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AUTOMATIC TELEPHONE SYSTEM 
Jack E. Callender, Robert H. Slemmer, and Kare K. 

Spjeldnes, Galion, Ohio, assignors to North Electric 
Company, Galion, Ohio, a corporation of Ohio 

Filed Jan. 27, 1956, Ser. No. 561,975 
32 Claims. (Cl. 179-17) 

The present application relates to automatic telephone 
systems in general, and more particularly to automatic 
telephone systems of the crossbar type. - 
The invention particularly relates to a novel crossbar 

system utilizing the "by-path' principle in the extension 
of connections between subscribers. It is a primary object 
of the present invention to provide an advanced system of 
this general type which is economically feasible for use 
in exchanges of all sizes; which incorporates in its equip 
ment speed and accuracy in all of the switching stages, 
reliability of operation with a minimum of maintenance, 
ease of installation and expansion, and a higher ratio of 
completed calls utilizing this improved switching equip 
ment. 
The switching equipment is basically comprised of a 

plurality of crossbar switches certain of which are utilized 
for terminating the subscriber lines, each terminating 
crossbar switch in the disclosed embodiment being ar 
ranged to terminate twenty-five lines. When a call origi 
nates, line relay equipment associated with the subscriber 
line signals marker equipment and indicates to the marker 
the terminal location in the terminating crossbar switch 
associated therewith. The marker, tests for and selects 
an idle register and tests for and selects an idle path to 
the calling line. Thereafter, the marker establishes a 
connection from the calling line through certain cross 
bar switches including a register selection crossbar. switch 
to a register circuit, which returns dial tone to the tele 
phone subscriber. The marker is then released for subse 
quent use in the establishment of connections. - 
The subscriber now dials the directory number of the 

desired party, which information is stored in the memory 
equipment in the register circuit. 
The register seizes the sender which in turn connects 

to a number group for the purpose of securing routing 
information necessary for the extension of the call. In 
the event that the call is local in nature, the number 
group indicates to the sender the terminal location of the 
called station, and the party ring code. In the event of 
a toll call, the sender provides routing information and 
necessary signals without seizing the number group. 
The sender then effects seizure of the group selector 

marker and transmits signals to the group selector marker 
to inform same of the called level. The group selector 
marker tests for and selects an idle path on such level, 
and extends the main path through the group selector 
crossbar switches over the selected path. The group 
selector marker is then released. - 

Information regarding the class of service and the desig 
nation of the party on the line is transmitted by the. 
sender over the tip and ring to the terminating relay 
group, 
The terminating relay group calls in a subscriber line 

marker, and extends tip and ring connections into the 
marker over which the sender transmits three signals to 
the marker indicative of the terminal location of the 
called line. The marker then makes a by-path test to 
the called line sleeve wire. If the called line is busy, 
all connections are released to place the calling line on 
lockout, and the calling line receives busy tone through 
the line circuit. If the called line is idle, the marker 
establishes comections over main path crossbar switches 
and the marker and the sender are released. Ringing 
current is applied to the line through the terminating 

United States Patent Office E. 
- 2. 

relay group in accordance with the information which 
has been previously supplied thereto by the sender. 
As the called party answers, the ringing is tripped and 

battery feed for both the called and calling party sub 
5 station sets is provided by the terminating relay group. 

A crossbar system of this general type inherently is 
advantageous in operation in that markers are used to 
test a number of possible routings for a call. Addition 
ally, as an available path is seized the markers are im 

10 mediately dropped out within a fraction of a second for 
use in the extension of other calls. Another advantage 
lies in the manner in which the talking circuits are not 
extended until the path has been selected, whereby a sub 
stantial reduction in main path equipment is accom 

15 plished. The time during which the equipment is held, 
in the event that a busy line condition is encountered, is 
reduced to a minimum in that the equipment in the 
present arrangement automatically abandons the call, re 
leasing all equipment except the calling line circuit. 

20 Such operation is accomplished by placing the calling line 
on lockout, whereby busy tone is transmitted to the call 
ing line over the line circuit. Such operation also occurs 
in the event that a congestion busy condition is en 
countered. 

25. In one of the preferred embodiments, the crossbar 
system is designed on a block-built-jack-in principle uti 
lizing crossbar switches and relay units. In the illustrated 
system, arrangement is in groups having a capacity of 
500 lines each, and is expandable within any 500 group, 

30, 25 lines at a time by mounting and jacking any assembled 
units. However the system should not be considered 
limited to line groups of 500 lines. In installation, all 
wire connections to the jacked-in units are completed 
in the matter of seconds by the use of heavy duty jacks 

35 which may be locked in position by hand pressure. 
Additionally, the arrangement provides for two mark 

ers per 1000 group both of which are accessible to both 500 groups of the iO00 line group, and accordingly any 
line can have access to two subscriber line markers. 

40 Further, these markers are utilized both for originating 
and terminating subscriber calls. The provision of mul 
tiple subscriber line markers provides a safeguard against 
thé inadvertent blocking of calls if trouble should de 
velop in one of the markers. . . . . . . 
The novel crossbar system includes means for estab 

lishing reverting calls between subscribers on a calling 
line. According to a feature of the invention, an elec 
tronic feed-back test path is utilized in the establishment 
of the reverting call. Such arrangement insures reliable 
extension of reverting calls between subscribers. The 
unustial aspect of the reverting call arrangement is the 
manner in which the calling party is informed by a re 
cofded announcement of the fact that he is making a 
reverting call along with a suggestion that his receiver 
be restored for the purpose of making it possible for the 
equipment to ring the common line for the parties. Of 
course, a distinctive tone could be used instead of the re 
corded announcement. Additionally, as the called party 
answers, further equipment effects the transmission of a 
recorded announcement or a distinctive tone to the call 
ing party to inform him of the fact that a reverting call 
is being attempted, and that his receiver should therefore 
be retained off the hook to afford the calling party an 
opportunity to re-remove the calling receiver from his 

6 associated substation set. . . The crossbar system of the disclosure also includes a 
novel paystation identification arrangement which utilizes 
the electronic tone generatof comirnoff with the reverting 
call test arrangement in an electronic feed-back test path. 
A feature of the invetition is the mantier in which the 

equipment is provided with subscriber originating relay 
groups both with and without associated paystation 

45 

50 

55 

60 

70 

  



3 
trunks, and the novel method of selectively engaging 

8,007,006 

the same. The exchange equipment is operative to pro 
vide calls from paystations to official lines without charge. 
The exchange equipment is also operative to provide 
calls to special service trunks from prepay paystations 
without requiring coin deposit providing a convenience 
not common to conventional telephone systems. . 
Other features of the inventions include the manner 

in which senders are operative to transmit hundreds 
digits which are upgraded by a value of five for selection 
of PBX groups, and the manner in which originating. 
call identifier relays are utilized to select PBX lines on 
calls to PBX groups. Further features include the man 
ner in which sequential register group testing is effected 
in the subscriber line marker; the manner in which path finding is accomplished in originating and terminating 
calls by a one step method; a novel testing arrangement 
which is used in testing the sleeve wire of the called line; 
and the plural manner in which a control wire is used 
for trunk off-normal control for control of the called 
line sleeve on test calls, and for answer supervision, 
which in turn selectively provides for paystation call or 
refund; and more specifically, the novel manner in which 
dual signals are utilized over a common path extending 
between the subscriber's terminating relay circuit and the 
marker to signal a call of test origin to the marker in 
one case, and a reverting call to the subscriber's termi 
nating relay group in the other case. 

Other objects, features and advantages of the novel 
crossbar system in the disclosure will become apparent 
with reference to the specification, claims and drawings 
which appear hereinafter. 

II. DESCRIPTION OF DRAWINGs 
FIGURE 1A is an abbreviated local call box diagram 

showing main path and by-path connections. 
FIGURES 1B, 2, and 3 constitute a block diagram of 

the crossbar system of the switch components of this 
application. - 

FIGURE 4 constitutes a block diagram illustrating 
more explicitly certain connections between trunks, trunk 
register links, and incoming registers. 
FIGURES 5 and 6 constitute one detailed embodi 

ment of landing circuitry by means of which either of 
two calling 500 line groups gains entrance to either of 
two subscriber line markers. 
FIGURES 7 and 8 constitute an 

embodiment of landing circuitry. 
FIGURE 9 is an illustration of certain test, seizure 

and signaling circuits. . . 
FIGURES 10 and 11 illustrate certain register, sender, 

and number group arrangements and relationships. 
FIGURES 12A-12G illustrate certain symbolism used; 

FIGURES 12A-12C illustrating certain alternative sym 
bolisms relative to connections to relay contacts; FIG 
URE 12D illustrating alternative symbolisms for con 
ductor multiples; FIGURES 12E and 12G illustrating 
certain alternative symbolisms for cable multiples where 
in every conductor in a cable is individually multipled 
and FIGURE 12F illustrating alternative symbolisms for 
indicating multipling in which one or more of the in 
dividual conductors of a cable are multipled but not all. 
FIGURES 13A-13E illustrate certain crosspoint con 

nections. w . . . . . . . . . - - - . . . . 

FIGURE 14 gives a "bird's-eye" view of marker and 
line group relationships. - 
FIGURE 15A constitutes an assembly diagram for 

alternative detailed 
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FIGURES 16-80 of the marker and certain associated 
main path switches, FIGURE 15B constitutes an assem 
bly diagram for FIGURES 1-3, FIGURE 15C consti 
tutes an assembly, diagram for FIGURES 5-6, and FIG 
URE 15D constitutes an assembly diagram for FIG 
URES 7-8. 
FIGURE 16 is the line aystation identity circuit 

(LPI). 

70 

75 

FIGURE 17 is the line entrance originating circuit 
(LEO) through which an SLA engages a subscriber's line 
marker. 
FIGURES 18 and 19 constitute the subscriber's primary 

line switch circuit (SLA). 
FIGURE 20 constitutes the line PBX terminating cir 

cuit (LPX). . . . . . . . . . . 
FIGURE 21 constitutes the line horizontal pull cir 

cuit (HP). 4. . . . . . 
FIGURES 22, 23, and 24 constitute the subscriber's 

line switch secondary switch circuit (SLB) the crossbar 
switch verticals of which are associated with subscriber's 
originating cord relays (CRA). Certain common, con 
trol circuitry, for CBT circuits is shown in FIGURE 24 
for convenience but is not actually a part thereof. 
FIGURES 25, 26, and 27 constitute the subscriber's 

register link circuit (SRL) through which access to reg 
isters is had over the path from calling lines SLA, SLB, 
SRL to registers. . . . . . . . . . . . . 
FIGURE 28 constitutes the subscriber's tertiary line 

switch circuit over which terminating connections to 
called lines is had over the path from CRB, SLC, SLB, 
SLB to called lines. . . . . . . , - . - 
FIGURE - 29 is the line entrance terminating circuit 

through which a CRB circuit engages a subscriber's line 
marker. 
FIGURES 30, 31, and 32 constitute the subscriber's 

terminating cord relays (CRB) including the calling and 
called subscriber battery feed relays on local calls; and 
means for ringing the called party. 
- FIGURE 33 is the line connecting terminating circuit 
(LCT) through which certain conductors including tip, 
ring, marking and control conductors from the CRB 
are routed into the marker. 
FIGURE 34 sets forth the coin box trunk circuit 

(CBT). . . . . . 

FIGURES 35, 36, and 37 constitute the register cir 
cuit (REG) into which the calling party dials the called 
number. . . 

FIGURES 30-80 constitute the subscriber's line marker 
proper (SLM). . . . . 
FIGURES 38-41 and 54-57 constitute the marker 

line identifier (MLI). 
FIGURE 70 constitutes the marker line identifier auxil 

iary circuit (MLA) in the lower part of which certain 
circuitry of the MPR circuit is shown because of the 
adjacent space available. . . . . . . . . . . . 

FIGURE 71 which overflows into FIGURE 70 con 
stitutes the marker line miscellaneous circuit (MLM). 
FIGURE 72 constitutes the marker paystation and re 

verting call electronic feedback tone test circuit (MPR). 
FIGURES 44, 45, 60, and 61 constitute the marker 

register test circuit (MRT). 
FIGURES 78 to 80 constitute the marker terminating 

test circuit (MTT). - 
FIGURES 48, 49, 64, and 65 constitute the marker 

vertical connecting circuit. (MVC). 
FIGURES 42, 43, 58, and 59 constitute the marker 

vertical originating circuit (MVO). 
FIGURES 75 to 77 constitute the marker vertical 

circuit (MVT). 
FIGURE 81 illustrates certain MDF to SLA and MDF 

to LPI connection arrangements. 
FIGURE 82 illustrates relationships between relays 

P1-P20 and lines 20-24 of SLA's 1-20. 
An outline is included herewith for the purpose of 

facilitating the location in the various sections of the 
description. - 

test 

Outline 
I. Introduction - II. Description of drawings 

III. General description of system involving marker 
IV. Marker relay groups and individual relays : 
W. Idle condition ... 
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WI. Originating call . 
A. Call extension to subscriber line marker 

i. Both markers idle 
(1) Call from first 500 line group 

Landing in first marker 
(I Landing in second marker 

(2) Call from second 500 line group 
(I) Landing in first marker 
(II) Landing in second marker 

(3) Simultaneous calls from both 500 line 
groups 

. . . (I). First 500 line group landing, in 
first marker and second 500 line 
roup landing in second marker (3 First 500 line group landing in 

second marker and second 500 line 
group landing in first marker 

2. First marker ide; second marker busy 
(1) Call from first 500 line group 

(I) Landing in first marker with sec 
ond marker busy due to Ea; ... . . or terminating call in second 50 
line group 

(II) Blocked from landing in first 
marker, due to second marker being engaged with terminating call to first 
500 line group 

(2) Call from second 500 line group. 
(I) Landing in first marker with see ond marker busy due to originating 
or terminating call in first 500 line 
roup 

(f Blocked from landing in first 
marker due to second marker being engaged with terminating call to sec 
ad 500 line grou 

'0 neg rom both 500 line (3) Simultaneous call 
roups 

(I) First 500 line group landing in first 
marker with second marker busy due to terminating call in second 500 line 
O 

of SEcond 500 line group landing in 
first marker with secondmarker busy 
due to terminating call in first 500 
line group 

3. First marker busy; second marker idle 
(1) Call from first 500 line group 

(I) Landing in second marker with first marker busy due to originating.or 
terminating call in second 500 line 
FE, (II) Blocked from landing in second 
marker due to first marker being en 
gie with terminating call to first 
500 line group 

