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This pamphlet is issued for the benefit of the
Western Electric Installer and describes in a gen-
eral way the fundamental principles and character-
istics of the step-by-step dial system.

The contents are taken from material which has
been prepared by Bell Telephone Laboratories, Inc.,
for training purposes.

Although particular types of apparatus are dis-
cussed, it is not intended that this pudblication
should be used for specific descriptions. The pam-
phlet will .not be kept up to date with current
changes in the equipment.

The contents of this pamphlet are of a purely
descriptive nature and are not designed to prescribve
methods or instructions for the installation of cen-
‘tral office equipment.
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FUNDAMENTAL METHODS OF OPERATION

: ‘there are two methods of automatically
completing telephons calls in general use in
the~Billqustem today. - Of these two, the .
step-ty-step system was the first to be used
The term “step-by-step? is deseriptive of the
manner in which the call progresses, each
digit dialed by the subscriber causing a sep-
arate mechanism to funetion to advance the
call thro the various "stepa® necessary

_for completion. -

The step<by-step system is quite flexible
in that it may be used for communities re-
quiring ‘less than 100 lines or for central
offices requiring 10,000 lines or more. In

this respect, the step-by-step system is the

of average size and for larger metropolitan .
areas whers the trunking problem is not too
mple: The panel system, is more.advanta-
gsous in largs metropolitan areas wheére com~
plicated interaffice trunking is necessary.

. The only difference between automatic and
manual'czutpnont apparent to the subscridber
(al located at the instrument on his

premises. It is for this reason that auto-

matic systems are universally known as "dial"

systems. The purpose of the d1al is, of
course, to enable a submcriber to control the

‘autcmatic .zuipmant 80 that a connection will

be completed to the number he is calling.
When the lublcrtber removes his receive: from

oy = . - "

towns or communities

- Suuscriber.

the switchhook the circiuit is completed

through the switchhook contacts in series with

a relay in the central office, as shown in
Fig. 1. One of the functions of the sub-
scriber's dial with thé receiver off the
switchhook is to open this circuit a specified
number of times and by means of these open

.circuits or "pulses" to give the automatic
" equipment the proper information.

4 ‘The dial
is provided with a series of finger holes,
each of which is numbered. The subscriber
places his finger in one of these holes and
carries it to the back stop, after which the
dial restores to rormal under the influence
of a governor which regulates. its speed. As
the dial restores to 'normal it opens the cir-
cuit a number of times equal to the number on
the finger hole which was selacted Ly the
Thus, dialing "2 opens the cir-
guit twice; disling “5" opens it five times.
It should be noticed also that aiaiing "Zero-

- opens the circuit ten times. The opening

and closing of the circuit alternately ope-
rates and releases a relay which has been
placed in series with thc~¢nb§erihcr's line.

_ A pulse cycle coq;:gth-qr the time re-
quired for one open birpuit and one closed

circuit in the series of pulses ssnt out as
the dial restores to normal. The open cire

ocuit is approximate of the total

|
v

pulsing time. This is to insure the positive

release of the pulsing relay in the automatic .

equipment at the central office.

F1G. 1 SCBEMATIC OF PULSING CIRCUIT STEP-BY-STEP SXBf#Hi

i
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FIG. 2 DIAL SUBSCRIBER STATION GIRCUIT

Figure:2,.givés a schematic of a sub-
scriber's :station circuit containing a dial.
Here: the dial is shown.in its normal position.
The receiver circuit is closed through the
contacts shown.as "off normal contacts".

As soon .as the subscriber moves the dial "off
normal”, the off normal contacts change po-
sition so that the recelver circuit is opened
to prevent the annoyance of a series of sharp
clicks in the subscriber's ear and a short
circuit is placed around the transmitter to
remove its variable resistance from the
dialing circuit. The off normal contacts
remain in this condition from the time the -
subscriber's dial first moves off normal
until 1t has restored under the influence of
a governor. The contacts labeled "pulse con-
tacts", however, open and close only while
the dial is restoring to normal at a constant
speed determined by the governor. ‘

SWITCHING MECHANISMS

The switcling mechanism employed in the
step-by-step system is illustrated in Figs.
3, 4, and 5 and is arranged to take ten ver-
tical steps and ten horizontal steps, thus
forming a switch having access to 100 sets
of terminals. Variations of this fundamental
mechanism are employed: for the different
functions reguirad,z.One switch of this type,
known as a "line finder", is used to find the
calling subscriber's line, thus performing
the same functions for the automatic equip-
ment that the "A" board operator does gn the
manual system by inserting an answering cord
in the answering Jack of the calling sub-
scriber's line. One or more of these mecha-
nisms known as “selectors" are required to
select a trunk to-the distant office. An-
other selector determines in which 1000 lines
the called line appears. :Another selector
picks the particular 100 lines in which the
call is to be completed, and finally 'a simi-
lar mechanism known as a "connector is re-
quired to complete the call to the number
which has been dialed. Such uses of the step-

‘are shown in Fig. 6.

by-step switch will be described in greater
detail in the sections that follow.

BANKS

The banks to which the switch has access,
The atep-by—steg system
borrows the familiar terms ®"tip" and "ring"

to refer to ‘the conductors of the subscriber's
line or to the conductors of a trunk and the
term “"sleeve” to refer to the supervisory

lead required in the central office.- The
banks illustrated are so arranged that the
switch has access to 100.tips and 100 rings

in the lower bank and-to 100 sleeves in the
upper bank. The switch.shaft has brushes
mounted on its lower end which are s0 spaced
as to have access to the banks. The lower
brush mounted on the selector rod, therefore,
makes contact with two terminals and the
upper with one terminal. Variations of this
are found at timpes where a second contact .
may be made in the upper bank giving a total
of four instead of three, and in the case of
the 200 point line finders where thres hanka
are empioyea. . 'lhe brushes mounted on the rod
are wired through flexible cords to the relay
equipment on the switch, access lnto the switch
being by means of a flexible plug and Jack
arrangement -at the back of the switch znd.
access out of the switch being through the
bank terminals.

