


Factory and General OOices of Automatic Electric Company, Chicago, U. S. A. 

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 
75% of the world's automatic telephones. The same experience and technique that h ave 
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 
StrOiflger Automatic Telephone Sy.tem•-Com· 
plete automatic central office equipment for ex• 

change areas of any size, from small towns to the 
largest metropolitan networks. 

Community .4utomGtic E%chan1Jf!• - Unattended 

Strowger units for small rural or suburban areas, 
with facilities for switching into attended ex· 

chanl!!es. 

Remote Control Toll Board1-An adaptation of 
Strowger principles to toll switching, resultinl! in 

simplification of operators' equipment and greater 
economy of operating and toll circuit time. 

PriHie .4utonUJtie Eschan•e• -- Available in 
various capacities, with or w.iihout central office 

connections, and with facilities for special control 
sCJ:vices to meet the needs of tbe user. 

Manual Telephone Switchboards - A complete 
rimge of central battery and magneto types for 
public and private exchan,;e use. 

Telephone Instruments - Modern designs for 
automatic or manual exchanl!eB, including the 
Monophone-tbe world's most attractive and efli· 
cient handset telephone. 

Eschange Accessory Equipment - Auxiliary ex· 

change and substation equipment, including 
manual desks, testing apparatus, transmission 
equipment, and all accenories needed for the 
operation and maintenance of the modern tele· 
phone exchange. 

Makel'll also of electrical control apparatus for industrial, en•ineerin• and public 
utility companies, telephone apparatas for railroads and pipe line companies, 
private telephone systems of all types, electrical and communication devkes for 
aircnift•·and airways control, and special communication apparatus for military 

and na,aJ departments. 
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TYPICAL LINE - FINDER SHELF 

Line Equipment At Top -

"A" Finder Group In The Middle, Distributor 
At The Left, Group Relays At The Right -

"Bu Finder Group At The Bottom -



LINE-FINDER SWITCHES 

1. LINE EQ.Uli't1BNT 

In every type or telephone system there must 
be an electri cal device ~ssociated with each 
11ne to identify, or mark, the particular line 
or1g1nating ~ call. In the magneto III!Ulual system, 
this apparatus is a drop; and in the common­
battery manual system it is a line and cut-orr 
relay, the forMer controlling a lamp to attract 
the operators attention when a call is originated. 

In early Strowger practice, individual connec­
tors were employed for systems or 100 lines or 
leas, and individual selectors for systems over 
100 lines. In 1110dern Strowger ayst8l'UI it has 
been found more economical1 both from a view­
point or initial coat and maintenance, to pro­
vide individual line equipment or more simple 
design and of relatively raw functions. This 
has been made possible by the introduction ot 
a so ca.lled "non-numerical" switching device 
which serves to connect a calling line with an 
idle selector or connector as the case may be. 
This non-numerical switching device is termed a 
"11neaw1 tch" when it is individual to a telephone 
line and serTes "to extend the call1D8 line to 
an idle selector or connector, ~ (toreward se­
lection); and is termed a "line-tinder" whe~ it 
is connected ntail-to-tail•• with a selector or 
connector and serTes to "find the calling line, n 
(backward selection) . 

3. UNESWITCHES 

The most siJIUlle form or lineawi tch is the "Rotary 
Lineswitch" described in BulletiL J8o6, it is 
a single-motion (rotary) "non-numerical" sw1 tch­
ing device; that is, its operation requires no 
digit in the call number 8Ild no movement of the 
dial. 

A rotary lineswitch is associated with each 
telephone line 8.Dd, in operation, is independent 
ot all other lineswi tches. This 11neawitch 
automatically connects the associated telephone 
line, at the time ot the initiation or a call. 
to an idle trunk terminating in a connector 
(100-line system) or a selector (in a larger 
systea). 

Another ton ot lineswitch is the 11Plunger 
Lineswitohll described in Bulletin #8o5. This 
lineswitch is a non-selecting mechanism which 

at the time ot the initiation or 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 ot lineswitches are grouped 
under the control or a single "Y~ster Switch" 
'and have access to a maximum or ten trunks. 
It is the function or the common master switch 
to preselect the next trunk to be used, end to 
maintain ell idle plunger lineswitchea "in trent 
of" the preaelected trunk. 

4-. LINIS-FINDER sr.rrom:s, GJ!:NERAL 

The scheme or backward selection uses a "non­
numerical" switching ~evice (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-tinder are, 
to seek out from a group ot lines the subscriber's 
line demanding service, and to connect to it a 
trunk terminating in the first numerical switch 
of the switch train. 1bat is , it picks up the 
calling subscriber 's line. The selector (or 
connector) at the rorword end or 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 ot a single "distributor" which pre­
selects the next line-tinder to be used. This 
device is sometiJII.es spoken or as an "allotter," 
or as a distributor which "allots an idle tinder 
to the next succeeding cann. 

