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Foreword

€7 ws booklet endeavars to explain fully and accu-

rately, and yet in o simple and understandable

manner, the operation of the panel type dial
telephone system. It has been compiled from informa-
tion furished by the Ametican Telephone & Telegraph
Company and is designed for the use of students of
Telephone Engineering and Telephone Engineers who
required a general picture of the apparatus and its
functions rather than a detailed deseription of operation.

The text follows cosely that of lectures which the
author has delivered to employees of the New York
Telephone Company and the deseription has been con-
fined to the apparatus and cireuits used in the lurger
central offices in the City of New York, Maost of the
illustrations are already familiar to Telephone Engineers
but many of them are new and have been especially
designed to emphusize the busie principles upon which
the system is founded and to make clear by means of
simple dingrams the relations between the various pieces
of apparatus which are sometimes not easily understood
from even the most earclully written deseriptions.

It is hoped that telephone experts will overlook a lack
of meticulous aceu some of the statements on the
ground that simplicity is the more desirnble attribute
and that those who find the explanations too involved
will be equally kenient when the magnitude of the sub-
jeet s considered,
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% A munual telephone system the subseriber L = the dise bock to its norm
1 tells the number he desires to an i and in doing so simply opens and
who selects the number for him and connects ¢ eircuit of the subseriber’s line the number
his linws Lo the line of that sumber or of limes indies
wha, in larger systems, eonnects the under the hole into which th
Lim a trunk Lo a distant office subscriber puls his Anger, It
and repeats the number he mitist be rememibersd that thet
desires to another operator who is all the dial does—it opens and
s the line for him. In = Lhe cireuit of th
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dinl telephone (Figure Number 3) wonld be
some sort of electromechanicat’s b electrically
connected 1o the subseriber’s line, the arm of
which would, by menns of a magnet. be moved
one step cach time the cireni s subseriber's
Tine was masde and broken by the dial, This would
enable the subseriber to connect his telephone to
any one of several other telephones by a singhe

W

=

Figure 3

More telephones could be re nr]m! by tiur sub-

seriber by arranging the switel e
Number 4, Here the fiest o I'hr MII:-
seriber’s dinl moves the arm of the first switeh
while the second rotation of the moves the

arm of the second switeh
secom] switeh is moved
the dinl and the first =
release pelay is included in the cire
is s slow that it will not release dunng the ll|1ll|

1
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Figure &

This slow release

for the u-cuml pull of the dial.
relay i o fundamental principle of dialing tele-

phone systems,

The arrangement of switches as shown requires
that one selector switch be provided dircetly con-
neeted to each subseriber's line.  During the time

that the subscriber is not using his telephone this
.

In Figure \nmlwr 3 we
system on this

switeh s, of course, ille.
sev n complete Welephos
but the number of =
introduring o switeh k
of these switches is provided for each five s
scribers” lines and is 0 arranged that it suto-
matically moves to the terminal of the subseriber’s
line whose receiver has been taken off the hook to
make a call. The use of this switel e
shown is based on the iden that out of each five
subseribers only one will be using hiz tebephone
at any one moment, 1t is possible, of course, o
provide two of these switches for each five sub-
seribers or any other number, depending upon the
number of subseribers which it is found will be
using their telephones at the same moment.

An additional feature is illustrated in Figure
Number 5, It will be seen that there are two
trunks between Cfice “A™ and Office “B" and
that these trunks are multiplied to both the
selector switches shown,  Thus, two subscribers
may ot the same moment talk from Office “A"
to Office “B" but this requires an additional fea-
ture in the selector switeh. It must be so a
is moved by the subseriber’s dial to a

which is already in use. it will automatically
o to the next trunk. This feature is known as
“trunk hunting” amd is another characteristic fen-
ture of dial telephone systems of this type.

Tt shoubl be observed that no attempt is made
to make the action reversible; that is, an entirely
separate set of apparatus must be provided for
calls fram Office “B” to Offiee “A" This is
the usual arrangement dial telephone sys-
tems of this type. A syst ised on the princi-
ples described above woulid be quite practical.
There are other considerntions, however, which
influence the design of the apparatus.

The system deseribed above operates on the
principle and is of the rotary type;
nove in i series of steps and

The muking and beeaking
of the subscriber’s line cireuit causes directly the
he switches which make the con-
neetion to the called line. This may be ecalled
“direct control.” Tt follows also that the dialing
of any digit causes the switch which i
mament con;

ber of steps: thus if 5 is
inlesd. the switch will make 5 steps, ete. This is
deseribed as “numerical selection.”

A system operating upon these principles is in
extensivie wse in many of the smaller cities of the
United States and has proved 1o be well adapted
to the conditions encountered in these cities.
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In the simple system illustrated alove, two

witeh
it to find an idle trunk,  Ino systems of
this type the number of trunks in one group over
which a selector can hunt is grmnll\ limited
o ten by the mec 1 h.
Where 5

ame e, they must be divided into two or mone
groups, each of which does not exceed ten, If
all of the trunks in one of these small groups
Devome busy, a selector hunting in that gronp will

not e abibe to complete the call although there
might still be ille trunks in other groups.  Could
all of the trunks be placed in one group so that
each seleetor could humt over all of them it would
ulwnys be possibbe for every selector to complete
u call 0 long as there sl any trunk still
idle, One group of tw ks

way, hondle more than tw
two gratips of e trunks, Where o large nimber
of trunks is requined to e, the selvantages
of apparatus so m...lrurlul it e seleetors ean
hunt over large gronps of trunks are apparen

Principles of the Panel System

The panel type of apparates is so constructol
that the sclector may hunt ever a group of trunks
as large s ninety but t group may also b
[ sl it smaller groups red, s that
groups of &, 10, 20, 30, ¢te., s may b ob-
wed without waste,

When this arrangement is adopted, it i
sary to abandon direet control by the subseribers
dial, for if we wish o seleetor to choose the fourth
group of trunks it might he necessary for il
Jump ten trunks at the first step, 20 trunks a1 1!
secutul step amd 40 trunks at the thind step, This,

of coiirse,
arrange. P
trunks the

subseriber might dial i Ppin]
selector haul completed the selection in
the first digit.  Other reasons for the alandon-
ment of direct control will apper as the system is
eonsidhered i more detail.




When direct control is abandoned, there is no
longer any object in having the selectors move by
steps, amd since the apparatus, to work over such
s necessiurily somewhat

e to

v
which will provide ample power and  positive

mation.

