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SECTI ON 1. Hl STORY AND DEVEL OPIVENT

Shortly after the invention of the tel ephone by Al exander Graham Bell in
1876, nmany inventors |l abored to design a systemin which nechanical equip-
ment woul d repl ace the operators in the central office, whose function it
was to switch calls nmanually fromone line to another. The first success-
ful systemwhich was to replace the operators was the invention of a ne-
chani cal switching device in 1889 by A B. Strowger, a Kansas Cty under -
t aker.

As early as 1879, Connolly and MTi ghe conceived the idea of having nechani -
cal equi pnent performthe entire work of switching calls in a central of-
fice. In their system each subscriber station equi pnent was provided with

a switch by neans of which the line could be connected either to a "nake and
break" inpul se sending device or to the tel ephone set itself. The sub-
scriber, with the switch turned so that the "nmake and break" device was con-
nected to the line, would cause current inpulses to be sent out on the line
into the central office equi pnent, where nagnets associated with his |ine
woul d be operated, and thereby control the operation of step-by-step swtches,
which in turn would connect his |line to other lines termnating in this office

Whil e the basic plan of automatically switching calls was practical for
smal | areas, nany years of devel opnent were required until a system was de-
si gned which would neet the service and traffic requirenents of a | arge ex-

change area

One of the nost inportant features of Strowger's work was that of sinplify-
ing the contact arrangenent in the central office, upon which the different
subscriber line wires term nated. These contacts were arranged on curved
surfaces in a nunber of |levels or rows, one row above the other. This ar-
rangenent nakes it necessary for the associ ated brushes or w pers to nove
first in a vertical direction, selecting a particular |evel of termnals,

and then rotate over the terninals in that |level until contact was nade with
a particular subscriber line termnal. This feature, involving first a
vertical and then a rotary novenent of the wi pers, contributed a very im
portant idea to the art of nechanical tel ephony. The w pers whi ch nade con-
nection with the contacts were directly under the control of the subscriber
calling device and therefore could be made to nove a certain nunber of steps
in either a vertical or horizontal direction dependi ng upon the nunber of

i mpul ses generated by the calling device. The defects in this first system
wer e nmany. Five wires from each subscriber station to the central office
were required. The commerci al devel opnent of the Strowger Automatic System
began with a central office installation in LaPorte, |Indiana in 1892 and has
continued nore or |less steadily since that tine.

In 1894, a system was produced by Keith, Lundquist, and Erickson which in-
vol ved several new features. A commpn battery was installed in the centra
office which operated switch nagnets sinilar to those of Strowger's. The
nunmber of line wires required for each subscriber station was reduced from
five to two. This systemincluded a calling device |ocated at each sub-
scri ber station which consisted generally of three push button type keys

| abel ed "hundreds,"” "tens," and "units." |If the subscriber w shed to cal

No. 125, for exanple, he would push the "hundreds" button once, then the
"tens" button twice and "units" button five tines. By means of this ar-
rangenent a subscriber was assured fairly good service, the greater percent-
age of errors being traceable to the subscriber hinself, due to inproper
operation of the push buttons or not holding the key | ong enough for the
switches in the central office to function.. As a result of these subscri ber
errors, Keith and Erickson in 1896 invented the first dial

As a result of these inventions, the nechanical system of switching calls
fromone line to another then becane a real conpetitor of the manual system

Several sem -nechani cal systens were al so devel oped whi ch were part nanua
and part nmechanical in operation, and the switching operations required in
order to conplete the call were performed by nechani cal equi pnent under the
direct control of the operator who handl ed the originating call



During the first World War, | abor conditions over the entire country reached
such a stage that tel ephone conpanies found it al nbst inpossible to obtain
a sufficient nunber of girls to operate the manual system These conditions
IedI t el ephone conpani es to adopt the nechanical systemon quite a | arge

scal e.

In 1920 the Bell System began the installation of the Panel D al System
devel oped primarily for large cities. However, the demand for a nechani cal
systemto serve snall and nedia sued cities led to the adoption of the
Step-by-Step Dial System for these areas. In 1925, Hawt horns Wrks began

t he manufacture of Step-by-Step dial equipnent with a schedul e of 25, 000
l'ines. By 1929 this had risen to approximtely 200,000 |ines for the year.
During the years of the depression the manufacture of this equi pnent was

di sconti nued at Hawt horns, reverting back to the Autonatic El ectric Conpany
whi ch supplied the small demand during that tine. In 1936 the denand for
thi s equi pment began to increase and nmanufacture was again resumed at the
Hawt hor ns Wor ks. By 1941 production rose to 740,000 |i nes.

During the war years the output of all tel ephone equi prent was at a stand-
still with manufacture being resuned in 1945. The present schedul e for
t he manufacture of Step-by-Step Equi pment is about 900,000 lines - (1954)

Figure 1 is a view of typical equipnment installed in a Step-by-Step D al
Central Ofice today.
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SECTI ON 2. PRI NCI PLES OF DI AL _SW TCHI NG

The function of any tel ephone systemis to connect the |lines of any two of
its subscribers so that they can talk over the electric circuit thus estab-
I i shed.

In a manual tel ephone systemthe subscriber orally
transmits the nunber he desires to an operator who se-
|l ects the nunmber for himand connects his line to the
line of that nunber; or who, in |arger systens, con-
nects the line with a trunk to a distant office and
repeats the nunber desired to another operator who
conpl etes the connection to the called line. In a
dial systemthe operator is entirely elimnated in so
far as regular calls are concerned, but the sequence
of operations is sonewhat simlar, with the operations
bei ng perfornmed by el ectro-nechani cal sw tches.

Si nce an el ectro-nechanical switch cannot respond to
the voice of the subscriber as an operator can, each
subscri ber equi prment includes a "dial" (Fig. 2), by
means of which he transmits electrically the nunber he
is calling. Actually, when the dial is operated by a
calling subscriber, the electric circuit between the
subscri ber and the central office is opened and cl osed
a certain nunber of tines, depending on the digit or
|l etter dialed. For exanple, if nunmber 4 is dialed,
the circuit is opened and closed 4 tines, thus gener-
ating 4 pulses, which transnit definite information
to the mechani cal equi pnent in the tel ephone office.

The sinplest formof a dial tel ephone system (Fig. 3)
woul d be sonme form of an el ectro-nechanical swtch
electrically connected to the subscriber |line, the
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sel ector arm of which, would, by neans of an el ectro-nmagnet, be noved one
step each tine the circuit of the subscriber |ine was broken and nade by the
operation of the dial. This would enable the subscriber to connect his tele-
phone to any one of a group of tel ephones by a single rotation of the dial.
By dialing one (1), the tel ephone connected to the first contact of the
switch woul d be selected; by dialing two (2), the tel ephone connected to the
second contact would be selected. As many tel ephones coul d be sel ected at
the one switch as there were digits on the dial. Zero is the tenth and | ast
digit on the dial, and when the dial is rotated fromthe zero finger hole,
ten dial pulses are sent out and the tel ephone connected to the tenth contact
of the switch woul d be sel ected.

More tel ephones could be reached by the subscriber with the use of addi -
tional switches arranged as in Fig. 4. Here the first rotation of the sub-
scri ber dial sends out pul ses which cause the selector armof the first
switch to nove and connect to a path, called a trunk, to a second sw tch.



A slow rel ease relay is enployed to
insure that all the digits dialed
are received. This relay is so slow
that it will not rel ease between the
rapi d pul ses produced by the dial,
but does release in the pause which
ensues when the subscriber reaches
for the second pull of the dial.

This slow rel ease relay involves a
fundanental principle of all dia

t el ephone systens. The second rot a-
tion of the dial operates the selec-
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reach the call ed subscriber station.

The two arrangenents thus far des-
cribed allow for only one tel ephone
to originate calls to any of the
ot hers. In order that the other
t el ephones may originate calls al so,
@ it is necessary to equip each tele-
0N phone with a selector switch of its
own. During the tine that the sub-
scriber is not using his tel ephone
Figure 4 this switch of course would be idle.

This condition can be elimnated by introducing a switch known as a "line
finder." One or nore of these switches are provided for a group of sub-
scriber lines, the |ines being connected to the termnals of the switch
banks. The switches are so designed that when a subscriber lifts his re-
ceiver, a selector armautomatically rotates and finds the calling sub-
scriber line termnal in the bank and makes contact with it. This con-
nects the subscriber line to an associated first selector switch, via the
line finder, and the operation of the dial causes the called line to be
sel ected the same as in the system descri bed above. Fig. 5 represents a
conpl ete tel ephone system which operates on this principle. The system
includes a line finder switch which connects the calling subscriber |ine
in circuit with one of the first sel ector sw tches.
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The first selector switches are shown connected by, neans of trunks, to sec-
ond sel ector switches. After the line finder switch has connected the call -
i ng subscri ber tel ephone to the selecting equipnent, the first sel ector,
under control of the first dialing, selects a trunk to the office wanted (it
may be the sane office in which the calling subscriber line is connected).
The trunk connects to a second switch, in the called office, which is con-
trolled by the second dialing to select a trunk to the group of tel ephones
want ed. This group of tel ephones is connected to a third switch known as a
connector switch. The third dialing causes one of these lines to be con-
nected to the selected trunk, conpleting the connecti on between the calling
and the called tel ephones.

An additional feature is illustrated in Fig, 5. It will be noted that there
are two trunks between office "A" and office "B" and that these trunks are
multipled to both the sel ector swi tches shown. Thus, two subscribers may at
the same nonent talk fromoffice "A" to office "B", but this requires an ad-
ditional feature in the selector switch. It nust be so arranged that if it
is noved by a subscriber dialing to a trunk which is already in use, it wll
automatically nove to the next trunk. This feature is known as "trunk hunt-
ing" and is characteristic of dial tel ephone systens of this type. In such
systens, the number of trunks in any group over which a selector can hunt is
generally linited to ten by the nechanical limtations of the switch and the
nuneri cal systemenployed in dialing. Were nore than ten trunks are re-
qui red, they nust be divided into two or nore groups, each of which does not
exceed ten.

The present Step-by-Step Dial System operates much |ike that described and
is based on a systemof trunking using first, second or nore selectors and
connectors, as shown in Fig. 6, to build up the connection between any two
lines, a section at a tinme. The nunber of selectors to be used (nanely

first, second, third, etc.) depends on the nunber of digits that nust be
dialed to reach all subscri bers.
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Figure 6
The Path of a Call Thru the Step-by-Step Dial System



SECTI ON 3. EQUI PNENT AND FRANES
1. Line Finder Switch. Unit and Frane

The purpose of the line finder switch is to autonatically find the calling
l'i ne when a subscriber renoves his receiver, and to connect the |ine through

to the next piece of equipnent to be used in conpleting the call. The switch
is therefore arranged for autonmatic vertical and horizontal stepping to the
desired | evel and bank contact term nal associated with the subscriber |ine.