The principal economies realized through ~he 
application ot the line-tinder 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 1f1 th eaoh subscriber's line. They are 
comparable to those used i n co-on- batter,. 
JD!Ulue.l systems. With respect to the line-find­
ing operations, the chief duties ot the line 
relays are to "mark" the bank position of the 
line initiating the call and to cause the allotted 
finder to hunt the calling line. 

Immediately the tinder bank is "marked, 11 by the 
relay equipnent asaooiated with the calli.ng line, 
the allotted idle tinder hunts until the calling 
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line is located, whereupon the tinder connects 
the associated first selector (or a connector in 
some I!IMl.l installations) to the calling line. 
Whc the .connection is thus exteuded, dial tone 
is t1'8n81111tteci to the calling line. 

Silml taneouslr with the sw1 tching throUgh ot the 
oalling line to the selector, a cut-ott ..relay 
associated with the calling line operates to 
clear the line ot attachments, and to disconnect 
the c01111110n .start circuit. When the. common start · 
cirouit is fr.eed,· the dietdbutor is eauaeci to 
allot another idle tinder in readine8s for the 
next originating call. 

The non-nwa.erical swi tchin,g device to be used 
u a line-finder may take various roras, depetDd­
ing upon the size of the systea and type of 
equipaent to be used. The operation of a 25-
point rotar,y switch line-tinder is described in 
"'me 32A21 P.A.X.," Bullet~ #311-5; while the 
operation or a 200-line "all relart line-tinder 
ia described in •Type }6A24 Rotor Relay C.A.x.," 
Bulletin 1/672. 

5.. 'lEI loo-LINI S'.IB)WER I..INE-J'INI'IBR 

In the tolla~riil.g disowasion it will be assumed 
that the reader has a working knOifl.cige ot the 
Strowger switch achanism: and ·bank, such as may 

be secured by a ." reading ot Bulletin #546• 

The strowger switch, with its ten vertical ·and 
ten rotary ste:pe, ekee an id~l.OO-point tiDder. 
AaaUIU a group ot 100-lines each baTing its OlrD. 

iJicUvidual line equ1J1118nt together with proper 
tacUitiea tor •marld.ngll (1) the vertical level 
and (2) the contact within the lenl; it toll01r8 
then that the Strowger switch can "find" any 
callin8 line w1 thin the group by searching oorer 
not aore than ten vertical stepa -follow~ by a 
searoh over not more than ten rotary steps. 

To complete the picture, let it be further as­
sumecl that each of the one h1mdred line equip­
menta is multipled thru out the banks ot ten 
Strowger tinder-switches; that each tinder­
-a.Hctl fs tied ta11-t0:ta1l with. 8. -rrrat· sif.Ctor; 
and that a a.inale dis.tributor, CODdllOD to the 
group ot tinder-switches, is found to "allot" 
the next tinder to be used. 

6. 'mB 200-LID STROWGIR LINB-7INDIR 

Let us now visualize a Strowger line-finder 
switch which retains the c~tomary ten vertical 
levelw but, when rotating, searches OYer twenty 
lines; that is, two linea are tested on each or 
the ten rotary steps. lie now have. a 200-point 
tinder; and the s:yst• Will co.nsiat or 200-line 
equipments, 20-tinder-eelector links and two 
distributors. Due to traffic reasons a;ERlained . 
hereinafter the. ·20 t'Ind'ers a.r& ciivided. ·into two 
groups ot 10 finders, designated groups "A" and 

"Btl. Each group is controlled by a distributor. 

6.1 Preferential H'lmti.Dg 

Each 200-point tind~r bank assembly comprises 
three 200-oontact banks and therefore accom­
modates 200 subscribers• lines, having three 
conductors each. on the bottom bank are term­
inated the - and ~ line conductors or an noddll 
hl.lndred lines; on the middle baDic are termina~ed 
the - and + line CoDdUCtOrs or an It tWeDII hundred 
linea, and the top bank contains ·the 200 control 
leads associated with these lines. The lower 
contacts ot each level ot 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. 'lhis arrange­
ment illustrates the actu~ (or "nuaerical") 
grouping ot subscribers• lines. 

limy stUdentBluln bed difficulty 1n distingu.isli­
in8 the actual {or "numsrical" }· grouping ot the 
subscribers' lines tree the "theoretic" grouping 
of 11appearances11 which Jll8.kes "Preferential 
Hunting" possible. 

J'or our next consideration let us disregard the 
ac.tual structure ot the tinder-switch bank, and 
visualize· merely a Stl"owger switch which has 
access to a bank ten levels high with twenty 
•appearances" in each level. 

We wil1 now assume a theoretic *A" group or 
one hundred •appearances" (Figure 1) and also 
a theoretic nB• group {J'i.gure 2) ot one hundred 
•appearance~," each group being served by a 
plurality ot tinder-selector links under the 
control or an associated distributor. 