'SWITCHING ACTION

An intergal part of the switch shaft is
a series of teeth, ten for moving the shaft
upward and ten for rotatin? it. The ver-:
tical teeth are arranged along the shaft and
are controlled by means of a “vertical pawl""
and a vertical magnet. The rotary or hor-
izontal teeth are arranged around the shaft -
and are controlled by a "rotary pawl® and a-
rotary magnet. The vertical .arm of the
“double dog", slides over the vertical teeth
as the switch rises and prevents its falling
back to normal. As soon as the switch begins
to rotate the "stationary dog" engages one
of the vertical teeth and prevents its re-
storing to normal while the rotary arm of the
"double dog" ‘slides over .the rotary teeth and
prevents its restoring in a horizontal di-
rection until after the switch has been re-

. leased upon conclusion of the call. The

vertical and rotary stepping mechanism is

illustrated in Figures 7 to 10

The first series of pulses which coue
through from the subscriber's dial causes
the pulsing .relay in the swiicn 10 Operate
and release in synchronism with the pulses
and in turn operate and release the vertical
magnet. Under the influence of the vertical
pawl the switch rises until the brushes are
opposite the level determined by the number
of pulses sent from the dial. 1f the switch
is a"selector” it will now rotate automatic-
ally under the influence of the rotary magnet
and pawl until an idle trunk on that leve
is reached.. If it is a"connector" it will
wait for the subscriber to dial another
digit, in which case it will rotate under
the influence of the dial pulses until it
reaches the particular set of terminals
determined by the last digit.
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FIG. 4 STEP-BY-STEP CONNECTOR SWITCH
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FIG. 11. 100 LINE STEP-BY-STEP DIAL SYSTEM

The switch is now held in its rotated
position by the double dog and held in its
vertical position by the fixed dog. Upon
release of the switch n magnet is operated
(known as the "release magnet®) which re-
moves the double dog from engaging the
rotary teeth allowing the switch to restore
horizontally under the action of a coiled
spring in the spring cup. When the hor-
izZontal restoration is complete the fixed
dog disengages the vertical teetn because of
the vertical slot and the shaft restores to
normal in a vertical direction by means of
gravity.

THE _FUNDAMENTAL STEP-BY-STEP SYSTEM

A simple 100 line step-by-step system
i8 {llustrated in Figure 11. Each sub-
-3eriber's line terminates on the bank of a
connector and is multipled to the banks of a
line Tinder.  The liné finder acts as an an-
sverin§ﬂcord in that it makes connection to
the calling line and extends that line to a
connsctor. - The subscriber receives dial
tone from the connector ana aials tne called
number, the connector having access to all
the 100 lines. T

In order to handle more than one call
at a time, the system illustrated might have
ten line finders and ten connectors for a.
group of 100 lines. In this case eéach line
finder is wired to a connector. The banks
of all line finders are multipled together
and the banks of all connectors are multipl-
ed. This means that ten paths are provided
for the completion of calla. If the callin
rate is very high more paths may be provided.
In practice, su?ficient line finders and con-
nectors would be provided to handle the v
normal traffic but not quite enough switehes .
to handle the extreme peak load condition .
which would probably occur only during a
short period of the day. It would, of course,
be pousible for all paths tu be pusy and 1n -
that case a calling subscriber would not re-
ceive dial tone until after a line finder and
its associated connector became idle. .

As we shall see later the system ill-
ustrated in Fig. 1l is the basis for almost
all step-by-step systems. 'By adding switches
between the line finders and connectors 8¢
that each call is completed through a "train®
of switches, the size of the office may be e&x-
tended to 1000 or to 10,000 or more lines.
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SECTION 2
LINE CIRCUITS AND LINE FINDERS

In the manual system, subscribers’ lines
are answered by an "A" board operator who is
responsible for all of the subscriber lines
appearing as answerins Jjacks in her position.
In order to establish contact with a calling
dubscriber who has removed the receiver from
the switchhook, an answering cord is placed
in the required answering jack as indicated
by the lighted line lamp. In the step-bx-
step system the answering cord of the "A
board operator in the manual system is re-
placed by a step-by-step switch known as a
line finder. The function of- the line find-
er is to make contact with any calling line
in a particular group and extend that -line
to a first selector ( to a connector in the
100 line system previously described), the
first selector 51v1ng the subscriber dial
tone and receiviang the first digit d1aled
. by the subscriber.

In the manual system, the number of .
answering Jjaciks appearing in each "A" board
position is dependent upon the calling rate
of the lines involved and the load which the
“A" board operator is able to carry. In the
step-by-step system, lines are in most cases
arranged in groups of 200, the number of
line finders having access to this group of
lines varying with the calling rate.

200 POINT LINE FINDER

A line finder arranged to serve a 200
line group is illustrated in Fig. 13, and is
known as a "200 point" line finder. Each
line finder has access to 3 banks of 200
terminals each. The lowest bank contains
the tips and rings of 100 lines numbered 11,
12, 13, 14,-.-19, 10 on the bottom level and
0l to 00 on the top level (see Fig, 12).

~ It should be noticed that the tenth terminal
on the top level is numbered *00" because
the switch steps vertically ten times and
horizontally ten times to reach it. The
middle bank carries a second 100 lines the
terminals of which are numbered 111 to 110
on the bottom level and 101 to 100 on the
top level. .The top bank carries the sleeve
terminals of the entire group of 200 lines,
the sleeves 11 to 10 and 101 to.110 being
arranged on the bottom level and Ol to 00
and 101 to 100 on the top level. The
purpose of the sleeve bank is to permit the
line relay of a calling line to put battery
on its corresponding sleeve terminal to
stop the line finder as {t sweeps across the
row of terminals. The line finder shaft
carries three sets of brushes, one to make.
contact in each bank.

A vertical commutator consisting of 10
segments is arranged at the side of the line
finder shaft sq that as the shaft rises a
commutator brush makes contact with the first
segment when the line finder brashes are
opposite the first livel of the banks, the
second segment when they are opposite the
second level, etec. The line finder circuit
ig so arranged that, as soon as any line
relay in the group of 200 lines is operated,
one of the line finders serving the group

served by 20 line fi

will commence to step up: and will continue
stepping up until it meets a commutator seg-
ment that is grounded. There are 20 lines on
each level and each "sub-group® of 20 lines
has access to a common sub-group relay which
may be operated by any line relay in the sub-
group. The operation of this sub-group relay
grounds the commutator segment corresponding
t6 the level on which these 20 lines appear.
This will cause the line finder to stop its
vertical motion at the level on which the
calling line appears.

After the line finder has stepped up to
the proper level it will, of its own accord,
begin to step over the terminals of that
level, testing the sleeve terminals in the
top bank, two at a time, as it goes along.

