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AUTOMATIC ELECTRIC COMPANY is an organization of designing, engineering, and
manufacturing specialists in the fields of communication, electrical control and allied arts.
For more than fifty years the company has been known universally as the originator and
parent manufacturer of the Strowger Automatic Telephone System which today serves over
15% of the world’s antomatic telephones. The same experience and technique that have
grown out of the work of Automatic Electric technicians in the field of telephone commun-
ication are also being successfully applied on an ever-increasing scale to the solution of
electrical control problems in business and industry.

PRINCIPAL PRODUCTS

Strowger Automatic Telephone Systems—Com.
plete automatic central office equipment for ex-
change areas of any size, from small towns to the
largest metropolitan networks.

Community Automaiic Exchanges — Unattended
Strowger units for small rural or suburban areas,
with facilities for switching into attended ex-
changes.

Remote Control Toll Boards -An adaptation of
Strowger prineiples to toll switching, resulting in
simplification of operators’ equipment and greater

economy of operating and toll circuit time,

Private Automatic Exchanges — Available in

various capacities, with or without central office

connections, and with facilities for special control

services to meet the needs of the user.

Manual Telephone Switchboards — A complete
range of central battery and magneto types for
public and private exchange use.

Telephone Instruments — Modern designs for
automatic or manual exchanges, including the
Monophone—the world’s most atiractive and effi-
cient handset telephone.

Exchange Accessory Equipment — Auxiliary ex-
change and substation equipment, including
manual desks, testing apparatus, transmission
equipment, and all accessories meeded for the
operation and maintenance of the modern tele-
phone exchange.

Makers also of electrical control apparatus for industrial, engineering and public

utility companies, telephone apparatus for railroads and pipe line companies,

private telephone systems of all types, electrical and communication devices for

aircraft' and airways control, and special communication apparatus for military

and naval departments.
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LINE-FINDER SWITCHES

1, LINE EQUIPMENT

In every type of telephone system there must
be an electrical device associated with each
line to identify, or mark, the particular line
originating a call, In themagneto manusl system,
this apparatus is a drop; and in the common=-
battery manual system it is a line and cut-off
relay, the former controlling a lamp to attract
the operators attentionwhen a call is originated,

2, NOKN-NUMERICAL SWITCHES

In sarly Strowger practice, individual connec-
tors were employed for systems of 100 lines or
less, and individual selectors for systems over
100 1lines. In modern Strowger systems it has
been found more ecomomical, both from a view-
point of initial cost and maintenance, to pro=-
vide individual line egquipment of more simple
design and of relatively few functions, This
has been made possible by the introduction of
a so called "non-numerical" switching device
which serves to comnect a calling line with an
idle selector or connector as the case may be,
This non-~numerical switching device is termed a
"lineswitch" when it is individual to a telephone
line and serves "to extend the calling line to
an idle selector or connector,” (foreward se-
lection); and is termed a "line-finder" when it
is connected "tail-to-tail" with a selector or
connector and serves to "find the calling line,®
( backward selection},

3. LINESWITCHES

The most simple form of lineswitch is the "Rotary
Lineswitch" described in Bulletin 7806, it is
a single-motion (rotary) "non-numsricel® switch-
ing device; that is, its operation regquires no
digit in the call number ard no movement of the

dial.

A rotary lineswitch is associated with each
telephone live and, in operation, is independent
of all other lineswitches. This lineswiteh
automatically connects the associated telephone
line, at the time of the initiation of a call.
to an idle trunk terminating in a comnector
{100-line system) or a selector (in a larger

system).,

Another form of lineswitch is the "Plunger
Lineswitch® deseribed in Bulletin #805, This
lineswitch is a non-selecting mechanism which

at the time of the initiationof a call, auto-
matically connects the particular line with
which it is associated to a pre-selected trunk
leading to a connector or selector as the case
may be. A number of lineswitches are grouped
under the control of a single "Master Switeh?
‘and have access to a maximum of ten trunks,
It is the function of the common master switch
to preselect the next trunk to be used, and to
maintain ell idle plunger lineswitches "in front
of" the preselected trunk,

4, LINE-FINDER SWITCHES, GENERAL

The scheme of backward selection uses a "non-
numerical” switching device {termed a "line-
finder") which is associated with a trunk, to
seek the calling line and connect the trunk to
it,

The chief duties devolving upon a line-finder are,
toseek out from a group of linesthe subscriber's
line demanding service, and to connect to it a
trunk terminating in the first numerical switch
of the switch train. That is, it picks up the
calling subscriber's line. The selector {or
connector) at the forword end of the connecting
link, in response to the dial at the calling
station, extends the call in the usual manner
employed in establishing Strowger Automatic
connections.