The one hundred "A" llappearancesn occupythe 
lower rive levels in the banks or the "A" group 
of line-finders, and are normally served by 
this group. The one hundred "BI' "appearances" 
occupy the lower five levels in the baalcs ot 
the "B" group ot line-finders, and are normally 
served by this group. Attention is directed to 
the tact that the levels appear in reverse order, 
for reasons which later will be _apparent. 

The one hundred "A" "appearances" also occur 
in reverse order or levels in the upper five 
levels ot the RBI! group or line-finders; while 
the one hundred "B" •appearances" occur in 
regular order ot levels in the upper five levels · 
or the "A" group ot line finders. 

Thus it will be seen that the •appearances, • 
although arranged in groups or 200 on the banks 
or the line-tinder, are served in 100 groups 
under normal trattio condi tiona~ each 100 group 
haviJJg its individual allotment of line tindars. 
However, the 200 grouping is established when­
fiVer the trattic in a 100 group beca~~.es abnormal 
and ita allotment or line-finders is moraentarily 
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inadequate. The line-finders of the asso~iated 

100 group are then assigned (by means of group 

distributor equipment) to serve the two 100 

groups until the traffic in the overloadeld group 

bee om&s normal. 

The prime advantage of this arrangement or 
~appearance~ grouping is that the conductors 

of two associated 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. 'Ihis results 

in the establishment of a uniform and satis­

factory minimum hunting time, reduces the prob­

ability of lines in the lower levels nstealingn 

a line finder from lines· in the upper levels to 
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 csmsideration or the 

actual (or "numerical") grouping or the lines 

in the finder banks. 

Referring to Figure 3, it will be observed that 

the numbering scheme actually employed in the 

find~r banks of group nAil follows standard 

strowger practice; i.~ •• none step up, and one 

step in" gives acces~ to line 111, or line 211, 

depending upon which hundred is wanted, and 

likewise nten steps up and ten steps in" gives 

access to line 100 or line 200. The banks of 

the nAn group of line-finders are multipled 

straight; that is, the contacts of one bank 

are connected to contaets which occupy the same 

relative position in the next corresponding 

bank. 

The banks of the "B" group of line-finders are 

also multipled straight, but it is to be noted 

that a vertical level reversal is made in the 

bank multiple between the t:wo groups; thus 11one 

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 tan 

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 

appear on the upper contacts. The C leads also 

undergo a level reversal between finder groups 

(alt~oUgh those of the odd hundred lines remain 

on the lower contacts and those of the even hun­

dred rem in on the upper contacts) • 

It now becomes apparent that the IIAII grouping 

and "B" grouping of "appearances" does not 

corresppnd •lfith the actual (or nnumericaln) 

grouping; i.e., the 100 line group, and the 

200 line group. In a previous paragraph it 

was said that the "A" group of finders normally 

served the lCO nappeerancesn occupying the lower 

five levels in its banks; from a study of Figure 

3 it will be apparent that the nAn group of 

"appearances" comprises fifty linea or the 100 

numerical groop (111-110, 121-120, 131-130, 1~1-

1~0, and 151-150) and fifty lines of the 200 

numerical group (211-210, 221--220, 231-230, 2~1-

2lt0, and 251-250) • 

Ihe usn group of nappearancesn will be found to 

comprise fifty lines of the 100 numerical group 

(101-100,. 191-190, lBl-lBo, 171-170 and 161-lbo) 

and ftlty lines of the 200 nUIIleriCal group (201-

200, 291-290, 2gl-2gO, 271-270, and 261-260). 
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6.2 Fundamental Principle 

The fundamental principle of the 200-ltne find­
er is illustrated in Figure 4-. nAn and :IBtr 
groups of finders are shown, with the numerical 
groups ot lines (odd and even hundreds) divid­
ed into the "A" and "B" groups preferentially 
served by the two tinder groups. Each line and 
each C lead shown represents fifty such leads, 
and each bank l&Vel shown represents five bank 
levels. 

Thus, in Group "A", lines lll-150 appear on the 
lower five levels or the lower line bank. and 
lines 211-250 appear on the lower five levels 
of the upper line bank. In Group liB, n 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 or level reversal between finder groups, 
each such set of lines in one finder group ap­
pears (in reverse order) in the other finder 
group on the upper five levels or 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 buay, 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 manual systems. With respect to th.e 
line-finding operations, the chief duties of 
the line relays a re to "mark" the bank position 
of the line initiating the call, to cause the 
allotted finder to hunt the calling line. 

For economy, each group or finder.s 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 
tinder to the next succeeding call. 

Immediately the tinder 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 ccmnector in 
some small installations) to the calling line. 
When this switch is seized, dial tone is trans­
mitted to the calling .line. 

