tension. This is the position
of the gears when the switch is rotating and they are held in
true mesh under the tension thus created.

The positions of the driven gear, that is, its in-mesh position
when it is released and its out-of-mesh position when it is deflected,
are controlled by a simple clutch unit comprising 2 magnet coil 8,
armature 9, helical spring 10, and back stop 11.  An out-of-mesh
position is normally main-
tained by having the released
armature, through the {ension
created by the helical spring,
press against the face of the
flexible gear with sufficient
force to hold it against the
back stop. When the clutch
magnet is energized, the arma-
ture is attracted opposing
the tension of the helical
spring, removing the pressure
on the driven gear so that it
immediately moves into mesh
under its own tension.

When it is desired to stop
the rotation of the brush
carriage, the circuit to, the
clutch magnet is opened, re-
leasing the armature. This
forces the drive gear out of
mesh against the back stop
and stops the brush carriage
with its associated brushes on
the desired terminal in the
switch bank. As thepressure
of the armature against the driven gear is approximately four
pounds, the stopping action is practically instantancous. An
effective brake is established as soon as the armature strikes
the gear and, when it is deflected to the back stop, the two
fixed surfaces practically act as a lock. .

In view of the perfect gear mesh and the positive stop arrange-
ment offered by this type of drive, a normal hunting speed of
forty-five terminals per second.is used on the concentration

Fig. 137.—Bay of first line finders.
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256 TELEPHONE THEORY AND PRACTICE

switches and twenty-eight terminals per second on the selecting
switches.

Finder Switch~—~The finder switch is a general-purpose ter-
minal-hunting unit, usually used as a concentration switch in
various capacities throughout the rotary system. Its principal
use is found in the regular central-office equipment as a first
and second line finder and a register chooser. For the purposes
of description, the switch as a first line finder (Fig. 137) will
be deseribed, since its use in this connection lends itself to
easy explanation.

i
DRIVE SHAFT —>
BRUSH CARRIAGE

FLEXIBLE DRIVEN GEAR -

RIGID DRIVING GEAR /

— - Fr. 138.—First line<finder switch.

As shown in Fig. 138, it comprises a semicircular arc or bank,
a brush carriage with flexible gear (driven gear), a clutch, and
a driving gear mounted on the continuously rotating shaft
directly in front of the position of the finder on the frame. Vari-
ous terminal and eapacity arrangements of the are and brush
carriage are available to meet the different circuit requirements.
From an operating standpoint, the functioning of the switch is
exactly the same in all cases.

A detail of the bank of the first line finder is shown in Fig.
139. It has a capacity of 102 subscribers’ line circuits of four

~ wires each, 100 being used for regular service and 2 for test

purposes. The terminals are mounted in eight horizontal rows

of 51 terminals each in an arc of 180 degrees.
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The circuit arrangement of the terminals in the bank, as

shown in Fig. 140, and of the brushes on the brush carriage

is

such that one-half of the lines, for example, those on the odd

horizontal rows 1-3-53-7 are wiped over by one set of brushes

“.‘.il:.'.« '49,
< *
Ae‘;«kmhr \e,, © s a a.nh. Y

CARRIAGE BEARINGS

V /7‘ D
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Fi6. 139.—First line-finder bank,

during one-half of the revolution, while the other half of the
lines, on the even horizontal rows 2-4-6-8 are wiped over by
another set of brushes during the other half of the revolution.

This seemingly peculiar assignment of the four conductors

of a particular line on either the odd or even horizontal rows

G 2 s g 45 46 47 48 49 Testl
Fon ~...~._~_.:l___ ‘~__!!~._~_.\__~_.~_.
e
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F1¢. 140.—Circuit layout of line-finder terminals,

of terminals of a given vertical row, rather than in consecutive
order taking in two odd and two even horizontal rows, is made
to obtain greater contact separation and more brush clearance.
With this arrangement, double-contact brushes can be used
to enter in contact with the top and bottom of each terminal
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258 TELEPHONE THEORY AND PRACTICE -

offering a very positive contact which otherwise could not be
possible unless a wide vertical separation existed between
terminals.

In other types of finder switches used in different eapacities,
either one or two circuits may be terminated in a single vertical
row. Also, the number of horizontal rows may be varied to
meet particular cireuit requirements. Usually the two circuits
per vertical row plan is used in cases where the number of cir-
cuits is high and the conductors per cireuit are few, such as in
the subscriber’s line circuit. When the bank is on a one circuit
per row basis, the. brushes forming the brush assembly are
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F16. 141.—Brush carriage,

~ changed accordingly-so that both brush members contact with
the same horizontal row.

The brush carriage used on the first line finder is shown in
Fig. 141. It will be noted that the two brush sets used for
forming the contact with the terminals in the bank are 180
degrees apart and that the set protruding to the right of the
figure as compared with those to the left are, brush for brush,
assembled on a lower horizontal plane. This arrangement
conforms with the terminal layout of the bank on a circuit basis
~ and will permit the brush set to the left to contact with the odd
horizontal rows, and the brush set to the right to contact with

the even horizontal rows. _
" As only one set of brushes may be in contact with the bank
terminals at one time, the two sets of brushes are connected
together to a single set of feeder or lead-in brushes. Each
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feeder brush consists of two metal springs which_e’xtend from .t.he
framework of the bank to the carriage shaft, where they rideina
groove and contact with the corresponding brushes of the two

brush sets.

ARMATURE

i

REED SPRING

BACK STOP
Fic. 142.—Clutch assembly.

In order to facilitate the tracing of calls through the switch,
a terminal indicator is provided as a part of the brush carriage.
The marking on this indicator corresponds to the num}jerin.g
plan of the terminals in the switch bank. When the sthchhls
at rest, the designation on the indicator wheel directly opposite

ABGA

Sty
!y

en Sy
— =
=1
= T a2
) iy z _2@
/7 & 4 8

Fic. 143.—Operating diagram of finder switch.

a fixed pointer indicates the set of terminals on which the brushes
are resting. . o )
In Fig. 142 the clutch assembly is §how'n consgtmg of "an
clectromagnet, an armature, and a back stop. In this case,
it will be noted the clutch unit differs from the arrangement
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‘mentioned component parts is shown in Fig. 143.

260 TELEPHONE THEORY AND PRACTICE

shown in Fig. 136, used to illustrate the gear-drive mechanism,

. in that a reed spring, included as an integral part of the armature,

is used to deflect the driven gear rather than a helical spring.
Use of the helical spring is made in the selector switches and
will be explained later under the selector switeh.,

Au operating diagram of the finder switch using the above-
Here the
brush carriage supports two sets of brushes, one (4-B-C-D)
which contacts with the odd horizontal rows, and the other
(4’-B’-C’-D") which contacts with the even horizontal rows.
On the lower end of the cxrrnge shaft-is mounted the flexible
driven gear 1. The clutch clectromagnet 2 of the finder switch
mounted on the adjacent switch framework functions to control
the driven gear by means of its armature 3.  When in its normal
or unoperated position, the armature deflects the driven gear
downward out of mesh with the driving gear 4 where it rests
on the fixed back stop 5. This represents either the idle position
of the switch when it is not in use or the stopped position of the
switch when it is in use and the desired terminal in the bank
has been found.

- When the clutch magnet 2 is energized, the armature 3 is
moved to its operated position.
enters into mesh under its own tension with the driving gear
4 attached to the continuously rotating drive shaft 6. Rotating
power is now transmitted through the driving and driven gears

-to the brush_carriage which carries the brushes over the bank’

terminals - 7. Under this condition, the brush c:irriage will
rotate continuously and, owing to the brush sets’ being 180
degrees apart and mounted on different horizontal planes, one
set of brushes (4-B-C-D) will contact with the circuits terminated
~ on the odd horizontal rows during one-half of the cycle and the
“other set of brushes (4’-B’-C’-D’) will contact with the cireuits on
the even horizontal rows during the other half of the cycle.
When the desired terminal is found, the circuit to the clutch
magnet 2 is opened, the armature 3 is released, and the driven
gear is deflected out of mesh with the driving gear. The finder
is thus stopped on the desired terminal and is held so by means
of the braking action of the reed spring 8 exerted through the

- armature to the face of the driven gear.

Continuous electrical contact is maintained bct.ween the
brushes of the rotating brush carriage and the switch proper by

The driven gear 1 thus released
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means of a set of four fixed feeder brushes 9 terminated at the
extreme right-hand end of the bank.

As the finder switch in its use for concentration purposes
pla);s no part in the numerical selections made in the progress
of a call, there is no necessity for having the switch restore
to a -common starting point at the completion of each call
For this reason, the finder is of the non-restoring type and is
designed to remain on the terminal last used until it is started
again on the origination of a subsequent call. No advantage is
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Fi6. 144,—Selector.

lost from starting the finder from a random- point in the bank, as
it is just as likely that the terminal desired on a subsequent
call will be as close to the terminal last used as it would be to
a common starting point.

Selector—There are two general types of sclectors used in the

_ rotary system: the group selector, which is used in the capacity

of a first, second, and third selector, and the terminal selector,
which is used as a final selector. The principal operating dif-
ference between the two types is that the group selector acts as
a medium for selecting particular numerical trunk groups within
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262 TELEPHONE THEORY AND PRACTICE

its bank as determined by the setting of the control apparatus
in the register, whereas the final selector goes a step farther
under the control of the register to perform a definite terminal
selection within the trunk group selected.

-2 DRIVING

7/, GEARS
gy §

SELECTOR /
SWITCHES

CLUTCH
URIT

:\ésn R 13‘5
LI,

. VERTICAL /"
- DRIVE SHAFT-paek

£

Fia. 145.—S8elector-frame mounting arrangement,

After the proper trunk group has been selected, in the case
of the group selector it proceeds, independent of the register,
to perform an automatic trunk-hunting operation to select
an idle trunk. In the progress of a call through the various
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group selectors, this automatic action immediately follows
each numerieal selection, the time necessary in each case being
allowed by the register.

In the final selector, the group selection is followed by a
numerieal selection also under control of the register until the
desired terminal is found. When the desired terminal is a
part of a P.B.X. group, a third operation similar to the auto-
matic trunk hunting may be necessary to find an idle line. If
this last step is necessary, it is performed independent of the
register, the same as with the group selector. '

A complete selector is shown in Fig. 144 and the frame mount-
ing arrangement in Fig. 145. Structurally, the only difference
between the group and final selectors is that the final selector is
provided with .an additional commutator placed at the bottom
of the brush carriage and that a lower gear ratio is used for its
drive. These changes are necessary to permit the register to
control the terminal selection after the group selection has been
made. :

For the purpose of this description, the group selector will
be described and, wherever a difference obtains over the working
of the final selector, suitable explanation will be made. The
group selector consists essentially of a semicircular bank, a
brush carriage, a trip spindle and commutator, two clutches,
and two sets of gears. In the final selector, a second commutator
is also provided on the brush carriage. »

The selector bank, as-shosn-in Fig. 146; 4s made up of &

series of 30 vertical terminal blocks of 30 terminals each, mounted
in a metal frame. These blocks are arranged in groups of 10
in three sections or sectors which, as a complete unit, form an

‘arc or bank of 180 degrees. From a circuit standpoint, the

30 terminal blocks permit of a bank capacity of 300 three-
wire circuits arranged in 10 rows, or levels, of 30 trunks each.

" Through the use of this sectional form of construction, when

fewer trunks are required, the unnecessary terminal blocks can
be omitted.
The  final selector bank, while of the same construction, is

‘ordinarily equipped with only 20 terminal blocks representing

the first and second sectors for a 200-line capacity, since numier-

_ically the capacity of each final sclector must be such a fractional

part of a thousand numbers that it can be evenly proportioned
over the 10 levels of the preceding selector.
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264 TELEPHONE THEORY AND PRACTICE

An exception to the above is where the P.B.X. traffic through
the final selector is heavy and it is desired not to use too many
numbered terminals for additional trunk circuits. In this
case, the additional 10 terminal blocks ot a smaller number
as required can be added to the third sector of the bank and
the selector be permitted to trunk-hunt beyond the regular
numbered trunks assigned to a particular P.B.X. to the non-
numbered trunks also assigned and loeated on the same levd in
the third sector.
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Fig. 146.—Selector bank.

The use of a 200-line final may not be clear at this time, since
the operation of a system on a straight decimal basis direct
from the dial would not permit the assignment of more than
100 lines on-a level of the switch preceding the final selector.
This is an outcome of the central-office “register” plan of
control which permits the selections to be converted to a non-
decimal basis when necessary and is utilized in this case to
obtain increased trunk efficiency on the trunks leading into
the finals and also in the number of final switches actually
required, since the total number of switches required for one
200-line group will be less than the number of switches required

- for two 100-line groups.
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As shown in Fig. 147, the brush carriage comprises a vertical
pile-up of 30 brushes, two sets of gears, and a position indicator.
The 30 brushes, from a circuit standpoint, are arranged in 10
groups of 3 brushes each, corresponding to the 10 levels of 3
conductors each in the bank. The function of each set of brushes
corresponds to that of the tip, ring, and sleeve conductor of a
manual switchboard plug. Associated with the brush sets are
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Fi1g, 147.—Selector brush carriage.

10 latch blocks which are mechanically set and tensioned to
hold the brushes in an unlatched position where they are ox}t of
contact with the bank terminals. When the brush carriage
starts to rotate, a tripping finger on the trip spindle forming
a part of the switch trips the proper latch bloclz(, the. tripping
finger having beenvpre\viously placed by the register in such a

location that it will release only the latch block of the brush set -

which will provide contact with the desired level.
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266 TELEPHONE THEORY AND PRACTICE

This operation releases a single set of brushes which now

protrude beyond the nine other brush sets and enter into contact.

with the bank terminals. Continuous and reliable contact
during the rotary movement of the brush carriage, as the dif-
ferent terminals in the selected level are passed, is maintained by
a reed spring in the rear of each brush.