A number of line-finders are grouped under the
control of a single "distributor"™ which pre-
selects the next line-finder to be used, This
device is sometimes spoken of as an "allotter,"
or as a distributor which "allots an idle finder
to the next succeeding call",

The principal economies realized through the
application of the line-finder lie in the sim-
plicity of the equipment directly associated
with each subscriber's line, Two relays com-
prise the equipment which is directly asso-
ciated with each subscriber's line, They are
comparable to those used in common-battery
manual systems, With respect to the line-find-
ing operations, the chief duties of the line
relays are to "mark" the bank position of the
line initiating the call and to cause the allotted
finder to bunt the calling line,

Immediately the finder bank is "marked,® by the
relay equipment associated with the calling line,
the allotted idle finder hunts until the calling
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2 LINE-FINDER SWITCHES

line is located, whereupon the finder connects
the associated first selector (or a connector in
some small) installations) to the calling line,
When the comnnection is thus extended, dial tone
is transmitteé to the calling line,

Simultanecusly with the switching through of the

calling line to the selector, a cut-off relay
associated with the calling line operates to
clear the line of attachments, and to disconnect
the common start circuit. When the common start
‘eireuit is freed, the distributor is caused to

allot another idle finder in reediness for the.

next originating call,

The non-numsrical switching device to be used
as & line-finder may take various forms, depend-
ing upon the size of the system and type of
equipment to be used, The operation of a 25-
point rotary switch line-finder is described in
"Type 32421 P,A.X.," Bulletin #345; while the
operation of a 200-1ine "all relay" line-finder
is described in "Type 36A24 Rotor Relay C.A.X.,"
Bulletin #672.

5« THE 100-LINE STROWGER LINE-FINDER

In the following discussion it will be assumed
that the reader has a working knowledge of the
‘Strowger switch mechanism and bank, such as may
be secured by & reading of Bulletin #546.

The Strowger switch, with its ten vertical and
ten rotary steps, makes an ideal 100-point finder,
Assume a group of 100-lines each having its own
individusl line equipment together with proper
facilities for "marking" (1) the vertical level
and (2) the contact within the level; it follows
then that the Strowger switch can "find" any
calling line within the group by searching over
not more than ten vertical steps followed by a
search over not more than ten rotary steps.

To complete the picture, let it be further as-
sumed that each of the one hundred line equip-
ments is multipled thru out the banks of ten
Strowger finder-switches; that each finder-
switeh is tied tail-to-tailwith a firstselector;
and that 2 single distributor, common to the
group of finder-switches, is found to "allot®
the next finder to be used.

6, THE 200-LINE STROWGER LINE-FINDER

Let us now visualize a Strowger line-finder
awiteh which retains the customary temn vertical
levels but, when rotating, searches over twenty
lines; that is, two lines are tested on each of
the ten rotary steps.

equipments, 20-finder-selector links and two
distributors. eas!
hereinafter the 20 finders are divided into two
groups of 10 finders, designated groups "AM and

We now have a 200-point
finder; and the system will comsist of 200-line

Due to traffic reasons explained

#Bn, Each group is controlled by & distributor,

6.1 Preferential Hunting

Each 200-point finder bank assembly comprises

three 200-contact banks and therefore accom=-

modates 200 subscribers! lines, having three

conductors each. On the bottom bank are term-
inated the = and + line conductors of an todd?
bundred lines; on the middle bank are terminated

the ~ and + line conductors of an "even'" hundred

lines, and the top bank contains the 200 control

leads associated with these lines, The lower

contacts of each level of the control bank are
associated with the line terminated in the lower

line bank; and the upper contacts, with the lines

terminated in the upper line bank, This arrange=-
ment illustrates the actugl (or "numericalf)

grouping of subscribers'! lines,

Many students have hed difficulty in distinguish-
ing the actual {or "numerical") grouping of the
subscribers' lines from the "theoretien grouping
of Mappearances® which makes "Preferential

Huntingh posaible,

For our next consideration let us disregard the
actual astructure of the finder-swiich bank, and
visualize merely a Strowger switch which has
sccess to a bank ten levels high with twenty
tgppearances® in each level,

We will now assume a theoretic ®AM group of
one hundred "sppsarances" (Figure 1) and also
a theoretic “B" group (Figure 2) of one hundred
flappearances,? each group being served by a
plurality of finder-selector links under the
control of an associated distributor.

The one hundred "AM Wappearances® occupy the
lower five levels in the banks cof the WAW group
of line-finders, and are normally served by
this group. The one hundred "B® Mappearances®
occupy the lower five levels in the banks of
the "B" group of line-finders, and are normally
gserved by this group. Attention is directed to
the fact that the levels appear in reverseorder,
for reasons which later will be apparent,

The one hundred MAW Yappearances® also occur
in reverse order of levels in the upper five
levels of the #BY group of line-finders; while
the one hundred "B" nappearances" occur in
regular order of levels in the upper five levels
of the "A" group of line finders,

Thus it will be seen that the "appearances,®
although arranged in groups of 200 on the banks
of the line=-finder, are served in 100 groups
under normal traffic conditions, each 100 group
having its individual allotment of line finders.
However, the 200 grouping is established when-
ever the traffic in a 100 group becomes abnormal
and its allotment of line~finders is momentarily
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LINE-FINDER SWITCHES

BE1L Bé2 BE3 BE} B&5 Bé6 BT BES BEY B0 L B2 BY3 B34 BY5 Y6 Y7 B9 BY9 BOO
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Bl B60
Bl B4O
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FIG, 1
THEORETIC APFEARANCES
IN BANK OF
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FiG. 2
THEORETIC APFEARANCES
IN BARK OF
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4 LINE-FINDER SWITCHES

inadequate. The line-finders of the associated
100 group are then assigned (by means of group
distributor equipment) to serve the two 100
groups until the traffic in the overloaded group

becomes normal,

The prime advantage of this arrangement of
“appearance” grouping is that the conduetors
of two asscciated 100 groups are so transposed
in the banks of the line-finders that the line-
finders of neither group are required normally
to hunt in the upper five levels. This results
in the establishment of a uniform and satis-
factory minimum hunting time, reduces the prob-
ability of lines in the lower levels '"stealing"
a liha finder from lines in the upper levels te
a negligible factor in case of simultaneous
calls, and insures that service to the group
will continue even though one distributor should

fail,

We will now return to a consideration of the
actual (or "numerical") grouping of the lines
in the finder banks.