Simultaneously with the switching .through of the 
calling line to the trunk, a cut-off relay asso­
ciated With the caJ:ling line operates to Clei;U' 
the line or attachments, and to disconnect the 
common start circ.uit. When the common relay 
group is treed, the distributor is caused to 
allot another idle finder or 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 batt~y 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 rtlevel start common" lead (L. s. 
c ~) connected directly to the proper vertical 
bank contact. (Vert.ical bank contacts are lllll­
tipled straight from switch t~ switch within a 
group aDi undergo level reversal. between groups. ) 
Thus all 20 lines on ~ given lfRel of both lower 
and upper line banks mark the S&Jile level in the 
ba.nlcs, over the same L. s. c. lead. 

For example, any of the 20 lines 121-120 and 
221-220 can, over L. s. c. 2, mark Level 2 in 
the IIA" gri)up of finders and tevel 9 in the nBII 
group. As all one hundred lines ( 111-150 and 
211-250) JIIUSt be able to start a ~up "A" find­
er, L. s. c. leads 1~, atter passing tbru 2Cl0Ch> 
resistors, are commoned to farm Start Lead "A•" 
Similarly, the one hundred lines in Group "B" 
place direct gound on one ot the five L. s. c. 
leads 6-o, and these five leads lik411"1Se pass 
thru 200Q.o resistors and are commoned to form 
Start Lead "B, n for the nBn grC)up of finders. 

Direct gound on the vertical banks is requi.r­
ed to stop vertical hunting, while the high­
resistance ground on Start Lead "A" or "B" is 
sufficient to start a 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 foregoing discussion of fundamental 
principles., the components of the 200-line 
finder were introduced; namely the ''line re­
lays," the "~ine-finders, '' the group "distrib­
utor." and the "group relays.n These tour 
components operate in conjunction with each 
other, without action on the part or the call~ 
subsc~iber other than the remo-..al or the re­
ceiver from the hook-switch. Each component bas 
certain definite functions to perform in the 
operation or the system as a whole. A briet 
description of their mechanical arrangement 
should be or material assistance in understand­
ing the :ftinctions devolving on each or thea. 



8 LINE-FINDER SWITCHES 

6.31 Line Balays 

Associated with each l.ine are a "line" and a 
"cut-off" relay. Figure 5 shows combined line. 
a:nd cut-off relays ( three...wim ing relays that 
perform the functions of the more usual two 
relays}. When message rate service is rendered, 
a messsge register, or meter, is associated 
with lines requiring this service. 

6.32 Line~inder 

The line-finder proper is a two~tion StrOitger 
switch, quite similar in appearance to the more 
t'8111111ar selector comonly employed in Strowger 
systems. A View of a typical 200-line tinier is 
sh.oan in Figure 6. It comprises a group of re­
lays mOunted on a ~e upon which also is mount­
ed a frame supporting a shaft and a ratchet 
mechanism tor raising and rotating the 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 
l.ine," "upper line," and "control" wipers. 

The vertical and rotary stepping magnets, and 
the magnet which releases the ra~het mechanism 
and permits. the shatt to return to normal when 
the connection is released, are mounted within 
the switch frame. 

The line-t'i.nder is a non-numerical switch; that 
is, both its vertical and -rotary (a~epping) 
motions are automatic. The number ot' vertical 
steps the shaft and wiper rise, depends on the 
ltmark:ing" ot' the vertical bank, or commutator. 
The number ot' rotary steps the shat't takes to 
the right, depends on the position ot' the marked 
control bank contact in tb&t level. 

A vertical interrupter circuit causes the vertical 
magnet (through its armature and pawl engaging a 
ratchet known as the "vertical hub") to elevate 
the shat't step-by-step to the "marked" level. 
Immecl1ately the vertical ateppi.Dg is completed, 
a rotary interrupter circuit causes the rotary 
magnet to rotate the shat't automatically until 
the marked control bank contact is engaged by 
the wipers. The automatic rotary motion is 
transmitted to the shat't by means ot the rotary­
armature pawl engaging a ratchet known as the 
• rotary hub." 

'nlese motions cause the three sets or two-con­
ductor wipers to engage contacts ot' a semi­
cylindrical bank. Ret'erring to Figure 6, it 
will be observed that the bank contacts are 
arranged in three groups; the uppermost of the 
three is termed the ncontrol banlcl1; the middle 
bank, the "upper line ban.kfl; and the lower one, 
the "lower line bank." 'nle multiple arrangement 
ot' these banks was described in Section 6.1. 



LINE-FINDER 

To the right or the semi-cylindrical banks is 
the vertical bank, or commutator, comprising 
a single row or contacts. This vertical 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-cylindrical 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 oo1111tutator 
bank contacts. At the first rotary step, the 
vertical wiper disengages from the bank. 