As soon as it Tinds a sleeve terminal with
battery on it from the operated line relay. .
it will stop with its tip and ring brushes on
the tip and ring of that line in order to
extend that line to a first selector. Thus
if line 12 is calling commutator segment'l
will be grounded and the line finder will
step up to the first level and in on that
level to the second terminal. After the line
finder has stopped on a given set of terminals
it connects the brushes in the bottom bank or
in the middle bank to a first selector, in ’
accordance with which of the two sleeves in
the upper bank has the battery condition.

SLIP WIRING OF LINE FINDER BANKS AND
COMMUTATORS

Obviously it takes a certain amount of
time for a line finder to rise to the higher
levels of its banks and cut inta those levels
until it finds the terminals of the calling
line. The ideal condition would be to have
the calling line on the first level of the
line finder bank in every case, so that the
line finder would have to step up only one
level and then cut into that level to find
the calling line. This would mean that the
subscriber would receive dial tone from the
first selector with a minimum amount of wait-
ing It is not possible to achieve this :
ideal condition for every call, but the hunt-
1ng time for line finders is conaiderahly de~
creased by "slipping“the line finder multi-
ple as shoyn on Fig. 12.

Suppose thav a group of 200 lines 1is
nders. In this case lines
11 to 10 appear on the first . level of the
lower bank of the first line. finder of sub-
group 1, and lines 111 to 110 on the bottom
level of the middle bank of this line finder.
However, these lines are wired to the top
(or tenth) ievels of the banks on the first
line finder of sub-group 2 and to the ninth
levels of the first line finder of sub-group
3, the eighth levels of the first line find-
er of sub-group 4, etc., and appear again on
the first levels of the second line finder
of sub-group 1. This means that the first
and second line finders of sub-group 1, are
"firgt choice" for the use of lines 11 to 10
and 111 to 110 since these two linesfinders
have this group of 20 lines on théir first

TCI Library www.telephonecollectors.info
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levels. Likewise the first and second line
finders of sub-group 2 are first choice to
lines 21 to 20 and 121 to 120, and the first
and second line finders of sub-group 3 for
lines 31 to 30 and 131 to 130. .The wiring
to the corresponéding commutator segments

is slipped in a corresponding manner.

ALLOTMENT OF LINE FINDERS

Fig. 12 1illustrates the method of
alloting line finders: The operation of the
sub-group relay of a sub-group of 20 lines
does two things. First, it places a ground
on the commutator segment corresponding to
the level in which the group of 20 limes
appears on the line finder banks. Second,
it grounds a start lead which operates a
wgtart" relay in the line finder that is to
be used for the call, causing it to step up
and hunt for the grounded commutator segment.

; Tracing the start lead from the sub-
group relay in sub-group No. 1, we arrive at:
_the back contacts of the (D) relay in the
“firgt line finders of the sub-group (which
has the lines in sub=-group No. 1l on its first
level) and thence on to the winding of the
"gtart” relay (A). If, however, this line
finder is busy on a call the (D) relay will
be operated and the start lead will be :
extended to the back-contacts of the (D)
relay of the second line finder of the sub-
group. If this line finder is also busy
the (D) relay will be operated and the start
lead will be extended to the other line
finders in sub-group No. 1. If all finders
in the sub-group are busy the start lead is
extended to the first line finder in sub-
group No. 10 since the line finders of this
group have lines 11 to 10 and 111 to 110
on their second levels. The process of _
allotment thersupon continues as necessary
through the line finders in sub-group No. 10
sub-group No. 9, etc., the last choice line
findere for the No. 1 sub-group of lines
being the line finder in sub-group No. 2,
since these line finders have sub-group No.l
lines on tueir top levels.

By means of this bank-to-bank slip on
line finder multiples, each group of 20

- lines is given equal preference in being

chosen by line finders. If 20 lipe finders
are provided to serve a group of 200 lines
there are two first choice liné finders per
sub-group. If 30 line finders serve the
group of 200 lines there are three first
choice line finders per sub-group, three
second choice, three third choice, etc.
This insures that the waiting time for dial

tone will be kept down to a minimum.

If it should so happen that all line
finders are busy at the time a subscriber
removes his receiver from the switchhook,
of course he will not be connected to a first
selector, will not receive dial tone and will
not be able to make his call until some  line
finder becomes idle. This is comparable to
the custom in manual offices of providing
only that number of cord circuits in an- "AY
board position which is required to handle
Just a little less than the rush hour lead.

"The line and line finder eguipment
required to serve a group of 200 lines is
mounted together in one equipment unit, as
illustrated in Fig. 14, consisting of the
required number of .line finders with their
banks, commutators and Jack wiring, the
line circuits with their associated wiring,
the sub-group circuits required for each
group of 20 lines and ‘the relays required
for the common group of 200 lines. This
equipment unit is shop-wired and may be
shipped from the factory ready to be mounted
upon a line finder . frame.
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SECTION 3
SELECTORS AND CONNECTORS

Y

In Section 1 a step~by-step system - cause the selector to choose the right group
employing only 100 point line finders and of connectors, the connectors having access
connectors was described and it was shown to one group of 100 lines will be wired to
that this was a basic step-by-step system. one level of the selector, say the fourth,
Such a system, modified by the use of and the other group of connectors to another
“selector connectors” capable of picking an - level of the selector, sa{ the eighth. Thus,