In addition to the abandenment of direet con-
trol it is pevessary in such a large and complicated
installation as required in a large city to
abundon also numerical selection, for it often is

o the groups of trunks to whi
selectors move in completing his call and
seleetors do not move in unison with his
Therefore it will be necessary t i
apparatus which will reecive the dialing from the
suibseriber, record ity hald it i
sary, and transmit it to the va
to control their movements and
the proper places, This apparatus
“sender.”

Figure Number 6 shows dingrammati nll,\ the
principles of the panel type dinl

revt them to
i ealled

oFFICE A

OFFICE B
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Frgure 6

impracticalile 1o make the group of tronks de-
1, say, the digit @ is dinled, the ninth
of trunks. 1 it is necessary to reach th
the digit 8 is dinled,
st means must be provided to move the selector
over five groups although the dialing actually
mmkies and breaks the subseriber’s line circuit nine
times. Tt will be seen Inter that there are other
reasons for doing away with numerical selection.
Having now abandoned direet control and no-
merienl seleetion, it will be clear that the digits
which the sulweriber dials have no direet nelation

haudics the same fundamental ideas as the previous
system, having a line finler swil
selector switches, but the term
the selector switches move have been areanged
in vertical rows instead of in ares and the switches
are moved by motors instend of by magnets. No
mpt is mmde 1o have the switehes move in
n with the movements of the subscriber's
The dinling of the subscriber is registered
in the sender and from ot registration e
movement of the switches is controlled after the
subseriber has diaksl.
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tromechanical ey o
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s Number 12 ansd & s
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of different construction meunted at the extreme
top of the tube, This brush slides on n
mitator”™ whi i birass bars mol;
insulating wluet eurrent
which enters th aimmtator to the moving
o birushie vomimiutator and
mutator hrush ud-... control electric

u|<J comniitator housh are shown in
iher 15,

tor brushes which are shown in
mber 16 do not normally tonch the
their fingers be
litthe hard rubber rollers wl
them. When the selector rises, no contaet is mu
with any of U terminals I||l|-<s\ one of the
clused o “Eripped”
rollers which hold th

hebd apart by

v
Jeticdics wnl s calledd the trip rodl.”  Either in the
norml o ar when fully rotated, the latehes
of the trip rodd « = with the moven;
cach seleetor tube are connected together by wires  of the seloe bt if the sebector is raised 1o o
which puss insdide the tule anil com i pt anel the trip rod then rotatel, one
top where 1 ¢ conneeted o ws will cateh on & projection of

of the lat
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further up-
ward movement of the selector will now catse the
hand rubber rollers to be w wn and th
to close and moke contact with the terminals of
the bank. When the selector dseends again a
wr altmched to the lunl rubber rollers
the framework and restores the brush
on just as .r reaches t

tripping a brush are shown in Figure Nuthber 17,

e birushies on the selector tube and the itehes
on the trip rod are placed equal distances apart
Tt the latehes are not t v
us e brushies, s, therefore, n certain
ition of the sl b the first luteh o
the trip rod will. ol is turned, eateh

e of the other lll s will cateli the projections
on the other brushes, bing too hi

there is a certain posi vhie
Brush will be eanght, the rst birush
i hrushes
This is shown diagranmatical
Number 18, Thus by moving the
n point. befare furning U

selector wp
tripe rawl, am,
trippesd but
tripped at
any of the fiv

. By this plan any terminal in
v banks can be renched by the seleetor
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Figoare 18

The
The ecirewits which eontral the movements of
% ape necessarily
regquires e

Some
of these conne alisld or broken by
means of re ‘o reduce the number of relays
required, n special form of sw Hled a “sequ

switech™ has been developed wh N ger

performis the functions of a group Figure
Number shows ome of these switehes an
Figure Number 20 a number of them mounted

wpon the framework. One of these switeh
tead with each selector aml the
mssociated with the 30
the frame can be seen at the right of Fi
ber 8. The 30 switclis asociated with th

sequence Switch

flute] cam with  spring r
shalt serves to hold the shaft in ans

passitions which are indiented by o numl
at the opposite end of the shaft.
plates are cut with ireegulnr noteh
certain positions of the shaft
springs rest on the metal of the plates and others
on the insulating materinl, while in other posi-
tions different springs rest on the metal and the
nsulution, respectiv Turning the shaft th
fore serves to mak
Between contact spri
As ome of these switches will ne
many s 24 o ench of wh
springs, there may be 96 separate wires connected
to the switch, which by turning the shaft con be

1
ered wheel
The metal
ser that in
min  contact

mmicedate s
ur contact

selectors on the rear of the frame are
n corTes i
tors on e opposite side of the frame
of this type are also used for other purs
throughout the system,

Switehes

similar in
car. Ii
" eneh

el is somewhat

quenee swi

pring to the controller of o streel
consists of m number of dises or “ean
composed of two plates of metal riveled one on
einch side of o dise of insulating materinl and all
pounted on a square shaft which e revalved,
springs rest on euch dise and

i ar ted in 18 different arrange.
ments and each arrangement is capable of an
almost number of variations by «
the shape and size of the

plates,  Contacts may be m
tancously or separat ¥ exnet time

a thing which it is difficult to do by means of
relnys.

The funetions of a sequence switeh in controlling
a selector are enumerated in Cumber 21,
sition Number 1 is the normal |»-mm. of the
switeh when the sele is not in use, As soon as




on he Trnmework, this o ils elose to but
nol touching a horizontal iron dise on a vertical
briss shaft which is constantly revalved by the
samie miotor whiel h s Uhe cork coveral rollers

“lose o U first dlise is an
current is applied to this

elvetrom
et

e ©
gl is s tained by o contact spring on the
futed eam which does not allow the switeh to
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purpose when it s turmed 10 position Nuniber 1 rnlklne s operater.

Until the fdle ter has | I b All ke wusy.

ntil the idbe sender has been foun r Drerstine cassage Tapiuter,

18 Heturning appes Toal

an b done, so the sequence swit
pewsition Number 3, where the
arranged to senedir.