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

FIG. 6. 
TYPICAL 200- LINE J'INDER SWITCH 

SWITCHES 

striking a projection or 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 
treed from the stationary dog, whereupon the 
shaft drops to normal. 

6.33 Group Relays 

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

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

6.3~ Distributor 

The distributor may be considered an adjunct 
to the group relays, since it connects these 
relays successively to the finders of the group. 
AJJ previously mentioned, an idle finder is pre­
al1otted by the group distributor. 

The distributor is a rotary switch mechaniSIIl 
employing a semi-cylindrical bank which has six 
levels of' twenty-five contacts each. A pair of 
double-ended wipers rotates over each level 
of contacts. The wipers are engage4 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 wipers 
successively step over all twenty-five seta 
of' contacts. 

The driving mechanism comprises a ratchet wheel, 
mounted on the wiper shaft, which is engaged by 
a pawl pivoted to the armature of a 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 m&Snet is 
de-energized. A retractile spring, tensioned 
against the motor-magnet 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-line 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 tho line 
relays are : 

(a) To mark the level in the commutator banks. 

(b) To mark the line in the control banks. 

(c) To cause the group relays to operate the 
allotted finder. 

(d) To tree the line of attachments when the 
tinder seizes it. 

6.412 Incoming Calls 

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

(a) To tree the line of attachments. 

6.42 Line-tinder 

(a) To elnate the wipers to the .rmrked level. 

(b) To rotate the wipers onto the terminals ot 
the calling line. 

(c) To determine which of two lines is demand­
ing sen-ice. 

(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 
attach.Jnents. 

(f) To busy the Calling line at the connector 
bank. 

(g) To adnnco tho group distributor. 

(h) To release at the termination of the call. 

(a) To seize the allotted tinder at the ini ti­
ation of a can. 

(b) To provide a pulsing circuit tor the Terti­
cal megnet of the tinder. 

(c) To stop nrtical stepping ot the tiDder when 
the vertical wiper engages the marked com­
llltltator contact corresponding to the level 
in which the calling line appears. 

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

(e) To cause the distributor to disengage tram 
the tinder when the calliD,g line is seized. 

(t} To advance the distributor to the next idle 
tinder. 

(g) To transfer the start lead to the adjacent 
group of finders 1n 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 ot 
the finders of the group. 

( b) To dis engage 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-UNE STROWGm 
LINE-FINDER 

Illustration "A", which is ~erted at the rear 
ot this bulletin, shows in schematic form, a 
typical circuit or 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 grouJ>s, and to the 
common signalling equipnent 'IIIAY be more readily 
traced. Howner, it i s to be understood that the 
circuit operations tor the ccaponcmts of group "B" 
are identical to those or group "A". In the 
circuit description, 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 · ncut-otf" 
relay. Under certain circumstances a single 
relay circuit is .used, the one relay combining 
both the line and cut off functions. (See P'ig. 5) • 
Under still other circumstances a three relay · 
circuit may be used, the relays being "line," 
"cut-offll _and "lock out." (See Fig. 7). The 
tol101ting description oOYers a three relay circuit 
because, it the reader unnerstands the more 
complicated circuit, the operation or the other 
two will be selt ertdent. 

8. DErAILED D:&SCRIPI'ION 

8.1 General 

The fillders 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 ot their associated 
group to handle tho calls ot that group. How­
ever, in case trouble occurs in the group or all 
the finders e.re busy 1n that group, the associated 



LINE-FINDER SWITCHES 11 

group relays will transfer the call or caJ,ls to 
the other group. 

In Illustration "A•" the lines, C leads and 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~ does not) how leads .from twenty line 
relays are multipled to make one L. s. c. lead. 

In the following explanation, group "An 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 
distributor as ''Distributor (Fig. 4-) 11 ; and the 
group relays as nGroup ~elays (Fig.· 3)." In 
the following explanation "Relay B511 will re~ 
fer to the line finder relay while "Relay B3" 
will refer to the group relay bearing that let­
ter. 

8.2 Seizure 

When the calling subscriber closes the loop, 
relay L is energized and makes the line busy for 
incoming calls; prepares the stopping circuit 
for the finder; grounds the start lead; and marks 
the vertical bank contact corresponding to the 
level to~hich the calling line is connected. 

li'IGe 7 • 
"Line", •cut-ott" and •r.ock-out" Relays. 

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; 
closes oircui t to B3; and naintains N3 operated. 

RelayB3operates and closes cirouittoH3 (s.o.}. 

H3 operates and looks; pr0'1ides locking ground 
for P3; places ground on the Grd. 5-nAn lead; 
closes #1 winding of F3 and energizes the 500w 
biasing.windings of J3 and K3 in series. (J3 
and K3 do not operate but will do so very rapid- . 
ly when the -other winding is energized.) · 

Relay F3 operates and locks to the 1!'. ST., lead; 
provides multiple ground to P3; opens the circuit 
to B3; and connects ground to /11 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 H3. 