From the foregoing, it may be seen that only one set of brushes
are in contact with the bank at one time, and in view of this
fact the corresponding terminals of

and connected to three feeder brushes
located at the top of the brush unit
just below the upper set of gears. At

4 this point, the feeder brushes press on
and contact with fixed collector rings
attached to the under side of the top

\ of the switch frame. In this way con-

support | tinuous,contact is made between the
BEARINGS | moving and fixed parts of the switch,
regardless of the position of the brush
carriage or the number of cycles of ro-
tation made.

The. driven gear and number indi-
cator act in the same manner as the
corresponding units on the line-finder

ditional commutator is also provided,

, and for simplicity of design the num-

Fic. 148.—Selector trip spin- ber indicator and commutator are con-
dle. structed as a single unit.

On the upper end of the brush carriage immediately above

the top bearing is a set of two reduction or intermediate gears,

which serve the purpose of transmitting the rotary power from

- the mzin vertical drive shaft to the trip spindle. These two

gears are clamped together as a unit and rotate independent
of the brush carriage. The purpose of two gears rather than
one is to permit the trip spindle to rotate at a lower rate of
speed than the brush carriage.

The trip spindle, as shown in Fig. 148, consists of a driven

~ gear, a spindle shaft arranged with ten tripping fingers, and a

commutator. As it is the function of the trip spindle to assume

DRIVEN
ﬁ GEAR cach brush set are multipled together -
hS.

| switch. In the final seclector, an.ad-. _ trip-spindle shaft isaeommuta- "~ -~ {
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the proper rotary position so that it will trip the latch block
controlling the brushes associated with the desired level, it is
provided with ten tripping fingers each located on the same hori-
zontal plane as its corresponding latch block. In order that
only one latch block, and in turn one set of brushes, can be
tripped at one time, the fingers are positioned spirally around
the periphery of the trip spindle.

The relative positions of the trip spindle and the brush carriage
on the main switech frame are such that only one trip finger
at a time can protrude far
enough to lie in the path of the | .
latch blocks. Thus, by rotat-
ing the trip spindle, prior to
the rotation of the brush car-
riage, to a position where the
desired trip finger occupies the
extreme left position, the prop-
er latch block can be released,
and all other trip fingers will
be automatically out of reach
of their corresponding latch
blocks, owing to their stag-
gered spiral position om the
spindle. ,

Located on the bottom of the

BACK ST0PS

ARMATURES

-

tor which serves as a means for g‘
the register properly to place /4&‘{
the trip-spindle for the desired | sacx sroes
group selection. This commu-
tator consists of a series of ten
metallic segments occupying corrcsponding positions around
the periphery of the commutator face as the trip fingers on the
trip spindle.

The clutch unit shown in Fig. 149 consists of an upper and
lower unit for controlling respectively the reduction gear asso-
ciated with the trip spindle and the lower gear forming a part
of the brush carriage. Use of a helical spring is made on the
selector clutch rather than a reed spring in each armature, as
one spring connecting the two armatures will serve for both
units and at the same time simplify adjustments.

Fic. 149.—Selector clutch.
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268 TELEPHONE THEORY AND PRACTICE

On Fig. 150 an operating diagram of the group selector is
shown with all the previously mentioned component parts
in their respective positions. The brush-carriage shaft 1,
supported from the switch frame on self-aligning bearings 2, is
equipped with ten sets of three brushes A-B-C arranged in a
vertical plane. The corresponding brushes of each brush set
are multipled together and carried to a set of three feeder brushes
D-E-F, located at the top of the brush carriage. Here the
feeder brushes contact with three fixed collector rings D'-E'-F’,
attached to the main switch frame, and provide a - constant
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F16. 150.—~—Operating diggram of group selector.

link between the moving and stationary parts of the switch.
In front of the ten sets of brushes are located the corresponding
ten blank levels 3, which terminate thirty three-wire circuits
each.

Normally, all brushes are in a reset position with their con-
tacting surfaces on a shorter radius than the contact surfaces
of the bank contacts. FEach set of three brushes is under control
of a mechanically operated latch block. The complete brush-

carriage unit assumes a normal start. position just in front of
~ the trip spindle, so that on its rotary motion it will first pass
the trip spindle before entering the bank.

When a selector is selected for use in building up a connectio'n,.
it is ‘necessary that a brush group selection.be made to place .

hiy\

ROTARY AUTOMATIC TELEPHONE SYSTEM 269

the proper set of brushes in contact with the desired level
This sclection is made by the trip spindle and is called the
“trip-spindle selection.” By rotating the spindle, each of the
ten trip fingers is brought progressively to the unlatch position,
and, if allowed to remain, the corresponding Jatch block is
released as the brush carriage passes on the rotary movement.

A circuit closure from the register causes the upper clutch
magnet 5 to operate its armature 6 and permit the lower gear 7 of
the reduction.gear unit, mounted on top of the brush-carriage
shaft, to move from its deflected position and enter in mesh with _
the upper driving gear 8. Rotary power is then transmitted
via the direct-connected upper intermediate gear 9 to the driven
gear 10 mounted on the top of the trip spindle 11. During the
rotary movement, a cireular commutator 12 mounted on the
bottom of the trip spindle 13, made up of a series of ten metallic
segments, rotates past a set of fixed collector brushes 14-15-16.

The metallic segments correspond to the trip fingers 17 on the
spindle and are so placed that, when each trip finger enters the
unlatch position, the corresponding metal segment has just com- -
pleted contact with the lower collector brush 15. With this
arrangement, the register is capable of measuring the position of
the trip spindle by electrically counting the number of segments
passed by the collector brush.

The upper brush 14 also contacts on similar segments These
segments, however, are slightly retarded-in relation to-those for-
the lower brush and are used to place the selected trip finger
exactly in the center of the unlatch position. The center brush
16 is for supply purposes and provides the electrical connection
to the metal part of the commutator.

When the desired trip finger reaches the unlateh posmon the
circuit to the upper clutch magnet is opened by the register and
the trip spindle comes to rest. ‘A local circuit is now auto-
matically closed, independent of the register, to the lower clutch
magnet 18 operating its armature 19, which permits the lower
driven gear 20 to enter into mesh with the lower driving gear 21.

The rotation of the brush carriage thus started is called ““auto-
matic trunk hunting.” As the brush sets pass the trip spindle
just before entering the bank, the desired latch block is released
by the trip finger occupying the unlatch position. This released
set of brushes will then protrude beyond all other brushes and
contact with the selected level. After an idle trunk is found, the
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270 TELEPHONE THEORY AND PRACTICE

circuit to the lower clutch magnet is opened and the brush ecar-
riage is brought to rest.

In the first, second, and third selectors, the rotation of the trip
spindle constitutes a numerical selection controlled by the
register,  This selection may be either the ten-thousands,
thousands, or hundreds digit selection, depending upon which one
- of the three selectors are connected to the register.  As soon as an
idle trunk has been found after each selection, the control circuit
from the register is extended to the next switch.

When the final selector is reached, a similar brush selection-
takes place to complete the tens selection. Actually, this tens
selection represents a group ef twenty lines as the capacity of
final selector level is twenty lines. The next rotation to reach
the desired subscriber’s line is made by placing the brush carriage
under control of the register.

The counting of the terminals is made on a commutator located
on the brush carriage in a manner similar to that described for
the trip spindle. One metal segment is provided for each of the
twenty terminals in the bank. When the register has electrically
counted the number of segments corresponding to the units
digit of the desired line, the circuit to the lower clutch magnet
is opened and the brush carriage is brought to rest.

As it has been previously explained, the register may count
on a non-decimal basis. Therefore, if the desired units number
is in the second group of ten lines on the final selector level, the

register automatiecally discounts the first_count_of ten impulses-

from the commutator to start again in the second group of ten
lines. s

From the above, it will be scen that it is necessary for all
selectors to return to ‘their normal position at the completion
of each call, in order that the trip spindle and brush carriage may
‘be properly directed. It is also necessary that the set of brushes
tripped for the preceding call be reset before a second set is
tripped on a succeeding call. »

For these reasons, the selector is made self-restoring and upon
disconnection the circuits to the two clutch magnets are again
closed to rotate the trip spindle and brush carriage through the
uncompleted portion of their cycles to their starting points or
‘home positions. After the brush carriage passes thelast terminal
in the bank, the released brushes strike against a brush-restoring
bar or roller which is so positioned that it will mechanically reset
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the tripped brushes and again place them under control of their

~ associated latch block.

F1g. 151.—Sequence gvgitgh? oI e . __' - .

Sequence Switch.—In the rotary system as in the pan(?l a special
form of rotary switch termed the ‘“sequence switch” is used for
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Fi6. 152.—Bay of sequence switches.

the purpose of performing the functions of large groups of rels?.ys.
Through the use of this switch, the number of relays. req_un-ed
for a given circuit is materially reduced and at the same time a
reliable and inexpensive substitute is obtained. .
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272 TELEPHONE THEORY AND PRACTICE

An analogous comparison of the sequence switch to regular
relays may be made by calling it a large group of relays so
arranged that their spring and contact relations could be switched
through a very large number of combinations. The different
arrangements possible are accomplished by rotating a group
of from eight to twenty-four disks or cams through a series
of eighteen positions, each cam within each of the positions being
capable of producing a set of four connecetions in any possible
combination.

Figure 151 shows a single sequence switch and the relation
it occupies to the constantly rotating shaft from which it derives
its motive power. A number of them mounted on an iron frame-
work and constituting a sequence-switch bay is shown in Fig. 152.

The principal component parts of the sequence switch used i
the rotary system, as shown in these figures, are a group of
cams separated by brass rings or washers, a cam spindle, a brush
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" nest for cach two cams, a flexible dfiven gear, a clutch, a cam
designation strip, and a dust cover to shicld the cams and "
contact springs.

Each cam, as shown in Fig. 153, is composed of two metal
disks and one insulating disk. The two metal disks, with the -
insulating disk between them, are clamped together with brass>
rivets which also serve to connect. electrically the two outer
metal surfaces. Resting against the flat sides of each cam are
four contact springs, two on each face, which make contact on
the same radial line. .

A series of cuttings are made in the metal disks in such a man-
ner as to present varying combinations of metal and insulation

“to the four contaetsprings. Thus, in one position some springs
may rest on the metzal and others on the exposed center insulating
disk, whereas in another position different combinations will

¥i16. 153.—Typical sequence-switch cam. - X -
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obtain. In this way, by turning the shaft supporting the cams
through the different positions, connection between the contact
springs can be made and broken in various arrangements.

As a switch may accommodate as many as twenty-four cams,
cach of which has four contact springs, there may be as many as
ninety-six wires connected to the switch, which, by turning the
shaft, can be connected and disconnected in eighteen different
arrangements corresponding to the eighteen switch positions.

- Another feature of the sequence switch is that it may be used to
provide circuit closures on a ti1n¢ basis. By applying the known
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rotary speed of the sequence switch to the time interval required,
a size of cutting can be determined which will provide a contact
between a set of two brushes for the desired period. .

Cuttings in the metal disk can be made to permit a contact in a
single position or a group of consecutive or non-consecutive
positions. It is also possible to arrange for the interconnection
between adjacent cams by extending the metal part of the cam
toward the center, where it will contact with the metal spacing
washer. Under this arrangement, the washer acts as a between-
cam conductor as well as a spacer. o N

In Fig. 154, a diagram of a typical cam other than the control
cam is shown. These cams are used to provide the -various

.
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274 TELEPHONE THEORY AND PRACTICE

switching combinations and are designated alphabetically from
Bto Y. The control cam known as the A cam is used to control
the rotary movement of the switch and will be deseribed later.
Around each eam face may be assumed two circular paths on
different radii, which represent the contact arca for the fixed
brushes as the switch is rotated. For the complete eam this
represents four different areas and, in so far as the actual cuttings
are concerned, each can be made independently of the other.
The term “cutting,” as’it is used in the sense of sequence-switch
cuttings, is that metal for a contact has been allowed to exist.

Thus, the reverse meaning is actually-implied, since it represents - -

the presence of contact metal rather than the absenee of it.

Since the cam face represents 360 degrees of surface, the angular
difference between each of the eighteen positions is 20 degrees.
When a contact is to be effected at a given position, the metal is
left intact. The actual cut to terminate the metal for a specified
regular or intermediate position is made 5 degrees, or one-fourth
of a position, before and after the position line. This-cutting
plan provides for a contact area of 10 degrees for each position
and is used to provide sufficient closed-contact duration, if the
sequence switch is in rotation. Also, it offers a safety margin or
overlap when it is desired to transfer holding circuits between
cams having the same cutting. )

By a regular position is meant one which corresponds to one

of the eighteen positions of the switch, whereas- an-intermediate:

-+=— "“position corresponds to an intermediaté point within any of thé

eighteen positions. Thus, for example, whole positions would
'be 1, 3, 9, and 11 and intermediate positions 113, 934, and 1214.
 With reference again to Fig. 154, it will be noted that the cam
shown is eut in the following manner;} C :

~Lelt Side—Brush 1

Position 2: Contact metal starts 5 degrees, or one-fourth position, before
position 2 and stops 5 degrees, or one-fourth position, after position 2.
Positions 9 to 11: Contact metal starts one-fourth position before position
9, continues through position 10, and stops onc-fourth position after
position 11. . ) \

Left Side—Brush 2 ’

Positions 5 to 714: Contact metal starts oné-fourth before position 5, con-

_ tinues through position 6, and stops one-fourth position after position
. _ ] .
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Right Side—Brush 3

Position 3: Contact metal starts one-fourth position hefore position 3 and
stops one-fourth position after position 3. o

Position 6: Contact metal starts one-fourth position bgfore position 6 and
stops one-fourth position after position 6. N

Positions 9 to 113%: Contact metal sturts one-fourth position b?f(.)re
position 9, continues through position 10, and stops one-fourth position

after position 1134.