Referring to Figure 3, it will be observed that
the numbering scheme actually employed in the
finder
Strowger practice; i.e., "one step up, and one
step in® gives access to line 111, or line 211,
depending upon which hundred is wanted, and
likewise "ten steps up and ten steps in" gives
The banks of
the "A" group of line-finders are multipled

banks of group #A" follows standard

access to line 100 or line 200.

straight; that is, the contacts of one bank
are connected to contacts which occupy the same
relative position in the next corresponding
bank.

The banks of the "B" group of line-Tinders ars
also multipled straight, but it is to be noted
that a vertical level reversal is made in the
bank multiple between the two groups; thus one
step up, and one step in" gives access to line
101, or line 201, depending upon which hundred
is wanted, and likewise "ten steps up, and ten
steps in" gives access to line 110 or line 210.

The C leads of lines in the odd hundred group
appear on the lower contacts of the control
banks, and the C leads of the even hundred lines
The C leads also
undergo a level reversal between finder groups
{although those of the odd hundred lines remain
on the lower contacts and those of the even hun-

appear on the upper contacts.

dred remain on the upper contacts).

It now becomes apparent that the "A" grouping
and "B" grouping of ‘“appearances®" does not
correspond with the actual {or "numericaln)
grouping; i.e., the 100 line group, and the
200 line group. In a previous paragraph it
was sald that the "A" group of finders normally
served the 1CO "appearances" occupying the lower
five levels in its banks; from a study of Figure
3 it will be apparent that the "A" group of
tappearances" comprises fifty lines of the 100
numerical group (111-110, 121-120, 131-130, 141-
140, and 151-150) and fifty lines of the 200
numerical group (211-210, 221-220, 231-230, 241-

240, and 251-250).

The "Bt group of Mappearancest will be found to
comprise fifty lines of the 10C numerical group
{101-100, 191-130, 181-180, 171-170 and 161-160)
ard fifty lines of the 200 numerical group (201-
200, 291-290, 281-280, 271-270, and 261-260),
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6.2 Fundamental Principle

The fundamental principle of the 200-line find-
er is illustrated in Figure 4. "A® and #Bv
groups of finders are shown, with the numerical
groups of lines {odd and even hundreds) divid-
ed into the "A" and "B" groups preferentislly
served by the two finder groups, ZXach line and
each C lead shown represents fifty such leads,
and each bank level shown represents five bank
levels,

Thus, in Group "A", lines 111-150 appear on the
lower five levels of the lower line bank, and
lines 211-250 appear on the lower five levels
of the upper line bank. In Group "B," lines
161-200 appear on the lower five levels of the
lower line bank, and lines 261-200 appear on
the lower five levels of the upper line bank
(with 101-100 and 201-200 on the first levels).
Because of level reversal between finder groups,
-each guch set of lines in one findsr group ap-
pears {in reverse order) in the other finder
group on the upper five levels of banks for
lines of the same hundred, Appearances of C
leads are similar and are likewise reversed,

Thus, all 200 lines and C leads appear in the
banks of each finder group. Normally, each
group hunts thru only five levels, but if all
finders in one group are busy, those of the
other group will hunt thru all ten levels,

Two relays comprise the equipment which is
directly associated with each subscriber's line,
They are comparable to those used in common-
battery menual systems, With respect to the
line~-finding operations, the chief duties of
the line relays are to "mark" the bank position
of the line initiating the call, to causs the
allotted fipnder to hunt the e¢alling line,

For economy, each group of finders is operated
under control of relays common to the group.
This is possible because the finders of each
group operate one at a time.

Likewise associated with each line-finder group
is a distributor which assigns the primary
trunks successively to the originating calls.
This distributor acts as a preselector, by al-
lotting, after a call is picked up, an idle
finder to the next succeeding call.

Immediately the finder banks are "marked," by
the relay equipment associated with the calling
line, a relay of the common relay group causes
the allotted idle finder to hunt first verti-
cally, and then horizontally until the calling
line is located, whereupon the finder connects
the associated first selector {or a comnector in
some small installations) to the calling line,
When this switch is seized, dial tone is trans-
mitted to the calling line,

Simultanscusly with the switching through of the
calling line to the trunk, a cut-off relay asso-~
ciated with the calling line operates to clear
the line of attachments, and to disconnect the
common start circuit, Wwhen the common relay
group 1is freed, the distributor is caused to
allot asnother idle finder of the group in read-
iness for the next originating call.

The rotary position of the calling line is mark-
ed by the line relay's placing 1200w battery on
the individual C lead and its contact in the
control banks, The level where the calling line
appears is marked by the line relay's placing
ground on the "level start common®" lead (L. S.
C.) connected directly to the proper vertical
bank contact, (Vertical bank contacts are mul-
tipled straight from switch to switch within a
group and undergo level reversal between groups,)
Thus all 20 lines on a given lsvel of both lower
and upper line banks mark the same level in the
banks, over the same L, S. C. lsad,

For example, any of the 20 lines 121-120 and
221-220 can, over L, S, C. 2, mark Level 2 in
the "A" group of finders and Level 9 in the nB#
group., As all one hundred lines {111-150 and
211-250) must be able to start a Group MA# find-
er, L. S, C, leads 1-5, after passing thru 2000w
resistors, are commoned to form Start Lead WA M
Similarly, the one bundred lines in Group “B¢
prlace direct ground on one of the five L. S. C.
leads 6~0, and these five leads likewise pass
thru 2000w resistors and are commoned to form
Start Lead "B," for the 7B" group of finders,

Direct ground on the vertical banka is requir-
ed to stop vertical hunting, while the high-
resistance ground on Start Lead "AY or "BW is
sufficient to start s finder. (The high-resist-
ance ground placed by branch circuits on other
vertical bank contacts will not stop vertical
hunting.