—

stogr until it falls into an insulated noteh in the
Autesd cam, Tt s cfore, o
Pl eurrent on the mementarily amil the
-\nhln mll revolve to H st pumition st which
earn, T there s no
position the switeh will not stogs in th
ach 1
sary to apply current mon
ter make it turn Lo the next pussd

apueney switels is turned 1o a new pos
that pesition makes the proper clects

switelh ix turmed by a fri
wd of its shaft
m dise mounted

he switeh stoges il is neces-
wrily

e mmmgemet

Other Types of Apparatus

Atisd Doy wenns of o om
ol puawl, e Dol
rebease o 1he
et nlsa
aosel of contacts and with thess conn
winedin

ure Number 22 shows interruplers whicl are
userl for operating time measures, providing o
monnted af the top of

bnisy siggmatl, ete
the sequenen
which moves ek wnd forth o long bar, studs «
whieh open and elose 4 number of cont

in series with the magnel
2 has o when it operates

ar wmder the mictal cover, so
slowly.

m.uu.l

eurrent is sup
e by nets i used for
ired 1o make one
the cireuit is mude amd broken,
riling the pulses from Uhe subscriber’s
£ st measiire, whin it is operated by

Another 1y
is e rot switeh sliown in Figure Num!
his switeh bas six rows of 22 termi
arranged in an are, amd a0 osel of doubbe armed
brushes which wipe over the terminals, The

apparaties tsed i Hiis sy
e where it is
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Method of Operation

Figure Number 25 shows the general plan of o
call from one dinl subscriber to another. The
rectungles represent the terminal banks of panel
type selector frames and the vertical lnes with
arrowheads represent selectors. When the sub-
weriber removes his receiver from the hook he
permits current from the eentral office to flow
through his line. operating a line relay, one of
which is provided in each sulseriber’s line, T
operation of this relay causes a line finder selector
to start and to move upwand antil it finds the
calling line, This conneets the district selector
associated with the lne finder to the calling line.
The distriet selector is the path by ol
TSt P etilward and it ssy bo likeoed to the
calling conl of a manual cond eircuit, while the
line finder performs the functions of te answering
cond.

Eaeh line fimler selector 'is cabled permanently
to n listriet selector, A third leg of the eircuit
extends to the sender seleetor, which is a rotary

switeh, Sender selectors are shown in Figure
Number 25 As soon as a line finder starts to
inge line, the attaclied sender selector
er. When hoth the line
et found, o tome called
tone” is sent to the subserilaer as an indica-
tion that the apparatus is ready for him to dial.
Tl subseriber then dinls and the pulses of current
from his dial are reconded in e sender, which
then controls the movements of the other scleetors
in o mnner which will e deseribwal lnter,

The purpose of the sender seleetor is, ul‘ cutirse,
oo ok an idle semder to the subseriber’s line
when D wishes to make a call and to disconneet
the sender s soon as it hins completd its funetions
so that it may be wsed by another subseriber, The
sender selector switeh, having 22 sets of terminals,
ey b tsedd o seleet an idle sender from s group
of 22 senders. The panel type subscribers” links
shown in Figure Number 20, perform the same
functions but ennble the sender to be chosen from







a group of 10 senders. This type of o
hats supserseded the sender selector si
handle more ca

22 senders) for the same reasons that, as {
explained. one group of 20 trunks will carey
ealls than 2 groups of 10 trunks. so that fewer
sl in o offiee using panel type

Eaeh panel type subseribers”
||ull|'| type selectons, o long “district finder™ at the
in Figure N il o short “semler
tor” in a corresponding position at the left.
distriet finder and the sender selector cack
Tiavee two hirnshes, those on the district finder work-
ingg on the topmost bank and those on the sender
seleetor on the two lower banks.  These brushes
un- always |ri|i|m] andd are all used at the same
simply serving o make double the number
uf contacts that could be made by single broshes.
The district finder finds the district selector to
which the next subscriber that ealls will be oon-
nected by the finuler, while the sender selector
seleets an idle sender when the eall is received.
The twe, being connected together, serve as a link
to connect the subseriber to the ddle sender.
Neither of thise selectors returms to normal. At
the nwnrﬂrlmu of a connection, t'llr dlistriet ﬁmirr
moves i ¥ 1o the termi It
the nest idle district selector to e ready for
another eall.  Since it cannot be determined in
wibvanee what senders will be idle when the nest
call comes in, the sender selector remains where
it is, unless Bt is resting on one of the upper 20
terminals of the bank. T this case, it returms to
wormal, for the probability is too great that, start-
ing from so high in the bank, it might not find an
inlle s mll‘r on its u]munl travel and woull, there-
w returning to normal during

striect selector may connect the sub-
seriber’s line to a trunk to the distant office that
b is enlling. The 450 trunks which can be reasched
by a distriet selector are, howere

cane, the district selector conneets Uhe subsserih
line to o trunk lewding 1o an office sclector which
can rench trunks 1o the office called. Ench group
of office selectors can reach 450 trunks, so that
oy prrosvieling o numbeer of groups of offiee selectors,
trunks can be provided to any number of offices,
The trunk to the distant office terminates there
on an incoming selector, 11 the incoming selector
selected the terminals of the subscriber ealled,
500 subseribers could e reached. as only 500
lines enn be connected o a panel Lype selector
u

frame. Each office is arranged for 10,000 stations,
so that 20 selector fra

framie or group of selectors reaching a certain S0
stations.  The 1. is nrranged
to seliet a trunk 1o a fi setor on ot of these
20 frames and the final seleetor seleets the station
ahesire
Not all ealls will be for subseribers in distant
offices. I a station in the calling subseriber’s
awn affiee is listrict seleetor may route
eall direc to an incoming selector in 1
calling subscriber’s own central office.  On cert
ealls, such as toll calls, aml ealls for
or il the subseriber wishes assist
ressary for him 1o be connecte
is nw-nnphalml Ty the distriet selector, w
instead of choosing o trunk to an office sehector
seleets o trunk Ivmliup 1o a jack in g switchboand
where the eall is answered by an aperator.  Calls
of this character, calls for subse
central offices, and calls coming
from manual central offices will h« deseribied later.
Each of the various selectors mentioned above
has cortain pecnlinnities which adapt it to its
particular functions,  Figure Number 27 shows
a frame of line finders, Tt will be seen that
the line finder is o panel type selector but differs
from the general type
vach 20 sels of §
B0 suibisribers’
ecach ) sels of tem
subseribers” lines.)
are provided for e
ather panel selects
hanks is to reduce
therefore 1o
selector Lo re
“This time is further reduce
in half and reversing 1 il
half of the bank so that a line whose ln'l'llullul-
appenr near e top in the left-hand hall of the
bank appears nenr e bottom in the right-hand
half, To fimd the calling line a seleetor is wsed
which has the shorter distanes Lo travel anless all
sl sebectors are busy, when of the other
selectors will bue used. vail of a vertical trip
ried for ench selector, the line fnder has a hori-
zontal trip rodl for each hmk Tlu- trip ol mssoc
ated with the bank i
seriber’s Tine appenrs
beush of any. selcctor w
seriber removes his reee

s care of 400
ika fonr terminals
line instend of three as in
The object of the small
s travel of the selector amd
i recpuined

1
umber 28,
wre arrunged to prevent two or more lines calling
at the same moment from interfering with cach

right of Figure The cirouits
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ather amd yet to insure that

nlbended to promptly.