- idle trunk on one or more levels and lines if the customer dials as his first digit a
- on the remaining levels instead of the con- four, the selector will step up to its fourth
nectors described, is actually ian use for level and will hunt along that level for an
small dial offices in rural communities. idle connector having access to the lines
In this section the method of increasing the 40O to 499.  If his first digit is an eight,
size of a step-by-Btep office beyond 100 the selector will step up to the eighth level
lines will be described. < This is done by and will choose an idle connector having
inserting selectors in the "train" of access to the numbers 800 to 899. 'In
switches required to complete a given call. addition, trunks may be provided on the tenth
level of the selector to an assgistance
. Figure 15 shows a method whereby the operator if required.
100 line scheme previously described may be : o
expanded: to 200 lines by the use of se- The presence of the one selector in
lectors. The 100 point line finders of the the train of switches presents the possibility
previous system are now replaced by a group of increasing the size of this step-by-step
of 200 point line finders each line finder office to 1000 lines, providing a separate
being capable of selecting any calling line group of connectors is wired 'to each level -
in a group of 200. Each line finder is now of the selector. The number of selectors
wired to a "selector". The chief difference required with their banks in multiple will.
between a selector and a connector is that be determined by the number of line finders
the selector will move up to the specified required to handle the calling rate from
level under the influence of the customer's each group of 200 lines. For a 1000 line
dial and will then proceed to find an idle office the calling lines will be divided as
trunk on that level of its own accord. The before into groups of 200 lines, each group
connector, steps up to the correct Tevel -of lines being served by its own line finders.
under the .influence of the customer's The line finders of all groups will, however,
dial and finds the proper terminal in this be wired to selectors having their banks in
level in accordance with a second set of multiple so that a subscriber in one group
pulses from the dial. In a 20" line of lines, having gained access to a selector
system two groups of connectors would be by means of line finder action, will have
required, each having access to 100 lines. access to actually the same connectors as
Since it will be necessary for the cus- a callins subscriben in any other group,
tomer to dial two digits in order to con-
trol whatever connector is used on the call, In the event that any level of the
an additional digit must now be dialed to selector is required for trunks to other
determine in which group of tonnectors the than connectors, the total number of lines
call will be completed. The digit will be which it will be possible to serve will be
dialed into the selector that has been. in- reduced by 100 for esach level required for
" troduced into the train. In order: to trunks to other than connectors.
200 LINES | o e
LINE FINDER 18T SELECTOR C:
. EEEEEEﬂ_roLmu: ==\ rounes
COMVECTOR comvECTOR

FIG. 15 - 200 LINE STEP-BY-STEP SYSTEM

e
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F1G. 16 STEP-BY-STEP 4 DIGIT OFFICE 7000 LINES EQUIPPED

. The addition of a second selector in
the train of switches required for the
completion of each call permits the size of
the office to grow beyond 1000 lines.
Figure 16 illustrates the switches required
to serve a four-digit office with 7000 ter-
minals equipped. This system makes use of
200 point line finders as before, first
gelectors to choose the particular 1000
lines in which the call is to be completed,
and second selectors to choose the particu-
lar 100 lines (or rather the particular
group of connectors) in which the call is

o be eompleted

Referring to Figure 16 assume that the
number to which a call is to be completed
is 8195. The method of completing the call
will be as follows:

Hhen the customer removes his receiver
from the switchhook, an idle line finder in
the group serving the particular line will

attach itself to the calling line and extend,

it to the first selector.

- The customer receives dial,tone from
the first selector. -

The- customer dials 8 as his first digit, the conversation,

and the firat selector steps up to the
eighth level.

TCI Library www.telephonecollectors.info

The first selector hunts for an idle
trunk to the 8000 group of second selectors,..
of which there are ten on its eighth level. ..

. The customer dials a 1 as his segond
digit and the second selector steps up to
its first level.

) The second selector hunts for an idle
connector in the 8100 group by testing the
terminals on its first level.

The customer dials a 9 as his third
digit and an idle connector steps up to its
ni?th level under the 1nfluence of the dial
pulses.

The fourth and last digit dialed by
the customer is a 5 which causes the con-
nector to step to the fifth terminal on its
ninth level which represents the terminal
of the line 8195.

Phe called party's bell is rung by thar
connector until the called party answers.

The line finder, first selector,
second selectar and connector chosen for the:
call remain operated until the conclusion of:
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When both parties hang up all switches
restor+ to normal.

SPECIAL SERVICE SWITCHES

In :he event that a customer requires
special a sistance with his call, he 1s in-
structed to dial "0". If this "0" is dial-
ed as his first digit it will cause the
first selector tc step up to its tenth level
and hunt an idle trunk on this level over
which he will be able to reach a special
service operator.

The first level of the first selector
banks is reserved, however, for access to
"auxiliary first" selectors. All levels of
the auxiliary first selectors are multipled
to the banks of the first selectors except
the first level. The first level of the
auxiliary first selector goes to "service
code" switches. One purpose of the auxilia-
ry first selectors is to nullify the effect
of "preliminary impulses" from the customer's
dial. If the subscriber accidentally opens
the circuit once by touching his-switchhook
after the line finder has found his line
this will have the same effect as dialing
the digit "1" and the first selector will be

stepped up to its first level connecting the
customer's line through to an auxiliary
first selector. If the customer now proceeds
to dial the first digit of his number the
auxiliary first selector will step up to the
designated level and an idle trunk will be
selected on that level Jjust as though the
digit had been dialed into the first se-
lector in the proper manner. This is true
regardless of whether the customer dials the
first digit of a line number or whether he
dials "0" in order to gain access to a
special service operator.

The purpose of the service code switch
is to enable the customer to ‘gain access to
long distance, repair service, information,
etc., which are to be obtained by dialing
one of several special service codes. Long
distance, for instance, is obtained by dial-
ing 110, the first digit being recorded by
the first selector, the second digit by the
auxiliary first selector and the last digit
by the service code switch. If the subscriber
inadvertently causes a preliminary impulse,
the call will be completed to one of the
service code switeh whose banks are multipl-
ed with those of the regular service switches.

- **-IL.,,LIJ.I«.IA-’ 1] T

e o

-

FIG. 17

.

TYPICAL CONNECTOR FRAME
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CONNECTORS

Figures 4 and 5 illustrate a typical
connector switch. There is little to
distinguish this switch in appearance from
- other step-by-stép switches. - It has a larger
number of relays associated with it than does
a selector because it has more duties to
perform on a given call. First of all, the
connector is required to step both vertically
- and horizontally under the influence of the

subscriber's dial in order to select a
particular terminal representing the line
being called. In addition, it must ring the
called subscriber's bell, maintain supervision
over the call in order tov signal the other
switches in the train-when both subscribers

. have hung up and, on a local call, supply
talking battery to both subscribers.

In the event that a connector finds
the called line busy, there will be a ground
on the sleeve terminal. This will set up a
.¢ircuit condition which will cause a busy
tone to be returned to the calling subscriber.

Figure 17 shows a typical connector

f{rame, Each "shelf® of connectors on the
frame is arranged to serve a separate group

suss’ ‘ N

would be provided.

test connector.