6.3 Mechanical Arrangement

In the foregeing discussion of fundamental
principles, the components of the 200-line
finder were introduced; namely the '"line re-
lays,? the "line-finders," the group "distrib=-
utor,"” and the Wgroup relays." These four
components operate in conjunction with each
other, without action on the part of the calling
subseriber other than the removal of the re-
ceiver from the hook-switch, Each component has
certain definite functions to perform in the
operation of the system as a whole. A brief
description of their mechanical arrangement
should be of material assistence in understand-
ing the functions devolving on each of them,
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Fig. S.

6,31 Line Relays

Agsociated with each line are a "line" and a
Teut-of " relay. Figure 5 shows combined line
and cut-off relays (thrée-winding relays that
perform the functions of the more usual two
relays), When message rate service is rendered,
a message register, or meter, is associated
with lines requiring this service.

6.32 Line-Finder

The line-finder proper is a two-motion Strowgsr
switch, quite similar in appearance to the more
familiar selsctor commonly employed in Strowger
systems, A view of a typical 200-line finder is
shoan in Figure 6., It comprises a group of re-
lays mounted on & base upon which also is mount-
ed a frame supporting a shaft and a ratchet
mechanism for raising and rotating ths shaft,
Affixed to the lower end of the shaft are four
sets of wipers (one single-conductor and three
two-conductor), termed the “vertical," "lower
line," Wupper line," and ®control" wipers,

The vertical and rotary stepping magnets, and
the magnet which releases the ratchet mechanism
and permits the shaft to return to normsl when
the comnection is released, are mounted within
the switch frame,

Combined "Line™ and "Cut-off™ Relays,

The line-finder is a non-numerical switch; that
is, both its vertical and rotary {stepping)
motions are automatic, The number of vertical
steps the shaft and wiper rise, depends on the
"marking® of the vertical bank, or commutator,
The number of rotary steps the shaft takes to
the right, depends on the position of the marked
control bank contact in that level.

A vertical interrupter circuit causes thevertical
megnet {through its armature and pawl engaging &
ratehet known ss the "vertical hub") to elevate
the shaft step-by-step to the "marked" level,
Immediately the vertical stepping is completed,
a rotary interrupter circuit causes the rotary
nagnet to rotate the shaft automatically until
the marked control bank contact is engeged by
the wipers, The automatic rotery motion is
transmitted to the shaft by means of the rotary-
armature pawl engaging a ratchet known as the
“rotary hub,"

These motions cause the thres sets of two-con-
ductor wipers to engage contacts of a semi-
cylindrical bank, Referring to Figure 6, it
will be observed that the bank contacts are
arranged in three groups; the uppermost of the
three is termed the M"control bank®; the middle
bank, the "upper line bank"; and the lower ome,
the "lower line bank," The multiple arrangement
of these banks was deseribed in Seetion 6.1,
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To the right of the semi-cylindrical banks is
the vertical bank, or commutator, comprising
a gingle row of contacts, This vertieal bank,
and the associated wiper, enables the finder to
locate the level of the line initiating a call,
without the necessity of testing the individual
bank contacts of the lower levels. The upper

ten vertical bank contacts correspond to the

ten levels of the semi-cylindrieal banks, and
the bottom contact is a normal position for the
wiper, While the shaft is being stepped verti-
cally, the vertical wiper engages the commutator
bank contacts, At the first rotary step, the
vertical wiper disengages from the bank.

The release of the shaft is accomplished by means
of a release magnet which, when energized,
operates the "release" armature, This armature

HG. 6.
TYPICAL 200- LINE FINDER SWITCH

striking a projection of the double~dog, dis=
engages both the vertical dog and the rotary
dog from their ratchets, This permits the
restoring spring to return the shaft in a coun-
terclockwise direction to disengage the wipers
from the bank contacts, The shaft hub is then
freed from the stationary dog, whersupon the
shaft drops to normal,

6,33 Group Relays

Each group of line-finders has a set of fgroup
relays" associated with it., It comprises a
number of control relays mounted on a baseplate
equipped with a multi-contact jack,

These relays control the actions of the finders,
and cause the distributor to operate and allot
the next idle finder after a callhas been picked
up by the finder previously allotted., They also
cause an alarm to be given in case of faulty
operation,

6.34 Distributor

The distributor may be considered an adjunct
to the group relays, since it connects these
relays successively to the finders of the group.
As previously mentioned, an idle finder is pre-
allotted by the group distributor,

The distributor is a rotary switch mechanism
employing a semi-cylindrical bank which has six
levels of twenty-five contacts each, A pair of
double-snded wipers rotates over each level
of contacts, The wipers are engaged with the
bank at all times; that is, when one end of the
wipers is leaving position twenty-five, the
other end is approaching position one, By
rotating through a half circle, the wirpers
successively step over all twenty-five sets
of contacts,