Each subscriber line is represented by three contact termnals on the |ine
finder switch banks designated as tip "T," ring "R " and sleeve "S." The
tip and ring contact termnals are connected to the two subscriber |ine
wires comng into the central office fromhis station, while the sl eeve con-
tact terminal is connected to a control |ead used within the office in set-
ting up and supervising the call.

The line finder switch together with the associ ated banks is shown in Fig. 7
The essential parts of a line finder switch include a nounting plate, |ower
cover plate, frame, relays, condenser, nagnets, shaft and shaft spring,
ratchets, w pers, paw s, dogs, commutator, test jack, plug, fanning strip,
spring assenblies, and a cover.
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The line finder banks are not considered as part of the line finder switch
since they are contained in the bank rmultiple which is nmanufactured as a

separ at e conponent.

However, the close association between the |ine finder

swi tches and the banks nakes an expl anati on of banks advi sable at this tine.

——— BANK CONTACT NO. |

BANK CONTACT NO, 10

Fig. 8 - Top View of a 100 Point
Switch Bank

BANK ROD ASSEMBLY
LOCATING SHOULDER

BANK ROD NUT —
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BANK ROD

FIRST BANK LEVEL —

Fig. 9 - Bank Assembly and Mounting

— TENTH BANK LEVEL

BANK ROD _| etc.
COLLAR

Banks are of two types; nanely,

"l oo" point and "200" point. In the
100 poi nt bank one hundred term nals
are assenbled in ten horizontal rows
one above the other. Each rowis

i nsul ated fromthe next and the indi-
vidual terminals are insulated from
each ot her. Each horizontal row con-
sists of ten brass term nals, ap-
proxi mately 1" | ong, one end of each
term nal projecting out on the front
of the bank as a contact and the

ot her projecting out on the rear of
the bank as a wiring lug. A netal
spacer is also placed between each
row, or |level of the bank, to give
it rigidity. The entire bank assem
bly is held together with five bolts
as shown in Fig. 8 The 200 point
bank is assenbled in the sane nman-
ner as the 100 poi nt except that 200
term nals are now provided with ten
"pairs" of termnals nounted in each
hori zontal row. In this type bank
the netal spacers between the rows
are shorted together to elimnate
cross talk as well as to give it
rigidity

Banks are nounted on two
bank rods by nmeans of bank
coll ars. The bank rods are
attached to the switch
frame through holes in the
| ower cover plate. Banks
are nounted on the bank
rods in such a way as to
all ow wi pers, which are at-
tached to a shaft, to nmke
contact with the bank ter-
m nal s when they are raised
and rotated (Fig. 9).

W pers are associated with
the front part of the bank
termnals, while the bank
multiple wiring is con-
nected to the rear of the
term nal s.

1
l
f

Fig. 10 represents the bank
nunbering of a 200 point
bank with term nals nunbered
fromO0O to 99 instead of 1
to 100. The first row or
"level" as it is normally
referred to, has ten pairs
of termnals; the first
pair at the left being num
bered 11, the second 12,

up to 19 and the tenth
pair, 10. The first pair
of termnals of the second
"l evel " is nunbered 21 and
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necessary in the case of

s the others respectively 22 to 29
= and 20. The numbering of the
== other levels follows the sane

— o . %o sequence; the first pair of ter-

3 minals of each level being suc-

i cessively 31, 41, etc. up to the

= tenth level which is numbered

= from Q1 to 09 and 00. Thisisa

0 generad numbermg* scheme for all

= banks and except toOr uniformity
= would not be required on the

=2 line finder sincé the switch

= shaft and wipers are raised and

rotated automatically to find

Numbering the calling subscribers line. .

However, this numbering planis
selectors and connectors which are dial controlled,

and must conform to the numbering plan followed on the dial,
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Figure 11 - 200 Point Line Finder Switch and Banks
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ICOMMUTATOR CONTACT The t WO |0v\er banks on a
200 point |ine finder
BACKS TOP ————————— { (Fig. 11) are desi gnated
as "lower" and "upper"
l'i ne banks and are 200
poi nt banks. The sub-
scriber line wires tip
"T" and ring "R' are
connected to these |ine
bank term nal s. The
|l ower line bank serves
the first group of 100
l'i nes nunmbered 00 to 99
and the upper |ine bank
serves the second group
of 100 |ines nunbered
100 to 199. The top

SHAFT

SET SGREW bank of the 200 point
WIPER SHOE line finder is also of
- — OFFSET the 200 point type with
COMMUTATOR WIPER— each | evel providing a
term nation for 20 sl eeve
Figure 12 - Commutator and Commutator Wiper "s" wires of 20 subscri -
ber lines. In this case,
the |l ower bank termnals of the "pairs” on |level 1 are connected to sl eeve
wires for lines 11 to 10. The upper bank term nals of the "pairs" on |evel
1 are connected to the sleeve wires for the second hundred group or nunbers
111 to 110. Levels 2 to O are wired in |like manner. The 100 point |ine
finder, which is not being discussed in this | esson, contains two banks, the
lower a 200 point |ine bank and the upper a 100 poi nt sl eeve bank
TEST JACK
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IS
gl 1
LT 25
go)
7
SHAFT —m
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METHOD OF

ATTACHING
SLEEVE WIPER CORDS
7~ CORD HOLDER
(CORD GUIDE)
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T-1
e——— WIPER CORD
RING CORD GUIDE
F£8 _ WIPER
- -) ER%  CORDS

CORD TIP

NEW METHOD- MOUNTING WIPER
ASSEMBLIES ON SHAFT

Figure 13 - Wiper Assemblies and Method of
Locating them on the Shaft
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A commutator, nounted at the right of the banks, consists essentially of

el even vertically nmounted contact termnals insulated fromeach other. It,
together with a commutator w per which is nounted on the shaft, provides a
means for stopping the vertical stepping of the line finder shaft when the
Il evel of the calling subscriber has been reached. The shaft then rotates
horizontally to find the "*," "R, and "S" contact ternminals of the |line.
The first contact ternminal of the commutator serves as a rest for the com
mut at or wi per when the shaft is normal and the renmmining ten represent the
respective levels 1 to O of the switch banks (Figs. 12 and 13).

Four wi per assenblies, so nobunted on a shaft that they are suspended before
the three banks, are used to nake contact with the comutat or and bank con-
tact termnals (Fig. 13). The commutator w per, which is made up of a

si ngl e phosphor bronze spring, w pes over the comrutator contact termninals
as the shaft carrying it noves upward. The three bank w pers, each nade up
of two tinned brass springs which are insulated fromeach other, serve no
pur pose during the vertical novement of the shaft, but w pe over the bank
contact terminals as the shaft carrying themnoves in a rotary direction

No. 1 contact netal is welded to the contact surfaces of the bank w pers

to provide better transni ssion and | onger equipnent life. Flexible cords are
soldered to the lug end of each spring on the w per assenbly. These cords
are also attached to a test jack assenbly thereby providi ng connections from
the wipers to the switch circuits. The lower w per is associated with the

|l ower line bank, the middle wiper with the upper |ine bank and the upper

wi per with the sleeve bank (Fig. 11).

_ VERTICAL RATCHET
‘l SHOULDER
OVERTHROW STOP
VERTICAL PAWL
VERTICAL RATCHET

I

VERTICAL PAWL GUIDE

ROTARY RATCHET

Figure 14 - Vertical and Rotary
Ratchets

A steel rod about 10-1/2 inches long and 3/16 inches in dianmeter is used
as the shaft for controlling wi per novenent. It is supported in proper
position by neans of two shaft bearings attached to the switch frame. Ten
slots or teeth are nmachined in a bronze sleeve form ng vertical ratchets;
while 18 teeth are machined in a second Sl eeve formng rotary ratchets
Both sl eeves are then forced and pinned onto the shaft to provide for its
vertical and rotary nmovenent. (Figs. 14 and 15.)

Associated with the ratchets are two "dogs," designated as "doubl e" and
"stationary" (Fig. 15). These consi st of bl anked out pieces of netal bent
to proper shape to engage the ratchet teeth. The double dog in turn has

two projections called the vertical and rotary dogs which engage the ratchet
t eet h. The vertical dog keeps the shaft fromdropping to normal during the
vertical stepping while the rotary dog keeps it fromreturning to the rotary
normal position during the rotary stepping of the switch. A tensioned
doubl e dog spring is used to force the double dog into the ratchet teeth.
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The stationary dog has two projections.

One of these rides in a vertical

slot in the vertical ratchet during the vertical novenent of the shaft, and

in one of the teeth on the vertical ratchet when the shaft

perforns no function during

movenent it carries the weight of the shaft. The ot her
cal paw guide acts as a guide and rest for the vertical

(Figs. 14 and 15).
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Figure 15 - Dogs
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The shaft bearings and dogs are nounted on a cast or nolded switch frane.
This frame is of such a shape that numerous switch parts may be nounted on
it in various positions for proper operation.

The operation of the switch requires three nagnets known as vertical, ro-
tary, and release. The vertical and rotary nmagnets are nade up of two
coils, while the rel ease magnet has only one. These magnets when operated
cause the shaft and associated wi pers to be el evated, rotated or rel eased.

The vertical magnet armature has a paw attached to its outer end (Fig.16).
When nornmal, the pawl armrests against a vertical paw guide which hol ds
the pawl away fromthe vertical ratchet teeth against the tension of a coil
spri ng. When the vertical magnet is energized, the arnature is pulled up-
ward, allowing the coil spring to pull the pawl into the vertical ratchet
teeth with an upward thrust thus raising the shaft.

The vertical dog, of the double dog, holds the shaft up when the verti cal
armature falls back.

LOCKING CAP CLAMPING SCREW

VERTICAL MAGNET

r Y

! i
2} S 0o i
ik 0 -
LR :
OVERTHROW ' -
STOP /A By ' N
7
VERTICAL = SR O |
PAWL !