Right Side—DBrush 4

Positions 12 to 3: Contact metal starts one-fourth position before position
12, continues through positions 13 to 18 and 1 t0 2, and stops one-fourth

after positien 3. » - -
Position 534: Contact metal starts one-fourth position before position

534 and stops one-fourth position after position 534.

From the above it may be scen that in each case the contact
metal has been extended over an arc from a point one-fourth
position before to one-fourth position afterthe specified position or
positions. Thus, the cuttings actually made for the cam should
be as follows: :

Specified Cutting Actual Cutting

Brush 1: »
Position 2.....o-veuveernevnn.. .. Position 134{to 24
Positions 9to 11................... Position 834 to 1134

Brush 2: N
Positions 5to 73................. Position 434 to 7%

Brush 3: - — - e

5.s = *  Pesition$: . TTUl T iown .. Position 23t 344, i
' Position 6. ... 7 .7 e e Position 53 to 6%

Positious 9to 1134................ Position 834 to 12

Brush 4: )
Positions 12ta 3. . ... ... ... Position 1134 to 334
Position 534.......... ..ot Position 515 to 6

In practice, the positions or cuttings in which contact can be
made are designated by the numbers corresponding to the posi-
tions involved. A single-position contact would be designated by
a single numeral corresponding to the position involved, as 2,
while a cutting involving a group of two or more positions would
be indicated by the number of the position where the contact
starts and where it stops, the numbers being separated by an
oblique stroke, as 9{;. Where two or more separate cuttings
are made on the same brush, the numerals corresponding to the
respective cuttings are used, and the fact that they are non-con-
sccutive is indicated by s period, as 2.%). -
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76 TELEPHONE THEORY AND PRACTICE

These numerals represent the cutting information as it will
be found on all circuit drawings. Since the one-fourth position
of metal is always allowed before and after each specified cutting
this point becomes a rule and may be assumed in all cases.

All cams are mounted in alphabetical order on a cam spindle
with metal separating washers between to provide spacing
for the contact brushes. The cam spindle together with all
eams rotate as a unit through the eighteen positions of the
cycle. Rotating as an integral part is an indicator wheel with
eighteen numerals around its periphery, corresponding to the

“positions of the switch;-. When the switch is stopped, a~fixed - -

pointer moéunted on the switch ftame indicates what position
is being used at that time. -

Normally, the sequence switch remains in position one, as
an idle or home position. When the circuit associated Wlth
the switch is selected, the rotary circuit is closed as required
to advance the switch progressively to positions 2, 3, etc., until
position 18 is reached. After the switch leaves position 18, it
again enters position 1, where it will remain until started on a
subsequent revolution.

The eighteen positions making up the complete revolutlon or
cycle may be used as temporary stopping points where partlcular
functions can be performed or.as pass-by positions where pre-
‘paratory circuits, such as for relay operations, may be made as

the smtch _passes through the po<1tmn \nthout stoppmg. I—tJS_

tion- or feature is to be performed the posmon is termed a

“spare” and the switch is arranged automatlcally to rotate to

the next working position.
As an example of the possible uses of the different positions,
‘the functions controlled by the sequence switch associated
< with the final selector are shown. _
"Position ) . Function
Normal
Trip spindle rotates
Spare
Await register control circuit
Brush carriage rotates
P.B.X. idle trunk hunting
Spare
Spare ;
Called line busy o "

-

© W=D O d W
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Position _ Function
10 Spare i
11 Restore on premature disconnection
12 Immediate ringing
13 Immediate ringing
14 Ringing at intervals
15 Talking
16 Await called subscriber to release
17 Trip spindle restored to normal
18 Brush carriage restored to normal

~r

From the above, it may be seen that all the principal fune-
tions performed by the final selector are controlled by the
sequence switch. This permits-a relatively sm.xll number of
relays - to be used, since the major job of
contact control is performed by the cam Py 1-' 'y

contacts. A MEALDSC
Control of the sw1tch in its rotary move- | ! [:] :

ment is made through the A4, or control, ecam. NG OSC iy
This eam, as shown in Fig. 155, differs from '1 . ss
the regular cams from both a design and il
a functional standpoint. It is constructed Fic. 155.—Control or
with only one useful face or contacting sur- A cam.
face and is used in conjunction with a set of two brushes to

- control the stopping and centering of the switch in the speci-

fied stop positions.
- The. lower brush; held in continuous contact with the cam
" Tace, s directly connected to the sequence-switch cluteh mag-

" net. Attached to the upper brush is a local operating circuit

for the clutch, which will cause the rotation of the switch on the
oceasion of an eleetrical contact between the two brushes. )

Thus, assuming that switch rotation is first started from
an external circuit, as soon as the upper brush contacts on
the metal of the cam face, the switch will rotate until an open
circuit exists for the upper brush. These open points correspond
with the stop-position numbers and will permit the switch to stop
in only those positions. They also serve to center the switch
within the stop position, since the metal is removed only for a
period corresponding to 214 degrees before to 3 degrees after
the stop position. These figures, it will be recalled, are.less
than the 5-degree overlap provided for each cutting on the
_regular cams, so sufficient metal should always be available
for a contact.
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278 TELEPHONE THEORY ANb PRACTICE

A point always to be borne in mind in connection with the
A cam is that it controls only the stopping of the switch. The
start must in all cases come from an external source somewhere in
the associated circuit. This is because the sequence switch is
stopped in a position for the purpose of completing a particular
function, and, until that function is completed, the switch should
not move, o

A diagram of a typical 4 cam is shown in Fig. 156.

Front View Right Side
- Inss/ating - Brusnes . ...
- R T LR
Rivets... - -See note 6

“.am
Spacing & sp1ndle
washer TN (

b Brush corg;cf/'/aggg o B 150°Pos.g

Metfal asscs’ Pos 10
. E ——

commbetal =D /nsulation
Notes

4. The cam shown atove 1s arranged
fo sfop and center the switch 1n
posifrons 1, 2,4,5 9, and /5

7- 4 Sequerce swifch can be stopped
n any position in which the metal
has been omitted on the "A"carn

2:-The A cam also serves o cenfer
she siyitch in each stop position by

. providing a local clufch confrof
- . grrewit fhrough 185 brushes.

il " 3-The lower brush 15 always i1 con-
Linveus cenfact with the mefal
Cuttings for the upper brush are
maae fo remove the metal in the
peried corresponding o 2z ge=
rees before, fo 3 degrees affer

LD the pasttions (m whickhno meé

8- The cutting rumerals for 1eR” cam

have the gpposite signiticance fo those
for other cams 1o 1hat they r_e;re.sefzz“ .

6-Tilting the metal immed)ately preceding
each cutiing 1s inferded fo préclude or
danger-of '?/7@ brush, afler@reaﬁm ¥
confact, again fouching the mefal.

LA

a specified stop position. .
Fia. 156.—8equence-switch cam diagram-—control or A cam.

» With the ecutting arrangement shown, the switch will be .

stopped-and centered in positions 1,2, 4, 5,9, and 15 progressively
to perform various functions and will pass by all other positions
automatically. While the switch is in a stop position, the
upper brush rests on insulation, since a closure between these
two brushes will cause the switch to rotate. When it is desired
to move the switch, out of cither the normal position or any

“subsequent stop position, a eireuit closure for the clutch magnet

must originate from a point in the associated circuit and pass
through a cutting on one of the regular cams corresponding to

e

<~y
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the then occupied position of the switch. After the switch
starts to rotate, the external operating circuit is broken at the
cutting on the regular cam as soon as a point 5 degrees, or one-
fourth position, after the specified cutting is passed. The switch
continues to rotate, however, since the upper brush of the 4
cam will set up a local operating circuit for the clutch 3 degrees
after the stop position. When spare positions, or positions in
which funections are to be performed but no stop made, are
reached, the métal in the corresponding position of the A cam
is not removed and the switch continues to rotate.

To number the A cam to agree with this cutting arrangement
would be quite complicated and different from the system used
on all the regular cams. In order to
simplify this point, the A cam is num-
bered for all positions where no metal
exists, and these numbers represent
the positions in which the stops can
be made. Under this arrangement,
the numerals correspond to the insu-
lated positions rather than the con-
tact positions and have the opposite
significance of the numerals on the
“regular cams,

The clutch unit of the sequence

= gwitch;: as—shown inFig: 157, 4s of 4 different design from that
of the clutch used on the line finder and selector, owing to the
structure of the sequence switch’s being considerably different.
From an operating standpoint, however, both units are identical
and the flexible driven gear is brought in and out of mesh in-
the usual manner.

A leaf-type spring is used on the clutch to tension the armature
and no back stop is included, as a part of the switch frame is
used for this purpose. Also, the driven gear is at right angle
to the driving gear. As all these points are structural rather
than operating differences, it is felt no additional explanation
is necessary. : '

In circuit drawings, a series of conventions similar to those
‘shown in Fig. 158 are used for the different sequence-switch
parts and features. Each cam is represented by a heavy hori-
-zontal line which terminates in a dot at one end to represent
the position of the spindle or center of the cam. In reality,

ELECTROMAGNET

Fig. 157.—Sequence-switch
clutch unit.
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* cam and are usually Tefefred toas b\rushes?r and 4; or'nfrht-oubef - -

. should give a clear idea of how it is used to control circuit func-
tions, is shown in Fig. 159. Here the final selector is assumed

TELEPHONE THEORY AND PRACTICE

of course, the cam is vertical and its axis horizontal. How-
ever, for the sake of simplicity and clearness in cireuit drawings,
it is shown in this form with the spindle end to the left or right,
depending upon which arrangement presents the most satis-
factory drawing layout. The springs are represented by four
shaded arrow heads just above and below the heavy line.

The two springs below the line indicate those contacting
on the left-hand face of the eam and are usually referred to
as brushes 1 and 2, or left-inner and left-outer. Those above '
the line indicate those contacting on the right-hand face of the

and right-inner. Regardless of the position of the spindle symbol
on the drawing, its nearest arrows represent the inner springs,
that is, the two actually nearest the spindle, and are brushes 1

Br4¢ Br3 br 3 Brd
285 gy 12/15 10/15 ¥ g\ 84 11016
’ 4/5'5} 18/1 V sy
B;t Lré 8r7 gry \
8r4 Brd Br3 Br . i
Slelz7 24554,,%4 o
T 127 '
- Brl] Br2 /0 ’55 t '8
Bri Brl

F1g. I58.—Sequence-switch conventions.

and 4, or left-inner and right-inner. The most distant arrows

. represent the outer sprlngs and are brushes 2 and 3;or leﬁ‘ﬂ&t@r- Eitae ol
" and right-outer. )

When the metal parts of two or more ad;acent eams are
connected together by means of the metal spacing washer, the :
connection is represented by a continuous line j joining the two or
more.cam spindles.

The particular cam cuttings relatmg to the: different brushes

‘are indicated by placing the corresponding numerals opposite - .

the arrows. Should a cam econtact be made continucusly
throughout the entire eightecn positions of the switch, the cutting :
is indicated by an open triangle in actual contact with the hori-
zontal line rather than the usual arrow symbol. No cutting
numerals are given in this case, as the different symbol indicates
the type of contact. P

A simple 1llu=stmt10n of the application of a sequence which * '
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to have eight active or stop positions which are used to perform
the functions listed at the bottom of the figure.

When not in use, the final selector is resting in the normal,
or No. 1, position awaiting selection by a trunk-hunting third
group selector. After being selected, a circuit is closed to
advance lead ““A” which advances the sequence switch to
position 2 for trip-spindle rotation. This eircuit can be traced
over advance lead ““A,” brush 4 of cam B cut in position 1,
electrical coupling to cam 4, brush 1 of cam A cut in all posi-
tions to the lead going to the sequence-switch clutch magnet.
The switch rotates and moves all cams simultaneou'R]y under

control of this circuit untxl it is opened in position 114 - (the
» 70 trip spindle
Advance'A Ringing current clutch
Advance’8” Busy fone To brush
27 carriage
/557’8|z468 56{4 Y carria
Y 4 y 46 ) 156 en ey 261 178
70 callin, Peqrs
srfvf/g Ucé;ul‘ch Jt/bscnbéyr contrel eoreutt
magnef /
Local advance Ta called subscriber Resforing circust
Position Function Position Function
1 Normal & Tatking
2 . Rotate frip spindle 7 Restore frip spindle
J Rotate brush carriage 8 Restore brush carriage
R S —p.ﬁu.&j/ back” o o St 8 - Spare . _
- 3 a . Ribging . -

* Fig. 159.—Schematic illustrating sequence-switeh control of prmclpa.l final

selector functions.

,5-degrée contact margin allowed for the cutting at brush 4 of

cam B). The switch does not stop, however, as a local operating
circuit for the clutch is established at 3 degrees after position 1
through brushes 1 and 2 of cam A. This local circuit serves to
rotate the switch until brush 2 of cam A leaves the contact
metal at a point 214 degrees before position 2. From the
foregoing, it can be scen that the starting of the switch is under
external control and the centering in the next stop position is
under control of brush 2 of cam A.

Trip-finger selection on the trip spindle is now performed by
attaching the register control circuit to the trip-spindle clutch

.magnet through brushes 1 and 4 of cam D cut in position 2.

When the proper trip finger is placed in line with the rotary
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282 TELEPHONE THEORY AND PRACTICE

path of the brush carriage, the trip-spindle clutech magnet
circuit is opened by the register. The function completed,
a circuit is closed to advance lead “B’ which advances the
switch to position 3 for brush-carriage rotation. Advance lead
“B” serves to move the switch out of position 2 and hold-the
clutch magnet operated until brush 3 of cam B iz opened at
positions 217 and, as previously described, brush 2 of cam A
advances the switch” beyond this point until it is centered in
position 3.

