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The preséﬁti application relates to automatic telephone
systems in general, and more particularly to' automatic
telephotié systenis of the crossbar type.

The invention particulaily relates to a noveél crossbar
systerh utilizing the “by-path” principle in the extension
of connections between subscribers. If is a primary object
of the present invention to provide an advanced system of
this: general type which is economically feasible for use
in excharges of all sizes; which incorporates in its equip-
ment speed and accurdcy -in all of the switching stages,
rehablhty of operation with a minimum of meintenance,
ease of installation ahd expansion, and 4 higher ratio of
completed calls utilizing this improved switching eqnip-
ment.

Theé switching equipirient is basically comprised of a
plurality of crossbar switchés certain ‘of which are utilized
for terminating the subscriber lines, each termiinating
crossbar switch in the disclosed embodifhent being ar-
ranged: to terminate twenty-five lines. - When a call origi-
nates, line relay equipment associated with the subscriber
ling signals marker equipment and indicates to the arker
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
conniection from the callifig 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 dlrectory number of the
desired party, which. information is stored in the memory
equipinent in the reglster circuit,

The register séizes the sendér which in tarn connects
to a number group for the purpose of securing routing
information necessary for the extension of the call, In
thé ‘évent that thé call is local ih nature, theé number
group' indicdtes £6 the éender the teriminal location of the
called' station, and the party ring code. In thé event of
a toll call, the sender prowdes routing information and
necessary signals without 1selzmg the Aumber group.

The sender then effects seiziire of the group selector
marker and transmits signals to the group selector iriarker
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 sélected path. The group
selector miarker is then released.

" Information regarding the class of serVIcc and the desig-

nation’ of the party on the line is transmitted by the.
sender over the tip and ring to the tennmatmg relay -

group.

The terminating relay group ¢alls in a subscriber line
marker and exténds tip @nd ring connections into the
marker over which the sendér fransinits three signals to
the. marker -indicative of the teérminal location of the
called hne, ‘The marker then makes a by- path fest fo
the ‘called line sleeve wire. If the called line is’ blsy,
all connections are released to plaee the calling line on
lockout, and the calling line receives busy tone through
the line circuit.. If the called line is idle, the miarker
establishes connections over main path trossbar’ switches
and the market and the sender até released. Ringing
current is applied to the line through the terminating
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relay group iii ac¢ordance with thie information which.
has been previously supplied théfeto by the sender.

As the ¢alled paity ahswers, the ringing is tripped and’
battety fesd for oth the called and calling party sub-
station sets’ is prov1ded by the ferninating relay group:

A “crossbar system of tlns general type mherently is
advantageOus in operatioii in that fharkers are uséd to
test 4 mumber of possible rouhngs for a call. Addmon-
ally, as an availabie path is seized the markeis aré. im-
medlately dropped out within @ fraction of a second for’
use in the extension of othei calls. Another advantige
lies in the manner in which the talking circiits are ot
extended until the path has been selected, whereby 4 sub-
stantial reduction in mdin path equipment i§ accomi-
phshed The time during which the equipinient is held,
in ‘the event that 4 busy line condxtmn is encountered, is
rediiced to a minithum i that the équipment in the
present arrangement aufotiratically abandons the cali, re-
leasing all equipment except the calliig line circuit.
Such operation is acconplished by placing the callitig lifie
on lockout, whereby busy totie is transmitted to the call-
mg line over the ling ¢ircuit.” Such Operation &ls6 occurs
in the event that a cotigestion ‘busy condition i§ en-
countered.

I ofie of the preferred embodiments, thé crossbar
system i$ designed od = block- bullt-Jack-m principle iiti-
lizing crossbar switches and relay units. In the illustrated
system, arrangement is in groups having a capacity of
500 lines each, -and is expandable withiii any 500 group,
25 lines at a time by mounting and jacking any assembled
units,  However the system should not bé considéred
limited to liné groups of 500 lines. In installation, all
wire Contections to thé jacked-in units dre. completed
in the matter of seconds by the usé of heavy duty jacks
which may. be locked in position by hand pressire. = .

Additionally, the arrangemént provides for two mark-
ers per 1000 group both of which aré sccessible to both
500 groups of the 1000 line group, and accordingly. any
line can have -access to two subscribér line markers.
Further, these markets are utitized both fof originating
and términating subscriber ealls. . The provision of mail--
tiple subscriber line markers providés a safeguard against
thé inadvertent blocking of ealls if trouble should de-
velop in one of the markers.

The novel crossbar system ifclides méaris for estab—v
lishing reverting calls between subsciibérs on a calling
line. According to a feature of the invention, an elec-
tronic feed-back test path is iitilized in thé establishment
of ihie revertmg call.  Such arrarigefiient ifsurés reliable
extension of ‘reverting calls between Subsciibers. The
urusiial aspect of the revértinig call arrarigement is the
mafiter in which the calling party is iiformed by a re-
cofded ‘anfiouncement of ‘the fact that he is makmg a
revéiting call along- with a suggéstlon that his recsiver
be restored for the purpose of making it possible for the
eqmpment fo rihg the common fine for the parties; Of
colirse; a distinctive tone vould be used instead of the re-
corded announcement.” Addltxcmally, a5 the called ‘paity =
anSwers; further equipment eéffects the transmission of a
recorded announcement or a_ distinctive tone to thé call-
ing party to inform him of the fact that a reverting call
is being attempted, and that his re¢eivér should therefors
be retaineéd off the hook to afford the calling party an
OPPOTtinity to- réretnove the caﬁmg feceiver fromi his
associated substation set.