VERTICAL ARMATURE ———4

Figure 16 - Vertical Magnet and Assocliated Parts

The rotary magnet arnature al so has a pawl attached to its outer end

(Fig. 17). Wien normal, the paw rests against a rotary paw guide which
holds it away fromthe rotary ratchet teeth against the tension of a coil
spring. When the rotary nagnet is energized, the arnature noves to the
right. This allows the coil spring to pull the rotary pawl into the rotary
ratchet and nove the shaft around. The rotary dog, which is part of the
doubl e dog, keeps the shaft fromrotating back to normal when the rotary
armature falls back. Both the vertical and rotary armatures are returned

to nornmal by neans of reed (flat) springs.
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ROTARY PAWL

ROTARY PAWL GUIDE
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Figure 17 - Rotary Magnet and Assoclated Parts

The rel ease nagnet armature (Fig. 18) has a rel ease armature pin attached
toits lower end. When nornal, the armature is held at its upper end by

a release armature coil spring. Wien the magnet is energized, the rel ease
armature pin pushes the double dog thereby disengaging it fromthe verti cal
and rotary ratchets. This will allow the shaft to restore to its nornal
posi tion
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Figure 18 - Release Magnet and Assoclated Parts

The shaft spring is of the helical type (Fig. 19) and is attached to the top
of the shaft by a clanp. The spring winds up as the shaft noves in a rotary
direction noving the wi pers over the bank contact termnals. This spring
returns the shaft to its rotary nornmal position as soon as the shaft is re-

| eased by the doubl e dog. The shaft is prevented from sw nging past its ro-
tary nornmal position when a normal pin attached to shaft by neans of a cl anp
hits the normal post attached to the switch frane.
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Figure 19 - Shaft Springs
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Four spring assenblies are provided on the line finder switch. They are
actuated by vertical or rotary action of the switch nechani smand serve as
control elenents in the switch or associated circuits. Two of these, the
vertical and rotary interrupter springs, operate respectively when the
vertical or rotary magnets are energized. Vertical off-normal springs
operate when the shaft noves vertically fromits nornmal position. The
eleventh rotary step springs are operated by a cam | ocated on the shaft
just below the ratchets. Cam and springs are so arranged that when the

wi pers step fromthe tenth set of contact terninals in a bank |level, the

springs will be operated.

The switch nechani sm and ot her conponents of the line finder are nounted on
a rectangular mounting plate (Fig. 11). A lower cover plate attached to
the bottom of the nmounting plate and switch frane serves as a dust cover and
support for the switch test jack and card hol der.

Six relays for controlling the operation of the switch mechani sm and for
supervi sion are nounted on the upper part of the nounting plate.

A small nmetal cover is attached to the rear of the nounting plate, and act
as a protection for the wiring and as a support for a condenser.

A wood fanning strip containing ten slots is used to facilitate wiring and
is attached to the rear of the nmounting plate (Fig. 20).
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Figure 20 - Fanning Strip

Directly below the fanning strip, there is a plug consisting of a wood bl ock
cont ai ning a nunber of springs insulated fromeach other (Fig. 21). Local
switch wiring is connected to the term nal end of the plug springs. Wen
the switch is nounted on a shelf franmework, the plug springs nake contact
with the springs of a jack, which is part of the shelf equiprment, and to

whi ch the shelf wiring is connected. This plug and jack arrangenent pro-
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vides a nmeans of renoving an individual switch froma shelf w thout discon-
necting the associated wiring, either local or shelf. Plug springs are
nunbered fromthe center, odd numbers to the right, and even nunbers to the
left.

A test jack consisting of two springs and several soldering termnals is
mount ed on the underside and at the right of the | ower cover plate. It pro-
vides a neans of nonitoring on the switch.

The following is a brief description of line finder switch operation. As
previ ously descri bed, each subscriber line is represented by three contact
termnals tip "T," ring "R " and sleeve "S" on the line finder switch
banks. When t he subscriber renoves or lifts his handset to originate a
call, he starts the |line finder shaft carrying the w pers stepping upward
hunting the level in the banks in which his set of contact ternminals is

| ocated. As the shaft noves upward, the commutator w per w pes over the
contact terminals of the commutator. For each | evel of subscriber contact
terminals there is one commtator contact termnminal, and should any of the
subscri bers renove their handset a ground potential is placed on this con-
tact term nal . When the conmut ator w per touches the grounded ternmn nal

a relay operates preventing further vertical stepping and starts the ro-
tary stepping. The shaft now autonmatically noves in a rotary direction
carrying the wipers fromleft to right over the subscribers contact ter-
mnals in that |l evel. The calling subscriber line is marked by a battery
potential on the sleeve contact terninal. Wen the sl eeve w per nakes
contact with the battery potential on the sleeve contact termnal, another
rel ay operates and stops the rotary stepping. Relays now operate to extend
the calling line to the next switch which is usually a sel ector.

200 Point line finder units (Fig. 22) are furnished in capacities of 16

20, or 30 line finder sw tches, each unit serving a nmaxi nrum of 200 sub-
scri ber lines. The number of calls originated at the sane tine by a
particul ar group of 200 subscriber lines will detern ne what capacity

line finder unit shall be specified for the particular 200 |ine group

Line finder units consist of a rectangul ar steel franework, approximtely
3-1/2 feet high and from7 to 12 feet |ong, dependi ng upon the swi tch
capacity of the unit. The unit franework of any capacity unit is divided
into two bays by using a mddle upright. The right bay (front view pro-
vi des nmounti ng space for relays, resistances, and termnal strips. Line
finder switches, a fuse and jack panel, and a termnal strip are nounted
in the left bay. Line finder switches are nobunted on two steel shelf
framewor ks, the nunber of switches on each shelf being one half the capa-
city of the unit. The shelf franework contains a jack in each swi tch posi-
tion, to which all local shelf wiring is connected. Wien a switch is
placed in its shelf position, the plug springs nmounted on the rear of the
switch engage with the shelf jack springs, providing a connection fromthe
|l ocal shelf wiring to the local switch wiring. Al line finder switches in
any unit are common to and nay be used by any of the 200 subscriber |ines
connected to the unit.

The line finder franme (Fig, 23) consists of vertical channel uprights
fastened to a floor angle and held in place by auxiliary fram ng and cabl e
racks placed across the top. The standard frane is 11-1/2 feet high, and
provi des nounti ng space for three line finder units, |ocated one above the
ot her. The width of the franme depends on the switch capacity of the type
unit invol ved.
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2. Selector Switch Shelf and FErane

The next type of switch used '™ a call after the line finder has found the
24), As its nane inplies, a

a nunber of avail abl e paths each

calling line, is usually a selector (Fig,
sel ector switch "selects" or picks one of

termnating in a succeeding switch which may be used to further

gress of the call.

i1 TH ROTARY SPRING

SHAFT

WIPER

Figure 24 - Selector
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In general, its appearance and parts are similar to the line finder switch
but its operation differs in that the upward stepping of the shaft and
associ ated wi pers is under control of the dial at the subscriber station.
The rotary stepping is automatic, however, and a function of the switch
itself.

Two sets of banks are associated with the selectorr switch. The | ower or
"l'ine bank" is of the 200 point type, providing connection to the tip and
ring leads for 100 trunks to succeeding switches, while the upper 100 point
bank "sl eeve bank" provides connection to 100 sl eeve | eads for these trunks.

Since these contact terminals are arranged in ten levels, it is possible to
connect to trunks in any given |evel by dialing the nunber of that |evel,
thereby el evating the shaft and wipers to that |evel. Wen the dialed I|evel
is reached, the shaft starts rotating noving the attached w pers over the
contact terminals in that level. The rotary stepping of the switch foll ows
the testing of the ten sets of contact term nals, each of which is connected
to a succeeding switch, until a set connected to an idle succeeding switch
is found. During this testing, the wipers rest nonentarily on each set of
contact terninals to deterni ne whether the associ ated succeeding switch is
busy (ground potential on the sleeve contact ternminal) or idle (no potential
on the sleeve contact termnal). If it is idle, the rotary stepping ceases;
if it is busy, the stepping continues until an idle set of contact terninals
is found. In the event all ten sets of contact termnals on the |evel test
are busy the shaft steps to the eleventh rotary position.

A camon the shaft then engages and operates a set of eleventh rotary step
springs closing an all trunk busy tone circuit to the calling subscriber.

There are several types of selector switches used in the Step-by-Step D al
System all constructed along the same |ines and functioning Iin nuch the sane
way. Sone of these switches are nanmed to indicate their functi on such as;

|l ocal service, toll service, digit absorbing, etc. Oher are designated to
indicate their position in the path of a call such as first sel ectors,
second selectors, third selectors, etc. First selector switches are usually
connected directly to line finder switches, the function of the |line finder
switch being to connect the first selector switch to the calling subscriber
line. The first selector switch will select one of a number of second se-

Il ector switches and the second sel ector switch one of a nunber of thirds,
etc.

Sel ector shelf assenblies may hold either ten or twenty sel ector sw tches.
The ten switch selector shelf, is, for the npost part, used in private branch
exchanges and community dial offices while the tweet selector switch shelf
has been devel oped for the central offices. The main exception to this is
ten switch toll selector shelves used in central offices. The 20 sel ector
switch shelf will be described. Shelf assenblies are made to nount 20

sel ector switches, associated banks and the mi scel |l aneous shel f equi pnent
for alarms and fusing. The banks associated with each half shelf of ten
sel ector switches are nultipled together and connected to a 180 type ter-
mnal strip (Fig. 25). Shelves are arranged for nounting on either the
right or left bay of a selector franme (Figs. 26 and 27).
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A typical 11' 6" high selector frame as shown in Figures 26 and 27 is made
up of three bays - a left selector bay and a right selector bay with a dis-
tributing term nal assenbly bay in the center of the two. These frane bays

are made up of eight channel uprights on which the sel ector shel ves and
term nal strips are nounted

Figure 26 - Selector Frame

The | eft bay contains eight shelves of selector switches or sixteen half
shel ves. Each of these half shel ves have their banks muitipl ed together

and wired to 180 type termnal strips at the right side of the shelf.
The right sel ector bay al so contains eight shelves or selector switches or
si xteen hal f shelves. Each of these half shelves have their bank nultipl ed

together and wired to a 180 type terminal strip at the left side of the

shel f. In this manner, the thirty-two 180 type term nal strips associ ated
with the thirty-two selector switch half shelves are nobunted on the frane,
one above the other, in the center bay. This arrangenent allows for con-

necting the bank | evels of the banks on the vari ous selector hair shel ves
t oget her as necessary.
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3. Connector Switch, Shelf and Frane

The connector switch is the last switch used in a call between two sub-
scribers (Fig. 28). The vertical and rotary stepping of the switch shaft
are both controlled by the dial pulses, thereby causing the associ ated

wi pers to be elevated and rotated to the desired called line 'term nals.
This called line, together with 99 ot her subscriber |ines, are each con-
nected to a set of tip, ring and sl eeve contact. termnals on the tw banks
associ ated with each connector switch. These two banks, a |ine bank

(200 point) and a sl eeve bank (100 point) have the 100 sets of subscriber
contact terminals arranged in 10 levels of 10 sets of contact termnals

each.