Terminal selection with the brush carriage is made by attaching

-the_associated clutch-magnet. o the ‘register -control circuit

through brushes 1 and 3 of cam D'cut in position 3. A similar
circuit to the trip-spindle clutch magnet no longer exists, as
brush 4 of cam D is open in position 3. Reaching the desired
terminal, the brush-carringe clutch magnet circuit is opened by
the register, and the circuit to advance lead “A” closed to
advance the switch to position 4 with the aid of brush 2 of cam
A. If the terminal called is busy, a busy tone is returned to the
calling subscriber through brushes 4 and 2 of cam C cut in posi-
tion 4. If the terminal called is idle, a circuif is closed over
advance “B’ also, to provide a circuit to move the switch past
position 4 without stopping. In position 5, the ringing current
is then applied to the called subscriber’s line through brushes.
3 and 1 of cam C. A circuit is also established to return the

ringing signal to the .calling subscriber_over. Jbrushes 3° and. 2. 7

of cam C. W hen thecalled subscriber ‘answérs, a clr»ult is
closed over advance lead “A’’ to move the switch into position’
6, which is the talking position.. In this position, the two sub-

scribers are connected together through brushes 2and 1 of cam C. . .

When the conversation is completed and the subscribers
hang up, advance lead “B’ is closed to rotate the switch to
position 7. Here the spindle is reset over brushes 2 and 4 of
cam D, When the normal position of the spindle is reached,
advance lead “A” is closed to advance the switch tv position
8. In this position, the brush earriage is reset over a similar
circuit traced through brushes 2 and 3 of cam D, after which
lead “B”" advances the switch out of position 8. * No stop is
made in positions 9 to 18, as the circuit through brush 2 of
cam A is continuous during these positions. With the switch
back in position 1, it is ready to receive a second call and repeat ,
the same process, : .

I
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From the above, it may be seen that the sequence switch
provides an excellent means of switching various circuits in
a comparatively simple manner. It is true, of course, that
the arrangement shown is highly schematic and that a larger
number of eams are required to control the different operations.
However, for the basis of study it should provide a suitable
illustration. ' )

Circuits.—In order to facilitate a proper understanding of
the operating features of the rotary system, a number of descrip-
tions have been provided to cover the principal functions of the
different circuits. In some cases, it may be noted that com-

parable operating features are performed in other systems but,-

since the methods and apparatus used are in most cases different,
it is advisable that separate descriptions be made.

Register—In the preceding text, the register has been referred
to in a number of cases.as a control unit which serves to receive
the dial impulses from the subseriber and, in turn, with the
information thus obtained, to direct the selecting switches
until a connection has been built up to the desired line. Its
operation in this capacity, together with its use to perform
other functions, makes it practically a mechanical operator
for the rotary system, taking the place of a human operator in
a manual office.

In Fig. 160, a bay of register circuits is shown. It will be

- ~Tioted that each circuit consists of a relay unit and two sequence -

“switches and that a total of five circuits, together with the
associated routine test and supervisory panels, is mounted in a
single bay.

A summary of the major operations performed by the register
circuit may be made as follows:

1. Provide dial tone for the subscriber as an indication to
start dialing,.

2. Receive the 'dial impulses and store them until each selector
is ready to function with the register.

3. Control the movement of the selectors on the basis of
the selector advising the register when it is ready to function
and thus save time when little or no trunk hunting is required
and allow additional time when excessive trunk hunting is
required.

4, Translate the subseriber’s number and make the selections
on a non-decimal hasis.
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284 TELEPHONE THEORY AND PRACTICE ROTARY AUTOMATIC TELEPHONE SYSTEM 285

5. Supervise the call until it is completely established and, .

i in the event of trouble, free the subscriber and remove the

i defective equipment from service. '

! When a subscriber originates a ecall, a series of concentration

‘ switches function to route the call to a register. These opera- R
tions precede any operation on the part of the subscriber other
than the closure of the switch-hook contact indirectly brought :
about by lifting the receiver. In general, a time interval of

' about one-half second is usually required to reach the register.

z
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. Fia. 161.—Row of selector bays. )
Upon being selected, the register simultancously sends out
a dial tone as an indication for the subscriber to start dialing
o and prepares a recording circuit for reeeiving the impulses from
the dial. The closed line loop, with the impulse contacts of
the dial as the control point, is extended, free of attachments,
e to the register where it provides an operating circuit for- an
. R — impulse recording relay. Under control of the contacts on this o
N : ~ o —— recording or “instepping relay,” as it is termed, is a series of

Fiu. 160.—Bay of five register circuits, counting relays which respond to the impulses from the dial.

i
I
i
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286 TELEPHONE THEORY AND PRACTICE

Digit Recording and Sclector Control—Actual recording of
each digit is made on a series of six paired counting relays.
The combinations necessary to provide for from one to ten
pulzes are obtained by using some of the relay pairs for the
second time. This point can be illustrated in the following
example: Impulses from one to four will operate counting relays
from one to four, snd five impulses will operate the fifth relay
but release the preceding four relays. The sixth impulse
will operate the sixth relay and any impulses after that will be
received on the one to four relays again, which, in an operated
position with the fifth and sixth counting relay, indicate that
‘the number of impulses received‘is four plus the number of
additional relays operated.

Usually in a five- or six-digit scheme only four series are
used and provision is made in the register circuit to re-use
the first or first and second series for the second time. Switch-
ing of the different series of counting relays, so that they will
be progressively brought under control of the instepping relay,
is accomplished by means of cam cuttings on the sequence
switch so arranged that the rotation of the switch will bring in
a different series of relays as it advances through its positions.

Each series of counting relays, in addition to serving as a
recording unit for a digit, also serves to control the corresponding
selection on the selector switch. This action is called the
‘“revertive control” of the register and functions on the basis

of the sclector-switches sending impulses to the register similar

to the impulses from the subscriber’s dial.

These impulses are received from the commutators provided
on the trip spindles of the various group selectors and on the
trip spindle and brush carriage of the final selector. Since
the register under this impulsing scheme must wait for the dif-
ferent sclectors to send back impulses rather than send the
.impulses to each selector, sufficient functicning time, and no
more, is guarantecd for each switch regardless of the trunks
hunting time required.

Just how many impulses will be received from each switch
is determined by the numbering scheme for the office and net-
work. Where no translations or digit corrections are made,
the number of impulses received for a given digit will always
be the difference between the number of impulses sent from the
dial and a standard value of eleven impulses. Thus, if the
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figure 6 is dialed, six impulses will be received in the register
and the selector performing the corresponding digit selection
will send back five impulses to the register, the two values
making a total of cleven impulses. These impulses from the
different selectors are’ termed “complementary impulses,”
since they are always in complement to those from the dial
to make up the desired total.

All impulses, from both the subseriber’s dial and the selectors,
are received alike on the counting relays. After the impulses

for a given digit from the dial are received, the instepping

relay is switched by a sequence-switch ¢am to the next series
of counting relays for the next digit. At the same time, an
impulse control relay for the selectors, called the ‘‘outstepping
relay,” established a circuit to the selector that is to make the
corresponding selection. The contacts of this outstepping
relay are now attached by means of a sequence-switch cam to
the eounting-relay circuit the instepping relay has just left.
Each impulse as sent back by the selector commutator will
affect the outstepping relay and in turn be recorded on a count-
ing relay. If, for example, the last impulse from the dial through
the instepping relay operated the No. 4 counting relay, the
first impulse from the selector through the outstepping relay
will operate the No. 5 counting relay in the same counting-relay
group. Further impulses will be accepted from the selector
commutator in complement to the original four from the dial,
until a total of eleven are received.. ___ :
This value of eleven impulses is in a sense the capacxty of
each series of counting relays and, as soon as it is realized as
a result of this two-way impulsing scheme, the last relay in the

~_group operates and causes the selector to stop sending further

impulses. This, in effect, brings about the stopping of the
trip ‘spindle, and the brush carriage in the case of the final
selector, at the desired point in relation to the digit dialed by
the subsecriber.

It can be seen, under this impulsing plan, that the number
of impulses from the selector for a given digit are at no time the
equivalent of the number sent from the dial, since the total
must always equal eleven which.is an odd number. A very
simple relation exists between the original and complementary
impulses, however, since the selector sends a 1 for a 0 from the
dial, a 2 for 2 9, a 3 for an 8, etc. Thus, for matching the digits
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288 TELEPHONE THEORY AND PRACTICE -

from the dial in the order of from 1 to 9 and 0, impulses from the
-selector are sent in the reverse order of from 0 to 9 to 1.

For the selector to rectify this non-decimal arrangement
it is only necessary to number the levels in the reverse order, so
that the trunk group corresponding to the digit 1 from the dial
is on the tenth level rather than the first level, that for digit
2 on the ninth level, ete. In actual practice, this is further
simplified by numbering the bank levels from top down so that
the trunk groups numerically count in the usual manner from
the bottom up.

In order to assist the understanding of this seemingly unusual
impulsing and numbering schemg and show that it is quite
simﬁple,'the following table has been included. Here all digits
are shown with number of complementary impulses received in
each case and the numbering of the selector levels. For the
purpose of the illustration, it is assumed that the hundreds
digit on the final selector is the one in question.

Impulses from

Digit dialed sclector

Level selected Group selected

et

T I T R -
L

O R U T SR

100
200
300
400
500
ol
N
800
900
000

et

The reason this complementary impulse scheme is used in
the rotary system is that it reduces -considerably the amount
of apparatus required in the register and thus offers, as a natural
consequence, economy and less chance for circuit failures.

A circuit diagram of a set of counting relays, together with

. such associated control relays as are necessary to facilitate a

better understanding, is shown in Fig. 162. For the purpose
of this description, it will be assumed that the thousands digit is
to be recorded and the information thus obtained is to control
the setting of the trip spindle on the first selector.
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It will be noted that seven pairs of relays make up the group
and that the first four sets from the left each bear a designation of
two numerals, the next two one numeral, and the last set letters.
These designations are similar to those used in actual practice
for the thousands digit and carry the following significance:

Each numeral indieates what numbered: impulse received
collectively off the contacts of the instepping and outstepping
relay will cause its operation. In the case where two numerals
are shown, the relay is used for two different impulses in a man-

Coynting reiay group

£
” “__ - | ‘r,;
0480 4 J3508 [rE8 L‘B/&r s
] s
LI;JU Jh | B jcj::D
(-480  [-389 [I& L-1&7 L6

T Commen relays serving all
counting reiay groups
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F16. 162.—Schematic of a counting-relay group in the register.

ner that will be explained later. The lettered pair of relays
provide for controlling the re-use of first four relays and f9r
performing other switching functions. All other relays shown in
the schematic are control relays and are common to all counting-
relay groups. The cleventh impulse is always counted by the
common control relay SCR. :

When the register has functioned up to the point of sending
dial tone to the subscriber, an operating circuit for the instepping
ISR relay will be established out over the subscriber’s line
circuit to the impulse contacts of the dial. Each impulse
from the dial will cause the release of the ISR relay and a ground
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290 TELEPHONE THEORY AND PRACTICE

circuit will be interrupted over its back contact a number of
times, corresponding to the number of impulses from the dial.

Connected to the back contact of the ISR relay is a eon-

ductor leading to the counting relays. Control of this lead,
so that it can beswitched to the different counting-relay groups for
recording the different. digits, is accomplished by bringing the
connection from the ISR relay first to a sequence-switch cam
contact where it can be switched by means of cam cuttings to
the different groups as required.

An example of the working of the counting relays can be
given by assuming the subseriber will dial the digit 6. When
the ISR relay releases on the firstof the six ‘impulses, a circuit
is established from ground on the armature contact of the
ISR relay through the contacts of the lower five (L-5) relay
normal, the BXR relay normal, the L-1&7 relay normal to the
winding of the U-1&7 relay to battery operating the U-1&7
relay. Immediately, a second circuit is established through
another contact on the BXR relay normal, the U-1&7 relay
operated, and the winding of the L-1&7 relay where it joins
with the ground circuit from the ISR relay. The L-1&7 relay
does not operate, however, since the ground from the ISR
relay is in effect a short-circuit on its winding. When the ISR
re-operates at the end of the first impulse, the ground which
serves to operate the U-1&7 relay is removed and likewise the
short circuit on the winding of the L-1&7 relay is removed.
This permits the L-1&7 relay to provide a holding circuit for
‘the U-1&7 relay by use of the ground-through its winding and
thus the L-1&7 relay is operated. BN

If the circuit from the ISR relay is now traced, it will be
seen that the operated contact of the L-1&7 relay has transferred
the circuit formerly going to the winding of the U-1&7 relay to
~ the contact the L-2&8 relay normal where it is now extended
to the winding of the U-24&8 relay.

This short ecycle of events starting with release and ending

with operation of the ISR relay, bringing about the operation of
first the U-1&7 relay and then the L-1&7 relay, represents the re-
cording of one impulse from the dial. Each subsequent impulse
forming a part of the digit being received will serve to repeat
this cycle and operate a pair of counting relays in the register.

For the purpose of this desecription, it was assumed that
the digit 6 was being dialed; since the recording of the first
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impulse has already been described, the receipt of the five sub-
sequent impulses will now be explained. When the ISR relay
releases on the second impulse, ground on its back contact,
through the L-5 and BXR relays normal and L-1&7 relay
operated, causes the [-2&8 relay to operate. In the same
manner as with the U-1&7 relay, a holding circuit is immedi-
ately established for the U-2&8 relay from ground through the
contact of the BXR normal and U-2&S8 relay operated and the
winding of the L-2&8 relay. After the ISR relay operates

TR - T T 3 AL
T o e
) et 1 Y
. K G S ‘!B
e gt
) o LEIE
— A }*}, I 4 o=
l - o :-.J i [ |
] v bkl EY i
ekl T 1Y _ o LR |
e T B ] g
e bl e Al kA P —'ﬁj?:‘ ifiw
1 [y Hal | {¥ e  EHe - Sl r ¥
g:‘ i gjﬁ-_’ M t:z':f{"—}"’" s 3 :
st | EEWT E-S:? £ BRI enn iyl
Efr | Eimj B Es iee s TN EATE
S | BER BN RISl AT
£a Ea Eox B3 E0 TS g lE
e s SR SRR = - T |
2R 622 g’—‘ag ; : I B 1 ] S
R RIRRAR AN PR Eoh. Rt

Fig. 163.—Row of first line-finder bays.

at the end of the second impulse, the short circuit on the L-2&8
relay is removed and it operates in series with the U-2&$ relay.