LINES

of 100 lines. The connector frame illustrat-
ed is equipped with eight connectors for each
100 lines. The first is wired as a test con~.
nector and is used by the maintensnce forces .-
for testing lines. The remaining seven cond
nectors are used for completing calls by ‘
subscribers, and on the frame illustrated
seven such calls can be completed simultane~
ously in each group of 100 lines. Under -
heavier traffic conditions more connectors
The maximum number of .
connectors per shelf is eleven including the
.Where mqre than ten are re-
?uired for subscriber traffic to a group of~
00 lines, two or more shelves may be
multipled together, providing an additional-
5 or 10 connectors per 100 lines.

Figure 18 illustrates how the various:
frames are cabled together. The subscriber's
lines are wired to the banks of both line -
finders and connectors. The Jacks. of line™.
finders are wired td -the Jacks of first se-.
lectors, the connections, however, going ;
through the I.D.F. providing flexibility for
the changing of the particular first selsctor
wired to a given line finder. The banks-of
first selectors are wired to the Jacke of
second selectors, and the banks of secand
selectors are wired to the jacks of connectors.

&

R AR |

ConNNECTOR | TRAMES

—FIRSY SEL FRAME -

| SEcown SEL. FRAME ¥

—{0 sEvEcTons | N | Sezern b
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1
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FIG 18 CABLING 3CHEMATIC OF REGULAR SWITCH TRAIN
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SECTION u
TRUNKING PROBLEMS IN STEP-BY-STEP OFFICaS

The discussion in Section 3 in con-
nection with the 4 digit office with 7000
terminals equipped assumed that no other
offices were required in the area. In cer-
tain areas where more than one central office
is required, the interoffice trunking pro-
blems may become quite complex. ‘This section
will outline methods of using selector levels
to provide trunks to other offices in ex-
change areas with interoffice trunking pro-
blems of varying complexity.

5 DIGIT OPERATION

In exchange areas where there are few
central offices, say 3 or 4, the trunks to
other offices may be reached directly from -
the banks of the first selectors. In a case
of this kind the first selector bank ter-
minals will correspond directly to the out
trunk multiple found on the A" board in
manual offices. The subscriber will be re-
gnired to dial only one digit to determine

n which office his call is to be completed.
One level of all first selectors will be re-
quired for each office to which trunks are
to be provided. This condition is illustrat-
ed by Figure 19 which shows trunks to other
offices on levels 5 and 7 of the first se-
lectors. Since it is customary to require
the customer to' dial O in order to obtain a

. gpecial gervice operator, the tenth level of
the first selectors will be required for
trunks to an assistanoce operator. The first
level will be wired to auxiliary first se-
lectors in order to guard against preliminary.
impulges and to provide access to the service
code switches.

Figure 19 indicates that, in a S-digit
systom, trunks to local second selectors are
"also taken off one of the levels of the first
selectors, the level being determined by the
first letter of the local office code. The

.first aigit dialed by the customer will

pm— YO OFFXE 7
EEE gEE-——aﬂva#nro -Ei;hf, /s
. I 3
% s

i

FIG. 19 "STEP.BY.STEP SYSTEM 5 DIGIT" -

therefore determine whether the call is to
‘be completed in his own office through local
second selectors or in some dother office '

_over interoffice trunks. If the call is to
be completed in his own office the first
selector will choose a trunk to a local
second selector. The second digit dialed
by the customer (which will cause a second
selector to step up to the required level)
will choose the proper third selector and
thus determine in which 1000 numbers -the
call is to be completed. Trunks incoming
from other step-by-step offices in the area
will terminate on incoming second selectors
whose banks are multipled with those of the
local second selectors.

6 DIGIT OPERATION

. Where the numiber of central offices
in an exchange area is greater than the .
number of available levels on first select-
ors, two digits must be dialed by the i
customer to determine in which office his
call will be completed. This condition is
illustrated by Figure 20. In this case trunks
to other offices will be taken off the banks
of second selectors, trunks to all offices
‘having the first digit in common being taken
off the various levels of the same group of
second selectors. 1In this case, third se-
lectors are used to determine in which 1000
terminals a call- through the local office is
to be completed and incoming trunks from
other offices will terminate on incoming
third selectors with their banks in multiple
with those of. the local third selectors.

i
3
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FiG. 20 “STEP.BY..3TEP SYaTEM 6 DIGIT" ;
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Trunks to O operator and to auxiliary
first selectors will be taken off the tenth
and first levels of the first selectors as
vefore.

GRADED MULTIELE

In previous discussions of selectors
and selector levels it has been pointed out
that while the selector is responsible for
finding an idle trunk upon any given level,
its choice of trunks on that level is limit-
ed to 10. This limitation in the size of a
trunk group to which any given selector has
access presents a different prcblem than
does the outgoing trunk multiple in the
manual "A" board. Any given "A" operator on
an "A" board has access to all trunks to any
other office regardless of the size of the
trunk group. In step-by-step operation,
however, where a trunk group to another
office or to a succeeding group of switches
in the local office consists of more than
10 trunks, other provisions must be made for
efficient use of those trunks, This is done
in part by what is known as "Graded Multiple"
Without graded multiple, trunks in the step-

by-step system would always have to be
supplied in multiples of ten which might be

e

:}"'
¢ 1
Tl memuEE
o | EEn
i
: ".rL:. ..r:'.
= |F mima
1

"SELeCTUR FRAME DISTRIBUTING
TaRMINAL AS3EMBLY"

uneconomical. With graded multiple, however,
U0 selectors can be made to use, say, 13
trunks effectively.

In order to explain what graded
multiple is, it is first necessary to under-
stand how selectors are arranged with respect
to each other and how their banks are wired.
In step-by~step central offices each select-
or frame is arranged to mount 16 shelves of
20 selectors each, making a total of 320
selectors per frame. Each selector frame
consists of two bays. each mounting 8 shelves
of 20 selectors each. The 20 selectcrs on
each shelf are arranged in two groups of 10
selecters each. Each selecteor in a group of
10 has its banks multipled directly to the
banks of every other selector in the group.
Each group of 10 selectors in addition has
its banks wired to a long terminal strip
which is mounted in the center of the frame
between the two bays of selectors. (See
Figure 21). Since there are 32 groups of 192
selectors each mounted on the frame, there
are 32 of these terminal strips mounted one
directly below the other down the center
portion of a fully e%uipped-frame. Each
terminal strip therefore represents the 109
terminals of 10 selectors multipled together
and these terminal strips are so arranged
that each terminal, by means of an insulated
vertical wire strap may be wired to the
corresponding terminal of the terminal strip
of any or all groups of 10 selectors on the
frame. It is thus possible toc multiple the
banks of any one group of 17 selectors with
those of any other group or groups as re-
quired. 1In addition to the bank terminal
strips, the distributing terminal assemnbly
bay includes two vertical rows of terminal
strips on which switchboard cable to other
frames is terminated. These outgoing cir-
cuits are associated with terminals on the
bank terminal strips by means of Jjumper wires.