Distriet selee

o shown in Fi

top of cnch
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an wlditional one
top of the |
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it mre all busy
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r
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traffic to be
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il through whic
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Bnk whiere t)
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ten trunks ¢ |<l| e 'pl at the
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ny size froam 10 Lo B0 in muillupl.- of
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w terminals are made
right g

¥
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ver, s simpler and docs not
contain i repeating eoil.  From its terminal banks
rum brnks to 1 il offieees,

The trunks o the dis 1 offives fer-
minate in those offiees o ng selectors,
These are hpn-ul poanel typee sebeetors but cach
bank is div inta four groups of 24 trunk
Eael of thsse groups gives aveess to certain 30

sanie group of M subseriliers” tern
-mm |-|n|l 5 Ghe saimwe in all ol 2
wging ewrrent for nlmmp: the ealled sub-
B r||n[ in applicad b the incoming selector,  In
panel type offices ench party, whether on s
Leparty line o hias s
unemiber aml his o
feame for calls Kuing ont o thal
for calls coming in from that

i

tand ground on the P

Al of the twa are reversed, so that when be is called the
ng and the t eurrenl is s i
o grrosand anel 1 gromnd o e
als for that par
whose bell s conmected from the tip side of e

g side, In olfices having
e rmmlu: superinpeosed

INEOMING STLLETORS.
A PARTY LINE RabGe

1800-3983

30603458
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Eov0-2488
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Tt there is o bar on Uhe conmutator
the superimposed direct enrrent 1o be negative
when the selector is stoppesd on any of the ter-
minals of the first and thind groups of trunks in
cach bank of the incoming sehtor frame and
when the selector is stoppal on any of
als of the secomd and fourth groups,
of the parties on the line an
i shile to ground llhl hlus-nI

comnected from th

Turther relation 1 . Fignre Number 3

shows this system of rin

T

romting selector eircuit, like the district
sedertor cireuit, contains a repeating coil througl
which s fed the talking ewrrent for the eallsd
subseriber and the cureent for the tronk helween
the two offiees.

The trunks from the incoming sclector feame
terminate on final selectors. These differ very
litthe from the typical panel type sebeetors bt

to responed o posil and negative sup

current respectively.  The bells of the nl]lrr two
partics are connected from the tip side of the line
to groumd and biased also, Party Number 1 is
rung by negative superimposed current on the
riug side of the line and party Number 3 by posi-
ve superimposed current on the ring side of the
i Partics numbered 2 and 4 require negative
superimposed earrent on the tip side and positive
superimposed current on the tip side, respectively,
For these latter partics the connections ol' ﬂm

her 2 have numbers which ean be reached I
trunks in the first and thind groups in any
of the incoming frane, while parties Number 3
Number 4 must have numbers that ean be reached
by the seeomd or fourth gro That is to say,
any telephone which is party Number 1 or Num-
her 2 om a 4-party line must have a oumber chosen
Trom 0000-0309, 1000140, 2000-2409, ete,, while
elephone which is party Number 3 or party
Number & must have o oumber chosen from 0500
0Ran, 1301099, 300-2089, ete.  The numbers
of the four parties on one line, however, bear no

iar are .ﬁ-‘" STICE ArLICTR CHT

wach sot of inals in their banks represents not
o trunk but a subseriber’s station and as no over-
flow terminals are required, 500 sulscribers” sta-
tions can be reached by each seleetor. District,
office and incoming sebeetors are directed to the
g of & grox trunks and then auto-
hunt through that group for an idle
trunk, Final sel wtend Lo a certa

st
the particular station called. As
the sets of terminals are anly 18 of an inch apart,
the final selector must move slowly when
directed to the particular station. For this reasa
final selector frames are provided with a thind cork
covered roll which turns at about 14 the spesd
rolls and drives the seleetor during

line on which it stops and if
it returns to normal aml sends bock
nal. If a subseribeer has a p o switeh-
several consecutive lines, the final
stop on the terminals of the line the
number of which was dialed, but if it finds that
nstead of returning the busy signal it

S =







will continue to the next line amd not give a busy
signal unless it finds all the consevutive lines of
that subseriber busy. As soon as the selections
on the final frame have been completad, the sender
which has been controlling the movement of the
selevtors is released so that it may be used by
another subseriber and if the line wanted is found
inlle, ringing current is applicd at the inco
selector, as proviowsly deseribed. When the called
party answers, the circuits are cut through for
talking.

The release of the connection is under the conty |
of the ealling subscriber. When he hangs up
receiver, all of the apparatos invelved in the l’l"
with the exception of the final selector, returns to
normal, After a predetermined interval the final
selector also returns o normal. Shoukd the called
sttbseriber hang up his receiver, bat the ealling
suthseriber fail to do so, the apparatus will not
b reliased but after a given interval the Mainte-
nance Foree will be advised of this condition by
an alarm,

M = male serviee is given with the panel
typee system and the message registers are operated
enlly by tlw appuaratis, The scheme of
wor 82, The

The aperntion
C52" reverses the current in the trunk

The Se

e methodd of making a connee-
n of the operation of the most
important feature of the pane g 1 has
win far purposely been il man that this feature
muy be especially emphasized. 11 will be remem-

sl th was stated that in the panel type
1 control of the selectors by the sub-
al selection have hoth
is necessary o provide
m which shall record the number

Lvpe system
assnciaterd
e most salient and
tinetive features s system, The sender wi
its nssocinted mechanism of translator and pulse
machine {or decoder) s the “brains" of the panel
systems and o thorough underestanding of its fune-
tions and operation is essential,

between the two offices. This causes the opera-
tion of relay ™ chich, being polariesd, would
not np\-rlh until the current was reversed, Relay
“T" is now opernted when termipler makes
its right-hand contact. Reluy is operated
when the interrupter makes its left-lamd contact,
providel that relay “I" is still operated, w
it can be only if the called subscribier still has his
receiver off the hook, As the interrupter makes
its beft-hand contact approximately two seconds
{in New York) after its right-lu d contact, the
catlled purty must answer for at least two seconds
for the eall to be reconded. The “CH™ relay
being operated, the cam of the district selector
sequenee switeh when it passes through position
Number 16, which it will do after the completion
of the conversation and the release of the ap-
paratus, operates e message register.