In operating, the L-2&8 relay further transfers the impulse
circuit from the ISR relay through its operated contacts to
the L-3&9 relay normal, where it is extended to the winding of
the U-3&9 relay. Release of the ISR relay for the third impulse
now causes the operation of the U-3&9 relay, which, in turn,
establishes its holding circuit through its operated contacts
and the winding of the L-3&9 relay. At the end of the third
impulse, the ISR operates, allowing the L-3&9 relay to operate
and exiend the recording circuit to the L-4&0 relay, where it
reaches the winding of the U-4&0 relay.
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292 TELEPHONE THEORY AND PRACTICE

On the start of the fourth impulse, the U-4&0 relay is operated
and at its completion the L-1&0 relay is operated in the same
manner as with the previous counting relays, except that this
time the impulse path from the ISR relay is extended through
the BXR relay normal to the winding of the U-5 relay.

The fifth impulse passes through contacts of the L-1&7,
L-2&8, L-3&9, L-4&0 relays operated and of the BYR relay
nermal and operates the U'-3 relay in the usual manner. When
it operates, however, additional changes oc:ur. The BXR
relay is now operated from ground on an operated contact on
the U-5 relay and it serves to-transfer the circuit from the ISR
“relay over its operated contact to the -5 relay direct, and
independent of all lower counting relays with the exception of
the L-5 relay. When the BXR relay opens its normal contacts,
it removes the ground supply for holding each of the 1&7,
24&8, 34&9, and 4&0 counting relays and these four pairs of relays
are thus released.

An operated contact on the BXR relay also operates the
BYR relay but this relay does not perform its function until
the 1&7, 2&8, 3&9, and 4&0 relays are operated the second
time. Since the operation of both the BXR and BYR relays is
accomplished as soon as the operation of the U-5 relay is caused
on the fifth impulse, it naturally oceurs before the ISR relay
again operates at the end of the impulse.

Therefore, in the usual way, as soon as the U-5 relay is oper-
 ated, a holding circuit is established through its operated con-
" tact and the winding of the L-5 relay. ~This time, however,
the ground is supplied direct to the L-5 relay, since the path
supplying the other counting relays is now open, owing to the
" operation of the BXR relay. When the ISR reoperates at the
end of the fifth impulse, the short circuit on the L-5 is removed
and it operates in series with the U-5 relay.

The sixth impulse, representing the last for the digit 6 used
in the illustration, causes the relecase of the ISR relay again
and a ground circuit is closed through the operated L-5 relay
and normal L-6 relay to operate the U-6 relay. The L-6 relay in
turn operates at the end of the impulse in the usual manner.

Between cach series of impulses the 7SR relay is in its operated
position and, since this time interval is considerably longer
than that between the impulses of a given digit, the register

uses this indication to advise it as to when to switch the ISR
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relay to the next counting-relay group. As soon as the sixth
impulse referred to above was received, the ISR relay remained

operated long enough for a slow-releasing relay to release, which -

closed a circuit to the sequence-switch clutch and brought about
the transfer to the next relay group.

FONITORNG AND

D
TRUNK RELAY BAYS . Ny IQ‘:" A D
-

MISCELLANEOUS FUSE PANEL
: : T

Fi6. 164.—Row of miscellaneous bays.

In the new position of the sequence switch a circuit is closed
from the outstepping OSR relay to the sclector circuit which
is to make the selection corresponding to the digit just received.
This operating path is called the “control” or “fundamental”
circuit and -serves for the purpose of placing the trip spi‘ndle
of the selector in the proper position.
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204 TELEPHONE THEORY AND PRACTICE

It will be noted on the drawing that the operated contact
of the OSR relay is now connected to the same lead the ISR
relay formerly controlled.  When the trip spindle starts to rotate,
the metal segments on its commutator serve to short-cireuit the
OSR relay and bring about its release. In this way, a series
of impulses are, in effect, returned to the register the same as
those from the dial, the only difference being that the impulse
circuit to the counting relays is interrupted over the operaied con-
tact of the OSR relay instead of the normal contact.

Since the No. 6 pair of counting relays was the last operated
by the ISR relay, the operated contact of the OSR relay closes a
- ground circuit through the operated L-3 and L-6 relays and
the now normal L-1&7 relay to operate the U-1&7 relay for the
second time. This time, however, it is serving to count the
seventh impulse rather than the first. As in the previous case,
the operated U-1&7 relay establishes a holding eircuit through
the L-1&7 relay to be effective as soon as the OSR relay is
released, the ground cireuit formerly supplied through the normal
BXR relay being substituted by ground through operated L-5
relay.

When the first metal segment on the commutator contacts
with the collector brush, it produces an effect in the selector

circuit which acts as a short circuit of the operating circuit for the

OSR relay and for the duration of its contact causes the OSR
relay to be released. When this occurs, the L-1&7 relay operates
in series with the U-1&7 relay and the OSR relay circuit is
extended to the winding of the U-2&8 relay. In this way, the
2&8, 3&9, and 4&0 relays are operated until the L-4&0 relay
operates and closes the OSR circuit through the operated BYX
relay to the winding of the SCR relay. On the next operation of
the OSR relay, the SCR relay operates similarly to the regular
counting relays and prepares a holding cireuit for itself through
the winding of the TCR relay.

When the next metal segment on the selector commutator
contacts with the collector brush, the OSE is released and the
TCR operates in series with the SCR. This time, however, the
'operating circuit for the OSR relay is permanently opened upon
the operation of the TCR relay.

This function of the TCR relay serves to open the so-called
“fundamental” circuit and the selector trip spindle is thus
brought to rest. Another function of the TCR relay in its oper-
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ated position is to close the sequence-switch advance circuit,
so that the next numerical selection can be made as soon‘as the
corresponding digit has been recorded.

In the above description it may be seen that for the six impulses
sent in from the subscriber, operating the 1&7, 2&8, 3&9, 4&0,
5, and 6 counting relays, five impulses have been sent from the
selector, operating the 1&7, 2&8, 3&9, 4&0, and SCR & TCR
counting relays, making a total of eleven impulses. In accord-
ance with the plan of level numbering previously described, the
fifth level in the selector thus selected corresponds to the sixth
numerical group.

Digit transiations as made in the rotary system are accom-
plished through the use of two different methods: one is made
directly on the contacts of the counting relays and can take care

* of all requirements of average-size networks and the other is made

by use of a scparate translator switch and is employed only for
very large networks, such as Paris and Copenhagen, where com-
plete office-code translations are desired. _

Counting-relay Translations.—The most common scheme is the
one employing eross-connections on the counting-relay contacts
and it offers the following principal features.

1. Canceling of particular numbers of a given digit when necessary.
2. Pairing of numbers so that the capacity of levels can be doubled.
3. Discounting final selector impulses and thus permitting twenty lines
on a level, -

ngzl Carcdli ng. —Camcehng of partxcular dlglts of a given num-
ber offers a ready method of obtaining the advantages offered
by placing a mixed network of large and small offices on a com-
mon numbering basis without utilizing extra apparatus in the
small offices to absorb unnecessary digits.” An example of this
usage can be shown by considering small offices of less than one
thousand lines working in the same network as larger offices of
up to ten thousand lines.

Any subscriber within a small office, when it is considered as a
single unit, could be reached by another subscriber in the same
office with a three-digit number. However, when a subscriber
in a smuall office wishes to call a number in one of the larger
offices, it is necéssary to.dial five digits, one to select the desired
office :md the remaining four to reach the desired terminal in the
selected office. '
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296 TELEPHONE THEORY AND PRACTICE

To permit the assignment of five-digit numbers to the small-
office subscribers, it is necessary to provide a means of canceling
the first two digits on loeal calls. In the rotary register this
feature is accomplished by eross-connecting the contacts of the
counting relays in the small offices so that, when the relay com-
bination representing the number of the digit to be q’anceled is
operated, a eircuit is automatieally elosed to advance the sequence
switch past the position where the corresponding switch selection
is normally made.

Digit Pairing.—In order to double the capacity of a selector
level as, for example, making each level of a second selector in a
five-digit scheme have a capacity bf 2,000 lines rather than the
usual 1,000 lines, a system of pairing of digits is used which per-
mits the register first to consider two different numbers as a single
number of a digit and, later, in the next selection, to make a distine-
tion which will direct the succeeding selector to the proper point.

This feature offers a double advantage, since it permits the
use of 20,000-line units in larger centers and at the same time

increases the trunk-group efficiency in cither a 10,000- or 20,000-

line unit, owing to the use of larger trunk groups. In the case of
a 10,000-line unit, only five levels in the second selector would be
employed and the remaining five levels held as spare.

The actual operation of the register under this operating
arrangement is as follows: each adjacent even and odd number
is paired together as a single combined number, so that the ten

impulses of a digit are treated as five dLths in-the following order,- -~

0and 1,2 and 3, 4 and 5, ete.

In order to effect this pairing and later to readjust it in the
next selection, it is necessary that the register perform two
operations. First, it must contribute an extra impulse to
the even number of each pair, so that the same operated counting-
relay combination will exist as for the associated odd number
which represents one impulse more. Second, it must take some
record that this addition has been made, so that the succecding
gelector will adjust for the added artificial impulse and make
its sclection accordingly.

When an even digit is dialed, an extra control relay, con-
nected to the operated contacts of all even numbered counting

relays, operates. As soon as the sequence switch Jeaves the

recording position, a momentary impulse is passed to the counting
relays through the operated contacts of this relay, which causes
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the operation of an extra pair of relays. In this way, a digit
2 dialed by the subscriber now is recorded as the digit 3 and,
when the fundamental circuit is closed to make the correspondmg
selection on the selector, the same level will be picked for the
digit 2 as for the digit 3.

On the third selector the same double-capacnty rule applies
and each level offers trunk outlets to 200 lines rather than 100
lines. As it has been previously e\plamed the second selector
has access to 2,000 lines on each level; these 2,000 lines represent
the total capacity of the 10 levels in the bank of the third selector.

The bank is so connected that the odd thousand trunks : appearon S

the odd levels, that is, 200 lines on each of levels 1, 3, 5, 7,and 9;
and the even thoucand[ trunks appear on the even levels, that is,
200 lines on each of the levels 2, 4,6, 8, and 0.

When the subseriber dials the hundreds digit, the register
must first accept the impulses from the dial and then decide
whether it is to be paired or not-and, also, whether it is a part of
an odd or even thousand number.

The register performs these operations by first adding an
impulse, if the digit dialed is an even one, so it will be paired with
the next higher following odd number by means of “a special
impulse control relay in the same manner as with the second
selector.  This operation will combine the dialed digit into one
of five paired-number combinations. The next function of the

register is to determine whether the number should go to aneven - - =
‘numbered Tevel or an odd numbered level. If the thousands

digit dialed was odd, the call should be routed through one of the
five odd levels, thch from a selection standpomt are one level
higher than the even levels.

An example of this can be made by considering that the zero
and one hundred of the even two thousand group are on the tenth
level and the zero :ind one hundred of the odd three thousand
group are on the ninth level. In this case, if the zero or one
hundreds digit is dialed, following the odd thousands digit 3, it
would be necessary for the register to furnish an extra impulse,
so that the selector would be required to send one impulse less
and thus be stopped on the ninth level rather than the tenth

level. This extra impulse for the hundreds digit is provided -

through the normal contact on the control relay, which was
previously described as being operated only when an even
thousands digit was dialed. :
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298 TELEPHONE THEORY AND PRACTICE

A better understanding may be had of this digit-pairing scheme
and of the odd and even thousand discriminating feature by
reviewing the following tables which show the functions per-
formed by the register and selector depending upon which digit
is dialed. It will be noted in all cases that the total of the
impulses recorded in the register combined with the number
received from the selector will always equal eleven,

Tuovrsaxps Dicit Diaving

- Extra im- Impulses
pulse relay Total from Numerical
Digit dialed o impulses . : e
operated on selector, also group
.. recordeds ‘
even digit level number
0* Yes 1 10 0000 and 1000
1 No 1 10 0000 and 1000
2 Yes 3 8 2000 and 3000
3 No 3 8 2000 and 3000
4 Yes 5 6 4000 and 5000
5 No 5 6 4000 and 5000
6 Yes 7 4 6000 and 7000
7 No 7 4 6000 and 7000
8 Yes 9 2 8000 and 9000
9 No 9 2 8000 and 9000

t

Hoexpreps Dicit DiaLinG Forrowing THeE Even Two Tuousanp DIGIT

.lf‘x;?, Extraimpulse| Impulscs R
s, LPSC L forodd thou- | Total T Trom | . .
Digit Telay | d . . - Numerical
dialed | operated sand, previous | impulses | selector “group
. on even | X2 impulse | recorded |also level
digit relay normal number -
| .
o* Yes Ne 1 .10 © 2000 and 2100
-1 No No 1 10. . 2000 and 2100
2 Yes No 3 8 2200 and 2300
3 No " No 3 8 2200 and 2300
4 Yes No 5 6 2400 and 2500
5. No No 5 6 2100 and 2500
6 Yes No 7 4 2600 and 2700
7 No No 7 4 2600 and 2700
8 Yes No 9 2 2500 and 2900
9 No No 9 2 2500 and 2900

* When the digit 0 is dialed, the ten impulaes are recorded in the regular way; the oper-
ation of the control relay, however, on a digit 0 recording releases all operated relays and
then operates one counting relay from ita operated contacts in the usual way. Thisoper-
ating arrangement is employed in order thut the digit 0 may be paired with the digit 1.