Connector switches not only connect to the called |line but test it to deter-
mne if it is busy or idle. Should it be idle, the connector switch places
a ground potential on the sleeve contact termnal of the line to prevent it

bei ng sei zed by other connector switches, places a ringing current on the

line to ring the called subscriber bell, and after he has answered, supplies
tal king battery to both subscribers so they may tal k. Should the called
l'ine be busy, the connector switch will send a busy signal to the calling

l'ine. The connector switch requires nore relays than the selector switch
in order to performthe additional functions listed above and is therefore
| arger. The parts that make up the connector switch are simlar to those

of the line finder and sel ector sw tches.

Many different types of connector sw tches have been devel oped to furnish

requi red service features. These include local, toll, conbination |Ioca
and toll, 1-ring, 2-ring, 8-party, rotary hunting and | evel hunting con-
nectors.

Connector switches formthe main part of connector shelf equi pnent. The
shel f assenbly (Fig. 29) is nade of two angles about 6 feet long, with two
8 inch vertical bars welded across their ends. Eleven or twelve vertica
bars for holding the switches are riveted to the two angles. A shelf nay
nmount either ten or eleven switches. The switch in the first position to
the left (front view) on an eleven switch position shelf is known as a test
connector and is used by a test man or operator when they w sh to connect
to any line on the shelf. One ternminal strip is provided on the right end
of the shelf to termi nate the connector bank multiple wiring. The |left

end of the shelf nobunts a fuse panel, which provides protection for the
shel f equi pnrent, and al so the common al arm equi prent for the shelf. Each
of the ten or eleven switch positions is equipped with a jack,. the springs
of which engage with the plug of the connector switch when the switch is

mounted in its position.

Connector franmes are 11' 6" high. They are nade up of seven shel ves of
connector: switches supported on two channel uprights. The channel uprights
are attached at the upper end to a cable rack or auxiliary fram ng bars and
are attached at the lower end to a base angle. A typical connector frane
wi th new universal type shelves is shown in Figure 30.
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SECTI ON 4. DI STRI BUTI NG ERAMES AND RELAY RACKS

Auxiliary fram ng or superstructure consists or
are arranged over the tops and connected to the various step-by-step franes
in the central office in such a way as to provide a neans or holding these

franes in a fixed position.

rectangul ar iron bars which

Figure 31 - Main and Intermediate Distributing Frames
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The Main Distributing Frane MDF (Fig. 31 at right), is a two-sided stee
frane made of vertical angles, channel transverse arns, and base and top
angl es. The vertical angles are spaced 8 inches apart horizontally and the
channel transverse arns are spaced 10 inches apart vertically. The channe
transverse arns extend to the rear of the frane form ng shel ves, either 12
or 15 shel ves dependi ng upon the height of the frame. Franes are supported
by attaching the base angle to the floor, and the top angle to the aux-
iliary fram ng. A distributing ring is provided at every shelf to keep an
orderly arrangement of junper wires (flane-proof wires, running fromthe
hori zontal to the vertical side), and to prevent. grounding of the junper
wires to the franework if insulation should be defective. The MDF nounts
protectors vertically on one side and terninal strips horizontally on the
opposi te side. All subscriber lines and trunks coming into the office cable
vault in | ead covered cable are run up through the floor and are term nated
on vertical protectors, fromwhich point they are connected to term na
strips on the horizontal side of the frane by neans of junper w res.

Li ghtning arrestors and heat coils npunted in the protectors prevent exces-
sive voltages or currents fromgetting into the central office equi pment
over the incomng lines. The MDF al so provides a flexible neans of cross-
connecti ng the subscriber equipnent or trunk equipnent in the office to any
cable pair entering or |leaving the office. This feature is especially con-
venient if a subscriber changes his place of residence within the area
served by the central office and desires to keep his sanme tel ephone nunber.
All that is required is to disconnect the two junper wires from one cable
pair and connect themto another cable pair coming in fromthe new |l ocation
on the protector side of the MF

The Internediate Distributing Frane IDF (Fig. 31 at left), is nmuch |like the
MDF i n appearance, the main difference being that termnal strips are
mount ed on both sides, horizontally on one and vertically on the other.

The | DF provides a fl exi ble means of cross-connection to route traffic thru
the central office equipnent.

There are several ways of cabling to a | DF one of which is described here.
The terminal strips on the horizontal side of the IDF are cabled to ter-
m nal strips on the horizontal side of the MDF and al so to connector shelf

bank termnal strips. Term nal strips on the vertical side of the IDF are
cabled to bank terminal strips on the line finder units. Junper wires are
used to connect fromthe horizontal to the vertical side.

Many circuits such as trunks between line finders and selectors, |ine finder
and coin box trunks, selectors and repeaters, etc. are also called to the
| DF.

The tel ephone traffic department uses the vertical side of the IDF for a

means of connecting to the subscriber |ines when naking studi es of sub-
scriber dialing time, holding tine of a call and service. This is called
servi ce observi ng. A clanp called a shoe wired to a long cord having a

plug at the other end is used to connect to the line. The shoe is cl anped
on the terninals of the line to be observed and the plug at the other end of
the cord is inserted into a jack in a jackbox, located horizontally at the
top of the frame. The lines fromthe jackbox are extended to a service
observi ng operator.

Rel ay racks are used to nount relays and other mniscell aneous equi pment which
is not nmounted on the regular dial frames (Fig. 32). The rack is single-
sided and the equi pnent so arranged as to be readily accessible for adjust-
ment fromthe front. |I-beamtype relay racks consist of |-beam uprights
fastened to a base angle and a top angle. The base angle is bolted to the
floor and the top angle is attached to the auxiliary fram ng.
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SECTI ON 5. METHOD OF OPERATI ON

1. Cener al

Fi gure 33 shows sketches of typical |line finder, sel ector and connector
swtches with their associ ated banks. Qpposite each is a square block with
ten horizontal lines under it to indicate the conventional way the sw tches

and banks are indicated on drawi ngs showi ng the path of a call through the
equi pnent in an office.

The square represents the switch itself, the ten horizontal lines the ten
|l evel s on the associated |ine and sl eeve banks. Each horizontal line also
represents ten sets of tip, ring and sleeve termnals on the level. This
al so holds true for the line finder switch but as it has two |ine banks,
the ten horizontal lines may represent either the 100 sets of ternminals in

the | ower or upper |ine banks.

Sketches one to thirteen depict the vari ous stages of calls nmade through the
step-by-step dial tel ephone systemwhile the fourteenth sketch shows all of
the switches in sequence which are required in conpleting these calls. In
order that the reader may continually have before hi mthe nanes of al
switches used, it is suggested that the page containi ng sketch four-

teen, be left open in follow ng the various steps.

2. Call Between Two Subscribers

When one subscri ber wi shes to call another in a step-by-step dial system
it is necessary that he renpve the handset, wait for a dial tone which
tells himthe equipnent is ready to receive the dial pulses, and then dial
the office and nunber of the subscriber wanted. Each pul se created by the
dial as it restores to nornmal, acts directly on either a selector or con-
nector switch, stepping it vertically in the case of a selector switch or
in both a vertical and rotary direction in the case of a connector sw tch
until the called line is located. In the call hereinafter described, it
is assuned that the called nunber is 2-1?793.

[ E— 2 =

A |

Sketch 1
Calling Subscriber Removes Handset

When the calling subscriber picks up the handset, a line finder switch im

medi ately steps vertically until it reaches the |l evel on which the termnals
of the calling subscriber's |line appears and then hunts across the | eve
until these ternminals are found. The first selector, which is permanently

connected to the line finder, then sends back a dial tone to the subscri ber
as a signal for himto dial.
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Sketch 2
Calling Subscriber Dials the 0ffice Code -2

Hearing the dial tone, the calling subscriber proceeds to dial the sub-

scri ber wanted 2-1793 (office code 2, nunerical code 1793, or in other words
central office 2, subscriber nunber 1793). In returning to normal on the
first digit the dial opens and closes the line |loop twice (2) causing the
first selector switch to take two vertical steps to level two. The switch
then hunts across the second level for an idle path called a trunk to a
second sel ector switch.
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Sketch 3
Calling Subscriber Dials the First Digit of
the Numerical Code - 1

On the dialing of the next digit (1), the second selector switch takes one
vertical step and hunts across the first level for an idle trunk to a third
sel ector switch.

l 1L | —
|
LINE FIRST SECOND THIRD
FINDER SELECTOR | SELECTOR SELECTOR CONNECTOR
.
CALLING e P— _ = I —
TELEPHONE S — ____: — _—_
— 2= == ———— — —
- - — | [ — —_—
Sketch 4

Calling Subscriber Dials the Seccnd Digit of
the Numerical Code - 7

The dialed digit seven causes the third selector switch to take seven verti -

cal steps and then hunt across the seventh level for an idle trunk to a con-
nect or switch.
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Sketch 5
Calling Subscriber Dials the Third and Fourth
Digits of the Numerical Code - 93

Thi s connector switch has been chosen by the first three digits as the one
havi ng access to one hundred term nals of which the called subscriber is

one. The cal ling subscriber next dials 9. The connector switch steps
vertically just as does a selector switch, but since it is nowrequired to
seize the termnals of a particular line on the ninth I evel rather than to

choose an idle trunk froma group, it does not hunt over this level. As the
subscriber dials the last digit 3, the connector switch takes three steps

in arotary direction to the termnals of the called line. Aline test is
made and if the line is found idle the connector switch places ringing cur-
rent on the called subscriber line. If the lire is found busy the connector
pl aces a busy tone on the calling subscriber |ine.
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Sketch 6
Subscriber Talking Path

As soon as the called subscriber answers by renoving the handset, the talk-
ing path is conpleted between the calling and called |lines. Talking battery
is furnished to both subscribers through the connector switch.

When bot h subscribers replace their handsets, all switches used for this
call return to their normal position ready to be used for conpl eti ng anot her
call.