THé crossbar system of the disclostre also inichidés &
noveél paystation idéntification arrafigenient which utilizés
the eléctfonic fore generaftxf oot with the réVemng
call test arrangement in an electronic feed-back tést path.

A fedture of the invetition is the niantier in Which the
equipment is provided with subscriber originating rélay
groups both with and without associated paystation
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trunks, and the novel method of selectrvely engagmg

thé 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 specral service trunks from prepay paystatrons
without requiring coin deposit . providing a convemence
not common to conventional telephone systems.

Other’ features of the inventions -include the manner
in - which senders” are’ opérative 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 testlng 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 paystatlon call or

refund; arid more specifically,. the novel manner in which

dual srgnals 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 revertmg ‘call to the subscriber’s termi-
nating relay group in the other case, v

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

IL DESCRIPTION OF DRAWINGS

FIGURE 1A is an abbreviated local call box diagram
showing main path and by-path connettions.

FIGURES 1B, 2, and 3-constitute a block. dlagram of
the crossbar system of the sw1tch components of this
application.

FIGURE 4 constltutes a block dlagram illustrating
more explicitly certain connections between trunks, trunk
register links, and incoming registers.”

FIGURES 5 and 6 constitute one detailed emibodi-

ment of landing circuitry by means of which either of
two calling 500 line gfoups gains. entrance to either of
two subscriber line markers.

FIGURES 7 and 8 constituté an alternatrve detarledv

embodiment of landmg circuitry.

FIGURE 9 is an illustration of certain test, selzure
and signaling ¢ircits.

FIGURES 10 and 11 illustrate certam reglster, sender,
and number group arrangements and relatronshrps

"FIGURES 12A-12G illustrate cértain symbolism used; -

FIGURES 12A-12C illustrating certain alternative sym-
bolisms relative to connections to relay contacts;. FIG-
URE 12D illustrating alternative symbolrsms for con-
ductor. multiples; FIGURES 12E and 12G illustrating
certain alternative symbolrsms for cable multiples where-
in every conductor in-a cable is individually multipled
and FIGURE 12F rllustratrng alternative symbolisms for.
indicating multipling in which one or more of the in-
dividual conductors of a cable are multipled but fnot all.

FIGURES' 13A-13E illustrate certain crosspoint con-

nections. )
FIGURE 14 grves a “bn'd’s—eye” v1ew of marker and
line group relationships.
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FIGURE 17 is the lme entrance originating crrcurt
(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 lme PBX termmatmg cir-
cuit (LPX).: :

FIGURE 21 constrtutes the lme horlzontal pull cir-
cuit (HP).

FIGURES 22, 23, and 24 constltute the subscnbers
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
regrster link circuit (SRL) through which access to reg-
isters is had over the path from callmg lmes SLA, SLB,.

- SRL to registers.
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FIGURE 15A constitutes an assembly dxagrarn for -
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-

70

tutes an assembly. dlagram for FIGURES 5-6, and FIG-""

URE 15D constitutes an assembly diagram  for FIG-
URES 7-8. ,

FIGURE 16 is the hne paystatron 1dent1ty crrcmt
(LPI) :

7%

.FIGURE 28 constitutes the subscrrbers tertrary 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 termmatmg 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.js 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). . B

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

FIGURES 30—80 constitute the subscnber s line marker
proper (SLM).- :

FIGURES 38—41 and  54-57 constrtute the marker
line identifier (MLI). .

FIGURE 70 constitutes the marker line identifier auxils
iary circuit (MLIA) in the lower part of which certain
circuitry of the MPR circuit is shown because of the
adjacent space available.

FIGURE 71 which overﬁows 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 constltute the rnarker termmatmg
test circuit (MTT).

FIGURES 48, 49, 64, and 65 constrtute the marker
vertical connecting circuit. (MVC).’

FIGURES 42, 43, 58, and 59 constitute the marker
vertical originating circuit (MVO).

FIGURES 75 to 77 constltute the marker vertical test
circuit (MVT).

FIGURE 81 illustrates certain MDF to SLA and MDF
to LPI connection arrangements.:

FIGURE 82 illustrates' relationships between relays '
P1-P2¢.and lines 20-24 of SLA’s 1-20. .

-An outline is included herewith for the purpose of -
facilitating the - locatron in the wvarious sectlons of the
description.

' Outline .