]
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Huxpreps Dicit Diavting FoLrowing THE Opp Tureg Tuovsaxp DIGIT

ift:?c Extra impulse 1 Impulses
. "PUSC ) forodd thou- | Total | -from S
Digit relay = . Numerical
: sand, previous| impulses | selector,
dialed | operated . group
extra impulse | recorded |also level
on even
. relay normal number
digit
0 Yes Yes 2 9 3000 and 3100
1 No Yes 2 9 3000 and 3100
2 Yes . Yes | 4 7 3200 and 3300
T8-1-Xo  TF - Yestoop 4 T 7 | 3200 and 3300
-4 Yes - | 7 Yes 6 5 3400 and 3500
5 No Yes 6 5 3400 and 3500
6 Yes Yes 8 3 3600 and 3700
7 No Yes 8 3 3600 and 3700
8 Yes Yes 10 1 3800 and 3900
9 No Yes 10 1 3500 and 3900

* When the digit 0 is disled. the ten impulses are recorded in the regular way; the oper-
ation of the control relay, however, on a digit 0 recording releases all operated relays and
then operates one counting relsy {rom its operated contacts in the usual way. This oper-
ating arrangement is employed in order that the digit 0 may be paired with the digit 1.

From the above it may be seen that the register can easily
combine two numbers in order to obtain the advantages of
larger trunk groups and then later, in a succceding selection,

make the necessary diserimination that will send the call over

- R

the proper route... -

“Final Selector Coun_tzng ——-l_n -pplymg tle doub]e—cqpacxty -

feature to the final selector, the assignment of ‘twenty lines
rather than ten lines on each level necessitates that additional
counting-relay facilities be made available for counting over
from one to twenty terminals, :

The fumerical layout of the bank terminals is somewhat
different from that employed on the group selectors and, instead
of an odd and even hundred’s being placed on the odd and even
levels respectively, an even hundred is placed in the first sector
and an odd hundred in the second scctor of the bank. Since

cach sector consists of ten levels of ten terminals each, a straight-
forward numbering scheme is used for both level and terminal
numbering, -

The third sector in the bank i§ not, ordinarily used except
in those cases where it is desired to provide additional
P.B.X. trunks wnhout ucmg regular numbered lines. When

s
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300 TELEPHONE THEORY AND PRACTICE

this plan is in effect, the final selector, when in its trunk-hunting
position, is permitted to hunt beyond the last terminal on a given
level in the second sector to what additional non-numbered
trunks may be provided in the third sector. In this way, as
many as thirty trunks, twenty numbered and ten non-numbered,
may be assigned to a single P.B.X,

A typical numbering diagram of a final selector. bank with
third sector equipped is shown in Fig. 165.

Since the corresponding ten numbers of the even and odd
hundred are on the same level and the entire ten levels are

- used, no pairing is necessary for the tens. digit, regardless of
what hundreds digit-it follows: - The nnpulscs -of the tens digit-

Even Hundred(2) 0dd Hundred(3) Non-numbered Hyndred

Lever First Sector Second Sector Third Secfor
L] eme ¢ | wes o | wes a
2] uge 9 | 909238 o | wwe 9
3 | swm 1| weses 8 | waes &
4 | oz I wwn | run u
S | somes 6 | eo6968 6 | 626368 .o
£ | w53 3| smsese 5| wag .8
7 | 4w 4 | 24348 4| waee @
8| pus 3] w8 31 938 1]
.8 | wns v | wun 4| ews oy |
76 | Besnwsusny zumw_w!@ga' 06181 65 EERY

Fi1G. 165.—Numbering diagram of final selector bank. _

are recorded and, without performing any further function, the

. register proceeds to accept impulses from the final selector trip

spindle until the complement of eleven impulses are received.
For the units digit, however, the register must perform an

additional function, since it is necessary, when an odd hundred -

group of lines is desired, to pass over the first ten lines on the

level selected, which are associated with the even hundred lines,.
- until the second group of ten lines is reached. -
This pass-by feature is accomplished by having the rcglster .

count ten impulses from the final brush-carriage commutator,

representing the first ten terminals, as a preliminary step before

the counting-relay group, on which the units digit of an odd

1

'
i
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hundred has been recorded, is connected to the outstepping
relay.

To record and count out these extra impulses, one of the
counting-relay groups which had previously been used in record-
ing a preceding digit is placed in the outstepping circuit ahead
of the units relay group.

The preliminary count is limited to ten impulses in this case
rather than the usual eleven impulses since the SCR and TCR
relays of the control circuit, which normally operate on the
eleventh impulse after the 4&0 counting relay operates, are
placed after the 4&0 counting relay of the units countlng-relay
" group. =

Control of the extra set of countmg relays, so th'lt they lel
be placed in the circuit when desired, is made by utilizing a
contact on the extra impulse control relay of the hundreds digit,
which operated on an even digit and functioned to supply an
extra impulse for pairing purposes.

In this way, an odd hundred digit is indicated by this relay
in its normal position and the extra counting-relay set for the
units digit is automatically cut into the circuit by routing
the impulse path from the outstepping relay through its normal
contacts.

Translator-switch Translations.—When the separate translator
switch is used in the very large networks, a complete revision

= _of what are _termed f(hcz,,‘—‘gﬁiqe-gode digits’’ is possible. This
7 “schieme is Used only where central-office lettered prefixes of two

of three digits are dialed.

The impulse information, in the form of a number combination
corresponding to the lettersdialed, servesto position the translator
switch on a particular terminal in its bank. A series of cross-
connections between the different terminals in the bank and a
separate set of outstepping counting relays permit of rearrange-
ment of the number dialed into any desired combination by
means of varying the tap-off point on the counting relays.

The methods and advantages of making translations in office
codes have been described for the panel system in the preceding
chapter. No additional information concerning this feature
in the rotary system is necessary here as the two systems are
about alike in this respect. .

Call Supervision—Supervision of a call whlle it is under
control of the register is performed by means of an associated
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302 TELEPHONE THEORY AND PRACTICE

timing device, so arranged that if at the end of an interval of,

say, 30 seconds the call is not established and the register dis-
missed, the register will function independently of the sub-
seriber to take care of the abnormal condition.

The two principal faulty conditions which the register may
supervise in this capacity are false calls, such as permanent
+ signals when a line is in trouble,

and blocked ealls when the sub-

‘ugb seriber has.completely dialed a
R . nu.mbcr and the c:.xll is not
=z T Ui b\mng completed owing to an

f; equipment or apparatus failure.
’;E’ In the first case, the register
e funections to route the call to a

trouble desk by means of an
artificial number code it pro-
vides for the necessary selec-
tions. When the subscriber is
brought to this point, the reg-
ister releases as in a regular
call and the attention of the
maintenance forces is directed
to the line in trouble.

In the second case, the reg-

uf ey s g4

scqutucj b
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subscriber so hé may originate
another call and at the same
time holds the faulty equipment
out of service until it is cleared
as a result of an alarm given to

: the maintenance forces.
Fia. 166.~Relay and sequence-switch — T : P
onit. Selector.—Essentially all se-

. ' lectors are identical in so far as
their principal operating functions are concerned, with the
exception of the final selector which makes two numerical
selections and also performs the ringing and busy signaling under

- control 6f the condition of the called subseriber’s Jine.

In Figs. 166 and 167, the relay and sequence-switch unit and
selector-switeh uait are shown. One of the former, having a
capacity of forty-five circuits, is grouped with three of the latter,
each having a capacity of fifteen circuits, to make up a complete

N

- | ister functions first to free-the
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group of forty-five circuits, A summary of
the principal selector features is as follows:

Trip-spindle selection.
Continuous hunting.
Double testing.

Trip-spindle Selection.—Setting of the
selector trip spindle so it will be brought
into the proper position to trip the desired
brush set is a function performed by the
register counting relays. The circuit con-
trolling the selector trip-spindle clutch cir-
cuit ‘is closed over a loop extending to the
register and the duration of this closure is
measured by counting the number of metal
segments on the trip-spindle commutator’
passing a fixed collector brush as it rotates.

Each metal segment, in passing the col-
lector brush, has the effect of an impulse
for the duration of its closure, which in
this form is used as a short ecircuit on the
loop or fundamental circuit to the register.
Thus each impulse or short circuit causes
the release of a relay in the register form-
ing a part of the fundamental circuit and,
by counting the times this relay is released,
the register can determine the position
of the trip spindle.

A total of ten segments is provided
around the periphery of the commutator
and they correspond in position with re-
spect to the collector brush the same as
the ten latch-block tripping fingers in re-
lation to the unlatch position. The fun-
damental circuit to the register is under
control of the last counting relay of the
group involved in the selection and, once
established, this circuit will remain closed
until the trip spindle sends back sufficient
impulses to operate all counting relays.
From onc to ten impulses may be re-
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304 TELEPHONE THEORY AND PRACTICE

quired, depending upon the digit dialed by the subscriber, and
in this way the setting of the trip spindle may be controlled.

A schematic drawing of the parts of the selector and register
which are involved in the trip-spindle selection is shown in
Fig. 168 and its operation is as follows: '

When the sequence switch associated with the sclector enters
position 2, a circuit is closed from battery through the winding
of relay GLR, cam D brushes 4 and 3 cut in position 2, loop,
normal contact of the TCR relay in the register and winding
of the OSR relay to ground. In position 3, the operating circuit

= 'l,,'" IR
\
Regrster |Loo Loca/'
g g i Selector.

057 '/nleraf/‘/ce !
It S % : 1
1 ! i
i 1
| i
o
1 .
G Eﬁfar_]}gn‘g : : Cenferirg brush
] !
CW : Commutator
T.CR |- i 0987654321 8
e __geerote W __ _.._ 3 o R A Counting
q brush

0 trip spindle
clute )70 mﬁar‘?f

 NotETHe TER rauh’/f@—/?/aywperﬁ‘e.s i [j;

at 1re wnd of theelex wn/h or
last impulse -

Position 3
Trip spindle selection

Fic. 168.—Schematic of selector trip-spindle selection.

“for the GLR relay is opened at brush 3 of cam D but a holding
circuit is established through brushes 4 and 1 and its operated
contact. The OSR outstepping relay also operated in series
‘with the GLR relay: and closed over its operated contact a cireuit
to operate the first;counting relay.

Ground on-the operated contact of the GLR relay operates
the trip-spindle clutch magnet and ecauses the trip spindle
-and commutator fo rotate. As the lower metal section of the
commutator enters in contact with the 4 collector brush, ground
is' closed from the feed brush C to the operating path of the
GLR relay, w}uch holds the GLR relay operated but causes the
release of the OSR: relay due to the short-circuiting effect. When
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the OSR relay is released, an impulsé in effect is counted and
the impulse circuit is transferred to the next counting relay.

As each of the commutator segments numbered 1 to 10 enter in
contact with the A brush, this short-circuiting effect is repeated.
After sufficient impulses have been received from the OSR
relay to operate the TCR counting relay, the TCR relay operates
and the fundamental circuit is permanently opened and the
GLR relay will release as soon as the A brush breaks its con-
tact with the segment.

The upper commutator brush B is used for centering the
trip spindle so that the selected trip finger will be in the center
of the unldtch position. This feature is accomplished by having
the B brush segments lag somewhat behind the A brush segments.

In the final selector, the brush-carriage sctting is made under
the same operating arrangement as with the trip spindle, except
that the commutator is mounted on the base of the brush carriage.
A total of twenty segments is provided for the brush-carriage
selection, since it may be necessary in selecting a number in the
odd hundred group to pass over as many as twenty terminals.

Continuous Hunting.—In the description of the selector
switch, it was explained how the brush carriage rotated in a
single direction and that upon the completion of a call it con-
tinued in the same direction until it reached the starting point.

By permitting the brush-carriage clutch circuit to remain
closed after the switch has failed to find an idle trunk in-the
group .selected, it will continue in. rotation until it reaches
the first trunk again and the hunting cycle will be repeated, the
tripped brushes reset by the restoring roller being retripped by
the trip spindle. This action is called ‘‘continuous hunting”
and is a feature of all group selectors and is very effective in
converting lost calls into delayed calls.

Another advantage obtained with the selectors operating on a
continuous-hunting basis is that there is no nccessity for trunk
overflow terminals or “all trunk busy’ signals to the subscriber.

Double Testing.—Double testing is a feature of all selectors
and of all finder switches as well. It consists of second test
on each terminal sclected and, if it is found that the terminal
has been picked simultaneously by another switch, one of the
switches will be forced to leave the terminal.

Line Finder.—The first line-finder switch used in- the rotary

system serves a group of 100 subscribers and, in conjunction
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—— - “g--g«»-ﬁ ——av ith the second line finder of a similar capacity, it functions to
L Mh it N . wp’- i, w1 p Y,
il i 3 4 wsg!g’ N concentrate the traffic into the register and selector circuits.
L ‘E | k‘wszu s In Fig. 169, a bay of first line finders is shown and it will o
R : o be noted that the finders, associated control relays, and 100 :
D By }3 ;@J line relays are all mounted on the same bay as a self-contained o
{ -H él;:in ‘ unit. Figure 170 shows a bay of second line-finder switches,
{ E:«“{:%i}l“ these being also used as register-choosing switches. The posi-
LN RELAY | Pegi iy tions of the first and sccond line-finder switches and the register
’ cmeuirs S 'ig%é? I choosers in the switching train were indicated in Fig. 134.
§ : t;ﬁi\&ﬂl i When the subseriber lifts his receiver to originate a call, all
: ' o ;‘5;55.531 - available first line finders in that group will rotate to find the
: ; “ i ] raein . calling line. This operating arrangement tends to shorten the -
i . et - g |4 : ‘ ; }
P N | ity ~ waiting time on the part of the subscriber and, since the double-
% E“};gﬂ 23 test feature is a part of the finder switch, no danger of a double
RS S 1 connection exists.
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Fia, 169.—Bay of first line finders. ‘Fm. 170.—Buay of second line
’ finders or register choosers.
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CHAPTER VI

THE ALL-RELAY AUTOMATIC SYSTEM!