The driving mechanism comprises a ratchet wheel,
mounted on the wiper shaft, which is engaged by
a pewl pivoted to the armature of & motor magnet.
When the motor magnet is energized, the pawl is
withdrawn from the ratchet wheel so that it can
engage the next tooth when the motor magnet is
de-energized., A retractile spring, tensioned
against the motor-mesgnet armature, causes the
pawl to engage the ratchet tooth and step the
wipers to the next position as the motor magnet
releases, -

6.4 Functions

The major functions of the various elements of
200-1line finder are outlined in the order in
which they occur, Some of these functions,
however, will involve several elements,
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6.41 Line Relays

6,411 Outgoing Calls

On outgoing calls the functions of the line
relays are: )

{(a} To mark the level in the commutator banks.
(b} To mark the line in the control banks,

(e} To cause the group relays to operate the
allotted finder,

(d) To free the line of attachments when the
finder seizes it,

6,412 1Incoming Calls

The only function of the line relays on ine
coming calls is:

(a) To free the line of attachments,
6.42 Line-finder
(a) To elevate the wipers to the marked level,

(b} To rotate the wipers onto the terminals of
the calling line,

(¢) To determine which of two lines is demand-
ing service,

{d) To connect the associated trunk to the
calling line.

(e) To cause the cut-off relay of the calling
line to operate and clear the line of
attachments.

(f) To busy the calling line at the comnector
bank,

(g) To edvance the group distributor,
(R) To release at the termination of the call,
6.43 Group Relays

{(a) To seize the allotted finder at the initi-
ation of a call,

(b) To provide a pulsing circuit for the verti-
cal magnet of the finder.

{e) To stop vertical stepping of the finder when
the vertical wiper engages the marked com=-
mutator contact corresponding to the level
ip whieh the calling line appears.

(d) To provide a pulsing circuit for the rotary
magnet of the finder,

(e) To cause the distributor to disengage from
the finder when the calling line is seized.

{(f} To advance the distributor to the next idle
finder,

{(g) To transfer the stert lead to the adjacent
group of finders in case of faulty operation.

(h) To signal an attendant if an associated
finder fails to release,

6,44 Distributor

{a) To connect the group relays to any one of
the finders of the group.

(b} To disengage from the allotted line-finder
when the calling line is seized, and allot
the next idle finder of the group.

7. CIRCUIT OPERATION OF THE 200-LINE STROWGER
LINE-FINDER .

Illustration "AM, which is inserted at the rear
of this bulletin, shows in schematic form, a
typieal eircuit of the 200-line-finder unit,
The circuits of the line relays, line-finder,
group relays, and distributor are shown in
duplicate, This is done in order that the cir-
cuit connections between the groups, and to the
common signaslling equipment may be more readily
traced, However, it is to be understood that the
circuit operations for the components of group "B
are identical to those of group "A". In the
eircuit deseription, however, only one circuit
group generally need be considered, '

The line equipment in a finder system usually
consists of two relays, a "line" and a "cut-off®
relay. Under certain circumstances a single
relay circuit is used, the one relay combining
both the line and cut off functions. (See Fig. 5).
Under still other circumstances a three relay
circuit may be used, the relays being "line,?
feut-off" and "lock out," (See Fig. 7). The
following descriptioncovers a threse relay circuit
because, if the reader understands the more
complicated ecircuit, the operation of the other
two will be self evident.

8, DETAILED DESCRIPTION

8.1 General

The finders in this system are divided into two
groups, each having distributor and group relays,

Normally the group relays and distributor of
each group allot the finders of their associated
group to handle the calls of that group, How-
ever, in case trouble occurs in the group or all
the finders are busy in that group, the associated
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group relays will transfer the call or calls to
the other group.

In Illugtration "A," the lines, C leads apd bank
levels are symbolized as in Figure 4 {see Sec.
6.2 for explanation). Only one line equipment
is seen in each group, but all lines have iden~
tical equipment, This circuit also shows (as
Figure 4 does not) how leads from twenty line
relays are multipled to make one L. S, G, lead.

In the following explanaticn, group "A" will be
considered entirely, the operation of group "B
being exactly the same, Note that the line
finder is designated "Line Finder (Fig, 5)"; the
distributer as "Distributor (Fig. U4}"; and the
group relsys as "Group Relays (Fig. 3)." 1In
the following explanation "Relay B5" will re-
fer to the line finder relay while “Relay E3"
will refer to the group relasy bearing that let-
ter, '

g.2 Selzure

When thae calling subseriber closes the loop,
relsy L is energized and makes the line busy for
incoming calls; prepares the stopping circuit
for the finder; grounds the start lead; snd marks
the vertical bank contact corresponding tc the
level to which the ecalling line is connected,
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o FIG. 7.
"Line", "Cut-off* end "Lock-out" Relays.

8,5 Start

RelayC3 operates; closes circuit to P3 in series
with motor magnet; and grounds ST. SIG. lead
thru lamp, '

Relay P3 operates (but not the motor magnet};
grounds the F, ST, lead; prepares its locking
circuit; connects the guard lead to the motor
magnet; prepares the circuit to the finder VERT
lead; prepares the circuit to the TEST-1 lead;
cleoses circuit to B3; and maintains N3 operated.

Relay B3 operates and closes circuit toH3 (S.0.).

H? operates and locks; provides locking ground
for P3; places ground on the Grd, 5-1AN lead;
¢loses #1 winding of ¥3 and energizes the 500w
biaging windings of J3 and K3 in series. (J3
and K3 do not operate but will do so very rapid-"-
1y when the other winding is energized.)

Relay F3 operates and locks to the F, STy lead;
provides multiple ground to F3; opens the circuit
to B3; and conmnects ground to #1 windings of J3
and K3.