3. Counteracting a Prelimnary Pul se

occasionally a subscriber, after renoving the handset, unintentionally
sends what is known as a prelinmnary pul se before he dials the nunber of
the subscriber he wishes to call. This prelimnary pulse is generally
caused by an acci dental depression of the plunger or switch hook on the
subscri bers set before the nunber is dialed. This action nonentarily
opens and closes the line | oop once causing the first selector switch
in the central office to take one vertical step and route the call to

a digit absorbing service code selector switch. Dial tone is thus
renoved fromthe calling subscriber's line, and not hearing the dial
tone, the subscriber should replace the handset. However, shoul d he
start dialing the desired nunber (2-1793), it is necessary to warn him
that his call will fail. Therefore, when the first digit (2) is

di al ed, the digit absorbing selector switch steps to | evel 2, auto-
matically cuts in, rotates to the 11lth rotary position and returns a
busy tone to the subscriber. If he is unaware of this and conti nues
dialing the last four digits, (1793) no switch action will result and
those digits will be lost. It will then be necessary for the subscriber
to replace his handset to restore these switches to normal and start
over In order to nmake his call
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Sketch 7
Calling Subscriber Unintentionally Sends Preliminary Pulse

f the calling subscriber dials 2-1793 preceded by a prelimnary pul se, or
n other words 12-1793, the first selector switch will respond to digit one
I) and step vertically one step and hunt across the level to find an idle
runk to a digit absorbing service code sel ector sw tch
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Sketch 8
Calling Subscriber Dials the Office Code - 2

Wien digit 2 is dialed the digit absorbing service code sel ector swtch
makes 2 vertical steps, hunts across the level to the 11th rotary position
and returns busy tone to the subscri ber.
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Sketch 9
Calling Subscriber Dials the Numerical Code (1793)
These four digits when dialed will have no effect on the operation of the
digit absorbing service code selector and the subscriber will continue to

recei ve a busy signal. He nust replace the handset and start over if he
wi shes to conplete the call.

4. Call to Dial System"A" Switchboard

Dial system"A" (DSA) swi tchboards are required in step-by-step central
offices for all calls which require the services of an operator. Sone of
t hese reasons for having an operator always within reach of a subscri ber
are to handl e energency calls to doctors, hospitals, police or fire sta-
tions, and calls on which assistance is necessary due to a subscriber's
inability to dial.
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Sketch 10
in ri 1 =
As in the regular call, the renoval of the handset causes a |line finder to

step first vertically and then horizontally to find the calling subscriber.
When the dial tone is receives fromthe associate first selector switch the
subscriber dials the digit zero (0). The first selector switch nakes 10
vertical steps and then hunts across the tenth level for an idle trunk

to the dial system"A" switchboard. The operator will then handl e the

call to its conpletion.
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5. Calls to Toll Switchboards Desks and Speci al
Equi pnrent used in Step-by-Step Offices
Cenera

The purpose of the service code switches is to enable the calling sub-
scriber to gain access to the toll board, information desk, repair ser-
vi ce desk, reverting call equipnent, etc., and to give a tel ephone
repair man access to the test desk and ringer and dial testing equip-

ment . Calls to these points are made by first dialing the number 11
followed by a third digit as foll ows:

-

113 Provides connection to the operators at the information desk, who wll
furnish informati on on changed subscri ber nunbers or new nunbers not
listed in the directory.

114 Provides connection to the repair clerk at the repair service desk to
whom t he subscri ber may report a tel ephone out of order, or nmake any
servi ce conpl aints

117 Provi des a connection whereby a repair nan can connect to a test nan
at a local test desk when repairing trouble on a line.

118 Provi des a connection whereby a repair nan at a subscriber's station
can obtain access to dial and ringer testing equi pnent.

119 Provides neans for conpleting calls to a subscriber on the sane party

l'ine.

110 Provides a connection to the toll operator at the toll board, who wll

conplete any call that nust be handled on a toll charge basis.
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Sketch 11
Calling Subscriber Dials First Digit - 1

As in a regular call the renoval of the handset causes a line finder swtch
to step first vertically and then horizontally to find the calling sub-
scri ber line. When the dial tone is received fromthe associated first

sel ector switch the subscriber dials the digit (1). The first sel ector
switch nakes one vertical step and then hunts across the first |evel for

an idle trunk to a digit absorbing service code selector switch
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Sketch 12
Calling Subscriber Dials Second Digit - 1

On the dialing of the second digit (1), the digit absorbing service code
sel ector switch nakes one vertical step, releases and returns to norma
to await the next digit.
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Sketch 13
Calling Subscriber Dials Third Digit - 3.4,7.8,9, or 0
The dialing of the third digit steps the digit absorbing service code sel ector

switch to the |l evel having trunks to the desks, swi tchboard or testing equi pnent
to be connected to -

- Informati on Desk

- Repair Service Desk

Test Desk

- Ringer and Dial Testing Equi pnent

- Reverting Call Selector (Party Line R nging)
- Toll Board

QOoONPW
1

If a prelimnary pulse is accidentally sent on a call town operator or the
speci al equi pmrent, the number recorded would be 111 plus 3,4,7,8,9, or O.
Routing the call through the digit absorbing service code selector to the proper
destination.
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Sketch 14
Switches, Switchboards, and Desks used in a
Step-by-Step Dial System
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SECTI ON 6. POWER

The purpose of the tel ephone power plant is to furnish electrical energy, of
the required character and in proper anount, and avail abl e one hundred per-

cent of the tine.

In order to neet the vital need of ever-ready power, it is necessary in

t el ephone power plants to arrange for sone prinmary power source which is
usual ly a commercial electric service fromoutside. The services are in-
vestigated with care to determne their reliability and in sone cases, two
servi ces from separate power houses are brought into the tel ephone buil di ng.
Wiere a single service is used, a |local diesel engine with associated alter-
nator is provided as a reserve.

The above primary supplies are used to drive direct coupled A C. Mtor -
D.C. Cenerator Sets which provide the basic voltage for the 48 volt supply
used to operate the nechanical swi tches, relays, etc. and also to furnish
the talking battery required in the system The output voltage fromthese
generator sets is al so used to charge storage batteries which are conti nu-
ously connected across the power |eads acting as a ballast or filter during
normal operation and as a reserve to operate the tel ephone equi pnent in case
of prinmary voltage failure. Conmon practice and experi ence have resulted in
batteries of certain sizes being provided, these sizes being sufficient to
carry the exchange |l oad for intervals ranging froma few hours to severa
days, dependi ng upon conditions. These present practices have been success-
ful in maintaining continuous power supply, and central offices generally

t hroughout the country have given service even during periods of storm

fire or other calanities. Central Ofice batteries nay be either the | ead
li ned wood tank, glass jar as shown in Figure 34 or rubber jar type used

in the latest installations.

Figure 34 - Central Office Batterles
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Figure

35 - Typical Power Room in a Step-by-Step

Office




Fi gure 35 shows a typical power plant as m ght be found in any step-by-step
dial office. Power protection panels, with their protective devices, are
provi ded when the primary power is supplied over aerial lines and there is
a possibility of service interruptions due to |ightning or transforner

br eakdown. Safto-fuse cabinets are provided to make a shock proof swi tch
cabi net when it is necessary to replace a fuse or open a circuit in the

pri mary power supply system A . C. Mtors and D.C. Generator Sets as nen-
tioned in the precedi ng paragraph are used to furnish the 48 volt supply
and to charge the batteries. |Inasnmuch as commerci al generators are now
being used it is necessary to filter out noises caused by these machi nes
and prevent their getting to the line. Electrolytic condensers (capaci -
tance) and choke coils (inductance) are supplied for this purpose. Ring-
ing and coin control machi nes run by AC or DC notors, are provided for
signal l i ng purposes and to generate the tones used in the system Meters
for checking the current and voltage and switches for transferring the bat-
tery circuits and ringing nmachine circuits to the tel ephone system are
nmount ed on the power panels (Fig. 35). Tungar Copper Oxi de or Sel enium
rectifiers are usually supplied to charge the snuller m scell aneous bat -
teries used in the central office.

The | ayout of power equiprment in a central office is arranged to provide

easy accessibility for maintenance and to allow proper facilities to care
for future growth.
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SECTI ON 7. SXS Cl RCU T OPERATI ON
1, The Dial

The only difference between autonmatic and manual equi prment apparent to the subscriber is

the dial |ocated at the instrument on his premses. It is for this reason that automatic
systens are universally known as "dial" systens. The purpose of the dial is, of course

to enable a subscriber to control the automatic equipnent so that a connection wll be

conpl eted to the nunber he is calling. Wen the subscriber renoves his receiver fromthe
swi tchhook the circuit is conpleted t rngh the swi tchhook contacts in series with a relay
in the central office, as shown in Fig. A One of the functions of the subscriber's dia
with the receiver off the switchhook is to open this circuit a specified nunber of times and
by means of these open circuits or "pulses" to give the automatic equi?nent the proper in-
formation. The dial is provided with a series of finger holes, each of which is nunbered
The subscriber places his finger in one of these holes and carries it to the back stop

after which the dial restores to normal under the influence of a governor which regul ates

its speed. As the dial restores to normal it opens the circuit a nunber of tines equal to
the number on the finger hole which was selected by the subscriber. Thus, dialing '2" opens
the circuit twice; dialing "5" opens it five times. It should be noticed also that dialing
"zero" opens the circuit ten times. The opening and closing of the circuit alternately
operates and rel eases a relay which has been placed in series with the subscriber's |line

A pul se cycle consists of the time required for one open circuit and one closed circuit in
the series of pulses sent out as the dial restores to nornmal. The open circuit is approxi-
mately 60% of the total pulsing time. This is to insure the positive release of the pulsing
relay in the automatic equi pnent at the central office

—
C merAr
Q) TRANSIMITTER _..1
SuB 3ET
VERTICAL
MAGNET®

Figure A - Schematic Of Pulsing Circuit Step-Bv-Step System

Figure B %ives.a schematic of a subscriber's station circuit containinﬁ a dial. Here the
dial is shown in its nornal position. The receiver circuit is closed through the contacts
shown as "off normal contacts."” As soon as the subscriber noves the dial "off normal," the
off normal contacts change position so that the receiver circuit is OEened 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 renove its variable resistance fromthe dialing circuit. The off
normal contacts remain in this condition fromthe tinme the subscriber's dial first noves
off normal until it has restored under the influence of a governor. The contacts | abel ed
"pul se contacts," however, open and close only while the dial is restoring to normal at a
constant speed determ ned by the governor

The first series of pulses which cone through fromthe subscriber's dial causes the pulsing
relay in the switch to operate and release in synchronismw th the pulses and in turn oper-
ate and rel ease the vertical magnet. Under the influence of the vertical paw the swtch
rises until the brushes are opposite the |evel deternined by the nunber of pulses sent from
the dial. If the switch is a 'selector” it will now rotate automatically under the influ-
ence of the rotary magnet and paw until an idle trunk on that level 1s'reached. If It is
a "connector" it will wait for the subscriber to dial another digit, in which case it wll

rotate under the influence of the dial pulses until it reaches the particular set of termi-
nal s determned by the last digit
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Figure B - Dial Subscriber Station Circuit

The switch is now held in its rotated position by the double dog and held in its vertica
position by the fixed dog. Upon release of the switch a magnet is operated (known as the
rel ease magnet) which renoves the doubl e dog fron1enga%|QP the rotary teeth allow ng the
switch to restore horizontally under the action of a coiled spring in the spring cup. Wen
the horizontal restoration is conplete the fixed dog disengages the vertical teeth because
of the vertical slot and the shaft restores to nornmal in a vertical direction by neans of
gravity.