Inception.-—The idea of an automatic telephone switching
system in which all the switehing operations at the central office
would be performed by relays, instead of by step-by-step or by
steadily moving switches, has long appeared attractive on account
of the mechanieal simplicity of the electromagnetic relay and its
reliability of operation. In the all-relay system, as pointed out
in Chap. I, conducting paths are permanently wired from every
point to every other point between which connections may be
required, these paths being normally held open at the relay
contacts and closed as required by selectively operating the relays
in proper combinations. Mechanically, therefore, all parts of the
system are statie, except for the slight movements of the relay
armatures and the consequent flexing of their eontact springs.

The pioneer in the inception and development of the all-relay
system seems to have been Mr. Edward E. Clement, of Washing-
ton, D. C., to whom also the automanual system is due. As
carly as 1906 he had made a practical demonstration of an auto-
matic system of connection involving only relays. As far as I
am aware, the first commereial embodiment of the all-relay plan
of connection in actual exchange working was in the line-finder
and primary selection part of the automanual exchange equip-
ment installed by the North Company at Lima, Ohio, in 1914,
this company operating under the Clement patents. Here the
whole “concentrating’ operation, by means of which the calls
arising on any of several thousand lines were brought to and

distributed among a few operators’ key sets, was performed by,
relays. Ineach case, without the aid of any progressively moving .

switches whatever, the relays acted automatically and instan-
taneously, upon the lifting of a calling subseriber’s hook, to
connect an operator’s idle key set with the calling line. Based on
this line-finder system, which is still in successful operation (1932),
the North Compuny later commercially developed its all-relay
dial-controlled system, in which not only the line-finder function

1 The photograph of Fig. 179 and the blue prints from which the cireuit
disgrams of thig ehapter were adapted were furnished by courtesy of the
North Eleetrie Munufacturing Company.
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but the subsequent selector and connector functions as well
were performed by groups of relays. This, as far as known the
only all-relay system made in the United States, will be deseribed
here.

Relays of North All-relay System.—The rel.tys of the North
system are of three general types:

First, the “eontrol” relays which are small unit-type relays
(Fig. 171) following the generally accepted lines of telephone-
relay design already discussed in connection with other systems.!
These are used in various ways in the control of another type of
relays which aectually establish-the conncetions between sub-

-séribers.” They may be given different speed characteristics

within the ordinary- limitations of relay practice as affecting fast
and slow operation

e 1

Fic. 1: 1.—Type of relay used in controls. £

Second, the multi-comtact ¢ conncctmn”rel 1ys (Flg 172) which,
under control of the “control” relays, actually establish the
connections proper. These are characterized principally by the
large number of “make”’ contacts they carry and by the fact that
these contacts are of the “sliding-blade-switch” type involving no
precious metals.

Third, the *“pendulum’-type relay (I‘w 173) which is used
to secure longer time elements in the operation of the system
than can be attained by the ordinary types of slow-action relays.

Control Relays.—In Fig. 171, the relay used for control pur-
poses where comparatively few contacts are to be made or
broken is of the single-coil type with a bell-erank armature
moving on two knife-edge bearings formed by two notches in
the frame nearifsrearend. The air gap is adjustable by moving

1““Manual Switching and Substation Equipment,” pp..‘ 179-194.
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310 TELEPHONE THEQORY AND PRACTICE

the core in the frame where it is held by lock nuts. Both the heel
and the forwardly projecting toe of the armature are provided
with “residual” studs to prevent magnetic “sticking.” Slow
action is provided for, where necessary, by surrounding the core
with a thick copper sleeve throughout its length or with a heavy
copper slug adjacent to the armature.

A feature to be particularly noted in this relay is the provision
of double contact points for cach spring. To this end, the bottom
and top spring of each pile-up is bifureated about 3 inch back
from its tip, each branch carrying a contact point which registers
with a corresponding point on the long center spring. “All con-
tacts are of gold-platinum alloy. By thus using two contacts in
parallel, either of which alone ordinarily would serve the purpose,

Fi16. 172.—Type of multi-contact rclay used in connections,

the reliability of the relay action has been greatly augmented.
Contact failures, such as those arising from the chance lodgment
of particles of dust between the contact surfaces, are thus practi-
cally eliminated.

Connedtion “Relays—The multi-contact relay (Fig. 172) is,
like the one just described, of the single-coil type with an L-
shaped armature operating on a knife-edge bearing on the rear
part of the frame. Its contact members, of which there are
thirty-three pairs in the relay shown, are rigidly mounted en
bloc on the rear end of the frame and extend forwardly so that one
of each pair will be moved by the forward end of the armature.
Each pair of contacts consists of a phosphor bronze blade and.a

twin pair of German silver springs, the blade being adapted, -

when the urm:iture is attracted, to slide up between the two
springs after the manner of the ordinary knife-blade switch.
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There are thus two parallel points of contact at each closure,
and the sliding action of the blade in its movement between the
twin springs makes for clean contacts without the use of preciou.s—
metal points. Besides the thirty-three-contact relay shown. in
Fig. 172, this same type of relay is made in three other sizes
with twenty-three, twelve, and five contacts respectively. All
are made with make contacts only and the five-contact relay is
made up in a five-in-one assembly—that is, five distinct five-

point relays are made on a single frame so as to occupy about the

same mounting space as the single thirty-three-point relay. -

F1a. 173.—~Pendulum relay for long time elementa.

Pendulum Relay.—The third, or pendulum, type of relay
(Fig. 173) is composed of a magnet coil mounted on an abbrevi-

“ated frame with the core projected well beyond-the end of the - -..

spool head. Parallel with the core, a spring ree.d is r,nO\_mted ina
center pile-up, its free end carrying an iron weight which deter-
mines the rate of oscillation of the reed and also acts as an arma-
ture. This reed also carries contact points adapted, when the
reed is vibrating with sufficient amplitude, to engage alte@ately
contacts on the two other springs carried in the adjacent pile-ups.

When the coil is energized, the armature is attracted and upon
its release it vibrates with unvarying frequency but with‘grad-
ually decreasing amplitude. The associated springs are i{d)\lg?@d
to be alternately engaged until the amplitude of vibration
decreases below the point of contact. Associated slow-release
relays are held energized by the intermittent impulses of current
allowed to flow by the rapid succession of contac.ts thus made
and, of course, are released when the vibration fhes down to‘ a
point where the contacts are no longer made. - Since the ampli-
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312 TELEPHONE THEORY AND PRACTICE

tude of the reed movement gradually decreases, the time periocis
determined by the adjustment of the springs can be made of
such length as to be measured in seconds rather than in fractions
of a second, as in the ordinary slow-release relays,

Use of Pendulum Relay—This so-called * pendulum” relay
presents a phase of timed relay action not yet dealt with in this
work and we may consider, in conneetion with Fig, 174, a specific
example of its application before proceeding with the more general
diseussion of the all-relay system. ‘The eircuit of Fig. 174 relates
to the application of ringing current to a subseriber’s line in such

R ng Ring'rz lead
5.f o /nt %

Ringing
fransformer

w

Fi1c. 174.—Illustrating use of p;ndulum relay.

alternate “ringing’” and “silent” periods as may be desired. The
ringing operation is to be started by applying ground to the start
wire and is to result in periodically interrupted ringing current
being sent over the ringing lead from the secondary of the ringing
transformer. 4 is a pendulum-type relay such as shown in F ig.
173, and B and C are ordinary slow-release relays of type similar
to that shown in Fig, 171.

Upon grounding the start wire, 4 is energized, deflecting the
pendulum to the left. Upon closing its left contact, B is ener-
gized from the ground on the start wire, thus releasing 4 and clos-
ing the ringing circuit. The reed of A now vibrates resulting in
rapid suceessions of impulses through both B and € to the ground
on the sturt wire. These impulses occur so rapidly that the
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armatures of the slow-release relays B and C do not have time to
fall back as long as they continue. The contacts of A are so
adjusted that, as the amplitude of vibration of the rced decreases,
it will cease to engage the left contaet considerably before the
right. As soon as contacts at the left cease, relay B falls back,
stopping the ringing. As the vibrations continue to decrease in
amplitude, contacts on the right cense, releasing relay C. This
results in 4 being again energized to again throw its reed into
vibration to repeat the eycle just described. Thus, for instance;
-if alternafing ringing and silent periods of 1 and 4 seconds respee-
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Fic. 175.—Schematic of connecting relays in one link of 1680-line system.

tively are desired, the left contact of A is so adjusted that it will
cease to_be engaged by the reed after 1 sccond, and ‘the right
contact after 5 seconds, of vibrations from the-time of starting.
The intermittent ringing will continue as long as the ground is
retained on the start wire.

Outline of Operation of All-relay System.—After this pre-
liminary discussion of the apparatus involved, we may return
to the broader features of the.all-relay system. . Figure 175
shows in schematic form the arrangement of connecting relays
in cne “link” of a two-digit or 100-line system. The control
relays and the control circuits, by means of which these connect-
ing relays are operated, are omitted from this figure. LEach link
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314 TELEPHONE THEORY AND PRACTICE

comprises a line finder and a connector wired together “tail to
tail,” both line finder and connector carrying a full multiple of
the 100 subscriber lines.  Only 30 lines are shown, it being under-
stood that the 70 others are connected in exactly similar manner.
A single line on the drawing represents a subscriber line, which
actually consists of three wires within the office and two outside.

From the connections shown on Fig. 175, it will be clear that
the wires of the subscriber lines are connected respectively in
groups of ten, to the outside contacts of ten “tens” relays, L.F.10,
L.F.20, etc., to L.F.00.0f the line finder and also to the outside
" contacts of ten tens relays, C.10, C 20, etc., to C.00 on the con-
nector. These are called ‘“‘tens reh}s” bec‘mee each of them
functions only in connection with the ten lines designated by a
particular fens digit in the numbering system, such, for instance,
as the digit 2 in 21, 22, 23, etc., 10 20. When any one of these
tens relays is operated, it serves to extend its particular ten
lines (all bearing the same tens digit) to a grid or multiple of
extension wires, all normally open at both ends, leading from the
outside contacts of the tens relays to the outside contacts of ten
“units” relays, L.F.1,L.F.2, etc., to L.F.10; or C.1, C. 2, etc., to
C.10. These are called ““units relays’’ because each of them fune-
tions only in connection with the ten lines designated by a par-
ticular units digit, such, for instance, as the digit 3 in 13, 23, 33,
ete., to 03.

The distribution of the normally open extension wires leading

from the outside contacts of the tens relays to the outside contacts. -

of the units relays is exactly the same for both the line-finder
and the connector ends of the link. Referring to the line-finder
end, for instance, it will be seen that the No. 1 (left-hand) con-
tacts of all the tens relays of a link are multipled together and
extended to the contacts of the No. 1 units relay L.F.1. Like-
wise the No. 2 contacts of the tens relays are multipled together
and extended to the contacts of the No. 2 units relay L.F. 2, and
g0 on. The inside contacts of all units relays of the link are
wired together and carried to the control relays.

With this arrangement, it will be seen that by the operation of
a certain tens relay and a certain units relay in the line-finder
circuit, any line of the 100 lines in the group may be extended
to the control relays without in any way disturbing any of the
99 other lines. For example, should it be desired to “select”
or connect to line 23 in the line-finder cireuit, tens relay L.F.20

v

-
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and units relay L.F.3 would be energized. All ten lines of line.
group 21 to 20 would, by the operation of the tens relay L.F.20,
be extended to the grid of extension wires leading to the units
relays but, as only units relay L.F.3 is operated, only line 23
would be connected through, the others remaining undisturbed.
Never, in either lipe finder or connector, is more than one tens
and one units relay energized in any one relay selection. Should
more than one of either be operated, crossing of the subscribers’
lines in the relay multiple would result. This system of extend- -
ing line groups of diminishing size toward the point at which
actual connection is made is fundamental to the all-relay system
and should be firmly grasped.

The link indicated in Fig. 175 correcponds in general function
to the cord circuit of a manual board and, since more than one
connection at a time must be provided for, a plurality of links is
necessary. The additional links are connected with the line
multiple in exactly the same way as the one shown, as indicated -
by the legend at the right of Fig. 175. The circuits must, of
course, provide for the automatic selection of an idle link and
for preventing interference by others with the ones already
engaged.

Each subscriber line has a line relay operating when the statlon
receiver is lifted. 'This has three contacts, two of which close the
circuits of the line-finder tens and units relays respectively, corre-
sponding to the tens and units digits of the calling subseriber’s.

“xumber. 'Thus; when aniy Subscribér Taises his receiver, his line

relay is energized to close the circuits of the tens and units relays
corresponding to the digits of his own number. In this way, the
circuit of any calling lines is automatically and instantaneously
connected through the line finder to the control relays.

The connection from these control relays to ~th({a called line
through the connector is made in exactly the sam¢ manner by
operating the tens and units relays of the connector that corre-
spond to the tens and units digits of the called line number.
Here, however, the method of bringing about the operation of
these two connecting relays must differ from the operation of
those in the line finder, since the calling subscriber has no control
of the called subscriber’s line relay. It is done by the actioh of
the control relays in response to the current interruptions pro-
duced by the calling subscriber’s dial. As the calling subscriber
dials the tens digit of the called number, the dial interruptions
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316 TELEPHONE THEORY AND PRACTICE

are received and registered in a part of the connector circuit
known as the “dial-impulse register.”” As the series of inter-
ruptions corresponding to the tens digit ceases, the dial-impulse
register energizes and locks the conneector tens relay corresponding
to the tens digit dialed, thus extending the ten subseribers’ lines,
in which the called line appears, toward the connector commons,
but leaving these ten lines undisturbed because they are all
open at the units relays of the connector. The dial-impulse
register then restores to normal.