It does not always follow that the
number of trunks to be considered in estimat-
ing traffic will be in multiples of 10. For
example, cases may occur where U0 selectors
are required to have access to a total of 13
trunks on a given level. In cases of this
type graded multiple is used. In graded
multiple certain trunks are termed first
choice trunks and are not multipled together
through all the groups of 10 selectors. 1If
it is desirable to multiple the ten terminals
of a given level of four different groups of
10 selectors each, on 13 trunks, one trunk
will be connected to the first terminal of
each group and these terminals will not be
multipled together. The remaining 9 terminals
of each of the four groups will be multipled
together and connected to 9 trunks. Each
group will then have one trunk which it alone
uses and nine which it uses in common with
thres other groups. In graded multiole terms,
the first trunks are termed "individual!
trunks, while the remaining trunks are re=-
ferred to an "common" since they are offered
for the common use of all the selectors in
all four groups.

In order to reduce the hunting period
and also to reduce the wear on switches, a
reversal is usually introduced in the strapp-
ing. For example, assume 40 selectors

TCI Library www.telephonecollectors.info
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having access to 10 trunks on a given level.
Four -groujs of 10 selectors each are re-
quired and the first 2 groups will be multi-
Pled together straight and the last two
groups will be multipled together straight
with a complete reversal between the second
and third groups for trunks 1 to 9. The
tenth terminal is always multipled straight
for all divisions in the group for last
trunk busy registration.

REPEATERS

In order to establish connection be-
tween two step1hy-atep offices not in the
same building it -is necessary to furnish an
auxiliary circuit known -as an "outgoing re-
oceater” in each trunk circuit, at the
originating office. The purpose of this re-
veater is to connect the three wire circuit

" from the selector banks to the two trunk
;ondyctors which run between offices; to
repeat the dial. pulses to the switches in .
the distant office; to hold the switches in
the originating office operated during the
call to furnish talking bvattery to-the

lling subscriber; and to enable the con-
nector in the. distant office to supervise
the calling line. It is also necessary to
furnish a repeater of the same general type

.¥n each trunk from step-by-step to manual
offices.

The average outgoing repeater will not’
re-transmit the dial pulses with the same
precision.that a dial gives. Usually the
switches in the distant office will operate
- gatisfactorily on the repeated pulses.
“Where a trunk is very long however, the
-distortion of the pulses will be increased
to a point where ‘the distant switches will
nG longer function. In this case, a special
. peseater, called a "pulse correcting* re-
peater is added at the incoming end of the
“tpunk.. This repeater replaces the distorted

incoming pulses by new pulses which will
operate the switches satisfactorily.

QUTGOING TRUNK PRESSLECTORS

i Trunks to other offices must be carried
“in outside plant and where the distance is
at all great it is highly desirable to keep
the number of trunks between offices down to
a minimum. As we have seen, the principle
of graded multiple assists in accomplishing
‘this purpose.. Another device which con-
giderably reduces the number of outgoing
‘trunks . provided from a group of selectors is
known: as the outgoing trunk preselector.

The mechanism used for the preselector is
known as a 206 type selector and differs
‘radically froja the regular step-by-step
‘mechaniam. This selector is a rotary switch
with brushes which have access to 22 sets of.
terminals and are so arranged that as soon
as one: set of brushes leaves the last set of
terninals, a second set of brushes reengages
the first set of terminals. The brushes

are mounted on a shaft or rotor which is.
driven by a ratchet and pawl mechanism
actuated by a magnet. Any trunk terminating
in the brushes of such a switch will there-
rore have access to 22 outgoing terminals -

trunks. Figure 22 indicates how these
4 selectors are used.

Uutgoing trunks are connected to the -
banks of these switches and trunks from the
banks of step-by-step selectors to the
brushes. The term "preselector” indicates
that at any time when the preselector is not
in use it will rotate to the terminals of an
idle outgoing trunk and rest there so that
if the trunk incoming to the switch is chosen
by a selector, an idle trunk out of the pre-
selector will be immediately available.

In order to illustrate the use of
preselectors assume that a group of trunks
to a given office is outgoing from a certain
level of several groups of first selectors.
When outtrunk preselectors are used, forty
per cent of these trunks outgoing from the
first selector levels are connected directly
to trunks outgoing to the distant office.
These "direct access" trunks will be located
on the lower numbered terminals of the se-

.lector levels so that if a first selector
. fipds-an idle trunk in the lower numbered

terminals of the level it will usually be

one of these direct access trunks. The
direct access trunks will therefore carry all
the traffic during the light load of the day.

The remaining 60% of the trunks from

selector levels are cabled direct to the
brushes ot outgoing trunk preselectors. Al:
trunks outgoing to the office in question,
including the direct access trunks, will be
wired to the outgoing terminals of the pre-
selectors. During the peak load periods of
the day when the direct access trunks will
no longer carry the traffic the first se-
lectors will ¢hoose trunks to the preselec-
tors which will oreviously have chosen an
idle trunk to the distant office. This use .
of preselectors results in a very consider-
able reduction of the number of outgo!ng
trunks required.:

PRIVATE BRANCH EXCHANGE TRUNKS

Business houses re?uiring private
branch exchanges or small switchboards for
handling their own private telephone business
usually require a number of trunks from con-
nector terminals. Usually the connector
terminals representing the trunks to various i
business houses will be segregated into one ;
or more groups of 100 connector terminals

and the connectors serving these groups will .
be "rotary hunting" in that they will hunt

over a group of trunks to a private branch
exchange if the first happens to be busy.

The trunks in each group must be arranged.in
sequence So that when the listed number is
called, if the first trunk is busy the con-
nector will automatically hunt over other
trunks to the same P.B.X. on the same level:
Since the calling rate to business house

lines is usually higher than is normal for

the rest of the office, scecial size groups

of connectors will usually be required to

serve 100 such lines.