Relay B3 releases, but its weighted armature
intermittently energizes H3 for a period, thus

preventing the release of slow-release H3j.

Relay B operates from ground on F. 3T, lead;
closes the circult to the VERT, MAGNET; prepares
a eircuit to the ROT. MAGNET; places ground on
the ¢ lead; removes ground from the A,T.B. GRD.

- lesd; c¢loses TEST-2 lead; and places 500w aeross

the "+% and "=" lines to seize the associated
selector, which returns ground on the C lead,

g.4 Vertical Movement

The VERT, MAGNET operates; elevates shaft; closes
its interrupter springs, The shaft movement
releases the VON springs (which are operated
when the switch is at normal).

Relay A% follows the INT pulses, and, when oper-
ated, breaks the circuit to the vertical magnet,
This action continues until the vertical wipers
reach the level merked by ground. On this level,
after INT springs open, D3 operates its txw
contacts, due to ground on the verticsl wiper,
TEST=-1 lead, #1 winding of D3 to AJ. A3 is held
opersted eni therefors the circult to the verti-
cal magnet remains open,

Relay D3 operates fully thru its #2 winding;
transfers the circuit from VERT to ROT lead;
opens the initial eircuit of F3; connects TEST-1
lesd to #1 winding of K3; opems its #1 winding,
thus opening the circuit to A3,

Relay A3 releases; extends ground to the rotary
magnet . ‘ :
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8,5 Rotary Movement

The rotary megnet operates and closes its inter-
rupter contacts, )

Relay A3 operates from the ground on INT -lead
and breaks the.circuit to ROT magnet, This ac-
tion continues until one of the C wipers find
the contact marked by 1200w battery,

When the wipers reach the contacts to which the
subscriber'!s line is clonnected, the C2 or Cl
wiper, depending upon whether the subscriber's
line appears in the upper‘or lower bank, encount-
ers battery thru CO which closes the circuit te
the #1 winding of K3 or J3%, respectively, pro-
ducing a field which is in the same direction
as the field already produced by the #2 winding
of the same relay,

If the subseriber's line is on the upper bank,
K3 operates; opens the rotary magnet circuit;
and closes the cirecuit to relay A of the finder.

Relay A5 operates; connects the -, + and C trunks
to the upper bank; connects its winding to the C
trunk; places ground on the GUARD lead to make
the finder busy; opens the circuit to the winding
of D; opens the incomplete release circuit; and
opens the rotary circuit,

If the subseriber's line is on the lower bank,
J3 operates; opens the rotary magnet circuit;
and closes the circuit to relay D of the finder,

RelayDh operates; connects the -, + and C trunks
to the lower bank; connects its winding to the C
trunk; places ground on the GUARD lead to make
the finder busy; opems the circuit to the wind-
ing of A; opens the incomplete release circuit;
and opens the rotary circuit,

In case both Cl and C2 contacts of the same
rotary position have battery connected, both J3
and K3 relays will operate, but the K3 relay,
in operating, will open the circuit to relay D,
and thus the upper bank contacts will have fre-
ference in switching,

The circuit to the A and D relays is taken thru
the interrupter relay springs. This arrangement
prevents the switeh-thru operation taking place
until such time as the rotary magnet in the find-
or has restored.

Relay CO of the,line circuit operates; provides
a locking circuit through its "X" springs; Tre-
moves I and ground from the line; and closes the
eircuit to LO {deseribed in Sec, 12). After
the operating ground is removed by the group
relays, CO is held operated over the C lead by
ground from a succeeding switch.

Should the C~2 or C-1 wiper pass over a contact
on which positive booster-battery is present
{for operating a meter associated with that line
and contact) the #1 winding of K3 or J3 would be
energized, were it not for the fact that the
rectifiers in series with these relays offer
high resistance to current in such direction,

8,6 Distributor Selects Next Idle Finder

Ground on the GUARD lead closes the eircuit
to the distributor motor magnet over the MM
lead and short circuits P-3. The distributor
motor magnet operates; opens the circuit to
P-3; and prepares to step the wipers of the
distributor one step,.

Relay L of the line c¢ircuit restores and re-
moves ground from the start lead.

Relay C3 restores if no other call has been
originated in the group; opens part of the start-
ing circuit to P-3; and removes ground from
the ST. SIG. lead, ‘

Relay P-3 restores; removes ground from the
F, ST, lead; removes ground from winding #2
of F-3; transfers the GUARD lead to the MOT,
MAGNET interrupter springs; opens the circuit
to the MOT. MAGNET; opens its locking circuit;
removes the switching ground; removes ground
from H=3 through the vibrating armature springs
of B+<3; and removes ground from #2 winding of
D=3,

Relay D~3 restores; prepares the circuit for
P-3; and prepares the VERT, pulsing and TEST-1
eireuits,

Relay H~3 restores; opens f1 winding of F-3;
opens the biasing circuit of relays EK-3 and J-3;
prepares an incomplete circuit for E-3; and re-

moves ground from the Grd, 5-"A" lead. -

Relay F-3 restores; places ground on the start-
ing eirecuit of P-3; prepares the starting cir-
cuit of B-3; and removes ground from #1 windings
of J=3 and K-3,

Relay BS restores; opens the 500w shunt across
the line; places multiple ground on the GUARD
lead; and opens the VERT, ROT, TEST-2 leads.