The telephone of party Number 2 on a 2-party
line is arranged to put ground on the line whenever
his pecviver is off the hook. This ground will couse

the “SL” relay to be relensed, allowing the “C0™
relay 1o rebease also and mulnr\'hm: e seeond
message register to the “CH™ relay when the call
is made by this party, Message rate serviee is
not given on d-party lines

The registers are ‘matiated fn n enbinet bebind
locked glass doors. Ench month they are photo-

wraphed with a special camera, a5 shown in
Figure Number 83, aml from this ph apliie
revund e eharges Lo the sulseriber are compiitel,

. Eaw
sther apparatus mounted in one of the metal
ets and the 11 rotary switehes and 6 sequenee
s mounted 1o the right and left of the

s,
serpuenee switelis, resistances,  comlensers, and

relays,

The leseription of the opers
will e dlividded inte two parts
dinling of the office code, and 1l t\hlrh resnilts
from the diling of the ealled party®s m |Iur
For the time being we will con
subseriber bos dialed the o
has served to obitain for b
incoming selector ot th
Townted the line of the i
desires to speak, The calling ssilise
about o dinl the nwmber,
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office is arranged for o moaxinun of 10,000 sub-
seribers” stations so that cach station will be given
u number of 4 digits. It is always necessary 1o
dial b least 4 digits. I the subscriber desiread
number 0555 but dialed 353 the sender would be
unable to determine whether or not he intended
te dial another digit. The digits dialed by
subseriber are recorded by rotary switches which
ke one step for each contact of the dial. Four
of these register switehes are used to recond the
numnber, one for the thousamds digit, one for the
5. one for the tens, and one for the units.
¢ transfer of the calling subscriber’s line from
one register 1o another is effected by a slow release
relay, as previensly mentionsd, this relay, how-
ever, effecting the transfer by means of another
rotary switch designated “register control,™ \\ hrn

pulses s been sent buck by the selector it is
arrested. The number of pulses o be sent before
e selector is stopped is determined by the num-
ber of counting relays included in the circuit and
this is drlvmmmi |a\ the setting of the registers.

A ion of the tion of the
cireuits of the paned type systen beyowd the
seope of this paper. No attempt will be made to
trace any of the actual viecwits and it most be
understood that where o circuit is shown it is
disgrammatic and contains only such portions as

ber 33 is a simplified cirenit showing one are of one
of the rotary register switelies, some of the refays
in the sender, and parts of the selector which is

being controlled by l|n~ wm!er The sender is

thies four registers have been set by the sul
dinling, they determine the movement of llh'

shown lling an ne selector for the
seleetion of the brush to he tﬂ|||n-|t I‘l!r lashed

incoming and final selectors to find the
of the ealled party.

The movement of the selectors is dete
by what might be termed “reverse control.
selector, instead of heing made 1o move a certain
distance by the sender, is driven continwously
upward and semls back pulses of current to the

T seps the in the i g
tor fromi that in the sender. 1t should be nn‘lnl
that the sender i the offiee of the calling sul-
seriber, while the incoming selector is in the office
of the called subseriber.  When the contacts
marked “B” are closed by the sequence switch
L ﬂ'h\.\ is in an ;w-ralut pasition (lavii g

sender. lses are sent by the
of the selector and are counted by the countir
redays of the sender. When a sufficient number of

Teld oy
Iw llw path ﬂlmlmh llw stepping relay.  The
npuum[ drive cluteh of the selector also recvives

e e oo o st sz o
Figure 33
-




current through the contact of th relay and
therefore drives ap the selector. Tt will be seen
that every time the commutator brush passes
or o melal segment in the commutator .nnuiln-r
ix formel for the carrent through the
h shiunts aut the stegap
relay is held continuously operated, cither
by the path through th

the stepping rels
brush rests

on aml released
mititor brish rests on met
nl' the stepping relay ape
mbier 2. When the steppi
1o being shimted out by the comumtator,
moved U sliunt around rely
operated u !
g relay Numiber
stepping reluy comes up again and rela
operates when the steppin reloises agai 1 stopped, the
The process is repeated cach time e commutate woming scltor canes
Brush passes over o metal segme - Uhe trip rod to rotale an
relays FO and BO ane i agai e upward
stepping relay altogether o tripe the brush. Gronp N
of the sender (R designates 1he mingne r bie sedeeted, since only this gro
llu- sexpiiene switeh) Lo turm and rebease the count- whose aumbers begin
i perated, The "L thousar
eh the commutat .
i e commutator ||m-l| pussies off 1} been meerssary to trip the same brush b
- seil, cutt o seleet a different group of trunks. The selector
spping the selector. i allowed to rise past the sceond mets
ce switeh of the in-

this brush I
in with 4 (ser Fi
birissh Number 2 the selector must rise
commutator brush has passed v the thind

1 A" commitator bar (see
i aecomplished s

wisters 1o

ofl the drive elateh and «
This also eauses the e
caming selector to tam

sl will
wrotp uf
e seleetions
b | u-u-lll propeT

trunks. It will be see

next apern

the methioed by whic L} the registers is
selectu mtrolled for the selee number of counting relays into the
birias!

r the group of tronks t
final sebeetor, Tor the -«-i..ﬂ
i1 | party.