(2) Call from second 500 line group. 
(I) Landing in second marker with first marker busy due to originating or 
terminating call in first 200 line 
roup 

(S Blocked from landing in second 
marker due to first marker being en 

s with terminating call to sec 
ond 500 line group 

(3) Simultaneous calls from both 500 line 
groups - 

(I) First 500 line group landing in sec 
ond marker with first busy due to terminating call in second 500 line 

Ol 
SEcond 500 line group landing in 

second marker with first marker busy 
due to terminating call in first 500 
line group 

4. Both markers busy 
... '5. Alternative arrangement 
B. Line group, identity 
C. SLA identity • 

- D. Line identity-SLA horizontal operation 
E. Coin box (paystation) identity - 
F. Register selection and path finding (bypath) 

1. Marker rotator set with starting point at 
register grou 

(15: Eup it available; idle path 
thereto 

(2) Register group if available; no ide 
path thereto; register group it 2 avail 
able; idle path thereto 

(3) Register group it 1 available; no idle 
path thereto; register group it 2 avail 
able; no idle path thereto; register group 
i3 available; idle path thereto (4) Register group it 1 available; no idle 
path thereto; register group it2 avail 
able; no idle path thereto; register group 
#3 available; no idle path thereto; re 
lease 

(5) Register group. ii.1 not available; regis 
ter group it 2 available; idle path thereto 

(6) Register group it 1 not available; reg 
ister group ... it 2 not available; register 
group it 3 available; idle path thereto 

(7) Register group if not available; reg 
ister group it 2 not available; register 
group it 3 available; no idle path thereto; 
release 

(8) Register group #1 not available; reg 
ister group it 2 not available; register 
group it 3 not available; release 
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WI. Originating call-Continued 

F. Register selection, etc.-Continued 
2. Marker rotator set with starting point at register group it 2 
3. Marker rotator set with starting point at register group it 3 

G. Path establishment 
Horizontal closure SLB, SRL 

2. Wertical closure-SLA, SLB, SRI, H. Marker release 
1. Normal release 
2. Timed-out release 

line has not been properly identified (2) If line has been properly identified 
3. Release under other circumstances I. Subsequent operation 

WII. Terminating call 
A. Seizure of marker B. Line group identity 
C 9RB group identity 
R. CRB identity - - 
B. Information received by marker code receiver from sender 
F. 9alfo marker (path-finder portion thereof) 1. Marker seizure 

2. Marker seizure prevented due to an origi 
nating callin same line group - G. Selection of SLA 

HQperation of SLA horizontals-Test of called le. 
1. Caled line idle 
2. Salled line on lockout 3. Called line busy 

(1) Reverting call test 
(A) Idle signal to marker and revert ing call signal to CRB 

I. Release.on called line busy or lockout condition J. Called line idle 
1. Eath-finding from CRB to idle line (by-path (1). No idle path (by-path) 

(A) Congestion busy signal to sender (2) Idle path y Sig 
&} orizontal closure-SLB, SC Bj Vertical closure SLASfB Sic (C) Release K. Reverting call 

i Call to PBX group 
Terminating call from wire chief or busy veri fication trunk 

WII. Miscellaneous 
A.. Originating call self release 
B. Terminating call self release C. Terminating call preference 
D. Congestion busy and other miscellaneous re 

leased 
IX. Claims 

III, GENERAL DESCRIPTION OF SYSTEM 
INVOLVING MARKER 

As shown in abbreviated box diagram form in FIGURE 
1A, the invention is directed to a cross-bar system in 
which conversation channels are established over cross 
bar switches comprising the "main-path' and in which 
idle paths through the crossbar system are determined according to the by-path principle. 
More specifically, as the calling subscriber lifts his re 

ceiver an associated line relay in the associated SLA cross 
bar switch unit operates to close a loop to the line entrance 
originating circuit (LEO) which engages a subscriber line 
marker (SLM) by means of which the location of the 
calling line in the SLA switch is ascertained. 
The subscriber line marker next tests for and selects an 

idle register, and tests for and selects an idle path between 
the calling line and the register. As a result thereof the 
marker sets crossbar switches in the SLA, SLB, and SRL 
circuits, extending the calling line over SLA, SLB, CRA, 
and SRL circuits into the selected register, the calling line 
receiving dial tone from the register at this time. When 
the SRL crosspoints close, resistance ground in the regis 
ter operates a relay in the CRA circuit which places 
ground on the incoming test wire which extends to the 
subscriber's line marker and signals the marker to release. 
As the calling party now dials the directory digits of 

the called number, the number is registered in the register 
which then engages a sender. If the call is to a party in 
the local exchange, the sender engages a number group 
circuit. The number group circuit translates the directory 
number into terminal location indicia which is returned 
to the Sender, and as the sender has received this informa 
tion from the number group, it signals the CRA circuit 
which extends a connection to the call signal relays which 
engage a group selector marker. 
The code receiver in the group selector marker signals 
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the sender that it is ready to receive, whereupon the sender 
sequentially transmits two digit information bearing sig 
nals to the code receiver in the group selector marker in 
forming the group selector marker as to the required level 
over which the called connection should be extended. 
As a result thereof, the group selector marker tests for 

and selects an idle outlet on this level, tests for and 
selects an idle path thereto, and sets the crossbar switches 
of the GSA and GSB circuits (a two-stage group selection 
stage) extending a path to an idle subscriber terminating 
relay group (CRB). A , 
When the code receiver in the selected CRB circuit is 

ready to receive, it signals, the sender which sequentially 
transmits two information bearing signals thereto, the 
first signal indicating the type of origin of the call and 
the second signal indicating the party on the line. 
The CRB circuit now closes a loop to the line en 

trance terminating circuit (LET) which engages a Sub 
scriber's line marker for terminating call purposes. 
When the code receiver in the subscriber's line marker 

is ready to receive, it signals the sender which sequen 
tially transmits three digit information bearing signals 
thereto to inform the marker of the terminal location of 
the called line. 
The subscriber's line marker extends a test connection 

through the SLA circuit to the called line test wire over 
the horizontal magnets off-normal contacts, and a test 
is made of the condition of test wire to determine the 
idle, busy, or lockout condition of the called line. 

If the line is busy or on lockout, the marker signals 
the sender which dismisses all connections, placing the 
calling line on lockout and, the calling line receives busy 
tone through the line circuit. - 

If the called line is idle, the marker tests for and se 
lects an idle path between the calling CRB and the called 
line, and sets the crossbar switches in the SLC, SLB, and 
SLA switches, extending the main path from the CRB 
to the called line. 
When the SLC switch is set, a signal from vertical 

magnet off-normal contacts thereof signals the CRB cir 
cuit. - 

Thereupon the CRB circuit opens its loop to the sub 
scriber's line marker, causing it to release; also the CRB 
circuit signals the sender which effects the release of it 
self and the register. The CRB circuit then rings the 
called line. 
When the called party answers the CRB circuit trips 

the ring and a conversation path, can be traced from the 
box "Subscribers Lines,” through an SLA, SLB, CRA, 
GSA, GSB, CRB, SLC, SLB, SLA back to the box. "Sub 
scribers Lines.' It should be observed that different 
SLA's and SLB's or else different verticals in the same 
SLA and SLB are involved for the originating and termi 
nating ends of this call. 

It should also be observed in summary that the cir 
cuits involving crossbar switches are: SLA, SLB, SRL, 
SLC, GSA and GSB. 
On the initiation of the call, crossbar switches SLA, 

SLB and SRL are involved to route the calling connec 
tion into a register. Crossbar switches GSA and GSB 
represent the group selection stage. 

nating end of the connection to the called line. 
Referring now more specifically to the block diagram 

of FIGURES 1B, 2, and 3, it will be assumed that a 
subscriber on the line in the five hundred line group desig 
nated by the block 100 originates a call by lifting the re 
ceiver from his substation set. The associated line cir 
cuit in the group of line circuits 101 is actuated over the 
path 100a, and signals the line entrance originating cir 
cuit 102 over path 140. 
The line entrance originating circuit 102 over path 141, 

144, and 145 or 146 calls in one of the subscriber line 
marker circuits 131 and 132, each comprising marker, 
code receiver, and connect relays groups, and indicates 

Crossbar switches 
SLC, SLB, and SLA are involved in extending the termi 
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to the seized marker the twenty five line group origin 
of the calling line (i.e. the particular subscriber's cross 
bar switch or link SLA designated 103 to which the call 
ing line is connected), and also extends signaling circuits 
into the seized marker by means of which the marker 
identifies the calling line. In the present example, it 
will be assumed that marker. 131 is seized. 

Marker. 131 by "by-path' principles examines and 
seizes a register in the group indicated as 304 over paths 
indicated as 148, 149, 50, 152, and 152; test, guard 
and connect relays indicated as 133 in subscribers' reg 

5 
ally as 107. 

20 

ister link SRL, a group of which is indicated as 107; 
and paths 163 and 130. The seized register of the group 
304 is connected to the vertical of the seized one of a 
plurality of subscribers' register links, indicated gener 

The calling subscriber's line is connected to the hori 
Zontal of the SLA switch assigned to the twenty five line 
group containing the calling subscriber's line, which SLA 
Switches are indicated generally as 103 in the present 
example. For conciseness hereinafter, the group symbols 

25 

30 

are used when referring to a member of a group. 
The marker accordingly has the problem of connect 

ing the horizontal of the calling switch 103 with the ver 
tical of the SRL switch 107 associated with the seized 
register. . 

It should be observed at this point that in effect each 
Subscriber's line is connected to a particular horizontal of 
a single SLA switch, each five hundred group of lines 
having twenty SLA switches. Each SLA switch has in 
effect ten verticals which are in effect connected in a 
certain pattern to the horizontals of a plurality of sub 
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Scribers' links B (SLB) indicated generally at 104. The 
number of SLB switches is determined by traffic consid 
erations. Each SLB switch has ten verticals, four of 
which are connected to cord relays. A circuits (CRA) 
indicated generally as 106, and six of which are con 
nected to horizontals of subscriber link C circuits (SLC), 
indicated generally as 105. Each CRA is connected to 
a vertical in a group of group selector switches (GSA) 
indicated generally as 111. It should also be observed 
that each CRA circuit is connected in effect to a hori 
Zontal of a subscriber's register links (SRL) of a plurality 
of such crossbar links indicated generally as 107. Ac 
cordingly a CRA circuit is represented by a vertical in 
an SLB crossbar Switch, a vertical in a GSA crossbar 
Switch, and a horizontal in an SRL crossbar switch. 
The marker 131 now tests as to whether the calling 

SLA Switch has an idle vertical or verticals leading to the 
SLB switches, the tested verticals being represented in 
effect by certain horizontals in the SLB switches. The 
marker also tests for an idle CRA for connection to an 
idle. SLB horizontal and an idle SRL vertical. Since the 
SLA horizontal magnet has been operated at an earlier 
stage, the marker now operates the SLB and SRL hori 
Zontal magnets, and the operation of the vertical mag 
nets of the SLA, SLB, and SRL switches is effected 
thereafter. It should be understood that the horizontal 
magnets are 'select” magnets and that the vertical mag 
nets are "hold” magnets. After the hold magnets are 
operated the select magnets are released. The testing 

65 
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and circuit operations above described are accomplished 
over paths 148,149, 150,151,152, 153, and 153. It 
should also be understood that leads entering a box such 
as 107 may have connections inside the box other than those specifically shown. 
At this stage of operations, the calling line is extended 

Over path 100a and 101a, an SLA switch 103 (primary 
Crossbar switch), path 103a, an SLB switch 104 (sec 
ondary crossbar switch), path 104, through path iogh 
of a CRA circuit 106, path 165, and SRL switch 107, 
and paths 163 and 130 over a graded or slipped multiple 
to a register of a group of registers indicated generally 
as 304. 

Relationships between the SRL switches and registers 
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will be further described hereinafter, as well as in the 
copending application which was filed on July 15, 1955, 
and received Serial No. 522,233 and which was assigned 
to the assignee of this invention. 
Upon connection of a register 304 to a CRA 106, a 

signal to the CRA operates a control relay in the CRA 
which holds open the tip and ring circuits, represented 
by path 106a, between the CRA and the GSA switch 
111. This control relay also connects ground to a third 
wire “S” to operate the calling line cut-off relay and 
lockout relay, and holds the vertical magnets of the SLA 
and SLB switches when the marker subsequently releases. 
The marker 131 is now dismissed. . 
The calling subscriber then receives dial tone from 

the originating register 304 and dials the 2-5 directory 
number into the register, over the described path includ 
ing circuit 106b in the CRA. This 2-5 number com 
prises a three digit exchange code plus a four digit called 
number. However in the event of a call to an area 
other than the area of the calling subscriber, a preliminary 
three digit area code may also be dialed into the register. 

After the register has received all of the dialed digits, 
it signals a guard circuit 305 which connects the register 
through connect relays in 305 to one of a group of 
sender-translators indicated as 306, there being a lesser 
number of senders than registers. The register then for 
wards the first four digits to the seized sender-translator 
306, which analyzes the first three digits to determine 
whether the call is an inter-office or intra-office call. 

If the call is an intra-office call, the sender operates 
in accordance with the value of the fourth (thousands) 
digit received to seize the number group circuit 308 as 
sociated with the indicated directory thousands group. 
The circuit is specifically seized via connect relays 307 
and a sender-finder arrangement in the number group 
circuit 308 which establishes connections between the 
originating register, sender, and the number group cir 
cuit. The number group circuit then translates the 
hundreds, tens, and units directory digits received into 
five pieces of information which are fed back into other 
registers in the sender-translator circuit, these five pieces 
of information being: (1) the five hundred group of the 
called subscriber, (2) the equipment hundreds digit loca 
tion of the called subscriber, (3) the equipment tens 
digit location of the called subscriber, (4) the equipment 
units digit location of the called subscriber, and (5) the 
party-on-the-line designation of the called subscriber, or 
in the case of private branch exchange lines the fact 
that the called subscriber is associated with private branch 
exchange lines. It should be noted that all senders have 
access to all number groups. 