Relay B5 operates from ground on F. ST. lead; 
clos~~ the circui,t to the vmT. MAGNET; prepares 
a circuit to the ROT. MAGNET; places groUnd on 
the C lead; removes gro1md from the A.T.B. GRD. 
lead; closes TEST-2 lead; and places 500.0 across 
the "+" and "-" lines to seize the associated 
selector, which returns ground on the C lead. 

s.~ 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 A3 follows the INT pulses, and, when opar­
ated, breaks the circuit to the vertical magnet. 
This action continues until the vertical wipers 
reach the level marked by ground. On this level, 
a:t'ter INT springs open, D3 operates its "X" 
contacts, due to ground on the verti~al wiper, 
TEST-1 lead, /11 winding of D3 to A3. A3 is held 
operated and therefore the circuit to the verti­
cal magnet remains open. 

Relay D3 operates fully thru its /12 winding; 
transfers the circuit from VERT to ROT lead; 
opens the initial circuit of P3; connects TEST-1 
lead to Ill winding of K3; opens its #1 winding, 
thus opening the circuit to A3. 

Relay A3 releases; extends ground to the rotary 
magnet .. 
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g.5 Rotary Movement 

The rotary magnet operates and closes its inter­
rupter c~ntacts. 

Relay A3 operates from the ground on INT ~ead 
and breaks the .circuit to ROT magnet. This ac­
tion continues until one of the 0 wipers find 
the contact marked by 1200W battery. 

When the wipers reach je contacts to which the 
subscriber's line is connected, the C2 ·or Cl 
wiper, depending upon ether the subscriber's 
line appears in the uppei-\~r lower bank, encount­
ers battery thru CO whic~ .closes the circuit to 
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 subscriber's line is on the upper bank, 
K3 operates; opens the rotary magnet circuit; 
and closes the circuit to relay A of the finder. 

Relay A5 operates; connects the -, + a.a:l 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 wiDding 
of D; opens the incoiiiJ?lete release circuit; and 
opens the rotary circuit. 

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

RelayD5 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; opens the circuit to the wind­
ing of A; opens the incomplete release circuit; 
and opens the rotary circuit. 

In case both 01 and 02 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 pre­
ference in switching. 

The circuit to the A and D relays is taken thru 
the interrupter relay springs. This ar~ngement 
prevents the switch-thru operation taking place 
until such ti:ne as the rotary magnet in the find-
er has restored. · 

Relay CO of the, line circuit operates; provides 
a locking circuit through its "X" springs; re­
moves L and ground from the line; and closes the 
circuit to LO (described 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 iine 
and contact) the #1 winding at 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 circ.uit 
to the distributor motor magnet over the MM 
lead and ~hort 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 circuit restores and re­
moves ground from the start lead. 

Relay 03 restores if no other C!ill 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 
ot F-3; transfers the GUARD lead to the MOT. 
MAGNET interrupter springs; opens t~e circuit 
to the MOT. MAGNET; opens its locking circUit; 
removes the B1ri tching ground.; removes ground 
from H-3 through the vibrating armature springs 
ot B-3; and removes ground .from #2 winding o.f 
D-3. 

Relay D-3 restores.; pr.epa.l!es the circuit for 
P-3; and prepares the VERT. pulsing arid TEST~l 
circuits. 

Relay H-3 restores; opens #1 winding o.f F-3; 
opens the biasing circuit o.f relays K-3 and J'-3; 
prepares an incomplete circuit .for .E-3; and re­
mves ground from the Grd. 5-•A" lead. 

Relay F-3 restores; places ground on the start­
ing circuit o.f p:..3; prepares the starting cir­
cuit o.f B-3; and remoTes ground from #1 windings 
ot J -3 and K-3. 

Relay B5 restor~; opens the . 50QA> sh®t across 
the line; places multiple ground on the GUARD 
lead; and opens the VERT. ROT. TEST-2 leads. 

l'he distributor JQOtor magnet restores; advances 
the wipers ot the distributor to the contacts 
associated with the next finder; extends the 
GUARD lead ·to the distributor motor magnet; and 
prepares the starting circuit t;o P-3•· 

If the next finder is busy, one of the wipers 
of the distributor encounters ground on the 
GUARD lead upon being advanced to the contacts 
assOQiated with the next find~. 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, also 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 
tree tinder. 

The distributor motor magnet operates; prepares 
to advance the wipers of the distributor to the 
ne%t tinder; and opens its own circuit. The 
distributor motor magnet restores and 8Avances 
the wipers to the succeeding tinder. 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 absence 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 holding ground on the f5rl'Hr lead, C-3 will 
remain operated and the sequence when one of the 
lines is found is the same as above. 

8. 7 Releasing. 