The distributor motor megnet restores; advances
the wipers of the distributor to the contacts
agsociated with the next finder; extends the
GUARD lead to the distributor motor magnet; and
prepares the starting cireuit to P-3,

If the next finder is busy, one of the wipers
of the distributor encounters ground on ths
GUARD lead upon being advanced to the contacts
associated with the next finder, Ground on the
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GUARD lead closes the circuit over the DI lead,
through the distributor interrupter spring, to
the distributor motor magnet, &lso short cir-
cuiting the winding of P-3 to prevent its oper-
ation should C-3 operate due to another call
being made before the distributor has found a
free finder.

The distributor motor magnet operates; prepares
to advance the wipers of the distributor to the
next finder; and opens its own eircuit. The
distributor motor magnet restores and sdvances
the wipers to the succeeding finder, If this
finder is also busy, the circuit will again be
closed to the distributing motor magnet and the
above sequence followed,

When the idle finder is found by the distribu-
tor, the circuit is no longer closed to the dis-
tributor motor magnet and there is an zbsence of
ground on the winding of P-3 thus allowing it to
reoperate if there is another call,

Should there be more than one subscriber's line
relay helding ground on the START lead, C-3 will
remain operated and the sequence when one of the
lines is found ig the same as above,

8.7 Releasing

Upon completion of the eall, ground is removed
from the ¢ lead by & succesding switcl, where-
upon —-

Relay A5 or D5 restores; completes the cireuit

of the RLS magnet; and opens the ~-,+ end €
trumks,

Relay C0O of the line ¢ircuit restores and re-
connects L aceross the line,

The CN lead of the line c¢ircuit becomes un-
guarded and ready to receive incoming calls,

The release magnet operates in series with G«3,
Relay LO restores,

Relay G-3 operates; lights the RLS lamp and
gives alarm if the switeh does not restore af-
ter a certain interval, grounds the P C METER
lead, causing the operation of a meter (if used)
which records the total number of calls handled
by the associsted group of finders.

When the shaft -and wipers of the finder return

the @UARD lead, making this finder free to the
associated distributor and group relays; connect
g multiple ground to the ATB GRD lead; and
connect the ¢ lead to the GUARD lead. The
RLS megnet restores, G-3 restores and removes
ground from the RLS LAMP and FC METER leads.

9. GROUF RELAY CHANGE OVER

9.1 Failure in Vertical or Rotary Stepping

In case a call is originated and the finder
fails to reach its destination the call will
be transferred to the partner group.

Relay H~% has been held operated by the vibra-
ting contacts of B-3, Since the amplitude of

' this vibration is gradually decressing, H-3 will

finally release,

Relay H-3, upon restoring, closes #1 winding of
E-%; opens #2 winding of D=3 (if operated);
opens the #1 winding of F-3 and the biasing wind-
ings of J-3 and ¥K-3; removes a multiple ground
from F~3; and removes ground from the Grd, 5-1AH
lead,

Relay D-3 releases {if operated}.

Relay E-3 operates; closes its locking circuit
to the ATB GRD lead of the partner group; re-
moves the ATB GRD lead from N-3; removes N-3
relay from the partner group; short circuits
P-%; and grounds the MOT, MAGMET.

Relay P=3 restores; opens the circuit to re-
1ay B-3; opens the circuit to #2 winding of
F-3%; ppens the circuit te N-3; opens the cir-
cuit to # winding of E-3; and transfers the
GUARD lead to the MOT MAGNET interrupter springs,

Relay F~3 restores and prepsres ground for P-3.

Relay N-3 restores; opens the circuit of C-3;
opens the circuit of the MOT MAGNET; closes the
ATB chain; transfers the start circuit to the
pertner group; and opens the eircuit of the Grd.
5-1B# level, removing ground from this lead to
allow & group "Bf finder to search above level
B for a line in the WA' group.

Relay C-3 restores; opens the start circuit of
P-%; and removes ground from the ST. SIG. lead.

Relay B-5 restores; the RLS magnet operates and
releases the finder; the MOT MAGNET steps on
and opens its interrupter springs. Locking the
F-3 relay under control of the P-3 relay insures
that the proper length of kick-cff pulse is sent
to the MOT MAGNET.

Relay E-3 is held operated until all finders
are busy in the other group or until the other
group transfers as explained above or until
manually released by momentarily operating the
busy key of either group. In case all trunks
are busy in the other group, E-3 will release
after He«3 is opened and N-3 on re-cperating
transfers the ¢all to the next finder in the
same group, N-3 on restoring transfers the
start circuit,
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9.2 The Finder Fails to Find
the Subscriber's Line

During the rotary searching of the finder, should
the finder fail to encounter battery through the
subscriber's bridge cut-off relay on the C-1 and
C-2 wiper, the shaft and wipers would be rotated
to the eleventh position, When the wipers reach
the eleventh rotary position, the CAM SPRINGS
operate and place ground on the GUARD lead,
‘closing the circuit to the distributor motor
magnet, which in turn advances the distributor
wipers to the contact of the next finder, P-3
releases, its circuit-being opened by the MOT
MAGNET interrupter springs.

During the vertical searching of the finder,
should the finder fail to find ground on the
level on which the calling line sppears, it
will reise its shaft and wipers to the fifth
‘level, Since this level is grounded from a
make contact of H-3 through the contacts of
N=3 of Group "BW, the finder will cut in on
this level, rotate to the eleventh rotary posi-
tion, and release, as described in the para-
graph above,

9.3 All Finders Busy in a Group

When all the finders in a group are busy, ground
is removed from the ATB GRD lead of that group
when P-3. restores after the last free finder in
the group has completed its operation. N-3
restores; iransfers the start cireuit from C-3
of that group to the corresponding relay in the
other group; opens the circuit to P=3; closes
the ATB CHAIN lead within that group; and opens
the circuit of the Grd. 5-"B" to level 5 of the
vertical banks of the Group "BW finders, (The
operation of the other group from here on is the
same as explained above.)