2. Line Circuits and Line Finders

In the manual system subscribers lines are answered by an "A" board operator who is
responsi bl e for "all of the subscriber |ines appearln% as answering jacks in her position.
In order to establish contact with a calling subscriber who has renmpoved the receiver from
the sw tchhook, an answerln?]cord is placed in the required answering jack as indicated by
the lighted line lanp. In the step-by-step systemthe answering cord of the "A" board
operator in the manual systemis replaced by a step-by-step switch known as a |ine finder.
The function of the line finder is to nake contact with any calling line in a particular
8roup_and extend that line to a first selector (to a connector in the 100 Iine system not
escribed herein), the first selector giving the subscriber dial tone and receiving the
first digit dialed by the subscriber

In the manual system the nunber of answering jacks appearing in each "A' board position

i s dependent u?on the calling rate of the lines involved and the | oad which the " A" board
operator is able to carry. In the step-by-step system lines are in npst cases arranged

in groups of 200, the nunber of line finders having access to this group of |ines varying
with the calling rate.

2.1 200 Point Line Finder

A line finder arranged to serve a 200 |ine group is illustrated in Fig. 7 and is known as
a "200 point" line finder. Each line finder has access to 3 banks of 200 term nals each
The | owest bank contains the tips and rings of 100 |ines nunbered 11, 12, 13, 19,

10 on the bottomlevel and 01 to 00 on the top level (see Fig. €. It should be noticed
that the tenth terminal on the top level is nunbered "00" because the switch steps verti-
cally ten tinmes and horizontally ten times to reach it. The middl e bank carries a Bicond
100 lines the term nals of which are nunbered 111 to 110 on the bottom | €vel and 101 to 100
on the top level. The top bank carries the sleeve ternmnals of the entire %roup of 200
lines, the sleeves 11 to 10 and 101 to 110 being arranged on the bottomlevel and 01 to 00
and 101 to 100 on the top level. The purpose of the sleeve bank is to pernmit the line relay
of acalling line to put battery on its corresponding sleeve terminal to stop the line
finder as it sweeps across the row of terminals. The Iine finder shaft carries three sets
of brushes, one to nmake contact in each bank

A vertical commutator consisting of 10 segnents is arranged at the side of the line finder
shaft so that as the shaft rises a commutator brush nakes contact with the first segnent
when the line finder brushes are oPp05|te the first level of the banks, the second segnent
when they are oPp05|te the second level, etc. The line finder circuit Is 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 will commence to step up and will continue stepping up until it nmeets a
commut at or segment that is grounded. There are 20 lines on each level and each "sub-group"
of 20 lines has access to a comon 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 to the level on which these 20 |lines appear. This will cause the line finder
to stop its vertical notion at the | evel on which the calling |line appears.
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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 termnals in the top bank

two at atine, as it ?pes along. As soon as it finds a sleeve ternminal with battery on

it fromthe operated line relay it will stop with its tip and ring brushes on the tip and
rlng_of that [ine in order to extend that line to a first selector. Thus if line 12 is.
call'ing commutator segment 1 will be grounded and the line finder wll steﬁ up to the first
level and in on that Tevel to the second termnal. After the line finder has stopPed on

a given set of terminals it connects the brushes in the bottom bank or in the mniddl e bank
to a first selector, in accordance with which of the two sleeves in the upper bank has the
battery condition

2.2 Slip. Wring: of Line Finder Banks and Conmutators

Cbviously it takes a certain amount of tinme for a line finder to rise to the higher |evels

of its banks and cut into those levels until it finds the term nals of the calling line,

The ideal condition would be to have the calllnP 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 nean that the subscriber would
receive dial tone fromthe first selector with a mininumanmount of waiting. It is not
ossible to achieve this ideal condition for every call, but the hunting tinme for line
inders is considerably decreased by "slipping" the line finder nultiple as shown on Fig. C

Suppose that a group of 200 lines is served by 20 line finders. In this case lines 11 to
10 appear on the first level of the |ower bank of the first |line finder of sub-group 1, and
lines 111 to 110 on the bottom | evel of the middle bank of this line finder. However, these
lines are wired to the top (or tenth) levels of the banks on the first line finder of sub-
grouP_Z and to the ninth l'evels of the first line finder of sub-group 3, the eight |evels of
the first line finder of sub-group 4, etc., and appear again on the first levels of the
second line finder of sub-group 1. This neans that the first and second line finders of
sub-group 1, are "first choice" for the use of lines 11 to 10 and 111 to 110 since these
two line finders have this group of 20 lines on their first levels. Likewi se 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 correspondi ng commutator segnents is slipped in a correspondi ng manner

2.3 Alotnent of Line Finders

F|P. Cillustrates the nethod 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 com

nmut at or segment corresponding to the level in which the group of 20 |ines appears on the
l'ine finder banks. Second, it grounds a start |ead which operates a "start' rela¥ in the
line finder that is to be used for the call, causing it to step up and hunt for the grounded

comut at or segnent .

Tracing the start lead fromthe sub-group relay in sub-group No. 1, we arrive at the back
contacts of the (D) relay in the first line finders of the sub-group #mhich has the |ines
in sub-group No. 1 on its first level) and thence on to the winding of the "start" relay
A. I, 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 |ine
finder of the sub-grpuP. If this line finder is also busy the (D) réelay 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.bus¥.the start |ead 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 | evels. The process of allotment thereupon continues as necessary through
the line finders in sub-group No, 10, sub-group No. 9, etc., the last choice |ine finders
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. 1 lines on their top levels.

By neans of this bank-to-bank slip on line finder nultiples, each group of 20 lines is

gl ven equal preference in being chosen by line finders. If 20 line finders are provided
to serve a group of 200 lines there are two first choice line finders per sub-group. If

30 line finders serve the group of 200 lines there are three first choice |ine finders per
sub-group, three second choice, three third choice, etc. This insures that the waiting
tinme for dial tone will be kept down to a m ni num

If it should so happen that all line finders are busg at the tine a subscriber renoves his
receiver fromthe sw tchhook, of course he will not be connected to a first selector, wll
not receive dial tone and will not be able to make his call until sone line finder becomes
idle. This is conparable to the customin nmanual offices of providing only.that number of
cord circuits in an "A" board position which is required to handle just a little |less than
the rush hour | oad

The line and line finder equipnent required to serve a group of 200 lines is nounted
together in one equipnent unit, as illustrated in Fig. 22, consisting of the required
nunmber 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 |ines
and the relays required for the common group of 200 I|ines. This equipnment unit is shop-
wi red and nmay be shipped fromthe factory ready to be mounted upon a line finder frane as

shown in Fig. 23
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3. Selectors and Connectors

Figure D shows a 200 |ine SxS system using selectors. Each line finder being capabl e of
selectjn? any calling line in a group of 200. Each line finder is wired to a "selector."
The chief difference between a selector and a connector is that the selector will nove up
to the specified | evel under the influence of the custoner's dial and will then proceed to
find an idle trunk on that level of its own accord. The connector, steps up to the correct
| evel under the influence of the customers dial and finds the proper terminal in this

I evel in accordance with a second set of pulses fromthe dial. In a 200 |ine systemtwo
groups of connectors would be required, each having access to 100 lines. Since it wll be
necessary for the custoner to dial two digits in order to control whatever connector is
used on the call, an additional dlglt nust be dialed to determne in which group of con-
nectors the call will be conpleted. The digit will be dialed into the selector. In order
to cause the selector to choose the_rlght group of connectors, the connectors having access
to one group of 100 lines will be wired to one level of the selector, say the fourth, and
the other group of connectors to another |evel of the selector, say the eighth. Thus, if
the custoner dials as his first digit a four, the selector will step up to its fourth |eve
and will hunt along that level for an idle connector having access to the |lines 400 to 499
If his first digit is an eight, the selector will step up to the eighth level and will
choose an idle connector having access to the nunbers 800 to 899. [n addition, trunks nmay
be provided on the tenth | evel of the selector to an assistance operator if required.

iy

cne rmoen Is7 sevecron Ii] I
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400 TO 499 ————— | sooTO &M

COMNECTOR CONNECTOR

Figure D - 200 Line Step-By-Step System

The presence of the one selector in the train of switches presents the possibility of in-
creasing the size of this step-by-step office to 1000 |ines, providing a separate group of
connectors is wired to each |evel of the selector. The nunber of selectors required wth
their banks in nultiple will be determ ned by the nunmber of line finders required to handle
the calling rate fromeach group of 200 lines. For a 1000 |line office the calling lines
will be divided as before into groups of 200 |ines, each group of lines being served by its
own "line finders. The line finders of all groups will, however, be wired to selectors
having their banks in nultiple so that a subscriber in one group of |ines, having gained
access to a selector by nmeans of line finder action, will have access to actually the sane

connectors as a calling subscriber in any other group

In the event that any |evel of the selector is required for trunks to other than connectors
the total nunber of [ines which it will be possible to serve will be reduced by 100 for
each level required for trunks to other than connectors.

The addition of a second selector in the trunk of sw tches required for the conpletion of
each call permts the size of the office to grow beyond 1000 lines. Figure Eillustrates
the switches required to serve a four-digit office with ?000 term nals equipped. This
system nmakes use of 200 point line finders as before, first selectors to choose the particu-
lar 1000 lines in which the call is to be conpleted, and second selectors to choose the
particular 100 lines (or rather the particular group of connectors) in which the call is

to be conpleted

Referring to Figure E assume that the nunber to which a call is to be conpleted is 8195
The nethod of conpleting the call will be as follows:

When the custoner renoves his receiver fromthe swtchhook, an id
grouP.serV|ng the particular line will attach itself to the call
the first selector.

The custoner receives dial tone fromthe first selector

Iine finder in the
i

l e
ng line and extend it to

rhelcustoner dials 8 as his first digit, and the first selector steps up to the eighth
evel .
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The first selector hunts for an idle trunk to the 8000 group of second selectors, of which
there are ten on its eighth |evel

The Fustoner dials a 1 as his second digit and the second sel ector steps up to its first
evel .

The second sel ector hunts for an idle connector in the 8100 group by testing the terminals
onits first level.

The custonmer dials a 9 as his third digit and an idle connector steps up to its ninth |eve
under the influence of the dial pulses.