If the call is an inter-office call, the sender does not 
engage a number group circuit. In the case of an inter 
office call the sender is set-up in preparation to out 
pulse part or all (if necessary) of the first three ex 
change code digits received (also area code, under cer 
tain circumstances) and to prefix a tandem routing digit 
or digits if necessary. 
When the sender is ready to send, it signals the CRA, 

circuit 106, operating a second relay in CRA which for 
wards the “S” wire ground over path 106c, 167, and 169 
actuating a call signal relay associated with the calling 
CRA in the group 109 which, over path 188, engages 
a group selector marker circuit 110 comprising marker, 
code receiver, guard and connect relays. When the 
sender has received a 24 volt negative battery "dial 
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start" signal on the tip lead from the marker 110 upon 
engagement of the marker, the sender sends routing sig 
nals via the tip and ring conductors over path 106c, 167, 
169, and 188 to the code receiver in marker 110. (These 
routing signals are for the purpose of enabling the group 
marker 110 to set the primary group selector crossbar 
switch 111 and the secondary group selector crossbar 
switch 112 to extend the call to a CRB in a local line 
group or to an outgoing trunk.) 
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These signals comprise the application of positive 48 

volt battery, negative 48 volt battery, ground, or nothing 
to the tip conductor; and simultaneously, positive 48 
volt battery, negative 48 volt battery, or nothing to the 
ring conductor; wherein zero volts is ground. Two such 
signals are sent to represent the tens and units decimal 
digits. Thus with the various combinations of two of 
such digits, any one of one hundred values can be se 
lected by two rapid signal applications. Twenty of these 
combinations can be used to represent the various called 
five hundred groups and trunk groups. Others of these 
combinations can be used for alternate trunk routing. 
On a local call, as a result of the two signals trans 

mitted from the sender 306 to the group marker 110, 
the group selector marker over a "by-path" examines 
the possible idle routes from the calling CRA to an idle 
CRB in the called line group and over "by-path' con 
nections 190 and 191 actuates first the horizontal select 
magnets and then vertical hold magnets of switches 111 
and 112 to extend a connection from the calling CRA 
through a primary group selector crossbar switch 111 
and a secondary group selector crossbar switch 112 to 
an idle cord relay B circuit (CRB) such as 108, 128, 208 
or 228 in the called five hundred line group. 
On a trunk call, as a result of the two signals trans 

mitted from the sender to the group selector marker 110, 
the marker similarly extends a connection through cross 
bar switches 111 and 112 to an idle trunk in the re 
quired outgoing group of trunks, such as for example, 
trunk groups 236 and 237. As shown such trunk groups 
may include free service trunks, toll operators trunks 
inter-toll trunks, etc. 
The group selector marker 110 then releases. If out 

pulsing over the selected trunk is indicated by the senders 
translation of the first three digits, the sender out-pulses 
to repeat exchange or area digits and to route through 
tandem points if necessary. 

In the case of a local call, the seized CRB circuit such 
as 108, for example, transmits a negative 24 volt battery 
signal over the tip conductor connection to the sender 
which then sends two signals to the code receiver in the 
seized CRB circuit, which signals comprise positive 48 
volt potential, negative 48 volt potential, ground, or 
absence of a signal on the tip conductor, and like sig 
nals on the ring conductor, the signals being applied 
to the two conductors in different combinations. The 
first of these signals indicates, according to the combina 
tion of the signal, any one of four possibilities as to the 
origin of the call and one possibility as to the destination 
of the call and the adjustment in the CRB necessitated 
thereby. Thus according to one combination, if the 
call is of local origin, the CRB is conditioned to insert 
calling and called battery feed coils and condenser bridge. 
If another combination indicates that the call is of trunk 
origin, the CRB is conditioned to cut the tip and ring 
conductors through metallic in which case the battery 
feed coils are located in the calling trunk circuit. If 
another combination indicates that the call requires a 
delayed ring feature, the CRB pre-trips the ring for de 
layed ring, the operator reclosing the ring trip relay 
over the "C" wire. Also if the call is of wire chief or 
test origin, the CRB is conditioned to cause the sub 
scriber's line marker, such as 131 or 132, on a terminat 
ing call to disregard the busy condition of a called line, 
to pre-trip the ring, and to disable the CRB sleeve test 
in disregard of an open sleeve or grounded sleeve. The 
wire chief can then proceed with his tests. 
The second signal to the CRB takes any one of four 

teen combinations to condition the CRB in preparation 
to ring any one of fourteen ringing combinations of 
frequencies and codes on the called line to signal the 
called subscriber station phone which may be any of a 
plurality of stations on the called line. 

After these signals have been received by the CRB 
and are properly registered, the CRB, such as 108, ex 
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tends a call signal over paths 178, 179 and 181 or 182 
to seize the code receiver of one of the two markers 
such as 131 and 132. It should be understood that the 
code receiver of a given marker can be receiving the 
signals incident to a terminating call simultaneously with 
the use of the marker in the establishment of an originat 
ing call. . . . 
. After the code receiver of a line group. marker, such 
as 13, has been seized and the tip and ring conductors 
extended thereto, the line group marker 131 applies nega 
tive 24 volt battery supervision to the tip lead of the 
sender to cause same to initiate sending. 
The sender thereupon sends three coded signals to the 

line group marker code receiver in a manner similar to 
that effected in the sending of signals to the group se 
lector marker code receiver and CRB code receivers. 
Each of these signals can have ten decimal values ac 
cording to the particular combinations used. 
The first signal can have any one of five values to 

indicate the decimal hundreds value of the equipment 
location of the called line. The first signal can have 
any one of five other values to indicate the decimal 
hundreds value of the equipment location of the called 
line, and additionally the fact that the called line is in 
a multiple selection group, such as a PBX group. 
The second signal can have any one of ten values to 

indicate the decimal tens value of the equipment location 
of the called line. 
The third signal can have any one of ten values to 

indicate the decimal units value of the equipment loca 
tion of the called line. 
Upon receiving the three signals, the marker code re 

ceiver seizes its associated marker which operates con 
necting relays; in the desired SLA switch, and operates 
the horizontal magnets on the SLA switch over paths. 
147 or 148 according to which marker was seized, 149, 
150 and 151 thereby getting an indication as to the busy, 
idle, or lockout condition of the called line. If the 
called line is busy, the line group marker then deter 
mines whether or not the called line is identical to the 
calling line, that is, a reverting call. Such test consists 
of testing the continuity of the sleeve wire by means of 
a tone oscillator. If the call is of a reverting nature, 
the line group marker establishes connections from CRB 
108 through crossbar switches SLC, indicated generally 
as 105, SLB, and SLA over paths 160,159, 103a, 101a, 
and 100a to the called line. At the same time, a signal 
is sent to the CRB from the line group marker, indicat 
ing to the CRB that the call is a reverting call. If the 
call is not of a reverting nature, the line group marker 
does not complete the connections from the CRB 108 
to the called line through switches SLC, SLB, and SLA, 
but instead sends a signal to the sender 306 which re 
leases. The release of the sender causes the release of 
the two relays in the CRA, removing ground from the 
"S” lead, thereby releasing all switches which have been 
used in establishing the connection, and placing the call 
ing line on lockout. This gives busy tone to the calling 
Subscriber until he replaces his receiver. - 

If the called line is on lockout, the line group marker 
determines this fact by making a marginal test on the 
sleeve wire of the called line, and immediately sends a 
busy signal to the sender 306 (except in the case of wire. 
chief test call), which then releases as described in the 
case of a non-reverting busy line. 

If the called line is idle, the line group marker es 
tablishes connection thereto from CRB 108 over a cross 
bar switch SLC of the group 105 and over connections 
of the same or other SLB and SLA switches to the called 
line. The SLA and SLB switches are bi-directional and 
are used for both originating and terminating calls. 
The CRB then gives normal battery feed signals over 

the tip and ring to the sender-translator 306 which causes. 
the sender-translator to release, in turn causing the re 
lease of the register 304, the subscribers register link, 
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such as 107, and the dropping of the first mentioned 
relay in the CRA circuit 106 which extends. the calling 
loop into the CRB over the path 106a. . . . . 

After the called connections have been extended into 
the CRB circuit, the marker dismisses itself, and all con 
nections are held by ground on the 'S' wire in the CRB 
relay group 108 which is under the control of the calling 
line loop. . . . . . . . . 
The CRB circuit 108 then rings the called party over 

tip and ring and the calling party receives ring-back tone 
over tip and ring. . . . 
When the called party answers, the ring trip relay 

operates in the CRB to connect the calling and called tip 
and ring to battery feed relays so that conversation can 
then ensue. . . . . 
Assuming the calling and called parties to be in the 

same five hundred group of lines: the loop now extends 
from the handset of the calling party in line group 100, 
paths 100a and 101a, SLA primary crossbar switch of 
group 103, path 103a, SLB secondary crossbar switch 
of group 104, path.104, CRA path 106a, paths 167, 169 
and 170, GSA group selector primary crossbar switch 
of the group 111, path. 171, GSB group selector sec 
ondary crossbar switch of group 105 used in terminating 
calls only, path 159, SLB crossbar switch of group 104, 
path 103a, SLA crossbar switch of group 103, paths 
101a and 100a (which comprise distinct calling and 
called tip and ring circuits), to the called party in the 
line group 100. - - 

If the called party had been in the five hundred line 
group 120 this path would be completed from the GSB 
switch 112 as follows: path 173, CRB circuit of the 
group 128, path 162, SLC switch of the group 125, path 
161, SLB switch of the group. 124, path 123', SLA switch 
of the group 123, and paths 121a and 120a to the called 
party in the line group 120, . . " 

Other five hundred line groups, such as 200 and 220, 
(FIG. 2), originate calls respectively over paths 204 
and 224, CRA's 206 and 226, paths 269 and 268, and 
paths 129 and 169 into the call signal relays 109 (FIG. 
1). These 500 line groups receive calls from the group 
Selector GSB switches such as 112 respectively over paths 
174 and 175, and CRB's 208 and 228. Additionally these 
500 line groups are served by subscriber line markers 
231 and 232. 
Wire chief circuits, such as 235; toll operator circuits, 

such as 237; free service trunks, such as 236; and inter 
toll trunks, such as 238 have access via trunk register 
links (TRL) designated 239 and path 245 to incoming 
registers 300. (FIG. 3), which in turn have access over 
path 310, connect relays 301 and path 311 to sender and 
translator circuits, designated 302, and thence over path 
312 and connect relays 303 to the various number group 
circuits designated 308, over paths 313 and 318 to which 
the sender-translators 306 also have access as previously 
described. For convenience the term sender includes 
translator whether mentioned or not. 

Senders 302 seize and send via wire chief circuit 235, 
paths 246, 129, and 169; via free service trunks 236, 
paths 248, 129, and 169; via toll operators circuits 237 
and paths .251,257; and via inter-toll trunks 238 and 
paths 253, 255, and 257. - - - - - 
Thus the wire chief and free service trunks complete 

connections over regular GSA switches 111 and GSB 
Switches 112, while toll operators and inter-toll trunks 
complete connections by means of call signal relays 240, 
group selector marker 241, GSTA group selector primary 
crossbar switches 242 and GSTB group selector second 
ary crossbar switches 243. - - 
Out of secondary switches 243, toll operators and in 

ter-toll trunks have access over paths 263, 129, call sig 
nal relays 109, and regular group selector crossbar 
switches 111 and 112 to the various outlets from switches 
112. : . . . . . - - 

Intertoll Trunks and toll operators have access from 
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toll Trunks 238 which may comprise several groups of 
trunks extending to and from various toll exchanges. 

Referring now to FIGURE 4, a more detailed showing 
of trunk arrangements is set forth. -- 
The group of wire chief trunks 235 and 235a of FIG 

URE 4 correspond to the box. 235 in FIGURE 2, 
The group of free service trunks 235 and 236a of 

FIGURE 4 correspond to the box 236 in FIGURE 2, 
The group of toll operator trunks 237 and 237d of 

FIGURE 4 correspond to the box 237 of FIGURE. 2. 
The group of inter-toll trunks 238 and 238a of FIG 

URE 4 correspond to the box 238 of FIGURE 2, 
Paths 246, 247, 248, 249,251, 252, 253, and 254 cor 

respond to the same numbered paths in FIGURE 2. 
Paths 246' and 247 are corresponding paths associated 

with trunk. 235a; paths 248 and 249' are corresponding 
paths associated with trunk 236d; pathis 251 and 252 
are corresponding paths associated with trunk 237a' and 
paths. 253' and 254' are corresponding paths associated 
with trunk 238a. 

It should be observed that paths 247, 247, 249, 252, 
252, 254, and 254 enter a group of trunk register link 
circuits (TRL) designated 239f to 239l corresponding to 
box. 239 of FIGURE 2, via a graded or slipped multiple 
between these paths and the horizontals of the crossbar 
switches thereof, there being one crossbar switch for 
each TRL circuit. 
The ten verticals of each TRL crossbar switch enter 

incoming registers via a graded or slipped multiple be 
tween TRL verticals by tens groups to the incoming 
registers. . . 

Each trunk has its control connections to gliard and 
connect relays in the TRL circuits as follows: trunk 235 
via path 235; trunk 235a via path 235'; trunk 236 via 
path 236'; trunk 236a via path 236'; etc. 
These paths enter the composite path or cable 238a 

and emerge via paths such as 239x and 239y to guard 
and connect relays in the TRL circuits by means of which 
the proper horizontal and vertical magnets are operated 
in the proper TRL crossbar switches to extend the calling 
trunk to an idle incoming register. It should be noted 
that the guard relays reflect the idle or busy condition 
of the associated incoming registers. 
The following comments are included at this point 

to indicate generally the arrangement and number of 
switch members used under different traffic conditions: 

(1) Each line group marker 131 and 132 can serve 
originating and terminating calls in both five hundred 
groups 100 and 120. Calls are alternated at random 
between line group markers. v. 

(2) There may be one or a plurality of group selec 
tor, markers, such as 10 in each group selector. 

(3) The maximum number of SLA switches per five 
hundred line group is twenty, but a lesser number may 
be originally equipped. As additional lines are feeded, 
SLA switches may be added up to the maximum. 

(4) The number of SLB switches per five hundred 
line group is determined by the amotint of originating 
and terminating traffic. 

(5) The number of GSB switches is determined to a 
great extent by the number of outlets. 

(6) The number of GSA switches is determined by 
the amount of originating traffic. - 

(7) Each SRL crossbar switch has access to ten regis 
ters. 

(8) Each five hundred line group has access to three 
SRL switches maximum and accordingly to thirty regis 
ters. . 

(9) A graded or slipped multiple exists between the 
various groups of thirty outlets from SRL switches and 
a common group of registers. 

(10) Every ten registers has its guard and connect 
relay circuit for access to four sender-translators. 