Buars of the comm
v perform
ff

u counting rels

We will suppose that the subseriber dinbed
pumber 4378, This means that bhosh Number 2
must b Arippaed o 1l

rent fyvpes of wlwlun
to all Lypes. The
resent metal ..nd the I.lmk portion

e pieee wil
mg bars on 1
iy the portions
the face of 1l

tators, the short verti
Fipsre 36 tacts of the commutator brush wh

1 spring o
b slicke up amd
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down on the bars whose letters appear opposite the
vertical lines. These contacts are narrow enough
not to touch the side portions of the A, B, C, and
Z bars. Each commutator has a set of bars
marked T, B, and 5 and the contacts of the com-
mitator brush which slide on these hars are con-
nected through wires inside the selector tube to
contacts of the selector hrushes which rub on the
terminals of the selector banks, Each commu-
tator also has a G bar which is conneeted to ground
amdl simply serves to feed ground te other con-
tacts of the commutator brosh, The bars with
which we are principally concerned at the present

moment are the A, B oand © bars, The portion  soon, howe

group of trunks it automatically hunts through
that group, and through the succesding groups,
if the intermedinte overflow terminals are made
basy, for an idle trunk. The connections for this
performance are arranged us shown in Figure Num-
ber 89, The “L” relay is operated and the up-
drive clutch is receiving current through the con-
tact of the “L” relay so that the selector is going
up. The sleeve terminals of busy trunks will have
ground on them, So long, then, as the sleeve con-
tor hrush is touching the sleeve
sy trunk, the “L" relny will be held
o he sleeve terminal, As
as the selector bhesh posses off

o

Y

w_ |
m,.,%
S s
P L
s, d
ot
G [

marked “A" controls the selection which chooses
a brush to be tripped, ench of the 5 metal segments
being placed at the correct height to bring the
selector in position for tripping one of the 5
selector brushes, The segments of the “B” bar
are spaced apart the length of a group of trunks
in the terminal bank, It will be notieed that they
wre different for the district aml office selectors
from those for the incoming selectors, for the
trunks in the district amd office scheetors ane
divided into groups of 10 and in the incoming
selectors into groups of 24 as provieusly described,
The “C" bar is used for centering the brushes
when trunk hunting and will be referred to later,

The selector now being at the beginning of a

"

the terminals of the last busy trunk there n1ll e
no ground theee to hold operated the " relay.
But should the “L” relay release at this moment
the current would be eut off from the 1~|uh'!| and
the selector would drop back
of the last busy trunk, Th
fact that the “L" relay
tlirough the utator hrush w
ane of the metal sogments of th commutator
bar, Not until the commutator brushes pass off
the metal segment does the “L" relay release,
ofl the cluteh and stoppivg selevtor,
By this time, however, the selector is opposite
the terminal of the idle trunk and the pawl in
the clutch has fallen into a noteh in the rack so
that the selector is prevented from dropping




down. Thus it will be seen that in trunl
the condition of the sleeve terminal of the trunk
determines whether or not the selector will stop
on that trunk amd the metal segments of the
commutator w to assure that the selee-
! i -u;.lu s Hml the pawl
v in the

k hunting

rock and the selector be held on the idle trunk
and not be allowed 1o back onto the trunk
below, Should the selector fimd all the trunks in
the group busy it will pass ov all and onto
the overflow terminals and the segment of
the commutatc his will give o busy signal to
the ealling subseriber.

The Office Code

The sub-
irst letters of the
ties this will be the
first three letters,
uil o mam-
rs is the same

Let us pow vonsider the office code

seriber is instructed Lo dial t
name of the o
first two |

Ber. Tt will be s
s dinling three Bgures,
the same hol

alin

. tm,.. ‘P“H- {sew Figure N
The first letters of a name are used,
s nember the name and Tour fig
nd the seven figures that
required. With this arrangem
two offices in the same arca whose
with the same three letters in the
same order, nor can we lave two offices whose
numes begin, not even with the same three letters,

bt with three betters which correspond to the
same three numbers in 1 o order. Thus if
we e an office named Canal, the number csde

for that offiee is 226, and we cannot have offices
named  Cambyrid amplon, h

Aborn, Aeme, or Acorn, for all these wou
the same number code and wouhl be the same

It will be observed that ne letters
the hobe with the fgure 1, 0 that the Jdigit 1 never
forms a part of the office code, There are two
rensons for ) if is used for U seco
and third digits of certain offici
codes for Long Distan
Difice.  Furthermore,

it 1 formed llm-

of 1, or, what amounts to the sam
hhook befare b
» with the operatio

llum.. Jogging

jomming the switchhook,
sinee he could not imi n that way the rag
anl umiform pulses of © ngg the switch-
hook three times would therefore be received by
the sender as a series of three 1's rather than as
n % and would not affect the subsequent dialing.
The digit © is reserved for dinling the operator
so that & holes are left h Lo put letlers,
This makes it necessu two letters
from the alphabet and Q" and
i Sinee all of the three |
hole b e samee digit, the number of diferent
combinations available is 512 where three lelters
are used for the offiee eode. Not all of these
combinations are available, how
where the offices are given
of the comb
W

il any other ||mnh|-r.

XYY, ¥ CYWN, YWY, YXV
YYW, YYX, and YYY Ullm'll rop
possible arrangements of the code 89, it is hand
in the English language

al least.
Ouly in the larger cities is the number of offices
! abedd by the subscribers so great as to re-
o he use of 3 digit codes. By dialing the first
two letters of the office names 64 codes may be
obtained.
On the other hand, in o very large Metropolitan

Area such as New York, n sufficient number of
]



suitable numes cannot be found (<.|- tlu- Lurge num-
of offices inclu
sl b avyroon
to dial the first two | name fol-
lowid by a single digit number. Several offices
may then be gi P ——— v\ill .n.m..m .
numbers, sl o
Ill. cosles Tor which would be
subwseriber then dials I'In
of the name of the
rs aml o number)

ng |I.< subse

which hs <|--\ir<- (or twa

il these set three r.-;.ri ter

.l

ing to the number <.l 1..|I.
Th

1o prasiticns correspsn
produced by |
b

| for vach 1

subseriber is making.

The Translator

It is the function of the translator to settle
these questions,  Each

manently to ils own translator selectors.
translator for 3 digit codes which s shown in
Figgure iber M1 consists of n panel type
welocting wechanizm having 10 banks of 40 te
minals each and o hunt

g bank of 37 tern
nals, In the hunting bank the terminals are in
n singhe v al before each sebeetor in
stewd of in three ik

ax i the other l

b eonnected £
aljnernt row. t brshes of the
lator are sonnected |...\.-|| roand they trip in
pairs so that thers are six lends conneet
e b or (e translator seleclor rests

el of terminals. The hunting bank serves
tor upan the proper
its terminils are connected
W ill he seen Tromm

trmnslitae will idopibi deberailie
of the setting of the registers whi

iy e m.ul.