10, TESTING

To test the group of finders controlled by this
eircuit a connection is made between springs
#1 and #2 of the test jack. Ground on test
spring #2 is thereby extended to the start cir-
cuit, As explained, this circuit finds an idle
finder and causes it to search over the vertical
bank, When the shaft and wipers of the finder
reach the fifth vertical contact (unless the
finder wipers have encountered a line making a
legitimate call while searching over the verti-
cal bank), ground ordinarily connected to this
contact causes the finder to rotate the shafrt
and wipers over the centacts of the fifth level,
Under control of ita CAM SPRINGS {unless the
finder wipers encounter a line making a legiti-
mate call while searching over the fifth level),
the finder releases after searching over the
level and causes the distributor to connect this
circuit to the next idle finder, The next idle
finder is likewise caused to search over its

fifth level and release., This ac¢tion continues
as long as the springs #1 and #2 of the test
jack are connected, A finder coming up on a
legitimate call will search for that call and
when it has completed its operation, the dis-
tributor will start the next idie finder which
will follow the above sequence,

Springs #3 and #} of the test jack are connected
to a test line and when a short is placed across
these springs, the finder which has been allctied
by the distributor will seize this line, and
the distributor will step to the next idle find=-
er, Removing the short between springs #3 and
# allows the finder to release.

Each finder is provided with a BANK test jack
which permits determining whether an operated
finder is connected to a line in its upper bank,
or its lower bank, If the lower bank is in use,
D is operated, and short circuiting the BANK test
Jack grounds the LEL lead, to light a LOWER BANK
lamp associated with the alarm lamps., If the
upper bank is in use, D is normal, and short-
circuiting the BANK test jack does not light
the LOWER BANK lamp.

11, CALLS TO THE SUBSCRIBER'S LINE

When a call is made to the subscriber's line,
the connector associated with the dialing line
tests the dialed line over the CN lead, '

If the dialed line is busy, ground on the O lead
from the succeeding switch in the train causes
the connettor to give the dialing-party busy
tone,

If the dialed line is free, ground through a
winding of the "cut thru" relay of the connector
over the CN lead, closes the circuit to the
winding of CO,

Relay CO operates; .places ground on the C. con=

tact in the finder bemks to meke the dialed line
busy; clears the line of attachments, preparing
the circuilt for ringing the dialed station.

12, LOCKING OUT A "PERMANENT" LINE

The line lockout Seature is =z means of locking
out a line when a "permanent® occurs on the line,
It also provides means to permit the release of
the switch train on a reverting call and supply
transmission battery to the calling and called
party. This feature can only be provided if the
entire exchange is equipped with the line lock=-
out relays, The operation in both cases will
be the same,

When a call is made or if a permanent occurs on
the line, relays L and CO will operate as ex-
plained previously. Relay LO operates when CO
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-

operates; opens the operating circult to CO;
prepares 1ts own holding cireuit to the springs
of L; prepares the circuit to the PERM IAMP sig-
nal; and opens the incomplete start circuit to
the finders,

After the distributor has stepped to the next
finder, the only ground holding CO operated is
that received over the C lead from a succeed-
ing switch, When this ground is removed by a
succeeding circuit, CO releases; connects L to
the line loop; opens its locking circuit; and
closes the PERM LAMP lead to complets an alarm
circuit., If there is a permanent on the line,
or if either cslled or calling party bhas lifted
his receiver after reverting ringing, the loop
circuit will be closed to L. L operates; closes
the holding circuit to slow-relesse L0O; and
grounds the CN lead to meke this line busy in
the connector banks, LO remains operated and
keeps the L. S. C. open to prevent this line
from starting a finder.

When the short is removed from the line, letting
L restore, L0 releases and the equipment returns
to normel.

13. BUSY KEYS
The BUSY KEY on the finder when operated trans-
fers the GUARD lead from the C lead to ground

WWL:AV
Rev,:5-47

thereby making this switch busy; and removes
a multiplé grournd from the ATB chain associated
with that group of finders,

The BUSY KEY in that group relay circuit when
operated, opens the circuit to N-3, which upon
restoring transfers the calls to the other group
and opens the locking circuit to E-3.

4. SPARE SUPPRESSION

The non-inductive windings of the release mag-
net of the finder prevent excessive sparking at
the VON springs when they open the release cir-
cuit, A condenser and a resistance in series,
connected between ground and a contact of D-3
prevent excessive sparking at contacts of A-3
during vertical pulsing of the finders, The
non=inductive winding of A-3 prevelits excesaive
sparking at the interrupter spring contacts of
the vertical and rotary maegnets of the finder
during vertical and rotary pulsing. The con-
denser and resistance in series, connected be-
tween ground and a terminal of the distributor
motor megnet, prevent excessive sparking at the
motor magnet interrupter springs. A condenser
in series with a resistance connected to a con-
tact of J-3 prevents excessive sparking at the
contacts of A-3 during the rotery pulsing of the
finder and at the springs of K-3 and J-3 when
they operate to seize the calling line,

PRINTED IN U. S. A. BY JOHN S. SWIFT CO., INC.--1M--6-47
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