(11) The crossbar switching arrangement indicated by . 
box 239 (TRL) is illustrated in more detail in FIGURE 
6, and specifically the manner in which groups of ten 

5 

10 

20 

25 

30 

40 

45 

50 

55 

66 

65 

76 

75 

14 
trinks have access to ten registers. Additionally it should 
be observed that a slip multiple exists between outlets 
from the TFRL switches and a common group of incom 
ing registers. As in the case of originating registers, each 
ten incofing registers has its guard circuit and connect 
relays whereby it has access to four sender-translators. 
(2) Each 1,000 called directory humbers had its as 

sociated number group circuit. Large systems having 
over 10,000 directory riunibers usually have number 
groups accommodating 2,000 directory numbers each. 
(3) All senider-translators have access to all num 

ber group circuits; sender translators of the group 306 
through connect relays 307 and sender translators of the 
group 302 through connect relays 303. 

(14) On local to local calls, the battery feed for call 
ing and called lines are in the CRB circuit. 
(5) On local to trunk or trunk to local calls, the sub 

scribers line battery feed is located in the trunk. 
(16) On trunk to trunk calls the incoming trunk pre 

sents a loop conditiorites the outgoing trunk. 
(1.7). Busy signals are returned from the marker to 

the sender which signals the trunk. The register, send 
er and marker, are then released, and the trunk is placed 
in a lockout condition. 

IV. MARKER RELAY GROUPS AND INDIVIDUAL 
RELAYS 

This circuit includes a polar relay AG, connected for 
operation by 20 cycle alternating current to permit origi 
nating call entrance to one of two markers, when con 
tacts LR2 of line relay LR17 in the SLA plug-in unit 
of FIGURES 18 and 19 are closed. After a marker is 
seized, the 20 cycle A.C. is cut off by relay AV which 
feeds direct ground through the contacts of relay LR into 
the marker for SLA selection. Transfer relays 1L1 
4L etc. are used to switch from SLA selection to line 
selection. Relays 1AW-3AW are cut-off relays which 
are not released until the marker is released. 
The line entrance originating circuit comprises the following relays: 

AF: Polarized relay which operates from 20 cycle alter 
nating current for selecting one of two markers. 

AV: Operates after marker seizure to cut-off A.C. sup 
ply and to provide ground for SLA-group selection in 
the marker (see relays A1-A20 in the marker MLI cir 
cuit comprising FIGURES 38-41 and 54-57). Also 
operates relays in the line pay-station identification cir 
cuit LP1 comprising FIGURE 16 to facilitate placing 
of ground through RC (i.e. resistance-capacitance) net 
work to the sleeve of paystation lines on originating 
calls only. ... Y. 

1AW-3AW: Operates as soon as SLA group is estab 
lished to cut-off original ground to relays A1-A20 of 
ML. 
L1-4L to 1L10-4L10: Operates as soon as SLA 
group is established to transfer the ground windings 
of relays A1-A20 to operate line identity relays B0 
B24 of MLI. These relays prevent the identifying of 
a line that does not want the marker, in all cases 
except certaih related lines in adjacent SLA groups 
such as 1-2, 3-4, etc.; the possibility of occurrence of 
such condition and double selection as a result there 
of is so negligible as to be tolerated in the interest 
of economy. 

Marker line identifier circuit (MLI) (see FIGURES 38 
41 and 5457) 

This circuit provides connecting relays for working 
with two 500 groups and also identity relays for the SLA 
groups arid lines within the group. 
A group of miscellaneous relays are utilized for mark 

er entitance and release functions, 
This circuit comprises the following relays: 

1AN-5AN, AN1A, 5AN1A: Connecting relays for 
the 1st 500 group of lines. 
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1AN2-5AN2, AN2A, 5AN2A: Connecting relays for 
the 2nd 500 group of lines. 

A1-A20: SLA group identifying relay. Many may 
operate, only one will lock. 

B0-B24: Line (in SLA group) identifying relay. Many 
may operate, only one will lock. -- - - 

1AA, 2AA, 3AA: Operate after A1-A20 to open origi 
nal operating battery to A1-A20. 

AB: Operates from 1AA, 2AA, 3AA. Timing permits 
only one up of A1-A20. 
BA, 2BA, 3BA: Operate after B0-B24 to open origi 
nal operating battery to B0-B24. 

4BA: Closes ground for vertical and horizontal control 
circuits. w 

BB: Operates from 4BA. Timing permits only one up 
of B0-B24. - . 

1ABL: Operates from MTT circuit to prevent use of 
marker for original calls when a term call is in prog 

SS . . . . . . -- 

1PBX: Indicates a terminating PBX call and arranges 
for selection of B20-B24 and A1-A20 on PBX calls. 

K1: Normally operated and releases only if trouble is 
- encountered, to signal and seize the trouble recorder. 
K2: A 100 millisecond slow release relay to release the 
signal to the trouble recorder. - 

REL: Operates at same time trouble recorder is seized 
to operate cut-off relay CO of line, preparatory to 
putting line on lockout. . . 

REL2: Releases locked up relays of groups B0-B24 and 
A1-A20 when congestion is encountered, also operates 
line cutoff relay CO. 

ANA: Operates when 500 line group is identified to 
open original marker selection leads. 

ANB: Provides ground and battery circuits for relay 
chains comprising relay groups B0-B24 and A1-A20. 

1ANC, 2ANC: Provides for shifting 500 line alternator; 
start register selection, open 20 cycle A.C. and perform 
other miscellaneous control functions. 

1AND, 2AND: Shift original locking circuits of ANA 
and ANB to effect release. Provides for “holding" 
grounds to marker and opens original seizure circuits. 
It should be noted that relays G0-B24, A1-A20 and 

PBX are used on terminating calls to provide PBX 
selection. . . 

Marker line identifier auxiliary circuit (MLIA) 
This circuit is purely an auxiliary strip for MLI and 
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contains blocking relays to prevent marker entrance, if 
a terminal call to the same 500 group is being placed in 
the companion marker. Also capacitors are provided to 
regulate two release cycles for marker occupancy. . . . 
This circuit comprises the following relays (see FIG 

URE 70): . . . . . m 

T: Guard relay indicating call to first 500 group on ter 
minating call by companion marker. . 

T2: Guard relay indicating call to second 500 group on 
terminating call by companion marker. . 

Marker line miscellaneous circuit (MLM) 
This circuit contains two "jump rotators" (explained 

hereafter) for use with MLI and one alternator for 500 
group preference. Also, connecting relays for PBX selec 
tion are included in this plug-in strip. - . . . . 

This circuit comprises the following relays 
URE 71): - - s’ s 

10A1-60A1: Rotator relays for supplying hold 
relays B0-B24 (MLI). 

(see FIG 
circuit for 

10A2-40A2: Rotator relays for supplying hold circuit for 
relays A1-A20 (MLE). . . . - 

10B-20B: Rotator relays for supplying hold circuit for 
relays. AN, AN2 (MLI). 

1PN1-4PN1: Connecting relays for effecting PBX. calls 
to first 500 group. - - - . . . . . . 
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TPN2-4PN2: Connecting relays for effecting PBX calls 

to second 500 group. 
Marker pay stations circuit (MPR) 

This circuit contains relays and a 12 kilocycle oscillator 
for identifying calling paystations and routing them to a 
CRA associated with a Coin Box Trunk (CBT). See 
FIGURE 72. This same oscillator is used to detect re 
verting calls for terminating service. 

This circuit comprises the following relays: 
1PS: Releases when a paystation originating call is made 

or a reverting terminating call is made. 
2PS: Operates when 1PS releases and marker is not in use. 

Re-routes paystation calls to CRS's without CBT's and 
makes reverting calls ineffective. 

2RD: Operates to facilitate reverting call test. 
Line horizontal pull circuit (LHP) 

This circuit provides connecting relays for horizontal 
magnets of the SLB switches and is controlled from the 
SLA switches and the SLB vertical path finder chain. 

This circuit comprises the following relays (see FIG 
URE 21): 
S1, 2S1, to 1S10, 2S10: SLB horizontal connect relays 

controlled from SLA's 1-10, SLA 11-20. 
1S11, 2S11: SLB horizontal connect relays controlled 
from SLA's 1-10. 

1S12, 2S12: SLB horizontal connect relays controlled 
from SLA's 11-20. 

Marker vertical originating circuit (MVO) 
This circuit has 500 group connecting relays for testing 

into the SLA and SLB switches; a path finder chain for 
testing over 20 SLB verticals at one time; and also a 
"jump rotator' for use with originating and terminating 
path-finder chains. 

Certain miscellaneous relays are also provided to effect 
path-finder chain operation and also horizontal and ver 
tical pulling circuits. 

This circuit comprises the following relays (see FIG 
URES 42, 43, 58 and 59): 
1CN1-3CN1: First 500 group connect relays for SLA 

1-20 selection and SLA horizontal magnets and hori 
zontal S wire test circuits. 

1CN2-3CN2: Second 500 group connect relays for SLA 
1-20 selection and SLA horizontal magnets and hori 
Zontal S-wire test circuits. 

1FN-4FN1: First 500 group connect relays for SLA 
-1-20 vertical magnets and test circuits and SLB hori 
Zontal magnets. 

1FN2-4FN2: Second 500 group connect relays for SLA 
1-20 vertical magnets and test circuits and SLB hori 
Zontal magnets. 

ASG1-ASG20: Rotator for originating and terminating 
path finders. 

AG-AG20: Originating path finder selection chain. 
AGA, AGB: Originating path finder ground starting 

relays. - 
AGC: "One up” path finder relay for horizontal control. 
AGD: Originating vertical control. 
HF1 and HF2: SLB and SRL horizontal operated super 

visory relays. 
Marker CRA test circuit (MCT) 

. This circuit has 500 group connecting relays for testing 
over three groups of SLB verticals per 500 group. 
SLA. Vertical test relays are also a part of this circuit 

as well as relays for indicating a paystation call or a 
non-paystation call, which open certain SLB vertical test 
circuits, as required. 

This circuit comprises the following relays (see FIG 
URES 46,47, 62 and 63): 
7AN1-10AN1, 11AN1-14AN1, 15AN1-18AN1: First 
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500 group. vertical test and pull circuits for SLB groups 
1-3. w 

7AN2-10AN2-14AN2, 15AN2-18AN2: Second 500 
group vertical test and pull circuits for SLB groups 1-3. 
V1-1V10: SLA vertical test relays carrying SLB vertical 
test circuits. 

1CRA-3CRA: SLB vertical test blocking relays. Operate 
on non-paystation originating calls to open CRA with 
CBT test verticals. All breaks are strapped when no 
paystations are in the 500 groups associated with this 
marker, 

1PCRA-3PCRA: SLB vertical test blocking relays. Oper 
ate on paystation originating calls to open CRA without 
CBT test verticals. All breaks are strapped when no 
payStations are in the 500 groups associated with this 
marker. v 

Note: CBT's must be always the same in each of two 500 
groups and associated with the same CRA's in each 500 
group. 

6AN1, 6AN1A: First 500 group connecting relays for con 
... trolling SLB groups 1, 2, 3. . . . . . . . 
6AN2, 6AN2A: Second 500 group connecting relays for 

controlling SLB groups 1, 2, 3. . . . . . . 
1RS1, RS2, 1RS3: Primary control relays for testing to 

registers associated with SLB groups 1, 2, and 3. 
Marker register test circuit (MRT) 

This circuit is used for testing for one to ten idle reg 
isters and selecting one. Register group hunting relays 
are also provided to hunt over 3 groups of ten registers. 
A rotator and a counting chain are provided for prope 

functioning of both circuits. 
This circuit comprises the following relays (see FIG 

URES 44, 45, 60 and 61): 
OT1-0T10: Register selection rotator relays for changing 
... register preference. - - 
1T1-1T10: Parallel test relays to 1600 ohm battery for 

register selection. 
2T1-2T10: Slave relays of 1T1-1T10 to guard against 
more than one register selection. 

X1, Y1: Register group stepping relays. 
X2, Y2: Pathfinder group stepping relays. 
1, 2, 3: Counting chain to register maximum number of 

register groups to be tested before release. v. 
3ANC: Slave of 1ANC (MLI), to start register selection. 
0A1 to 0A4: Pre-set register group selection rotator. 

Hunting for three groups will be 0A1, 0A2, 0A4; 0A2, 
0A4,0A1; 0A4, 0A1, 0A2. Hunting for two groups 
will be 0A1, 0A2; 0A2, 0A3; 0A3, 0A4; 0A4, OA1; 
0A1,0A2, etc. 

Subscribers' line A circuit (SLA) 
This circuit provides for 25 line equipments, marker 

connecting relays and one crossbar switch. Ten verticals 
are provided, which are connected to SLB horizontals. 
This circuit is used on both originating and terminating 
calls. . . . m 

This circuit comprises the following relays (see FIG 
URES 18 and 19): 
1A-3A: Connecting relays for horizontal magnets, ver. 

tical magnets and vertical and S-wire test circuits oper 
ate. 

LR: Operates when call is made, and releases after an 
r, idle register is selected. 
CO: Operates when an idle register is seized or when a 

terminating call is made. . . . . . 
LO: Operates when an idle register is seized or when a 

terminating call is made. Also holds when ground is 
removed from S-wire with the subscriber loop closed 
for a lockout indication. 

In each SLA circuit twenty-five lines are connected to the 
horizontals; and the ten verticals are connected to SLB 
horizontals for use on originating and terminating calls. 
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- Subscribers' link B circuit (SLB) ' 

This circuit provides for four CRA's (maximum 60 
CRS's per 500 group) which are used on originating calls 
only to provide a path to an idle register and subsequently 

One crossbar switch of 10 verticals (four for originat 
ing calls, six for terminating calls) is provided, the hori 
Zontals of which are connected to SLA verticals. The 
four originating verticals are arranged for connecting to 
a coin box trunk (CBT), from certain SLB circuits. When 
no coin box trunk is connected, K-wiring is used. This 
circuit is used for both originating and terminating calls. 

This circuit comprises the following relays (see: FIG 
URES 22, 23 and 24): . . . . 
R1: Operates: when register is seized to provide holding 

grounds forward and backward and to disconnect the 
calling tip and ring from the sender tip and ring. 

R2: Operates after all digits are dialed to apply ground 
forward on “S” lead to seize the group selector marker. 

R3: Low would retard coil which presents a high imped 
ance to 12,000 cycle tone from the reverting call test 
circuit. . . . . . . . . . . . . . . . . . . . . 