I record

e The fiest
two letters r birishes which
will B tripopes sets of

It
translator e y
s th i
-..hu riber the transh
el set of teen
v lias its own particul
When the translator s
set of six terminals in
¢ six lemls o

s terminals.
e Dirnishies rest on any
= translator
through
selector hirishes b six sets of tran
reluys in the semder,
or le

h sel sisting ..{ six

1

These reluys |
or nol operated

introduced into e
dist nndd offiee

ent el

resistanies,
hanks is constantly
from the pailse 1

b faet of their be
variois comb
nine the number of counti

lectors o
sel Lo certain positions sequence
make the proper cireuit connections for Uhe

ses of calls, insert he proper compensating

These are as follows:

lut telephusne «harges or
hat & 1

g relays that will be
i prerformed by the
this call and also
s whi

fTer-

el

b terminal o the in
fial with & seri
(HT

shitor
of pulses
amd no two sels of six




terminals in the translator have the same eom-
Bination of [mlnﬁ. I'Iu.la cach \mrkuu affice m‘ir
is o by six terminals in the

\nlh its own peculiar combination of pulses, A
translator franwe will care for 200 office codes. Tn
vach office two sets of translator frames are pro-
vidhal sl each sender is eonnected to two trans-
lator selectors, each caring for a different 200
comles. Which of these two translators the sender

sl by the first letter of the offiee

W ribwer ddials, Sinee there are
512 possible codes and transtators are provided
for anly 400, there are o number of sets of terminals
in the transkitor frames which are assigned Lo two
e ol e eodes in e
ense being used by the -ulaa-ﬂln-f Figure
ler 43 shows the arrangement of the codes on
thie translator terminals,

Figure 02

The Pulse Machine

The pulses are furmished by the pulse mack
shown in Figure Number 5. It consists of a series
of drums which are constantly revolved by a motor,
Each of these drums is divided into six segments
which may be conneeted either 1o battery or to
ground. A comp i
drunis, ench of which has a

segments as shown in
“recciving” drums, each of
o only one segment: and one
ng™ drum which has battery on all segments.
From the 40 sending drums are chosen six which
are connected to the six terminals in the transiator

which represeat an office code. Th
e e drum will b
in the translator,

representing an office code will be connected to
thie snme drimis as another sel representing another
affice code nnless all the con ns of o eall made

fram

itter codde. The six reeciving drums are con-
neeted dircetly to the senders and are used for all

cotnting relay Number 6 in each sender and when

in use operates a pair of counting relays at each

contact, When it has made seven contacts the
o
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connections of Uhe pulse machine drms uu—mmh
ranslator l
| b i

pulse mae

metil 1
contacts of the t uinu e sre required to insn
pl aluti

During this o
sendling drums wl
traniskator brushies o

as it has

enel
t onee, sine
i L.Illl'ill I the

| e lockerd up in 0 com
olfier eule dlinlesd, oljert of this
mierely Lo manke i1 puessdl
nunhwer of cosinbsii
iy, The eonnections belween the translifor
als anad he devnies of e pulse machi
M o cress comeelion frane
v changed., "

Lerin

e

et

Figure 43

el register relays is shown

in Figure Numiber

lntor, puls
disgrratinn

fice code scts the
ng directs the

proper sl of terminals; these
conuected Bo the pulse machine
n-rhm n-mhmnlim. [

] 'Im- Ilu- ali

risters;
tra -.Imnr tor th
terminals an
alruimns II|.||

Where 2 i

codes are used, rotary
are providel 1 sender which act
lators and will enre for 44 cod
er form of translator, ne

Wi

as trans-

With this
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Figure bl

The Decoder

A sevond system for accomplishing the work of The office code, w
the translator amld pulse machine has been devisesd e sender, is then tra
that effects an coonomy in space and cost. In this  the deeoder, wl by
system, the sender is somewhat simplificl, the  operate a singhe
rotary switches being omitted and replaced by i
relnys which recond the numbers dialed the ronile relay controls
subseribers, Senaders of this type are shown in mitting relays which in turm control the setting of
Figure Number 47, the sender pegistering relays in a binati
To recond on relays the numbers dialed, a set of  peculiar to the particalar oute relay chosen. This
counting relays is employel to count 1 aber  latter operatio lar to the registeation of
© ol pulses from ench rotation of the dial, Esch

nummber ws counted is recorded on reconding relays

which are operated in combinations representing

the nmmber of pulses reeeived and the connting
relays then pelessed ot the pulses from the
next rotation of the dial

When the theee numbers represent

of registering relays

e registering relays operatisd
mine the brushes which will be tripped on the
tral uffice ealled have been recorded variois scheclom i thix cnll and the groups
the semder efreuit is o ol terminals to w ey will b
by mlicontact pelays in th ! therefore the course which the enll will be made to
i shown at the right in Finre Number 47, take,

Figure Numlur 88 shows a icontact relny, The decoder is eapabibe of recviving and trans-
The devisber-connector, thre i i S0 alifferent S-digit coldes
el om a6 frnme, serves 10 s ting ealls over 283 different routes, By
a sender 1o any one of B or less decoders. the addition of one supplemental hay to the de-
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o the number of rou
b and by using 2 supy

setiler s o
translation of an offic
e
on within a few
connected to
fuflure oeeur, Lh

wher for the
ane Lromilile

senaler fails o me ary inform-

1 might inelica
Bedl senses of sight, |
cless in e dbele

rrely ¢

mevhiad to o semder, will be automat
to the teouble imlicator where it will m-mi its
....mr 7, Ui ninmbier of tie sender o whi
nected, the number of the

il e point at which its ope
imewns of lanips, this record s made visitde to tho

rally conmected

i I-.|II| b
. they maust hoth
they must both contain exac
fault, The probability of the laller oecum
extremely rel er, Wy differ o

saie

&
the trouw
Figure Number

1 frame

is shown in
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The Call Indicator

[ o New York
seen that no

- for at the
timme this directory was issied Aeademy was o il
ventral offiee and Vand i .
far s the sulierilier
differenes in the tw

v from the pulse
e it 1o seleet w
stml snner bt to
Funetion beyomd that peint in a diferent o
from its procedure in e case of calls to
evnl el olfives,

e trunk b0 the manmal eentral office te -
nabes there at a puos of tie B bl wliic
fittedd with a deevi i