N

If less than 10 trunks are requ1red to
a given -P.B.X. several small groups of P.B.X.
trunks may be placed on the.same connector
level. The listed number will be dialed in
each case and the connector will step to the .
first trunk of a group under the influence CE
of the dial and hunt over only those trunks
on the level asscciated with the parbicular
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1isted number. If all trunks are busy, a
circuit condition on the last terminal of
the group cauges the connector to send back
the busy signal in the usual manner. The
only restriction is that the trunks in a
given group must have consecutive telephone
numbers.

- In the event that the number of trunks
to a given private branch exchange exceeds
‘ten, various methods have been devised to
‘give equal access to all trunks from con-

‘ hgctor levels, . Figure 23 illustrates one
arransemsnt whereby this is made possible.

assuming for purposes of illustration
that the P.B.X. 100 group is the forty-first
hundred, .the bottom row of terminals on the
connector bank would normally be lines- ulll
to 4110, the lines on the second level 4121
to 4120 and on the third level uWl3l to 4130.
Assume also that all 30 of these connector
terninals are required to serve a group of-
trunks to a private branch exchange. The
first group of connectors will have the
first three levels arranged as we have Just’
stated. The second group of connectors will
have lines 4121 to 4120 on both the first
and the second levels with lines Ul31l to
4130 on the third level. <The third group
of connectors will have lines ul3l to u130

IIO TRUNKS TO

APPLICATION OF QUTGOING TRUNK PRESELECTORS

- a "recording switch", which is mounted on the 5
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on the first and third levels with lines
4121 to 4120 on the second level.

The number that will be dialed to
obtain any one of these*trunks will be u4l11l.
It this call is to be completed through the
first group of connectors, the particular
connector will step up to the first level
and will thereupon hunt aver lines Wlll to
4110 for an idle trunk to the P.B.X. If a
connector in the second group is used for
the call, it will gtep up to the first level
and hunt over lines 4121 to 4120 and if & T4
connaector in the third group ia used, it will
hunt over the lines 4131 to 4130, In this
manner access is provided to sach of the
trunks in the group of the private branch
exchange.

A connectar equlpped to serve a 1arfer o
group of P.B.X. trunks is known as a leve
hunting connector. The trunks are connected
to the various levels consecutively. The
1isted number is the first termingl on the
first level. This type of connector will g
hunt completely overxihe first level, restore
to normal- if there is no idle trunk on that 4
level and then by means of a commutator and

connector, will step to the second level and:
hunt over that. This is continued over the
various levels until an idle terminal is

reached or until all trunks have been tested
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4000 GROUP OF “HUNDREDS

GROUP OF SELECTORS

FROM THE
4™ LEVEL OF{

“THOUSANDS" .
GROUP OF
SELECTORS

TO THE 427°T0 497%
AND 40T CONNECTY

EXCEPT AIV
WWM PBX‘
BUT No thR 30 LIN ES

41T “HUNDREDS™ GROUP OF CONNECTORS -ROTARY HUNTING

"“] -1

: NOTE -

The number listed in the direotory for the P,B.X.
is 4111 Calls for this number which clser through
u.leetoz: sub group 1 will terminate in the original
anpomneo sub group of the connector group and
connection will be made to ome of lines 4111-41l0,
sspuming all 10 are not busy, Cslls clesring through
sub group 2 will terminate in the 234 eppesrance
sub group of comnectors apd will be connected to
one of "lines 4121-4120, Likewise, calls clearing
through - sud group 3 -111 terminate in lines
41314130,

FIG. 23 "MULTIPLE SLIP ARRANGEMENT FOR CONNECTOR GROUPS SERVING PBX
GROUPS OVER 10 TERMINALS
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SECTION 5
INTERCONNECTION OF STEP-BY-STEP
WITH MANUAL SYSTEMS

Usually there are instances in which
manual and dial offices exist together in
the same area. Under these circumstances .
it i® necessary to complete calls in a
manual office which originate in a dial
office and vice versa. Where the originat-
ing dial office is step-by-step, the calls

. are completed through a step-by-step "Call

Indicator® "B" position in the manual office.
on the other hand, where a call originates

in a manual office and must be completed to

a step~by-step subscriber, the usual practice
is to equip the manual operator positions

"with dials and to provide dialing out trunks

direct to.the step-by-step office. A few
step-by-step offices were equipped with
"8all Distributing 'B' Switchboards" to

" compléte calls of this type. However, this

type of equipment is no longer installed in

_Rew offices.
Each step-by-step office has access.to

a "Dial System 'A' Board" for the handling
of assistance calls, 1ntgrcepting service,
Board toll calls.
This may be a local or centralized "A"
Switchboard. ;

STEP-BY-STEP CALL INDICATOR

; Step-by-step Call Indicator "B¥
positions are employed in manual offices

" .that have enough trunks incoming from step-

by-~step offices tojustify the provision of
one or more complete "B" positions for the
exclusive use of these trunks. Figure 2u
shows a schematic diagram of the connection
which is set up to handle such a call. The
dial subscriber will dial the number in
‘exactly the same manner as if the call were
to be completed in a step-by-step office and
there will be no indication, so far as he is
concerned, of any difference in the handling
of the two calls. , .

The digits of the office code will be
used, in the usual manner, to select a
trunk to the manual office. As soon as this
operation has been completed, however, he
will continue to dial, sending through the
pulses which would, in a step-by-step office

“cause the switches to function to find the

called number. However, this call is to be
completed in a manual office at a manual "B"
Board, and some provision must be made to
receive the pulses from the dial and trans-
late them into information readily in-
telligible to the Call Indicator "B
operator. :

This is done by pruviaing, in the .
manual office, what are known as "recorders*
geveral of which are made available to each
Call Indicator "B" Position. The number of
recorders provided will depend upon the
number of calls which are likely to be in-
coming at any time. The recorder will store
up the 'dial pulses and hold the information

if the "B" operator is busy handling other
calls.

As- soon as the "B" operator is ready
to handle a call waiting on a certain trunk, -
she will either connect herself to it by
depressing the display key assoclated with
that trunk (Key Display Call Indicator) or
will automatically be connected to it in the
proper sequence (Automatic Display Call
Indicator). The recorder will then use the
gtored information to cause the correct dis-
play on the call indicator screen. As soon
as the number has been displayed, the
operator will plug the associated trunk into
the multiple jack of the called line, if the
line is idle.