In each SLB switch the horizontals are split and twenty 
SLB horizontals have access to the first five verticals 

- VI-V5 and 20 horizontals have access to the last five 
verticals V6-V10. These forty SLB horizontals are 
connected in a predetermined pattern to forty SLA ver 
ticals. Four SLB verticals are connected to four. CRA's 
and group selector inlets and SRL horizontals for orig 
inating traffic (V1,V2, V6, V7). . . . . . . . 

Six SLB verticals are connected to SLC horizontals (V3, 
V4, V5, V8, V9, V10), for terminating traffic. . . . 

Subscribers' register. link circuit (SRL) . 
This circuit provides a path from a CRA (shown on 

SLB circuit) to one of 10 registers. One crossbar switch 
is equipped with: 10 verticals connected to the registers. 
The horizontals are connected to 20 CRA's. 

Connecting relays are provided to connect the switch 
to one of two markers, this circuit being used for originat 
ing calls only. . . . . . . . . . 
This circuit comprises the following relays (see FIG 

URES 25, 26, 27): . I . . &^ 

1R11-6RL1: Connecting relays; to first subscriber line 
marker (SLM-1). . . . . . . . . . . . . . . 

1R11-6RL2: Connecting relays to second subscriber line 
marker (SLM-2). . -, " . . . . . . . . . . 

In each SRL switch twenty horizontals are connected to 
the four verticals V1,V2, V6, and V7 and to the asso 
ciated CRA's of five SLB switches. . . . 
The ten verticals of each SRL are connected to a local 

originating register. . . . . . . 

Subscribers' line C circuit (SLC) 
This circuit provides a path from a CRB (on SLC ver 

tical) to the verticals to the SLB, switches and comprises 
the following relays (see FIGURE 28): - . . . . . 
EN1: Connecting relays to first subscribers line marker. 
EN2: Connecting relays to second subscribers line marker. 
In each SLC switch twenty horizontals are connected to 

various verticals V3, V4, V5, V8, V9 and V10 of five 
predetermined SLB switches. . . . . . . . . 

Each of the ten vetticals is connected to a CRB. 
Line (CRB) entrance terminating circuit (LET) 

This circuit provides for operation of a polar relay 
from twenty-cycle alternating current to permit terminat 
ing call entrance to one of two code receiver registers 

75 

(MCR) when contacts of the CRB are closed. . . . . 
After a MCR is seized, the twenty-cycle A.C. is cut off 

by relay RAV which feeds direct ground through contacts 
in the CRB circuit into the MCI circuit for CRB identifi 
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cation. Transfer relays 1C1, 2C1, etc., are used to switch 
from CRB group identity to CRB individual identity. 
Relay RAW is a cut-off relay, which is not released until 
the marker is released. . . . . 
- This circuit, comprises the following relays (see FIG 
URE. 29):. . . . . 
-RAG: Polarized relay which operates from 20 cycle 
: alternating current for selecting one of two markers. 
RAV: Operates after marker seizure to cut-off 20 cycle 

A.C. and to provide ground for CRB group selection in 
the marker (relay RA1-RA6 in the MCI circuit). 

RAW: Operates as soon as SLB group is established to 
cut off original ground to relays RA1-RA6 of the MCI 
circuit. . . . . - 

1C1, 2C1 to 1C6, 2C6: Operate as soon as CRB group 
is established to transfer the ground windings of relays 
RA1-RA10 to operate CRB identity relays RB1-RB10 

... These relays prevent the identification of a CRB that 
is not in the process of calling for a marker. 

Marker CRB identifier circuit (MCI) 
This circuit provides connecting relays for working 

with two 500 line groups of CRB's and also identity re 
lays for CRB groups of ten each and CRB's within the 
group. . . . . . . . . . . . . . . . . . . . 
... A group of miscellaneous relays are supplied for code 
areceiver entrance and release functions. 
Two "jump rotators" and one alternator for 500 group preference are provided. . . . . . . . . . . . . . 

... This circuit comprises the following relays (see FIG 
URES50, 51,66 and 67): ; ; ; ; , . . . 
1RAN1-5RAN1, 1RAN1A: Connecting relays for CRB's 

associated with the first line group (maximum of sev 
-enty shown). . . r: - '; . . . . . . 

1RAN2-5RAN2, 1RAN2A: Connecting relays for CRB's 
associated with the second line group (maximum of 

... seventy shown). . . . . . . . . . . . . . 
RA1-RA7: CRB group identifying relays. 

operate, only one will lock. ... : : 
RB1-RB10: CRB (in CRB group) identifying relay. 
Many may operate, only one will lock. . . . 

Many may 

1RAA: Operates after RA1-RA6 to open original op- - eration battery to RA1-RA6. - 
RAB: Operates from 1RAA. Timing permits only one 
up of RA1-RA6. " . . . 

1RBA, 2RBA: Operate after RB1-RB10 to open origi 
nal operating battery to RB1-RB10. 

3RBA: Closes ground for horizontal and vertical contact 
circuits. , : , ' , , ; ' ' , - - - - - 

RBB: Operates from 1RBA. Timing permits only one 
up of RB1-RB10. . . . . . . . . 

K3: Normally-operated. Releases only if trouble is en 
countered, to signal and seize the trouble recorder. 

K4: A 100 millisecond slow release relay to release the 
signal to the trouble recorder. 

K5: Congestion busy or marker code receiver failure , ; 
relay. . . . . . . . . . . 

RANA: Operates when 500 group is identifier to open 
original marker selection leads. . . . . 

RANB: Provides ground arid battery circuits for RA and 
RB relay chains. ". . . . . . . . . . . . . . . . . 

1RANC, 2RANC:... Provide for shifting 500 line alterna 
tor, opens 20 cycle A.C. and perform miscellaneous 
control functions. - . . . . 

1RAND, 2RAND: Shift original locking circuits of 
RANB to effect release. Provide for "holding" grounds 

* to marker and open original seizure circuits. 
1ROA1-4ROA1: Rotator relays for supplying hold cir 
'cuit for relays RA1-RA6. . . . - - - - - - 
1ROB, 2ROB: Rotator relays for supplying hold circuit 

for relays 1 RAN1 and 1RAN2, 
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Line connecting terminating circuit (LCT). 

This circuit consists of relays for effecting selective 
connection of each of a plurality of CRB's to the MCR 
and MTT circuits and is used for terminating calls only. 
This circuit comprises the following multiple relays 

(see FIGURE 33): 
M1-M10: Connecting relays for CRB's 1-20. : 
M11-M20: Connecting relays for CRB's 21-40. 
M21-M30: Connecting relays for CRB's 41-60. 
M31-M40; of which M31-M35 comprise connecting re 

lays for CRB's 61-70; M39 comprises, a connecting 
relay for odd CRB's; and M40 comprises a connecting 
relay for even CRB's... . . - . . . . . . . . . . . 

Marker vertical (test) terminating circuit (MVT) 
This circuit has a pathfinder, chain for testing over 20 

SLB verticals at one time and is used for terminating calls only. 
Certain miscellaneous relays are provided to effect path 

finder chains operation and also horizontal and vertical 
pulling circuits. 
The circuit comprises the following relays 

URES 75,76 and 77): 
DG1-DG20: Terminating pathfinder selection chain. 
DGA, DGB: Terminating pathfinder ground starting 

relavs. 
D6 one up” pathfinder relay for horizontal control. 
DGD: Terminating vertical control. - 
HF3, HF4: SLB and SLC horizontal operated Super 

visory relays. 
R: Release and reselect if horizontals do not operate. 
CB: Terminating call, "no path" relay. 

(see FIG 

Marker vertical connecting circuit (M VC) 
This circuit has 500-group connecting relays for testing 

into the SLA and SLB switches. SLA vertical test relays 
are also a part of this circuit. . 

Connecting relays are also provided for establishing 
connections to the proper SLC switch. This is used for 
terminating calls only. . . . . . 

This circuit comprises the following relays (see FIG 
URES48,49, 64, and 65): . . . . . . 
1BN 1-1 to 6BN1-1: SLB group-1 vertical and horizon 

tal control circuits connecting relays for the first 500 
group. . . . . 

1BN21. to 6BN2-1: SLB group-1 vertical and horizon 
tal control circuits connecting relays for the second 500 
group. -- 

1BN 1-2 to 6BN 1-2: SLB group-2 vertical and horizon 
tal control circuits, connecting relays for the first 200 
group. - - 

1BN 1-3 to 6BN 1-3: SLB group-3 vertical and horizon 
tal control circuits connecting relays for the first 500 
group. . . . . . . . - 

1BN2-3 to 6BN2-3: SLB group-3 vertical and horizon 
tal control circuits connecting relays for the second 500 
group. ' ' - - - . . . 

2V1 to 2V10: SLA vertical test relays. • , , 
1A-3A, 1B-3B, 1C-3C: SLB vertical test and pull con 
... nect relays (work with path-finder chain). . . . 

Marker CRB connecting circuit (MCC). 
This circuit is used in conjunction with circuit LCT to 

provide for operating circuits in the LCT. ...Also 500 
group connecting relays are provided to carry certain 
control wires from the LCT to other circuits. This cir 

This circuit comprises the following relays (see FIG 
URES 52, 53 68 and 69): - - - - " . . . . 

5RAN: CRB control circuit connecting relays for the 
- first 500. group. . . . . . . . . . . . . . . . . . 

75 5RAN2: CRB control circuit connecting relays for the 
second 500 group. 
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Si-S7: CRB group connecting relays-control circuits for 
both 500 groups. Relays S-S7 are associated with 
the seven groups of CRB's respectively: 1-10; 11-20; 
2-30; 31-40; 41-50; 51-60; 61-70. . . . . 

Marker terminating test circuit (MTT) 
This circuit is provided for testing the called lines “S” 

wire to determine idle, busy, or reverting call conditions. 
Other connecting and guard relays are provided to deter 
mine the 500-group to be used. . 

This circuit comprises the following relays (see FIG 
URES 78,79 and 80): 
Ol: Blocking relay when an originating call in the first 

500 group is progressing through the companion 
marker. - 

O2: Blocking relay when an originating call in the second 
500 group is progressing through the companion 
marker. 

RBL: Blocking relay when an originating call is pro 
gressing through the marker. 

2ABL: Blocking relay when a terminating call is pro 
gressing through the marker. 

2PBX: Marking relay when a terminating PBX call is 
being made. 

BY, IA: Idle line indicating relays. W 
DN1, DN2: SLB connect relay control for first and sec 
ond 500-groups. 

BYP1, BYP2: PBX group busy relays. 
BT: "S" wire control relay. 
BY2: Line busy relay. 
WC: Wire chief test or busy verification relay; also used 

to establish reverting call circuit. 
IRC: Indicates ground on the "S" wire to set up revert 
ing call test. 

RC: Reverting call indicating relay. 
Line PBX terminating circuit (LPX) 

This circuit receives information from the MCR cir 
cuit for PBX calls and controls connection of a calling 
line to the first idle PBX line of a PBX group. Twenty 
groups or less of PBX lines, totaling a maximum of 
100 lines may be used. Only five lines (20-24) of each 
SLA switch are available for PBX service. 
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This circuit comprises the following relays (see FIG 
URE 20): 
P1-P20: PBX group selection relays for a maximum 
number of 20 PBX groups of five trunks each; These 
relays may be operated in parallel, or from relay D1 
to form any number of PBX trunks in one group 
(maximum 100). Knife blade jacks are used to facili 
tate the use of normally reserved PBX lines as regular 
lines; and to also “busy" any PBX trunk as required 
for maintenance. 

1RT-20TR: Control relays operated by relays A1-A20 
respectively in the marker. 

D1: Slave relay to provide for parallel operation of sev 
eral relays P1-P20 as required. 

Coin box trunk circuit (CBT) 
This circuit is used with a CRA (see SLB) to provide 

for collect and refund voltages on pre-pay paystations. 
Time disconnect of conversation is provided if desired. 

This circuit comprises the following relays (see FIG 
URE 34): 
CC: Coin collect. 
CT: Coin test. 
CF: Coin flash. 
CD: Coin disposal. 
S: Supervisory. 
H: Hold. 
SL: Sleeve. 

Marker code receiver circuit (MCR) 
This circuit provides for receiving the hundreds, tens 
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and units signals (terminating number) from the sender 
and also certain information to access PBX trunk groups. 

This circuit comprises the following relays (see FIG 
URES 73, 74): 
R1-R5: Code receiver relays. 
H1-H5: "Hundreds' register relays. 
TA, T1-T5: "Tens' register relays. 
U1-U5: “Units' register relays. 
CRG: Code receiver ground supply relay. 
RA1-RA3: Register sequence relays. 
CA: Timing switching relay. 
TO1, TO2: Timing relays. - 
Q1-Q4: SLA and PBX group identity relays. . . 
27-LU, LU, 27-89, 1469,0358: SLA horizontal deter 

mination relays. M 

Cord relay-B circuit (CRB) 
This circuit provides for receiving codes indicative of 

called party ringing from the sender; codes from the 
sender indicative of origin such as local call, trunk call, 
toll call (delayed ring), test call; and a code indicative 
of fact that a call is in progress to a charge-free phone. 

This circuit also has the talking bridge which is by 
passed for all trunk and test calls and is accessed from 
the group selectors by 500-groups with a maximum of 
70 per group shown. 
Cord relay B circuit comprises the following relays 

(see FIGURES 30-32): 
RS: Ring start. 
RT: Ring trip. 
WC: Wire chief. 
DR: Delayed ring. 
RR: Ring reverse. . 
RP: Ring pickup. 
RV: Revert call. 
LC: Local call. 
A: Calling subscriber battery feed. 
B: Called subscriber battery feed. 
TK: Trunk call. 
H: Hold, 
MB: Make busy. 
VO: Vertical operated. 
CS: Call signal. 
RA: Ring selection auxiliary. 
R1: Ring selection. 
R2: Ring selection. 
R3: Ring selection, 
R0: Ring selection. 
R4: Ring selection. 
R5: Ring selection. 
R6: Ring selection. 

Line pay station identity circuit (LPI) 
This circuit consists of 75 resistor-capacitor networks 

and the necessary connecting relays for use with a maxi 
mum of 75 paystations per 500 line group. 
LPI comprises the following relays (see FIGURE 16): 

1PST-5PST: Relays operated from LEO circuit to place 
RC ground on 'S' wire of paystation lines to provide 
a feed-back path for the 12 kc. oscillator of circuit 
MPR to identify paystation lines. 