The fourth and last digit dialed by the custoner is a 5 which causes the connector to step
to the fifth terminal on its ninth |evel which represents the termnal of the |line 8195

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

The line finder, first selector, second selector and connector chosen for the call remain
operated until the conclusion of the conversation

S
When both parties hang up all switches restore to nornal
3.1 Digit Absorbing and Bl ocking
NOTE: Digit absorbing is used to absorb digits dialed which are not required, by pre-
Iventlng the switch to cut-in and hunt for an idle trunk and causing the sel ector
to rel ease

Bl ocking is used to indicate by returning tone to the subscriber that an irregu-
larity in dialing has occurred

3.11 Selector levels nmay be arranged to absorb or block for purposes such as

(a) Absorb digits of an office code which are not required, but were established in
connection with the introduction of 2L-5N nunbering for nationw de toll dialing.

(b) Restricted service on levels of selectors serving certain classes of tel ephone
service

(c) Absorb all or some office code digits prior to expected growth of the central
of fice which will include additional traffic channels requiring second or third
sel ectors.
(d) Provide tone on vacant selector |evels.

3.111 Circuit options to provide digit absorbing and bl ocking involve the use of a
| ect normal post spring assenbly per Figure E-1 above the vertical shaft of the
sel ector

Camteeth are bent outward to engage the roller end of |eft and/or right normal

post springs for specified |evels, Figure El shows teeth for |evels eight and nine bent to
engage and operate "right NPS. "

3.112 Digit Absorbing levels nay be arranged to absorb and rel ease the selector as
folTows:

- Absorb Initial digit
- Absorb First two digits
- Absorb digits repeatedly

- Absorb digits repeatedly unless a |l evel arranged to absorb "once only" has
been previously dialed which may unlock all levels as on sel ector
SD- 30976- 01, SD-55242-01 and SD-55062- 01

Absorb on the first and second digit and cut-in and trunk hunt on the third
digit as on selector SD 32183-01
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NOTE: Camteeth for levels 8 and 9 are bent outward to engage
roller for operating "Right" nornmal post springs

Figure E1 - Normal Post Springs On Sel ector

3.113 An illustration showing a possible arrangement of the levels of a 2-digit
absorbing sel ector used as the first selector in the train follows:

Assuned requirenents

) To permit dialing and conpletion to the "635," "636," and "638" (local) offices,
to adjacent "423" and "679" offices, to all city offices (codes 2XX) and to the 345" and
"346" adjacent second fringe offices via a "34" tandem and to deny dialing to the "659"

and "668" non-contiguous fringe offices.

l1st 2nd & 3rd Sel
Digit Dialed

Lev  1st  2nd  3rd
0 C B C Opr
9 B B (¥ "679" Office
8 B B C 4th Sel (638 Local Office)
7 C A Cc Vacant
6 A B C 4th Sel (636 Local Office)
5 B B C 4th Sel (635 Local Office)
4 A Cc C "345" and "346" Office via 34 Tandem
3 A A Cc "423" office
2 c A & City Office (Codes 2XX)
1 c A Cc Service Code Sel (For service codes 11X)

A = Absorbs once
B = Blocks (denies) and returns "no such number" tone

C = Cuts through

C C C Other combinations of treatments, not used in
above illustration, but which are available.

B A C

B C C
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3.114 Blocking: This termusually denotes that switch does not cut-in when the |eve
. dialed is reached, but returns "no-such-nunber" tone. The ot her .type of
"bl ocking" allows the switch to cut-in and rotate to the eleventh rotary position and
return "paths-busy" tone.  Fol|owing are various forns of bl ocking:

(a) Levels Arranged To Block On First O Second Digit: The switch steps to |eve
dialed "b ocEs" and returns tone
(b) Levels arranged to rotate to 1ith rotary step and provide all trunks busy tone
N unlessss_gégyépaf'digit dialed a level which absorbs initial digit

"once only, ~as on selector

(¢) Levels Arranged To Absorb On First Digit and Block On Second Digit: ‘\Wen the
d

first digit of such a |evel is dialed the switch steps to | evel dialed an
Qﬁﬁt?éfﬁ}nsvyﬁﬂbt'“e second digit is dialed the switch steps to level dialed, "blocks"

3.12 Digit Absorbing Service Code Selectors

) Servi ce code sel ectors such as SD-32077-01 are provided to enable the custoner to
gain access to Qperator, Long Distance, Repair Service, Information_and other service
trunks, also to dispose of calls on which the subscribers call was inadvertently preceded by
a "prelimnary pul se" as described in Method of Cperation Section 5.

Figure E shows the path of such calls via the service code selector.
3.2 Connectors

Figures 28 and 33 illustrate a tyﬁical connector switch. There is little to distinguish
this switch in appearance fromother step-by-step switches. It has a | arger nunber of

rel ays 77500|aﬁed with it than does a selector because it has nore duties to performon a
grven call. First of all, the connector is required to step both vertically and horizon-
tally under the influence of the subscriber's dial in order to select a particular ternina
representing the line being called. In addition, it nmust ring the called subscriber's bell

mal ntai n supervi sion over the call in order to signal the other switches in the train when
bopq)subscrlbers have hung up and, on a local call, supply talking battery to both sub-
scri bers.

In the event that a connector finds the called |line busy, there will be a ground on the
sl eeve termnal . This will set up a circuit condition which will cause a busy tone to be
returned to the calling subscriber

Figures 29 and 30 show a typical connector shelf and frame. Each "shelf" of connectors on
the frame is arranged to serve a separate group of 100 lines. The connector frame illus-
trated is equipped with five to ten connectors for each 100 lines. The first is wired as

a test connector and is used by the namintenance forces for testing |lines. The remaining
connectors are used for conpleting calls by subscribers, in each group of 100 lines. Under
heavier traffic conditions nmore connectors woul d be provided. The maxi mum nunber of con-
nectors per shelf is eleven including the test connector. Were nore than ten are re-
quired for subscriber traffic to a group of 100 lines, two or nore shelves may be nultipled
together, providing an additional 57or 10 connectors per 100 |ines

Figure F illustrates how the various frames are cabl ed together. The subscriber's l|ines
are wired to the banks of both Iline finders and connectors. The jacks of |ine finders

are wired to the jacks of first selectors, the connections, however, going through the

I.D.F. providing flexibility for the changing of the particular first selector wired to a
given line finder. The banks of first selectors are wired to the jacks of second selectors
and the banks of second selectors are wired to the jacks of connectors

4. Trunking Problems In Step-By-Step Offices

The_di scussion in Paragraph 3 in connection with the 4 digit office with 7000 term nal s

equi pped assumed that no other offices were required in the area. In certain areas where
nore than one central office is required, the interoffice trunk problems may becone quite
conplex.  This section will outline methods of using selector Ievels to provide trunks to
other offices in exchange areas with interoffice trunking problens of varying conplexity.

4.1 5-Digit Qperation

In exchange areas where there are few central offices, say 3 or 4, the trunks to other
of fices may be reached directly fromthe banks of the first selectors. In a case of this
kind the first selector bank termnals will correspond directly to the out trunk nultiple
found on the "A" board in manual offices. The subscriber will ‘be required to dial only
one digit to determine in which office his call is to be conpleted. One level of all first
selectors will be required for each office to which trunks are to be provided. This con-
ditionis illustrated by Figure G which shows trunks to other offices on levels 5 and 7
of the first selectors. Since it is customary to require the customer to dial O in order
to obtain a special service operator, the tenth level of the first selectors will be re-
?ulred for trunks to an assistance operator. The first level will be wired to auxiliary
irst selectors in order to guard against prelimnary inpulses and to provide access to
the service code switches.
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Figure F - Cabling Schematic Of Regular Switch Train

Figure Gindicates that, in a 5-digit system trunks to |ocal second selectors are also
taken off one of the levels of the first selectors, the |l evel being determ ned by the first
letter of the |local office code. The first digit dialed by the custoner will therefore
determ ne whether the call is to be conpleted in his own office through | ocal second

sel ectors or in sone other office over interoffice trunks. If the call is to be conpleted
inhis owmn office the first selector will choose a trunk to a |local second selector. The
second dllglt di al ed by the custoner (which will cause a second selector to step up to the
required l'evel) will choose the proper third selector and thus deternmine in which 1000
nunbers the call is to be conpleted. Trunks incomng fromother step-by-step offices in
the area will termi nate on incom ng second sel ectors whose banks are multipled with those
of the local second selectors.

4,2 6-Diqit eration

Where the number of central offices in an exchange area is greater than the nunber of
avail able levels on first selectors, two digits nust be dialed by the customer to determne
in which office his call will be conpleted. This condition is illustrated by Figure H.

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 conmon being taken off the various |evels
of the sane groug of second selectors. In this case, third selectors are used to deter-
mne in which 1000 termnals a call through the local office is to be conpleted and in-
comng trunks fromother offices will terminate on incoming third selectors with their
banks in multiple with those of the local third sel ectors.

Trunks to O operator and to auxiliary first selectors will be taken off the tenth and first
levels of the first selectors as before.

4.3 Gaded Miltiple

In previous discussions of selectors and sel ecto
the selector is responsible for finding an idle
trunks on that level is limted to 10. This Ii
whi ch any given sel ector has access presents a

r levels it has been pointed out that while
trunk upon any given |evel, its choice of
mtation in the size of a trunk group to
di fferent problemthan does the outgoing
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trunk nultnEIe in the manual "A" board. Any given "A" operator on an "A" board has access
to all trunks to any other office re%?rdless of the size of the trunk group. |n step-by-
step operation, however, where a trun %roup to another office or to a succeeding group of
switches in the local office consists of nore than 10 trunks, other provisions nust be nade
for efficient use of those trunks. This is done in part by what is known as "G aded
Miltiple." Wthout graded multiple, trunks in the step-by-step systemwuld always have to
be suPpIied in multiples of ten which night be unecononmical. Wth graded multiple, however,
40 selectors can be made to use, say, 13 trunks effectively.

In order to explain what graded nultiple is, it is first necessary to understand how
sel ectors are arranged with respect to each other and how their banks are wired. In step-
by-step central offices each selector frame is arranged to mount 16 shelves of 20 selectors
each, naking a total of 320 selectors per franme_. Each selector franme consists of two bays
each mounting 8 shelves of 20 selectors each. The 20 selectors on each shelf are arranged
in two groups of 10 selectors each. Each selector in a group of 10 has its banks multipl ed
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 Figures 25, 26 and 27). Since there are 32
groups of 10 selectors each nounted on the frame, there are 32 of these termnal strips
nounted one directly below the other down the center portion of a fully equipped frane.

Each ternminal strip therefore represents the 100 termnals of 10 selectors nultipled to-

et her and these terninal strnBs are so arranged that each term nal, b¥ neans of an insu-

ated vertical wire strap may be wired to the correspondi nghterm nal of the termnal strip
of any or all groups of 10 selectors on the frame. It is thus possible to multiple the
banks of any one group of 10 selectors with those of any other group or groups as required
In addition to the bank terminal strips, the distributing terminal assenbly bay includes
two vertical rows of terminal strips on which switchboard cable to other frames is ter-
mnated. These outgoing circuits are associated with termnals on the bank term nal strips

by means of junper wres.