TANDEM QPZRATION

Under certain traffic conditions it is
sometimes advantageous to use tandem "trunk- -

‘ing rather than direct trunking in making

interconnection between offices. Such tanden

‘networks may include step~by-step as well as

manual offices. Where the tandem point is
a manual switchboard it will be necessary
for the tandem operator to receive the call
over a trunk from the originating office and
pass it forward over another trunk to the
completing office. If the intermediate .
point is a step-by-step office, however, the

" call will pass through a switch or train of

switches in the tandem office (see Figure 25) .-
in order to reach a trunk to the office re-
quired. In general, the equipment required
in the tandem and terminal offices to com-
plete the various types of interconnections
will be obvious from what has been said
before. However, there are several features .
of sufficient interest to warrant further
discussion.

Thus, if a manual office is selected
to act as a tandem point between several
step-by-step offices, it is probable that p
enough step-by-step switches would be located
in the manual office to reroute the step~by- - ~
step calls coming through. As a matter of
actual fact it has been found advantageous
in some cases to use Step-by-steg equipment
in manual tandem offices to handle calls
between manual offices. In this case, the
operator at the originating "A" Board has a
dial to enable her to control the tandem
switches. After a trunk to the distant
office has been selected by the tandem se-
lectors, she passes the call in the usual
way. : :

1f both the originating office.and the
tandem office happen to be‘stegeb -step and
the completing office is manual, the trunks
from the banks of the tandem switches will
appear on a manual switchboard. This manual
switchboard may be a call indicator position;
on the other hand, it may be a straightforward’
trunking “B" position or it may be a small :
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magneto (or common battery) switchboarg with
the -trunks .ppearing as jacks in its face.
In ‘either of the two latter cases the step-
by<step subscriber would, be required to
disl only those digits necessary to cause
the various switches to operate to select
the trunk. After the trunk had been seized,
it would be necessary for him to tell the
distant operator the number to which he
~wished to be connected.

Samo,manunl.offices may not have
sufficient trunks incoming from step-by-step
offices to really Jjustify the provision of-
even one Call Indicator "B" Position. Where
this problem arises, there are several
possible alternatives, If there are a -
number of manual offices in the same ares,
sach requiring a small number of trunks from
step-by-step offices. a Call Indicator
Tandem position may be justified. In this
case the step-by-step subscriber will dial .
an office code which will cause the step-by-
step switches to seize a trunk terminating
on a cord in the key shelf of the Call
Indicator Tandem position. The recorders
asgociated with the tandem position will
now be required to store up the pulses re-
presenting not only the number of the called
line but also the office code of the manual
office in which the call is to be completed.
The number togethef with the office code
will then be displayed on the tandem opera-
tor's screen. The trunks to manual offices
will appear as Jacks in the face of the
* board. She will-select one of these trunks-
in accordance with the displayed office
code and then pass the displayed number to
the mapual operator, either over the trunk
or over a separate call wire.

Where the number of manual offices is
insufficient to justify the provision of a
Call Indicator Tandem position, it may be
necessary to provide a Call’ Indicator ape
Position in the manual office, even though
the number of trunks required will not use
the position efficiently. This is particu.
larly tr it it is expected that the

. pumber o%atrunks from step-by-step offices
“will be increased. in the future.

- DIAL SYSTEM *A" BOARD -

Assis ‘ 18

Assistance calls are those originated
"by dial . subscribers who, for one reason or
another, cannot use their dials in the -
normal way. This may be due to blindness,
the extinguishing of lights or emergency.
The subscriber, in this case, dials zero and
reaches trunks to the "DSA" board through
the top level of a first selector. As soon
as the selector has reached an idle trunk,
the lamp associated with that trunk lights
on the "DSA" board and an audible ringing

signal is sent back to the calling subscriber.

The ¢perator answers the call 'with an an-
swering cord in the usual manner and com-
pletes the call with the corresponding

. calling cord in accordance with the sub-
scriber's wishes.

. rRarvina,

.gourd toll ‘call.
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All unuged connector terminals are
wired to intercepting trunks usually .ter-
minating on the "DSA" board. If these
numbers are called, the intercepting opsra-
tor will advise the caliing party as to
number changes, disconnects, etc. Where .
“centralized” intercepting is employed the w4
intercepting trunks will terminate on a o
centrally located intercepting position
handling intercepted calls for a number of
central offices instead of on the "DSA"
board of the particular office.

“A" Board Toll Calls

" An "A" board toll call is one to an
outlying point, completed from the "A" Board,
for which the "A" operator makes out a
ticket charging the customer for the addition--
al service over and above that to which he v
is entitled in making local calls. In step-
by-step offices, a "DSA" operator performs
this function and the step-by-step subscrib-
er dials 'zero“ in order to obtain this )

' In most step-by-step central officeés
all vacant selector levels are wired to
"vacant level tone" trunks. If a subscriber
dials a number which directs a selector to a -
vacant level a tone is received similar to -
the "busy“tone. If through a directory error:
a number 18 listed which will direct a se-
lector to a vacant level, this level is wired
t0 a vacant level trunk terminating on the
DSA board. The operator may ask the sub- -
scriber to dial again or may complete an 'A'

KEY PULSING *DSA® BOARD o

At most "DSA" boards the operator will
complete calls to local subscribers by dial- .
ing. The operator's selector will have access
to the local train of switches and usually

to trunks to other offices. By means of a.
dial key she can associate her dial with any
cord circuit and thus ‘complete assistance
calls. This method nf completing calls takes
considerable operating time but any change
to a faster method could not be: justified -
since the number of positions and operators
required would not be materially decreased.

Where a “D3A" board is large, however, -
a decrease in the operating time required on
assistance calls may result in materially
reducing the number of positions and operators
necessary. If this is the case a faster but.
more expensive method of controlling the step=
by-step switches may be justified. In such’ ;
cases, the dialing method of completing ;
assistance calls is replaced by a method knownM
as "key pulsing? illustrated in Figure 26. -
The trunk from the “DSA" board terminates on
an operator's selector. A key pulsing link-
associates an idle sender with the trunk
which the operator has seized. A key set is .
provided on the "DSA" position, upon which
the operator writes up the number. The send
registers the number and thereafter control




_«he getting up of the switches, leaving the a cord circuit on the "DSA" board, the
~operator free Lo handle another call. Thé -  supervision rests with the operator and the
key pulsing sender and link are disuipsed switches will not be disconnected at the
soon as the called iine has been reached. conclusion of the call until.she takes down
nce’ this type of call ts completed through her cords. : o
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FIG. 26 “STER BY-STEP KEY PULSING 'A' SWITCHBOARD"
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