Register circuit (REG) 
This circuit provides registers for receiving the dialed 

digits; means for paystation control, etc. 
The register circuit comprises the following relays (see 

Figures 35-37): - - 

RD-Register disconnect. 
R-Ring conductor. 
T-Tip conductor. 
BT-Bad test. 
CT-Coin test. 
CD-Coin deposited. 
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CB-Coin box (i.e. paystation). 
H1-Hold. , 
H-Hold. 
ON1-Off-normal. 
ON2-Off-normal. 
TO-Time out. - - 
RC-Register control. 
PR-Proceed, 
CS-Call signal. - 
C1 to C6-Counting chain. - 
RAIRA10-Register advancing relays associated with gits. 
R11-R17-1st register (digit 1). 
R21-R27-2nd register (digit 2). 
R31-R37-3rd register (digit 3). 
R41-R47-4th register (digit 4). 
R51-R57-5th register (digit 5). 
R61-R67-6th register (digit 6). 
R71-R77-7th register (digit 7). 
Box "digit 8'-8th register (digit 8). 
Box digit 9'-9th register (digit 9). 
Box "digit 10"-10th register (digit 10). 

V. DLE CONDITION 
In the idle condition with no calls passing through the 

markers, relays K1 and K2 in MLI, 10A1 for example, 
and 0A2 for example in MLM, 1PS in MPR, OT1 and 
0A1 for example in MRT, may be in the operated con 
dition. The following relays in the terminating end of 
the marker may also be normally operated: relays K3, 
K4,4ROA1, 4ROA2 in MCI. Relays 10B and 20B in 
MLM may or may not be in the operated condition as 
they are both operated on one call, both released on the 
next, etc. Relays 1ROB and 2ROB in MCI may or may 
not be operated. -, - . . . . . . . . . 
The operating circuits for these relays are as follows. 
Relay K1 (FIGURE 41) initially operates from bat 

tery over its upper winding, break contacts e, of relay 
K1 and break contacts e of relay. 1ANC to ground; and 
locks from battery over its upper and lower windings in 
series, make contacts b of relay K1, and break contacts 
3 of relay 1ANC to ground. Relay K1 operates slow 
release relay K2 (FIGURE 41) from battery through 
the winding of relay K2, a 6800 resistor, and make con 
tacts d of relay K1 to ground. 

Relays K1 and K2 control signaling to a trouble re 
corder and the release of the marker. . . . . . . 

Relay 10A1 (FIGURE 71), for example, a rotator 
relay for supplying a holding circuit for relays B0-B23, 
is operated initially over the circuit from battery through 
the upper winding of relay 10A1, conductor 33, cable to 
MLI, cable 33–38, conductor 33, make contacts i of any 
relay B0-B3 (when it operated previously), make con 
tacts i of relay BB, to ground; and locks over the circuit 
from ground, make contacts c of relay 10A1, lower wind 
ing of relay 10A1, break contacts 3 of relays 20A1-60A1 
in series, and 2000 ohm resistor to battery. With relay 
10A1 operated, and locked, ground through break con 
tacts b of relay BB, the lower winding of relay 1BA, break 
contacts d of relay BB, break contacts g of relay 1PBX, 
conductor 45, cable to MLM, conductor 45, break con 
tacts b of rotator cut-out key, make contacts a of relay 
10A, conductor 40, cable to MLI, cable 39-44 and con 
ductor 40 enters the lower locking chain of relays B0-B24 
between the break contacts e of relay B0 and the lever 
associated with contacts d and e of relay B24 whereby 
relay B24 takes precedence in locking over relays B0 
B23; relay B23 takes precedence in locking over relays 
BC-B22; etc. . . . . . 
Relay 10A2 (FIGURE 71), for example, a rotator 

relay for supplying a holding circuit for relays A1-A20 
is operated initially over the circuit from battery through 
the upper winding of 10A2, conductor 46, cable to MLI, 
cable 46-49, make contacts i of any relay A1-A5, make 
contacts g of relay AB to ground; and locks over the 
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circuit from ground, make contacts c of relay 10A2, 
lower winding of relay 10A2, break contacts e of relays 
20A2-40A2, and 2000 ohm resistor to battery. With 
relay 10A2 operated and locked, ground through the 
winding of relays 1AA, 2AA, and 3AA of MLI in parallel, 
break contacts e of relay 1PBX, conductor 54, cable to 
MLM, conductor 54, break contacts b of rotator cutout 
key, make contacts a of relay 10A2, conductor 51, cable 
to MLI, cable 50-53, and conductor 51 enters the lower 
locking chain of relays A1-A20 between break contact 
f of relay A1 and the lever associated with contacts e 
and f of relay A20, whereby relay, A20 takes precedence 
in locking over relays A1-A19; relay A19 takes prece 
dence in locking over relays A1 to A18; etc. 

Relay 20B (FIGURE 71) operates initially from bat 
tery through the winding of relay 20B, break contacts 
a of relay, 10B, conductor 31, cable to MLI, conductor 
31, and make contacts d of relay 2ANC to ground; and 
locks from battery through the winding of relay, 20B, 
make contacts a of relay 20B, lower winding of relay 
10B, conductor 32, cable to MLI, conductor. 32, and 
break contacts e of relay 2ANC (FIGURE 41) to ground, 
when relay 2ANC releases operating relay 10B. It should 
be noted that relay 20B is shunted by a 10,000 ohm re 
sistor whereby it is made slow to release so that it does 
not release during the transfer of relay 2ANC. Ground 
through break contacts k of relay 1AND, break con 
tacts c of relay 1ANC, conductor 30, cable to MLM, 
conductor 30, closed break contacts b of the manual 
key, make contacts c of relay 10B, conductor. 29, cable to 
MLI, conductor 29, to the locking lever of relay AN2 
gives relay 1AN2 priority in locking over relay 1AN1, 
and accordingly gives the second 500 line group priority 
in seizing the marker if both should attempt to seize the 
marker simultaneously. . . . . 
On the next operation of relay 2ANC (FIGURE 41), 

relay 20B is released due to the removal of holding 
ground from conductor 32, but relay 10B holds from 
battery through the upper winding of relay 10B, make con 
tacts b of relay 10B, conductor 31, cable to MLI, con 
ductor 31, and make contacts d of relay 2ANC to ground. 
When relay 2ANC releases, relay 10B is dropped. 
Ground through break contacts j of relay 1AND, break 
contacts c of relay ANC, conductor 30, cable to MLM, 
conductor 30, closed break contacts b of manual key, 
break contacts d of relay 10B, conductor 28, cable to 
MLI, conductor 28, to the locking lever of relay AN1 
gives relay 1AN1 priority in locking over relay 1AN2, 
and accordingly gives the first 500 line group priority in 
seizing the marker if both should attempt to seize the 
marker simultaneously. . . . v 

Relay 1PS (FIGURE 72) is operated over the circuit 
from ground, through the winding of relay 1PS, through 
the anode-cathode space path of 50C5 tube which is in 
the conducting state, to negative battery. The operation 
of relay PS holds ground off its signalling contacts c and 
d; and closes its contacts b to normally prepare for a non 
payStation call. . . . . 

Referring now to the MRT circuit, relays 0T1-0T10 
(FIGURES 44-45) constitute an originating register 
preference chain. Relay 0T1, for example, may be oper 
ated and locked, giving register 1 first preference. Relay 
0T1 operates from battery through its lower winding 
and break contacts.k of relays 0T2-0T10, break contacts 
i of 0T1, and resistori, to ground; and locks over the cir 
cuit from battery through its lower winding, break con 
tacts k of relay 0T2, make contacts k of relay 0T1, and 
resistor i' to ground, disconnecting this ground from the 
levers of the other relays. Relay 0T1 prepares a circuit 
for relay 0T2 from battery through the lower winding 
of relay 0T2, upper winding of relay 0T1, make contacts 
i of relay 0T, break contacts m of relay 0T10, break 
contacts b of manual rotator stop key, break contacts d 
of relay 3ANC, conductor. 3, cable to MLI, conductor 3, 
make contacts f of relay ANB to ground. When relay 
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ANB (FIGURE 40) operates, relay OT2 operates and 
relay OT1 holds. When relay ANB releases, relay 0T1 is 
released and relay OT2 holds from battery through the 
lower winding of relay OT2, make contacts i of relay 
OT2, break contacts k of relays 0T3-0T10, break contacts 
i of relay 0T1, and resistori, to ground. Relay OT2 gives 
register 2 preference on the next call. 

Referring now to relays 0A1-0A4 (FIGURE 60) in 
the MRT circuit, relay 0A1, for example, is a rotator relay 
and may be operated and locked, giving the first sub 
scribers line register group circuit (SRL-1) first prefer 
ence. Relay 0A1 is initially operated over the circuit 
from battery through the 600 ohm upper winding of 
relay 0A1, break contacts a of relays 0A2-0A4, break 
contacts b of relay 0A1, and 1000 ohm resistor b' to 
ground; and holds from battery through its upper 600 
ohm winding, break contacts a of relay 0A2, make con 
tacts a of relay 0A1, through the 1000 ohm resistor to 
ground, disconnecting the 1000 ohm ground from relays 
0A3 and 0A4. Relay 0A1 prepares a circuit for 0A2 
from battery through the upper winding of relay 0A2, 
lower 400 ohm winding of relay 0A1, make contacts c 
of relay 0A1, break contacts d of relay 0A4, to open make 
contacts e of relay X2. With relay 0A1 operated, relay 
1RS1 (MCT circuit) is prepared for operation. 

Relay K3 (MCI) is normally operated over the path 
from battery through the winding of relay K3, and con 
tacts 2RANC-e to ground. 

Relay K4 (MCI) is normally operated over the path 
from battery through the winding of relay K4, contacts 
K3-b, and K5-b to ground. 

Relay 4ROA1 (MCI) is normally locked over the path 
from battery, through a resistor, the lower winding of 
relay 4ROA1, contacts 4ROA1-c, and break contacts d 
of relays 3ROA1-1ROA1, to ground, the relay hav 
ing been operated on a previous call from ground placed 
on lead 9 by the marker. If none of these relays had 
as yet been operated by the marker, it should be observed 
that a path exists from conductor 5 through their break 
contacts b in series to conductor 1, which gives the same 
effect as though relay 4ROA were operated. 

Relay 4ROA2 (MCI) is normally locked over the path. 
from battery, through a resistor, the lower winding of 
relay 4ROA2, contacts 4ROA2-c, and break contacts d 
of relays 3ROA2-1ROA2 to ground, having been oper 
ated on a previous call from ground placed on lead 9 by 
the marker. If none of these relays had as yet been 
operated by the marker, it should be observed that a path 
exists from conductor 5 through their break contacts b 
in series to conductor 1 which gives the same effect as 
though relay 4ROA2 were operated. . . . . 

Relays ROB and 2ROB (MLI) are normally both up 
at the beginning of one call and both down at the 
beginning of the next call, alternating on Successive calls, 
and are operated by contacts c and d of relay 1RANC in 
similar fashion to the operation of relays 10B and 20B 
of the MLM circuit by contacts d and e of relay 2ANC 
of the MLI circuit. 

VI. ORIGINATING CALL 
As hereinbefore described, a subscriber line marker is 

used to originate a call and is then dismissed; and a Sub 
scriber line marker is called in and used on the termina 
tion of a call. Two such markers are provided for two 
line groups such as 500 line groups; and both markers 
are used for originating and terminating calls. The same 
marker which is used on the origination of a call is not 
necessarily the one used to establish the terminating con 
nection of a call, although it may be. 

Accordingly, we shall describe the operation of the 
marker for an originating call in this section of the 
description, and its operation for a terminating call in a 
subsequent section, 
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A. Call for subscriber line marker 

Referring now to FIGURES5 and 6, we shall describe 
first the operation of the system in seizing either of two 
subscribers line markers from either of two subscribers 
line groups. 

Relays AG, AV, 3AW, and 3LI (FIGURE 5) are line 
entrance relays associated with the first 500 line group; 
relays AG, AV, 3AW and 3L1' with the second 500 
line group. 

Relays 2ANC, 1ANA, 1AN2A, ANA, 2AND, 1 ABL, 
T1, T2, 1AN1, and 1AN2 (FIGURE 6) are subscribers' 
line marker relays associated with the first marker; relays 
2ANC, 1AN1A, 1AN2A, ANA8, 2AND'', ABL8, T1, 
T2, 1AN and 1AN2 with the second marker. 
1. Both markers idle 
(1) Call from first 500 line group 
(I) Landing in first marker 
Assuming that as shown in FIGURES 5 and 6, a call 

ing subscriber on line 17 of the first group of twenty-five 
lines in the first 500 group of lines, that is, the group of 
lines terminating on the first SLA switch (SLA-1), lifts 
his receiver, a circuit is closed over the calling line loop 
to operate associated line relay LR7 on SLA-1. 

Relay LR17 of SLA-1 operates and at its make con 
tacts 12 closes a circuit to operate polarized relay AG as 
follows: ground through the winding of relay AG, break 
contacts 4603 of relay AV, break contacts C of 2AW, 
break contacts A of relay 3LI, conductor 1202 make con 
tacts 12 of relay LR17, close contacts A of SLA-1 manual 
switch BK, conductor 1201, 10,000 ohm resistor, break 
contacts 4602 of AV and a 5000 ohm resistor, conductor 
4601, in parallel through similar circuits in each sub 
scriber's line marker. In SLM- this circuit is as follows: 
break contacts a of relay 2ANC, break contacts a of 
relay ABL, lamp WE13G, twenty cycle current source to 
ground. In SLM-2 this circuit is as follows: break con 
tacts a of 2ANC, break contacts a of relay 1ABL, lamp 
WE13G", through the twenty cycle current source to 
ground. Y 

Relay AG responds to the 20 cycle alternating current, 
closing its contacts 4604 or 4605 according to the phase 
of the current, it being understood that this lever is in 
the center position when relay AG is non-energized. 

In its lever lower position, contacts 4604 close a cir 
cuit to relay 1AN1 in marker SLM-1 from ground 
through contacts 4604, conductor 4606, closed fuse con 
tacts, break contacts b of relay ANA, break contacts b 
of relay. 2AND, conductor 4, cable MLIA-MLI, contacts 
of relay T1 (MLIA) conductor , cable MLIA-MLI, con 
ductor 1, winding of relay AN1, break contacts C of 
relay ABL, conductor 4608, 1,000 ohm resistor to bat 
tery. . . . - 

in its lever upper position, contacts 4605 of relay AG 
close a circuit to relay AN1 in marker SLM-2 from 

60 

65 

75 

ground through contacts 4605 of relay AG, conductor 
4607, break contacts b of relay ANA, break contacts b 
of relay 2AND', break contacts A of relay T1', winding 
of relay AN1' break contacts c of relay 1ABL, conduc 
tor 4608, 1,000 ohm resistor to battery. 
The lever of relay AG may operate one of these re 

lays 1AN or AN1' upon its first engagement with 
associated contacts 4604 or 4605 or it may go through one 
or more cycles before one of these relays operates, de 
pending upon the valve of the circuit constants. 