U:pon completion of the call, ground is removed 
from the C lead by a JJUC'C'eeding switch, wb:ere­
upon --

Relay A5 or D2 restores; completes the circuit 
of' the RLS magnet; and opens tne -, + e.n:d e 
trunks. 

Relay CO of the line circuit restores and re­
connects L across the line. 

The CN lead of the line circuit becomes un­
guarded and ready to receive incoming calls. 

The release magnet operates in series with G-}. 

Relay LO restores. 

Relay G-3 operates; lights the RLS lamp and 
gives alarm if the switch 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 associated group of finders. 

When the sllat:t .and. w:.Lp.ers of the finder retum1 
to normal, the VON spriJl&S o,p.erat~i open the 
circuit to the RtS magnet; remove grQ\tml 1'rom 
the ·9U:ARD 'lead, making this finder free to the 
associated distributor and group relays; connect 
a multiple ground to the ATB GRD lead; and 
connect the C lead to the GUARD lead. The 
RLS magnet restor.es. G-} restores and removes 
groUDd from the RlS LAMP and FC MET:.ER leads. 

9. GROUP 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-3 has been held operated by the vibra­
ting contacts of B-). Since the amplitude of 
this vibration is gradually decreasing, H-3 will 
finally release. 

Relay H-3, upon restoring, closes #1 winding of 
E-3; opens #2 winding of D-3 (if operated); 
opens the #1 winding of F-3 and the biasing win:l­
ings of J-3 and K-3; removes a multiple ground 
from P-3; and removes ground from the Grd. 5-"A" 
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 ciroui ts 
P-3; and grounds the MOT. MAGNET. 

Relay P-3 restores; opens the circuit to re­
lay B-5; opens the circuit to #2 winding of 
F-3; opens the circuit to N-3; opens the cir­
cuit to #1 winding of E-3; and transfers the 
GUARD lead to the MOT MAGNET interrupter springs. 

Relay F-3 restores and prepares ground for P-3. 

Relay N-3 restores; opens the circuit of C-3; 
opens the circuit of the MOT MA.Gl'lE!'; closes the 
ATB chain; transfers the start circuit to the 
partner group; and opens the circ.uit of the Grd. 
5-11BII level, removing ground from this lead to 
allow a group IIB11 finder to search above level 
5 for a line in the "A" group. 

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

Relay B-5 restores; the RLS magnet operates and 
releases the finder; the MOT ¥~GNET 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-off pulse is sent 
to the Metr MAGNET. 

Relay E-3 is held operated until all finders 
are busy in the other group or until the othar 
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 H-3 is opened and N-3 on re-operating 
transfers the call 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 l'ind 
the- Subscriber's Line 

During the rotary s~ng or the tinder, should 
the finder tail to encounter ·battery through the 
subscriber's bridge dut-ot.t rela;r on the C-1 ·elld 
C-2 wiper, the shaft and wipers would· be rOtated 
to the eleventh position • . ·When the wipers reach 
the eleventh rotary posi t.ion, the CAM SPRINGS 
operate and place ground on the GUAliD lead, 
closing the circuit to the distributor motor 
magnet, which in turn ad~ances the distributo'r 
wipers to the contact of the next finder. P-3 
releases, its ciroui t~.iilg opened by the MOT 
MAGNET interru?ter springs. 

During the Yertical searching of the finder, 
sho~d . the tinder tail .to find -ground on tbe 
leYel on whiCh the calling line appears, it 
will raise ita shaft and :wiperS! to the fifth 
18\rel~ Since this level fs groUnded ·rrom a 
make contact of H-3 through the contacts of 
N-3 ot Group •Bn, the finder will cut in on 
this l6Vel, rotate t() the elennth rotary posi­
tion, and release, as described in the para­
graph above. 

9.3 All Finders Busy in a Group 

When··an the finders 1n a group are bws;y, ground 
is r•oved trom the ATB GRD lead or that group 
when P-3 restores . after the last t;ree .tinder in 
the group has completed its operation. N-3 
restores; transfers the start circuit troll! C-3 · 
o.t that group to the corresponding relay in the 
other group; opens the c_ircui t to P-3; closes 
the ATB CHAIN lead within that group; and opens 
the circuit of the Grd. 5-•BR to level 5 ot the 
vertical banks ot the Group •BR finders. (The 
operation ot the other group from here on is the 
same as e%plained above. ) 