It does not always follow that the nunber of trunks to be considered in estinmating traffic
will be in multiples of 10. For exanple, cases may occur where 40 selectors are required
to have access to a total of 13 trunks on , 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. If it is desirable to
multiple the ten termnals of a given | evel of four different %rou s of 10 selectors each

on 13 trunks, one trunk will be connected to the first termnal of each group and these
terminals will not be nultipled together. The remaining 9 ternminals 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 three other groups. In
graded multiple terns, the first trunks are termed "individual" trunks, while the renaining
trunks are referred to as "comon" since they are offered for the common use of all the
selectors in all four groups.

54



110 TRUMKS FROM R.0.T.S. BANKS

1 22 23 44| M5 66) |67 B88) 189 11Q

15T
SELECTORS 1
— \ GRP 1 GRP 2 GRP GRP AP
e \\\ 1=27 1-25 1-23 1-26 R-O-?;géJ
— 27 TRKS | AN 127 TRUNKS TO R.0.T.S.
—_— | 85 _TRKS .
— ) \ \ 110 TRUNKS TO
; OUTGOING REPEATERS
TRUNKS TO WHICH DIRECT AND
SECONDARY ACCESS IS GIVEN
TRUNKS TO WHICH SECONDARY
H v ACCESS ONLY IS GIVEN
9E NO OF SEL| 1ST SEL TRKS T§K5
NOTE - SUB GRPS [PER_SUB GRP TOTAL|R
DIRECT ACCESS TRUNKS ARE CROSS-CONNECTED DIRECT 14 12 168
TO REPEATERS. SECONDARY ACCESS TRUNKS ARE CROSS-CONNECTED ] 10 10
TO ROTARY OUT TRUNK SWITCHES, THE BANKS OF WHICH ARE > P o4
CABLED TO THE HIDF AND CROSS-CONNECTED TO REPEATERS. - T T
212 | 110

DIRECT TRKS TO REP-85 (40% OF 212)
TRKS TO R.0.T.8.-127 (680% OF 212)
GROUPS-5

Figure I - Application Of Rotary Out Trunk Switches

In order to reduce the hunting period and al so to reduce the wear on switches, a reversal is
usual Iy introduced in the strapping. For exanple, assume 40 selectors having access to 10
trunks on a gl ven | evel. Four groups of 10 selectors each are required and the first 2
groups will be multipled together straight and the |ast two groups wll be multipled
together straight with a conplete reversal between the second and third groups for trunks

1 to 9. The tenth termnal is always multipled straight for all divisions in the group

for last trunk busy registration.

4.4 Repeaters

In order to establish connection between two _steE- by--step offices not in the same building

it is necessary to furnish an auxiliary circuit known as an "outgoing repeater"” in. each

trunk circuit, at the originating office. The purpose of this repeater is to connect the

three wire circuit fromthe selector banks to the two trunk conductors which run between

offices; to repeat the dial pulses to the switches in the distant office; to hold the

switches in the or|%| nating office operated during the call; to furnish talking battery to
It

In
t
r
h
f

the calling subscriber, and to enable the connector in the distant office to supervise
the calling line. is al so necessary to furnish a repeater of the sanme general type in

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

The average out goi ngbsrepeater Wwill not retransmt the dial pulses with the sane precision
that a dial gives. ually the switches in the distant office will operate satisfactorily
on the repeated pul ses. Wiere a trunk is very |ong however, the distortion of the pulses
will be increased to a point where the distant swtches will no longer function. In this
case, a special repeater, called a "pulse correcting" repeater is added at the incom ng
end of the trunk. This repeater replaces the distorted incom ng pul ses by new pul ses which

will operate the switches satisfactorily.

4.5 Rotary Qut Trunk Switches

Trunks to other offices nust be carried in outside plant and where the distance is at all
%eat it is highly desirable to keep the number of trunks between offices down to a mini mum
we have seen, the principle of graded nmultiple assists in acconplishing this purpose.

Anot her devi ce which considerably reduces the nunber of outgoing trunks provided froma
group of selectors is known as the rotary out trunk switch. The mechani smused for the
preselector is known as a 206 type selector and differs radically fromthe regular step-
by-step mechanism This selector is a rotary switch with brushes which have access to 22
sets of termnals and are so arranged that as soon as one set of brushes |eaves the |ast

set of terminals, a second set of brushes [ e-engages the first set of termnals. The brushes
are nmounted on a shaft or rotor which is driven by a ratchet and pawl mechani sm actuated

by a magnet. Any trunk terminating in the brushes of such a switch will therefore have
access to 22 outgoing termnals or trunks. Figure | indicates how these preselecting

R OT.S.'s are used.
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Qutgoing trunks are connected to the banks of these switches and trunks fromthe banks of
step-by-step selectors to the brushes. The termR O T.S. indicates that at any time when
the switch is not in use it will rotate to the termnals of an idle outgoing trunk and rest
there so that if the trunk inconming to the switch is chosen by a selector, an idle trunk
out of the switch will be imediately avail abl e.

In order to illustrate the use of rotary out trunk sw tches, assume that a group of trunks
to a given office is outgoing froma certain |evel of several groups of first selectors
When outtrunk switches are used, forty per cent of these trunks outgoing fromthe first
sel ector levels are connected directly to trunks outgoing to the distant office. These
"direct access" trunks will be |ocated on the | ower nunmbered terminals of the selector
levels so that if a first selector finds an idle trunk in the |Iower nunbered termninals of
the level t will usually be one. of these direct access trunks. The direct access trunks
will therefore carry all the traffic during the light |oad of the day.

The remai ning 60% of the trunks fromselector |levels are cabled direct to the brushes of
rotary out trunk switches. Al trunks outgoing to the office in question, including the
direct access trunks, will be wired to the outgoing termnals of the RQOT.S During the
peak | oad periods of the day when the direct access trunks will no longer carry the traffic
the first selectors will choose trunks to the RO T.S.'s which will previously have chosen
an idle trunk to the distant office. This use of RQOT.S.'s results in a very considerabl e
reducti on of the nunber of outgoing trunks required.

4.6 Private Branch than T runkg

Busi ness houses requiring private branch exchanges or small switchboards for handling their
own private tel ephone business usually require a nunber of trunks from connector terninals.
Usual |y the connector termnals representing the trunks to various business houses will be
segregated into one or nore 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 nust be
arranged in sequence so that when the listed nunber is called, if the first trunk is busy
the connector will automatically hunt over other trunks to the same P.B. X on the sanme |evel
Since the calling rate to business house lines is usually higher than is normal for the rest
Pf the office, special size groups of connectors will usually be required to serve 100 such
i nes.

If less than 10 trunks are required to a given P.B. X several snmall groups of P.B.X trunks
may be placed on the same connector |level. The listed nunber will be dialed in each case
and the connector will step to the first trunk of a group under the influence of the dial
and hunt over only those trunks on the |evel associated with the particular |isted nunber.
If all trunks are busy, a circuit condition on the last termnal of the group causes the
connector to send back the busy signal in the usual manner. The only restriction is that
the trunks in a given group nust have consecutive tel ephone nunbers.

4000 GROUP OF “HUNDREDS”

GROUP OF SELECTORS
FROM THE
47 LEVEL OF

oM T X
ROV OF {
LECTORS LL %P.Egmsﬁ 20 Arrel CE ORIGINAL NCE
e i ol =l

TO THE 42%° T 49 ™
AND 40T CONNECTOR
“HUMNDREDS" GROUPS
EXCEPT ROTARY HUNTING
WITH PBX's OVER 10
BUT NOT OVER 30 LINES
EACH.

S =

4157 "MUNDREDS™ GROUP OF CONNECTORS -ROTARY HUNTING

ALl TO 410
4131 - 4130

The number listed in the directory for the F.B.X.
1s 4111, Calls for this number which eclear through
selector sub group 1 will terminate in the original
=npearance sub group of the commector group and L%IL}ZE&O%I?QT%;’:E% %naui
cannection will be made to one of lines 4111-4110, GROUP OF LINES OF 10 TRUNI
sgsuming all 10 are not busy, Calls clearing through EACH OR LESS. i
sub ;rdup 2 will termipate in the 2nd appearance
sub group of comnectors and will be connected to
one of *1ines 4121-4120, Likewise, calls clearing
through sub group 3 will termipate in lines
4131-4130,

NOTE - 30 LINES ranru{
SEE NOTE

Figure J - Multiple Slip Arrangement For Connector Groups Serving
PBX Groups Over 10 Terminals
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In the event that the number of trunks to a given private branch exchange exceeds ten,
various nethods have been devised to give equal access to all trunks from connector |evels.
Figure J illustrates one arrangenent whereby this is nade possible.

Assunming for purposes of illustration that the P.B. X 100 group is the forty-first hundred,
the bottomrow of termnals on the connector bank would normally be lines 4111 to 4110, the
lines on the second level 4121 to 4120 and on the third | evel 4131 to 4130. Assume al so
that all 30 of these connector termnals are required to serve a group of trunks to a pri-
vate branch exchange. The first group of connectors will have the first three |evels
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 4131 to 4130 on the third |evel.
The third group of connectors will have lines 4131 to 4130 on the first and third |l evels

with lines 4121 to 4120 on the second | evel.

The nunber that will be dialed to obtain any one of these trunks will be 4111. If this call
is to be conpleted through the first groulﬁ) of connectors, the particular connector will step
Uﬁ to the first level and will thereupon hunt over lines 4111 to 4110 for an idle trunk to
he P.B. X If a connector in the second group is used for the call, it will step up to the
first level and hunt over lines 4121 to 4120 and if a connector in the third group i s used,
it will hunt over the lines 4131 to 4130. In this nanner access is provided to each of the

trunks in the group of the private branch exchange.

A connector equipped to serve a |larger group of P.B. X trunks is known as a level huntin
connector. The trunks are connected to the various |evels consecutively. The |isted nunber;
is the first termnal on the first level. This type of connector will hunt conpletely over
the first level, restore to normal if there is noidle trunk on that |evel and then _b?/

means of a commutator and a "recording switch,” which is mounted on the connector, wil| step
to the second | evel and hunt over that. This is continued over the various levels until an
idle terminal is reached or until all trunks have been tested.

NOTE: Step-By-Step Dial System Panmphlet No. 37 is canceled and is replaced by
"Lesson No. 3 The Step-By-Step Dial Tel ephone Systenf and this section No. 7.

R E. RAHMVES

Engi neer of Installation
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