“As the units digit is dialed, the interruptions are rececived and
registered in exactly the same manner and, at the pause after
dialing, one of the ten units rol:xys‘of the connector extends the
called line to the eonnector control relays, leaving the nine other
lines open at their respective units relay contacts. The dial-
impulse register then restores to normal and the ringing of the
called party or the other functions necessary to complete the
operation are carried out by conventional circuits.

The foregoing very general description pertains to a.two-digit
selection. Where the system is for more than 100 lines and thus
involves at least three-digit selection, all-relay selectors are
provided. In a 1,000-line system the selectors are wired direct
to the line-finder circuits, one selector per line finder. The con-
nectors are then placed in 100-line groups by themselves. Theé
selector circuit embodies a dial-impulse register as a part of its
equipment, and, as the hundreds digit of the called number is
~ dialed, it receives and registers the impulses.’
of the interruptions, the sele- tor causes the call to be placed before
the connectors serving the hundred-line group which includes
the called line. An idle connector of that group, by means of
an automatic relay selector-finding action, engages the circuit
of .the selector, thus extending the ecalling line to the particular
connector chosen. The operation of this connector in com-
pleting the connection with the called subscriber’s line is, as
already outlined, in response to the dnlmg of the tens and units
digits:

All of the relays of Fig. 175 are of the multi-contact type with
make contacts only. The tens relays are of the thirty-three-
point type (Fig. 172), thus caring for the three wires of ten lines
with three extra contacts. The units relays are of the same
general type with five contacts each, five relays being mounted in
one unitary structure.

At the-cessation

e g e e
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Line-finder Operalion.—As an example, to show somewhat
more in detail how the principles of automatic all-relay selection
above outlined are carried out, Fig. 176 may be referred to. This
shows how the operation of the line relay results in energizing
the proper tens and units line-finder relays to effect the line-finder
connection. Iach line has a line and a cut-off relay of conven-

tional type (Fig. 171), but in Fig. 176 the cut-off relays are not
shown.

The two contacts of the line relays involved in this part
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F1G. 176.—Line-ﬁr}der operation,

of the circuit are connected to two scts of common wires serving
the line relays in groups of ten corrcsponding respectively to the
tens and units digits of their line numbers. Thus the No. 1
tens common wire is grounded by the operation of the line
relays 11, 12, etc., to 10; the No. 2 tens common is grounded by
the line relays 21, 22, ete., to 20. Similarly, the units common
wires are grounded by the operation of line relays in groups
according to the units digit of the line numbers. That is, units
commaon wire 3 is grounded by line relays 13, 23, etc., to 03; and
units contmon wire 4 is grounded by line ro]dys 14, 24, ete., to 04.
Thus, when any line relay is energized, the tens and units common
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wires corresponding in number to the numerical designation of the
energized line relay will be grounded.

There is a “cut-in” relay and a “busy” relay for each line
finder. Upon the initiation of a call on any line the cut-in relay of
the first idle line finder will be energized over a “start” wire (not
shown) which is common to the third eontacts of all the line
relays. Through the contacts of the cut-in relay, all tens and all
units common wires (twenty in all) will be connected simul-
tancously to the windings of the corresponding tens and units
relays of that line finder. As the tens and units common wires

‘corresponding to -the-digifs of the ealling live will have been ©-

grounded by the line relay, as described, one tens and one units
relay will be energized and will lock in position. The calling
line will thus be extended to the control relays and the line relay
and cut-in relay will release. The link “busy” relay now pulls
up, guarding the link and holding it busy until the calling sub-
seriber hangs up, when all the line-finder relays will restore to
normal.

The start wire is grounded by the third contact of the line
relay whenever a call originates on any line. The start circuit
always terminates in the cut-in relay of an idle line finder but,
upon the operation of the busy relay of that finder, it is transferred
to the cut-in relay of the pext line finder that is idle. As any
'bu'=y rehy is released, its cut—in rehy is again pldced in the start

“rececive cqlls In the latest rxll-relay pmctlce, the start circuit 15‘

_divided in such a way that the traffic load is dlstnbuted evenly
-among the line finders of the group. -

Connector and Dial-impulse Register Operalwn —All of the

opcmhons of the line-finder eircuit jare automatic in that the
subseriber’s act of lifting his receiver starts the sequenee of

v operations that is carried through without further act on his -

part. After the completion of the line-finder operation,- the

" equipment is ready to respond to further acts of the subscriber,
by receiving the break-impulses from his dial and translating -

them into the settings of the tens and units relays of the connector

as required to complete the desired connection. This funétion

is carried out mainly by a group of relays called the “ dml-)mpulse
register,” of which each connector in a two-digit system has one.’
In the step-by-step switch-type system, the motor magnets

of the switehes respond to the dial interruption so that the fina!
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positions of the switch wipers indicate the number dialed. In

" the all-relay system, the dial-impulse register, consisting of a

chain of ten counting relays and three associated sequence relays,
receives the dial interruptions and determines, according to the
digit dialed, the setting of the connecting relays through which
the connections are completed. The relays of the counting
chain arc operated progressively by the dial interruptions, each
relay locking through an associated sequence relay. At each
succeeding dial impulse, the pair of counting-chain and sequence
relays locked up by the preceding impulse are released so that, as
the dial impulses cease, only the counting-chain relay correepond-
ing in number to the digit dialed with its associated sequence
relay will remain energized. At the cessation of a series of dial
interruptions, a ground on the connectar start wire operates a
cut-in relay, which directs ground from the springs of the ener-
gized countmg—cham relay to its corresponding tens or units
relay, as the case may be, in the connecting relay group, locking
this relay in position. The dial-impulse register will then be
restored to normal position in preparation for further dialing.
As has been shown, the line finder makes connection with
the calling line by the pulling up of a tens and a units relay
as determined by the line relay. The connector makes con-
nection with a called line by the pulling up of a tens and a units
relay as determined by the setting of the counting-chain relays

5 “2 in Tesponseto ‘the dial operation: - Here, however, the action of

the tens and unifs relays is successive rather than simultaneous.
The tens relay pulls up first, in response to the dial movement
for the tens digit, then, after “wiping out” the registration on
the dial-impulse register, the units relay pulls up. in response -
to the dial movement for the units digit.

Detailed Operation of 100-line System.—Referring to the
companion figures (177 and 178), we may now, somew hat more

" in detail, give the successive steps in the operation of a 100-line

North all-relay system. These figures show, in simplified form,
the line-finder and the connector ends respectively of a connection
through a 100-line system, with simple ringing, in which all calls
are made by two “pulls” of the dial. As will be pointed out
later, more particularly, certain liberties have been taken with
these circuits in order to facilitate an understanding of their
underlying principles. In the 100-line system, the four termi-
nals 6, 7, 8, and 9 of the line finder (upper right corner of Fig.
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177) are permanently connected to the correspondingly
terminals on the connector (upper left corner of Fig, 178).

Station 11 Calls Station 22— —Assuming that station 11 is
calling station 22, the successive steps are as follows:

L. Line relay L.R. of line 11 is energized as the receiver at
the calling station is removed from its hook.

2. Cut-in relay of the line finder, carrying twenty-three make
contucts (including one for qgch tens and one for each units

marked
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F16. 177,~—~Connection through 100-line all-relay system—Iline-finder end.

rélay of the group) is energized from start wire to ground at

-spring 1 of line relay.

da. Tens relay 1 is energized from ground at spring 2 of line

b. Units rclay 1 is energized from ground at spring 3 of line

_ T"l ay.

The calling line 11 is now connected to tcrmm ils 7 and 8 of the
connector circuit (Fig. 178).

4. Relay B is energized over the metallic clrcuxt of the calling
line,

S
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5. Relay G is energized and, being slow releasing, remains so
until the calling party hangs up. The ground it puts on wire 9
(leading to terminal 9) makes the calling line test busy to other
lines attempting to conneet with it.

6. The cut-off relay CO of line 11 is energized from ground on
wire 9 at spring 2 of relay G.

7a. Line relay L.R. of line 11 is de-energized, its circuit being
opened at the cut-off relay springs.
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Fig. 178.—~Connection. through 100-line all-relay system—-connector-end.
b. The tens and units relays of the line finder remain energized

over locking circuits through their own contacts to wire 6 (leading.
to terminal 6) and to ground at relay G.

8. The cut-inrelay of the line finder is de-energized and removes -

a short circuit from coil of relay A. -

9. Relay A is energized over wire 9 to ground at spring 2 of -
relay G. (Energizing relay A makes the line finder busy and
passes the next call to another line finder.)

These actions have occurred instantancously as a result of
closing the line circuit at the calling station.  The selection of the
calling line by the line finder is now complete and the cireuit
stands ready to receive dial interruptions from the calling tele-
phone.
being determined entirely by the identity of the lme relay
energized.
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As the calling subscriber dials the first, or tens, digit 2 of the
called number: : '

10. The dial springs momentarily open the line cireuit.

11. Relay B is de-energized, grounding wire A, leading to the
dial-impulse register. ’

12a. Slow relay F is energized and remains so during the rapid
dial interruptions. ’

b. Counting chain relay 1 is encrgized. (Sequence relay N
i* not energized at this instany, being shunted by ground on wire

4)

_ .- -.13. Dial springs close the line circuit.

t4. Relny B is energized, removing ground from wire A.

15. Sequence relay N is energized over wire 9 to ground at -

relay G, this being a locking cireuit for counting-chain relay 1.
(The operation for the first dial impulse of the tens digit of the
called number is now complete.)

16. Dial springs open the line circuit.

17. Relay B is de-energized, grounding wire A.

18. Counting chain relay 2 is energized.
. 19. Dial springs close line circuit.

20. Relay B is energized, removing ground from wire A.

21. Sequence relay P is energized to ground over wire 9, locking
counting-chain relay 2. :

. 22a. Sequence relay N is de-energized, its circuit being opened

~at springs of relay P~ ... = - -

b, Colnting-chain relay 1 is de-cnergized as its locking circuit
through relay N is opened.

Operation for the second dial interruption of the tens digit 2
of the called number is now complete, counting-chain relay 2
and sequence relay P remaining energized in series to ground on
wire 9.

“Had a higher digit number than 2 been pulled on the dial,

" .the operations for the succeeding impulses would have been

mveh the same as that described for the first and second, the
counting-chain relays operating and locking progressively.
. At the end of any digit serics, the counting-chain relay cor-
responding in number to the digit pulled will remain locked

-in series with its corresponding sequence’ relay. Sequence

relay N locks the counting-chain relays for impulses 1, 4, 7,
and 10, sequence relay P for impulses 2, 5, and 8, and sequence
relay Q for impulses 3, 6, and 9.  Each sequence relay, in pulling

i
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up, releases the counting-chain and sequence relays locked up
by the preceding impulse.

As no further dial ‘interruptions beyond the second follow
in the case assumed, relay B remains energized and ground is
removed from wire 4 for a sufficient time to allow the armature
of slow relay F to fall back.

23. Slow relay F is de-energized. This does not release count-
ing relay 2 and sequence relay P, which remain locked in series
through back contact 3 of relay Q and front contact 3 of relay
P to ground on wire 9. )

24. Tens cut-in relay of connector is energized by ground at
relay G on wire 9, through springs of relays L, P, F, and D."

25. Tens relay 2 is energized by the same ground on wire 9,
through springs of the tems cut-in relay, chain relay 2, and

‘relays P, F and D.

26. Shunting relay R is energized by ground on spring 12
of the tens cut-in relay, through spring 32 of No. 2 tens relay.

27. Sequence relay P is de-energized, being shunted by springs
of relay R, which also hold counting-chain relay 2 locked.
~ 28a. Tens cut-in relay is de-energized, its circuit being opened
by springs of relay P. The tens cut-in relay is so adjusted that
it will not hold up through the 1,000-ohm resistance of relay L.

b. Relay L is energized over a locking circuit for tens relay 2.
Spring 3 of this relay transfers the cut-in circuit from the tens

_cut-in relay to relay J, and thence to the units cut-in relay.

29. Relay R is de-energized, its circyit being opened at springs
of the tens cut-in relay.

30. Counting-chain relay 2 is de-energized, its locking circuit

being opened by relay R.
At this point the first, or tens, digit of the called number has

been dialed and its interruptions received and registered. As

the first train of dial impulses ended, tens relay 2 was operated

and locked, cxtending the ten subscriber lines 21 to 20 to the
normally open contacts of the units relays of the connector.

The calling subscriber now dials the second, or units, digit
2 of the called number. .

31. Dial springs open the line circuit.

32. Relay B is de-cnergized, grounding wire A.

33a. Relay F is energized and remains so during rapid interrup-
tions of the dial. '

b. Counting-chain relay 1 is energized.
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34. Dial springs close the line circuit.

35. Relay B is energized, removing ground from wire 4.

-36. Relay .V is energized by ground on wire 9, this formmg
a locking circuit for counting-chain relay 1. :

This completes the operation for the first dial impulse of the
units digit of the ealled number.

37. Dial springs open the line circuit. -

38. Relay B is de-energized, grounding wire 4.

39. Counting-chain relay 2 is energized.

40. Dial springs close the line circuit.

11, Relay B is energized, removing ground from wire 4.

42. Relay P is energized, being ig a locking circuit for countmg— -

chain relay 2.

13a. Relay N is de-energized, its circuit being opened at
springs of relay P.

b. Counting-chain relay 1 is de-echergized, as its locking ecir-
cuit through relay N is opened.

Operation for the second dial interruption of the units digit
of the called number (22) is now complete and counting-chain

relay 2 and sequence relay P remain energized in series. As

no further dial interruptions f