Either of these relays shunts relay AG as follows: 
Relay 1AN1 shunts relay AG over the circuit from 

ground, through make contacts C of relay 1AN1 and 
conductor 4619. 

Relay 1AN1 shunts relay AG over the circuit from 
ground, through make contacts c of relay 1AN1, con 
ductor. 4619. 

Relay 1AN1 locks to ground over make contacts f 
or relay AN or over make contacts b of relay AN1 
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and break contacts bof relay 1AN2, indicating to marker 
SLM-1 that the calling line is in the first 500 line group. 

Relay AN1, locks to ground over make contacts b 
of relay 1AN1 or over make contacts b of relay 1AN1 
and break contacts b of relay AN2, indicating to marker 
SLM-2 that the calling line is in the first 500 line group. 

It will be noted that relays AN1 and AN1 operate 
through a common 1000 ohm resistor and that when 
one of these relays succeeds in closing its locking circuit, 
the current drain is such as to prevent the other operat 
ing. i. . . . . . . . . . . . . 

Accordingly if both relay try to operate during oscil 
lation of the lever of relay. AG, the relay AN1 or AN1 
which succeeds in locking, causes the other to be non 
operated. 
Assuming that relay 1AN1 operates and locks, a cir 

cuit is completed from ground through make contacts d 
of relay 1AN1, and the winding of relay ANA to bat 
tery, operating this relay. 

Relay AN1A operates and at its contacts a extends 
ground over conductor 4609, and the winding of relay 
AV to battery. 

Relay AV opens its break contacts 4602 and 4603, dise 
connecting the 20 cycle alternating current from polarized 
relay AG. The lever of AG assumes its middle position, 
opening the original operating circuit of relay 1AN1. 
(II) Landing in second marker 
Assuming that relay 1AN1 in marker SLM-2 operates 

and locks as before described, a circuit is completed 
from ground through make contacts d of relay AN1 
and the winding of relay 1AN1A to battery, operating 
this relay. . . . . 
Relay1AN1A operates relay AV from ground through 

contacts a of relay ANA, conductor 4609, and the 
winding of relay AV to battery. . 
As before stated, relay AV opens its break contacts 

4602 and 4503, disconnecting 20 cycle alternating cur 
rent from polarized relay AG, the lever of which as 
sumes its middle position, opening the original operating 
circuits of relay AN1. 
(2) Call from second 500 line group 
(I) Landing in first marker 
Assuming that a calling subscriber Y on line LR17' 

of the first group of twenty-five lines, in the second 500 
group of lines, that is the group of lines terminating on 
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the first SLA switch (SLA-1), lifts his receiver, a circuit . 
is closed over the calling line loop to operate associated 
line relay LR17 on SLA-1. 
- Relay. LR17 of SLA-1 operates, and at its make con 
tacts closes a circuit to operate polarized relay AG' as 
follows: ground through the winding of relay AG', break 
contacts 4603 contacts c of relay 2AW, contacts a of 
relay 3L1, make contacts. 12 of relay LR17 contact a 
of SLA-1 manual switch, 10,000 ohm resistor, break 
contact 4602, and 5,000 ohm resistor in parallel through 
similar circuits in each subscriber's line marker as traced . 
before. 

Relay AG' responds to the 20 cycle alternating current, 
operating its contact lever to a first position, closing con 
tacts 4604 or to a second position closing contacts 4605 
according to the phase of the current. 

In its lever lower position, contacts 4604' close a cir 
cuit to relay 1AN2 in marker SLM-1 from ground 
through contacts 4604, contacts a of relay ANA, con 
tacts a of relay 2AND, contacts a of relay T2, winding 
of relay 1AN2, contacts b of relay 1ABL, conductor - 
4608A, and 1,000 ohm resistor to battery. 

In its upper position, contacts 4605' close a circuit to 
relay 1AN2 in marker SLM-2 from ground through 
contacts 4605", contacts a of relay ANA, contacts a of 
relay 2AND', contacts a of relay T2, winding of 1AN2, 
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contacts b of relay 1ABL, conductor 4608A, 1,000 ohm 
resistor to battery. . . . . 
The lever of relay AG may operate one of these relays 

1AN2 or 1AN2 upon its first engagement with asso 
ciated contacts 4604 and 4605 or it may go through one 
or more cycles before one of these relays operates, de 
pending upon circuit constants. 

Either of these relays shunts relay AG' as follows: 
Relay 1AN2 shunts relay AG' over the circuit from 

ground, through make contacts c of relay 1AN2, and 
conductor 4619A. . . . . 

Relay 1AN2 shunts relay AG' over the circuit from 
ground, through contacts c of relay 1AN2' and conduc 
tor 4619A". . . . . . 

Relay 1AN2 locks to ground over make contacts a 
of relay 1AN2 or over make contacts a of relay 1AN2 
and break contacts a of relay 1AN1, indicating to marker 
SLM-1 that the calling line is in the second 500 line 
group. . . . . 

Relay 1AN2' locks to ground over make contacts a 
of relay 1AN2, or over make contacts a of relay 1AN2' 
and break contacts a of relay 1AN1, indicating to marker 
SLM-2 that the calling line is in the second 500 line 
group. 

It will be noted that relays 1AN2 and 1AN2 operate 
through a common 1,000 ohm resistor and that when one 
of these relays succeeds in closing its locking circuit, the 
current drain is such as to prevent the other locking. 

Accordingly, if both relays try to operate during oscil 
lation of the lever of relay AG, the relay AN2 or 1AN2 
which succeeds in locking, cause the other to be non 
operated. m 

Assuming now that relay 1AN2 operates and locks, a 
circuit is completed from ground through make contacts 
d of relay 1AN2, and the winding of relay 1AN2A to bat 
tery, operating this relay. . . . . . 

Relay 1AN2A operates relay AV from ground through 
make contacts a of relay 1AN2A, conductor 4609A and 
the winding of relay AV' to battery. 

Relay AV opens it break contacts 4602 and 4603, 
disconnecting the 20 cycle alternating current from polar 
ized relay AG. The lever of AG assumes its middle 
position, opening the original operating circuit of relay 
1AN2. 

(II) Landing in second marker 
Assuming that relay ANA' in marker SLM-2 oper 

ates and locks as before described, a circuit is completed 
from ground through make contacts d of relay 1AN2 
and the winding of relay 1AN2A to battery, operating 
this relay. 

Relay 1AN2A operates relay AV from ground 
through contacts a of relay 1AN2A, conductor 4609A 
and the winding of relay AV' to battery. 
As before stated, relay AV' opens its break contacts 

4602 and 4603, disconnecting 20 cycle alternating cur 
rent from polarized relay AG, the lever of which as 
sumes its middle position, opening the original operating 
circuit of relay1AN2'. 
(3) Simultaneous calls from both 500 line groups 
(I) First 500 line group landing in first marker and 

second 500 line group 
Landing in second marker 

Let us assume for example that both markers are idle 
and that line relay LR17 of SLA-1 of the first 500 line 
group and LR17 of SLA-1 of the second 500 line group 
operate simultaneously. W 

Four paths then exist for twenty cycle current from 
the markers to polarized relays AG and AG” as follows: 
Ground, winding of relay AG, contacts 4603, break 

contacts c of relay 2AW, break contacts a of relay 3L1, 
conductor 1202, make contacts 12 of relay LR17, closed 
contacts a of manual key, 1000 ohm resistor, break con 
tacts 4602 of relay AV, 5000 ohm resistor, conductor 
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460, break contacts a of relay. 2ANC, break contacts a 
of relay 1ABL, lamp WE13G, source of 20 cycle alternat 
ing current to ground. 

Ground, winding of relay AG, contacts 4603, break 
contacts c of relay 2AW, break contacts a of relay 4L1, 
conductor 1202, make contacts 12 of relay LR17, closed 
contacts a of manual key, 10000 resistor, break contacts 
4602 of relay AV, 5000 ohm resistor, conductor 4601", 
break contacts a of relay 2ANC, break contacts a of 
relay 1ABL, lamp WE13G, source of 20 cycle alternat 
ing current to ground. 

Ground, winding of relay AG', contacts 4603', con 
tacts c of relay 2AW, contacts a of relay 3L1, make 
contacts 12 of relay LR17, closed contacts a of manual 
key, resistor 10000 ohm, contacts 4602', conductor 4601, 
break contacts a of relay 2ANC, break contacts a of 
relay ABL, lamp WE13G and source of 20 cycle al 
ternating current to ground. 

- Ground, winding of relay AG, contacts 4603, con 
tacts c of relay 2AW, contacts a of relay 3L1 make 
contacts 12 of relay LR17, closed contacts a of manual 
key, 10000 ohm resistor, contacts 4602, conductor 4601, 
break contacts a of relay 2ANC, break contacts a of 
relay iABL, lamp WE13G, source of 20 cycle alternat. 
ing current, to ground. 

Polarized relays AG and AG' both respond, actuating 
their levers according to the phase of the 20 cycle A.C. 
We shall consider four different combinations of posi 

tions of levers of AG and AG'. 
If contacts 4604 and 4604 are closed simultaneously, 

both 1AN1 and 1AN2 may operate (over circuits pre 
viously described). 

Relays 1AN1 and 1AN2 both try to lock over their 
make contacts. It should be observed however that 
ground is placed on one or the other of the locking 
levers of relays 1AN1 and 1AN2 at different times by a 
rotator (10B-20B, FIGURE 71) described more in 
detail hereinafter. Accordingly, if the ground obtains on 
the locking lever of relay 1AN1, relay 1AN1 locks 
over its make contacts b to this ground. Relay 1AN2 
also tries to lock to this ground over make contacts a 
of relay 1AN2 and break contacts a of relay 1AN1, but 
relay 1AN1 has opened this circuit and accordingly relay 
1AN2 releases. (If the rotator had placed the locking 
ground on the locking lever of relay 1AN2 instead of re 
lay 1AN1, relay 1AN2 would lock instead of relay 
1AN1, the alternate procedure being obvious by analo 
gous reasoning from what follows. However in this 
case the second 500 line group would land in marker 
SLM-1 and the first 500 line group in marker SLM-2.) 

Relay AN1 operates relay AN1A which operates re 
lay AV which releases relay AG. 
With relay AN1 operated and locked, marker SLM-1. 

is seized by the first 500 line group and the marker is 
so signalled. 

Inasmuch as relay. AV is not operated, relay AG' con 
tinues vibrating its lever and the second 500 line group 
lands in the second subscribers line marker as becomes 
apparent by a consideration of the case wherein the lever 
of relay AG initially engages contacts 4605 and the 
fever of AG' contacts 4604. 
In this case, relay 1AN1 operates, in turn operating 

relay 1AN1A which operates relay AV, releasing relay 
AG. Also relay 1AN2 operates, in turn operating relay 
1AN2A" which operates relay. AV, releasing relay AG'. 
With relay 1AN1 operated and locked, the first 500 line 
group has landed in marker SLM-1 and the marker is so 
signalled; and with relay 1AN2 operated and locked 
the second 500 line group has landed in marker SLM-2 
and the marker is so signalled. 

It should be noted that relay 1AN1 places a shunt on 
relay. AG to prevent 1AN1' from operating and locking 
and that with relay 1AN1 nonoperated, relay 1AN2' 
can lock, regardless of whether the associated locking 
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ground rotator has ground on the #2 lever of relay 
1AN1' or relay 1AN2'. - 
(II) First 500 line group landing in second marker and 

second 500 line 
Group landing in first marker 

Let us assume that the lever of relay AG closes con 
tacts 4605 and that the lever of AG' closes contacts 
4605 and that accordingly relays 1AN1' and 1AN2 both 
operate simultaneously over paths previously traced. 

Relays 1AN1 and 1AN2 both try to lock over their 
#2 make contacts. Here, again, the rotator by con 
trolling locking ground determines whether relay 1AN1 
or relay 1AN2 locks. - - 
Assuming that relay 1AN1 locks, it operates relay 

1ANA which operates relay AV which releases relay 
AG. (If the rotator had caused relay 1AN2' to be locked 
instead of relay 1AN1, the second 500 line group would 
land in marker SLM-2 and the first 500 line group is 
SLM-1.) - 

With relay 1AN1' operated and locked, marker SLM 
2 is seized by the first 500 line group and the marker is 
so signalled. m . 

Inasmuch as relay AV' is not operated, relay AG con 
tinues vibrating its lever and the second 500 line group 
lands in the first subscribers line marker, as becomes ap 
parent by a consideration of the case wherein the lever 
of relay AG initially engages contacts 4605 and the lever 
of relay AG' initially engages contacts 4604. 

In this case, relay 1AN2 operates, in turn operating 
relay 1AN2A which operates relay AV, releasing relay 
AG'; and relay 1AN1' operates, in turn operating relay 
1ANA' which operates relay AV, releasing relay AG. 
With relay 1AN2 operated and locked, the second 500 
line group has landed in marker SLM-2 and the marker 
is so signalled; and with relay AN1' operated and locked, 
the first 500 line group has landed in marker SLM-2 
and the marker is so signalled. 
2. First marker idle; second marker busy 
(1) Call from first 500 line group 
(I) Landing in first marker with second marker busy due 

to originating or terminating call in second 500 line 
group 
With the second marker (SML-2) busy, one circuit 

for twenty cycle alternating current through lamp WE13G 
will be opened, break contacts a of relay 1ABL' being 
open if the marker is engaged for use in a terminating 
call, or break contacts b of relay 2ANC being open if 
the marker is engaged for use in an originating call. 
However, with the first marker (SML-1) idle, twenty 
cycle A.C. through lamp WE13G, closed break contacts 
a of relay ABL, closed break contacts a of relay 2ANC, 
5000 ohm resistor, closed break contacts of relay AV, 
etc. operates relay AG. 

If relay AG closes contacts 4605, relay 1AN1" is pre 
vented from operating by open contacts c of relay 1ABL' 
is SLM-2 is engaged with a terminating call; or if SLM-2 
if engaged with an originating call by open contacts b 
of relay ANA' and open contacts b of relay 2AND'. 