10. TESTING 

To test the group of tindel,"s controlled by this 
circuit a connection is made between spriDSS 
#1 and #2 ot the test jack. Ground on teat 
spring #2 is thereby extended to the start cir­
cuit. Aa expl.ained, this circuit finds en idle 
tlnder and causes it to seeroh over tbe Yertical 
bank. When the shett and wipers ot the tinder 
reach the fi.tth vertical contact (unless the 
finder wipers have encountered a line · making a 
legitimate call while searching over the ~ert1-
cal bank), ground ordinarily connected to this 
contact cause• the finder to rotate the sha.tt 
and w1p8rs OVer the ContaCt$. Of the fifth level. 
Under controi o't its CAM SPRINGS (unless the 
finder w:t.pers encounter a line making a legl.ii­
mate call while searching over the 'ti.tth l6Vei) • 
the finder rel.eas.es atter ·searchi·ng oYer the 
).eYe! and _ca~ the distJ;>~bu~or to Comi~t thia 
circuit ~o the next idle tinder. 'lhe next idle 
finder is likewise caused to search oYer its 

fifth level and release. This aCtion continues 
as long as the springs #1 and #2 ot the test 
jl;lck are connected. A finder coming up on a 
legitimate call will search .for that. call and 
when it has coapleted its operation, the dis­
tributor will start the next idle tinder which 
Will follow the above sequence. 

S;Prings 113 and #4- ot the teet jack are connected 
tp a test line and when a short is placed acros8 
these springs, the tinder which has been ~otted 
by the distributor . wiii seize- tliis line, and 
the distributor will step to the next idle tiDi­
er. , Removing the short between springs If} and 
f4 allows the find~r to release. 

Jach tiader 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. It the lonr bank is in use, 
D .is operated, and short circuiting the BANK test 
jack grounda the LBL lead, to light a LOWER BANK 
lup aasoeiated with the alara laapa. Ir the 
upper bank is in use, D is normal, and abort­
circuiting the BANK teat jack does not light 
the LOWIR BANK laap. 

11. CALLS TO THE SUBSCRIBER'S LDU 

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

It the dialed line is busy, ground on the C laftd 
from the suoceedlng switch in the train 08:U8ea 
the connector to give tlie dialing-party busy 
tone. 

It the dialed line is tree, ground ·through a 
w1nding of the •cut thru• relay ot the connector 
over the CN lead, closes the circuit to the 
winding of co. 

· Relay CO ope:rates; .places ground on the C con• 
tact in the finder banks to make the dialed liDe 
busy; clears the line ot attachments, preparing 
the circuit for ringing the dialed station. 

12 • LOCKING OUT A •PERMANENT" LINI 

The line lockout ~eature is a lleaDS of locktng 
out a line when a •penanent" occurs on t.he line • 
. I~ also provide_, ~-~~ tQ p8J'IIIit t~~ release_ ot 
the S.itch. t:rain on a reterting calt and supply 
tranamisl!!ion battery to. the cBlling and called 
party. This teat'ilre can only be provided it the 
entire: exchange is equipped with the line lock­
out relays. The operation in both cases . Will 
be the same. 

When a call 1 s ade or it a per1111uumt occurs on 
the line, relays L and co will operate as ex­
plained prniously. Relay LO operates when CO 
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LINE-FINDER SWITCHES 
1 

operates; opens the operating circuit to co; 
prepares its own holding circuit to the springs 
of L; prepares the circuit to the PERM lAMP 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
i'ng 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 PKRM LAMP lead to complete an alarm 
circuit. If there is a permanent on the line. 
or it either ciUled or calling party has lifted 
bis receiver after reverting ringing, the loop 
circUlt will be closed to L. L operates; closes 
the holding circuit to slow-release LO; and 
grounds the CN lead to make this line busy in 
the connector banks. LO remains operated e.Jld 
keeps the L. s. c. open to prevent this line 
from starting a finder. 

When the short is remved from the llne, letting 
L restore. LO releases and the equipnent returns 
to~. 

13. BUSY KEYS 

The Bl5Y KEY' on the fiDder when operated trans­
fers the GUARD lead from the C load to groWid 

WWL:AV 
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thereby making this switch busy; and removes 
a multiple groi.uid from the ATB chain associated 
with that group of finders. 

The BUSY KBY in that group relay circuit when 
operated, opens the circuit to N-3. which upon 
restoring transfers the calls to the otber group 
aDl opens the locking cirCuit to E-3. 

.lJJ.. SPARK SUPFRJ!SSION 

The non-inductive windings ot the release mag­
net or the tinder prevent excessive sparking at 
the VON springs when they open the release cir­
cuit. A condenser and a resiStance in aeries, 
connected between ground and a contact or D-3 
prevent excessive sparking at contacts ot A-3 
during vertical pulsing or the finders.. The 
non-inductive winding ot A-3 prevetlta excessive 
sparking at the interrupter spring contacts ot 
the vertical and rotary magnets ot the finder-. 
during vertical and rotary pulsing. The eon­
denser and resistance in series, connected be­
twean ground . ani a ·terminal ot the distributor 
motor magnet. prevent excessive sparking at the· 
motor magnet interrupter springs. A condenser 
in series with a resistance connected to a con­
tact ot J-3 prevents excessive sparking at the 
contacts or A-3 during the rotary pulsing or the 
tinder and at the springs or K-3 aod J-3 when 
they operate to seize the calling line. 
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