I b with eal

Nurber 52 and # chose view of a call indieator in
i nlier 335, Tt eonsists of a glas plate e
h B anel stenvils are arcanged so s

ing the proper
the call indieator
e trunks apipear as sin,
kexvs ax on oo regy
wne of the trunk
tion lins heen sl
ina il centenl welicatied by the llnll!ula
of the assdgmment o associoti] with the trunk.
The operator then presses the display key which
serves o associate the eall jn
trink and te cause the semder

centeal
ich lights
or aml =0 dlisplay
the mumbier desired. The operator tien makes con-

tor with that






Figure 31

neetion o that line by inserting the plog of the
ol into the juck of the line in the usial way. This
canses Lhe eall indicator to be disconnected and U
lamps vsl:mnmlml mnl,; for another enll, The

h lay key camses the

s
Keys which,
R o hr i inddicator of the adjacent posi-
g the opesators Lo assist one another
g of the calls.
Munual central offices will accon
Vines sl four party stations in o
(l(‘ﬂllmlli-l by the letters
“W." For cerla
1o alind five o
An extra register is provided in the sender for
thi= |N|rpnw Al ml calls Lo offices where there ane
rine s aml

wsdate 10500

five
l'!"n\

|u|rh I|~1lvr A will Iw o allow
ligit or e party letter to he dinlad.
l'hlt i if lllrw are four party lines in the office

called,

the sender will peeeiv
wehine which will ean
= after the dialing of fonrth dligit
reevive the party letter. If wo party e
elinledd at the expiration of that time, 1k
will procesd, it heing assumed that there is no

s from
wail for [

party better. For offices having lines o'th nu
bers alsove 0998, the delay will he introduesd only
if e first two digrits dialed are 1 and 0, sinee e
vnly numbers of five digits are betwesn 10,000
wanl 10,488,

The pulses fram the sender to the eall in
are sent out by a sequence swite
which makes one revolution i
which it transmits a series of po
pulses over the
affiee.

icator
n the sender,
|hr wcourse af

some of the pegative pulss as determined by the
registers of the sends reconded the
ligits so that for each digit u partieular oo
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pulses is senl. Figure Number 35 shows this code.
These |1Iﬂa¢-n e reecived by redays at the eall indi-
cator position and Uwse relays control other relays,
four of which, designated A, B, C, and 13, are
provided for each digit to be displayed.  The
operation of these lntter relays determines which
Bamps will bue Bighted aned therefore what number
\nll appeenr in the call indicator as imdieated in
umiber 55,

hree relays which reevive the polses lmm
are shown in Fignre Number 56,

SN-1 relays are polarized so that the 'i\
n-aiuullllat only to positive pulses (hattery on the
rings side of the trunk) and the SN-1 to negative
pulses (hattery on the tip side of e trunk), T

M relay is marginal and responds only 1o heavy
pulses. Negative pulses operate the SN relay
which controls the W oand Z relays whic
duee the A, B, C, and I relays suceessiv
vy negative pulses also operate the MG relay
which controls the B aml 1) relays.  Positive
pulses operate the SN-1 relay which controls the
A and C relays, The ST and ST-1 relays act as
connting relays Lo introduee a new set of A, B, C
and D relays for displaying the nest digit. The
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Figure 36

operation of the direuit i+ explained in e fgure.
e display™ eall in-
dicator operates in ilar manner but it is not
neeessary for the operutor to press a key in order
to have the called mumber appear. The numbers
appear automatically as fast as the calls come in
or as fust ax the operator can make the connee-
tions,

arastes DREL
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e of “B” switchboard  tributing type. The ope
cerlain Lo n Al the numbers
ing ke in this ease
are very busy while  which are pressed in
With the "¢ lock down

Numbwr 60 Hall
until
of such w
the  waiting-meler’ of the switeliboard and
s to conneet her squipment an alarm will eall attention to the fact that 4 or
il to disconnect the trunks at the s are woiting. By o i
[ the conversations. these Tfunctions  waiting change key, Ui alann o
being performed automatically in the eall dis-  function only if 7 or moee calls are w
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number are displayed on a call indicator,
Figure Number 65 is a plan of the operation of
sich a call to another panel type central office,
# Vacant Code Calls,
1w subscriber dials by mistake an office code
which is not to mny working office in
hiis rea, the will receive palses from the
.i'.'i?.ﬂ“:a‘&'f ul:-rﬁ will eune it to ﬂm H.:
or to A ur\m trun
on which a tone will indicate l.?:uhp subseriber
that he his made an error.
4. Intereepted Calls,
All subseribers” Emuﬂnmhmlum-m

mected Logether o ea
el o ek g st e AP

conls m|'le|
dhlnahs'lmh&em:gmm >

Wihen handling n toll call the operator writes a
ticket andd the subscriber is clurged for the call in
accondancee with this tickel. As all subseribers
in the office use the same jocks when calling the
operator, it is necessary for the operator to ask
the subseriber his number in onder to know to
whom te charge the call. To guand against the
possibility of the subseriber giving the wrong

miLage pricr
l‘.'.‘&’n'o'ﬁ

number anld so causing the eall to be chargeld 1o
somentie else, each subiseriber’s line i erted
to n birnss pi a “checking multip! talled
in the face of the Iunnl above the answering jacks,
If while the operator is talking to the subseriber
sl tonches the pin connected to his line with the
tip of o plug on a special checking conld, one of
which is installed in cach operator’s position, she
will hear a distinetive tone aml she will not hear
this tone wl she touches any other pin in the
checking multiple. The operator may thus verify
the correctiess of the number given by the sub-

seriler,

The cord virenits of the “A™ boand are so
arrangend that the answer of the operator does not
operate the subseriber’s message register.

T the offices to which ealls from the panel type
A switchboard go are not provided with mechan-
ienl equipment or call indicators, it may be more
ceonomical and desitable to handle toll ealls
manunlly. In this case, an A switchbonrd s pro-
videal in the dial office exactly similar to that used
in manual offices except that cach position is
copuipped with a dial so that the operators gy use
the dial equipment to complete local calls, if
neerssary, and clweeking I'llllllr.ple is provided.
Such a switchboard is shown in Figure Number 66,

Figure Number 87 is o view of an operating
roann showing hoth A and B switehl
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