Relay AG continues to vibrate its lever, closing con 
tacts 4604, whereupon relay 1AN1 operates over a path 
previously traced and the first 500 line group lands in 
SLM-1. The result is the same as though contacts 4604 
closed originally instead of 4605. - 

(II) Blocked from landing in first marker due to second 
marker being engaged with terminating call to first 500 
line group - 

The manner in which landing of the first 500 line group 
in the busy marker SLM-2 is prevented has been describ 
ed above. Although the first marker SLM-1 may not 
be engaged with an originating or a terminating call, the 
landing of the first 500 line group in this marker may be 
prevented due to the second marker SLM-2 being en 



3,007,006 
- 31 
gaged with a terminating call to the first 500 line group. 
This is to prevent interference in the crossbar switches 
and in the markers and is accomplished as follows. 

If marker SLM-2 is engaged with a terminating call 
to the first 500 line group, relay T1 in the first marker 
SLM-1 is operated and opens the circuit of relay AN1 
at its open contacts a. Accordingly, when contacts 4604 
try to operate relay 1AN1, the circuit of relay 1AN1 is 
found open at open contacts a of relay T1. - 

... If the marker SLM-2 had been engaged with a termi 
nating call to the second 500 line group, relay T2 would 
be operated in the first marker but this would not inter 
fere with the operation of relay 1AN1 by relay AG. 
(2) Call from second 500 line group 
(I) Landing in first marker with second marker busy 
due to originating or terminating call in first 500 line 
group . - . . . . . . . . . . . . . . . . 

- With the second marker busy, the circuit for 20 cycle 
A.C. through lamp WE3G will be opened as previously 
explained, but twenty cycle A.C, through lamp WE13G, 
and contacts a of relay 1ABL, contacts a of relay 2ANC, 
contacts 4602' etc., operates relay AG'. . . . . . . . 

If the contacts 4605' close while SLM-2 is engaged 
with a terminating call, relay 1AN2 is prevented from 
operating by open contacts b of relay 1ABL' or by open 
contacts a of relay ANA'. If SLM-2 is engaged with 
an originating call, relay AN2 is prevented from oper 
ating at contacts a of relay 2AND'. 
Relay AG in the continued vibration of its lever now 

closes contacts 4604, whereupon relay 1AN2 operates 
over a path previously traced and the second 500 line 
group lands in SLM-1. This is the same as though con 
tacts 4604 closed originally instead of 4605. 
(II) Blocked from landing in first marker due to second 
marker being engaged with terminating call to second 
500 line group 
The manner in which landing of the second 500 line 

group in the busy marker SLM-2 is prevented was de 
scribed above. 

However, even though the first marker SLM-1 may 
not be engaged with an originating or a terminating call, 
if the Second marker SLM-2 is engaged with a terminat 
ing call to the second 500 line group, the landing of the 
second 500 line group in this marker will be prevented. 
This is to prevent interference in the crossbar switches 
and in the markers and is accomplished as follows. 

If marker SLM-2 is engaged with a terminating call 
to the Second 500 line group, relay T2 in the first marker 
SLM-1 is operated and at its contacts a opens the 
circuit of relay AN2. . . S. 

Accordingly, when contacts 4604 try to operate relay 
1AN2, the circuit of relay 1AN2 is found open at con 
tacts a of relay T2. - 

If the marker SLM-2 had been engaged with a termin 
ating call to the first 500 line group, relay T1 would be 
operated in the first marker but this would not interfere 
with the operation of relay 1AN2 by relay AG'. 
(3) Simultaneous calls from both 500 line groups 
(I) First 500 line group landing in first marker with 
second marker busy due to terminating call in second 
500 line group 
Twenty cycle A.C. through lamp WE13G, contacts a 

of relay 1ABL and contacts a of relay 2ANC, etc. op 
erates relays AG and AG'. 

Relay AN1 and 1AN2 are prevented 
by operated relay 1ABL'. 

Relay iAN2 is prevented from operating by operated 
relay T2. - - - 

Consequently only relay 1AN1 can possibly be opera 
ted by the vibrating levers of relays AG and AG", which 
relay operates over a path as described hereinbefore and 
locks over its #2 make contacts. . . . . 

from operating 
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If ground is placed by the rotator on the lever associa 

ted with the locking contacts of 1AN1, relay AN1 locks 
independent of relay 1AN2. If, however, the ground is 
placed by the rotator on the lever associated with the 
locking contacts of 1AN2, relay AN1 locks over con 
tacts b of relay 1AN1 and contacts b of relay 1AN2 
to ground. - . . . 

(II) Second 500 line group landing in first marker with 
second marker busy due to terminating call in first 500 
line group 
Twenty cycle A.C. through lamp WE13G, contacts a 

of relay ABL and contacts a of relay. 2ANC, etc., op 
erates relays AG and AG'. 

Relays 1AN1 and 1AN2 are prevented from operat 
ing by operated relay 1ABL. 

Relay AN1 is prevented from operating by operated 
relay T1. . . . . 
Consequently, only relay 1AN2 can be operated by the 

vibrating levers of relays AG and AG'. Relay 1AN2 
operates over the path as described hereinbefore and locks 
overits. ii.2 make contacts. 

3. First marker busy; second marker idle 
(1) Call from first 500 line group 
(I) Landing in second marker with first marker busy due 

to originating or terminating call in second 500 line 
group - - - 

Twenty cycle current through lamp WE13G, break con 
tacts a of relay 1ABL, and break contacts a of rela 
2ANC, etc., operates relay. AG. 

Relay 1AN1 is prevented from operating by open con 
tacts c of operated relay 1ABL; or by open contacts b of 
relay ANA and by open contacts f of relay 2AND of 
operated relays. ANA and 2AND respectively. 
Ground through contacts 4605, contacts f of relay. 

ANA, contacts b of relay 2AND, contacts a of relay. 
T1, winding of relay 1AN1, contacts c of relay 1ABL, 
conductor 4608, 1000 ohm resistor, to battery, operates 
relay 1AN1 which locks over its make contacts b. There 
by the first 500 line group lands in SLM-2 and marker 
SLM-2 is informed of such operation. 
(II). Blocked from landing in second marker due to first 
marker being engaged with terminating call to first 500 
line group . 
Twenty cycle A.C. potential through lamp WE13G, 

contacts a of relay 1ABL, contacts a of relay 2ANC, 
etc., operates relay AG. . . . 
Relay1AN1 is prevented from operating by open con 

tacts a of relay 1ABL. . . . . . . . . . 
Relay 1AN1 is prevented from operating by open 

contacts a of relay T1'. 
(2) Call from second 500 line group . 
(I) Landing in second marker with first marker busy due 

to originating or terminating call in first 500 line group 
Twenty cycle A.C. potential through lamp WE13G, 

break contacts a of relay ABL, break contacts a of rela 
2ANC, etc., operates relay AG'. - . 

Relay AN2 is prevented from operating by open con 
tacts c of relay 1ABL, or by open contacts a of relay AN 
and a of relay 2AND. 

... Relay 1AN2 operates from ground through contacts 
4605, contacts a of relay ANA, contacts, a of relay 
2AND', contacts a of relay T2, winding of relay 1AN2, 
contacts b of relay 1ABL', conductor 4608A, 1000 ohm 
resistor, to battery. Relay 1AN2 locks over contacts a 
of relay 1AN2, whereby the second 500 line group is 
landed in marker SLM-2 and this marker is so informed. 
(II): Blocked from landing in second marker due to first 
marker being engaged with terminating call to second 

* Twenty cycle A.C. potential through lamp WE13G, 
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contacts a of relay 1ABL, contacts a of relay 2ANC, etc., 
operates relay AG'. 

Relay AN2 is prevented from operating by open con 
tacts b of relay ABL. 

Relay 1ANa’ is prevented from operating by open 
contacts a of relay T2. 
(3) Simultaneous calls from both 500 line groups 
(I). First 500 line group landing in second marker with 

first marker busy due to terminating call in second 500 
line group 
Twenty cycle A.C. potential through lamp WE13G, 

contacts a of relay ABL and contacts a of relay 2ANC, 
etc., operates relays AG and AG'. .. 

Relays ANi and AN2 are prevented from operating 
by operated relay ABL. . 

Relay. AN2 is prevented from operating by operated 
relay T2'. 

Consequently, relay 1AN1 is the only relay which is 
conditioned for the operation by the vibrating levers of AG 
and AG', which relay now operates over a path as de 
scribed hereinbefore and locks over its make contacts b. 
(II) Second 500 line group landing in second marker with 

first marker busy due to terminating call in first 500 
line group 
Twenty-cycle A.C. potential through lamp WE13G, 

contacts a of relay ABL, and contacts of relay 2ANC, 
etc., operates relays AG and AG'. 

Relays AN1 and 1AN2 are prevented from operating 
by operated relay 1ABL. 

Relay AN' is prevented from operating by operated 
relay T1'. 

Consequently, relay 1AN2' is the only relay which the 
vibrating levers of relay AG and AG' can operate, and 
relay AN2 therefore operates over a path as described 
hereinbefore and locks over its make contactsa. 
4. Both markers. busy 

if both markers are busy, twenty cycle A.C. potential 
through lamp WE3G is disconnected by open contacts a 
of relay ABL, or open contacts a of relay 2ANC; open 
contacts a of relay ABL' or open contacts a of relay 
2ANC. 

Consequently, neither relay AG nor relay AG can 
operate and the calling 500 group or groups must wait 
until a marker is available. As markers are normally 
held for less than a second, no apparent waiting is ex 
perienced by the calling party. 
5. Alternative arrangement 
According to an alternative arrangement of FIGURES 

7 and 8, relays AN1, AN1, 1AN2, and 1AN2 operate 
through individual 1000 ohm resistors to battery and these 
relays at their make contacts c perform a shunting action 
which is somewhat different than that described herein 
before. 

Whereas the marker relay AN at its contacts c here 
in before shunted polarized relay AG, in the alternative 
arrangement ground through the make contacts c. of relay 
AN1, conductor 4619 connects to the 1000 ohm battery 

feed circuit conductor 4608 of relay AN1 whereby 
sufficient current is detracted from relay AN1 to cause 
it to non-operate or release. Accordingly, both of these 
relays may operate, but the one which succeeds in locking 
shunts the other down. 

Similarly, whereas make contacts c of relay 1AN1 
shunted relay AG, in this alternative arrangement, ground 
through make contacts c of relay AN1, conductor 4619, 
connects to the 1000 ohm battery feed circuit conductor 
4608 of relay AN1, shunting this relay. 

Similarly, ground through make contacts c of relay 
EAN2 shunts relay 1AN2. 
Similarly, ground through make contacts c of relay 
AN2 shunts relay 1AN2. . . . 
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B. Line group identity 

Referring now to FIGURES 16 to 80, let us assume 
that the line entrance originating circuit LEO of FIGURE 
17 is that associated with the first 500 lines and that the 
marker of FIGURES 38 to 80 is the first marker, i.e., 
SLM-1. 

Let us assume again that the calling party on line 17 
(FIGURE, 19) of the first SLA unit of the first 500 line 
group lifts his receiver. The following circuit then is 
established for the associated line relay LR17: ground, 
break contacts 2 of relay CO17, conductor T, calling 
line loop, conductor R, break contacts 1S of relay. CO17, 
break contacts 21 of relay LOil 7, winding of relay LR17, 
conductor 301, fuse 4, to battery. 
Relay LR17 operates and closes a circuit from ground 

through the winding of polarized relay AG (FIGURE 
17), break contacts 4603 of relay AV, break contacts c 
of relay 2AW, break contacts a of relay 3L, conductor 
i2G2, make contacts 12 of relay LR17, closed contacts a 
of manual key, conductor 128, 10,000 ohm resistor, 
break contacts 4662 of relay AV, 5000 ohm resistor, 
conductor 460i, break contacts a of relay 2ANC, break 
contacts a of relay ABL, WE13G lamp, and a source 
of 20 cycle A.C. to ground, 

Relay AG vibrates its lever according to the phases of 
the 20 cycle A.C. At this point the equipment operates 
to select an idle one of the markers and identifies the 
calling five hundred line group in the selected marker. 
The marker then connects itself to the calling line group. 
Assuming that the first five hundred line group shown 

lands in the first marker shown in the manner described 
above, relay AN operates over a circuit extending from 
ground through the lower make contacts 4604 of relay 
AG, conductor 4606, fuse contacts, C3809a, break con 
tacts b of relay ANA, break contacts b of relay 2AND, 
conductor 4, cable to MLIA, conductor 4, break contacts 
a of relay T1, conductor 1 of cable 411.0a to MLI, con 
ductor , winding of relay AN1, break contacts c of 
relay 1ABL, conductor 4608, 1000 ohm resistor to 
battery. 

Relay 1AN1 operates to indicate that the first five 
hundred line group has succeeded in seizing the marker. 
It is noted that if the second five hundred line group had 
seized the marker, relay 1AN2 would have been oper 
ated. ASSuming that the rotator comprising relays 10B 
and 20B. (see MLM) is in the position with relays 10B 
and 20B non-operated, relay 1AN1 locks over the circuit 
from battery through the 1000 ohm resistor, conductor 
4608, break contacts c of relay ABL, winding of relay 
AN1, make contacts b of relay AN1, conductor 28, 

cable to MLM, conductor 28, break contacts d of relay 
10B, break contacts b of manual key, conductor 30, cable 
to MLI, conductor 30, break contacts c of relay 1ANC, 
and break contacts k of relay AND to ground. When 
relay ANC subsequently operates, this holding ground 
comes through the make contacts d of relay 1ANC to 
conductor 39. If the rotator is in the position with 
relays 10B and 20B operated, the locking circuit of relay 
EAN passes through the make contacts b of relay 1AN1, 
break contacts b of relay 1AN2, conductor 29, cable to 
MLM, conductor 29, make contacts c of relay 10B, closed 
contacts b of the manual key, and conductor 30 to the 
aforedescribed ground. S. 
Relay AN1 at its contacts dextends ground to the 

winding of relay 1AN1A and battery. 
Relay 1AN1A operates to extend ground through make 

contacts a of relay 1AN1A, over conductor 4609, and 
the winding of relay AV to battery. 

Relay AV (FIGURE 17) operates and at its break 
contacts 4602 and 4603 opens the circuit of relay AG; 
and at its make contacts 4603f closes ground over con 
ductor 4603A through the windings of relays 1PST and 
2PST in parallel to battery (circuit LPI); at its make 
contacts 4603c closes ground over conductor 4603B 
through the windings of relays 3PST and 4PST in parallel 






























































































