I Introduction . L
TI. Description of drawmgs
IIL. General description of. system involvlng marker -

IV. Marker relay groups and indivxdual relaye :
V. Idle condition )
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vI. ’Oﬂggmtiﬁg eall

e

Call extension to subseriber line marker

1. Both markers idle .

(1) Call from first 500 line group
(I% Landing in first- marker
(I } Landing in second marker

{(2) CaH from second 500 line group
(I) Landing in first marker
(1) Landing in second marker

(3) Simultanecous calls from both 500 line

groups .
|- (1) First 500 line group landing in
: first ‘marker and second ‘500 line

roup landing in second marker
(If) First 500 line group landing in
second: marker and second 500 line
. group landing in first marker
2. First marker -idle; second marker busy
(1) Call from first 500 line group .
(I) Landing in first marker with sec-
ond marker busy due to originatin
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,

(1) Landing in first marker with see-
ond marker busy due to originating

‘or terminating call in first 500 line

group
(II) Blocked from landing in first
marker due to second marker being
engaged with terminating call to sec-
ond 500 line grou 5
(38) Simultaneous call from both 500 line

roups
(I? Fill?st 500 line group landing in first
marker with second marker busy due
to terminating call in second 500 line

TOoUu
‘(If) Sgcond 500 line group landing in
first marker with second marker busy
due to terminating call in first 500
line group .

3. First marker busy; second marker idle

{1) Call from first 500 line group o
{I) Landing in second marker with first
marker busy. due to originating or
terminating call In second 500 line

TOU

(Iig) Bli)ocked from landing in second
marker due to first marker being en-
gaged 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

TOU
(Iig) Bll)ocked from landing in second
marker due to first marker being en-
gaged with terminating call to see-
omgi 500 line group
(8) Simultaneous ealls from both 500 line

oups
(I)ngngst 500 line group landing in sec-
ond marker with first busy_ due to
terminating call in second 500 Iine

Tou
(If) Sgcond 500 line %roup landing in
seeond marker with first marker busy
due to terminating call in first 500
line group
4, Both markers busy
5. Alternative arrangement

. Line group identity
. ‘SLA identity L
. Line identity--SIL:A horizontal o-peratlpn

.- Coin-box (paystation) identity
.- Register sglect’ion and path finding (by-path)
.1, Marker rotator set with starting point at

register grou -
(lt)l %egistgr gl%up #1 available; idle path
hereto :

(2) Register group #1 available; no idle
" path thereto; register group #2 avail-
able; idle path thereto .
{3) Register group #1 available; no idle
path thereto; register. group #2 avail-
able; no idle path. thereto; register group
#t 8 awvailable; idle path thereto .
{4) Register group #1 available; no idle
path thereto; register group #H2 avail-
able; no idle path thereto ; register group
#3 available; no idle path thereto; re-

lease

(5) Register group #1 not available ; regis-
ter group #2 available; idle path thereto

(8) Register group #1 not available; reg-
ister group #2 mnot available; register
group 3 available; idle path thereto

{7) Register group #1 not available; reg-
ister group #2 not available; register
group 33 available ; no idle path thereto;
release

(8) Register group #1 not available; reg-
ister group #2 not available; register
group #3 not available ; release
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VI. Originating eall-—Continued
F. Register selection, ete—Continued
Marker rotator set with starting point at
register group #2
3. Marker rotator set with starting point at
register group #3
G. Path establishment
1. Horizontal elosure—SLB, SRL
2. Vertical closure—SLA, SLB, SRL
H. Marker release
1. Normal release
2 C(C{x)negsﬂlgt " Hlas S0t b 1
| ine has not been properly identified
. (2) If line has been properly i.deyntiﬁed
3. Release under other circamstances
I. Subsequent operation
VII. Terminating call
A. Seizare of marker
B. Line group identity
€. CRB group identity
D. CRB identity .
BE. Information recelved by marker. code receiver
from ‘sender .
F. Call for marker (path-finder portion thereof)
1. Marker seizure
2. Marker seizure prevented due to an -origi-
nating call in same line group
. Selection of SLA
H.nOpemtlon of SLA horizontals—Test of called
‘line

1. Called line idle
2. Called line on lockout
3. Called line busy
(1) Reverting call test
A) Idle signal to marker and revert-
. .ing call signal to:CRB k
I. Release on called line busy or lockout condition
J. Called line idle :
1, Path-finding from CRRB to idle line-(by-path)
(1) No idle path :
A) Congestion busy signal to sender
(2) ldle ]:‘)iaﬂl.
" (A) Horizontal closure—SLB, SLC
B) Vertical closure—SLA, SLB, SLC
(C) Release
K. Reverting call
L. Call to PBX group
M. Terminating call from wire chief or busy veri-
fication trunk
VIII. Miscellaneous '
A. Originating call self release
B. Terminating call self release
C. Terminating call preference
D. Congestion busy and other miscellanecus re-
leased
IX, Claims

HI. 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 Jocation 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) extendinga path to an idle subscriber terminating
relay group (CRB). ‘ .

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 sigmals
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.” Tt 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. v

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 14¢.

The line entrance originating circuit 162 over path 141,
144, and 145 or 146 calls in one cf the subscriber line
marker circuits 131 and 132, each comprising marker,
code receiver, and comnect relays groups, and indicatés

Crossbar switches
SLC, SLB, and SLA are involved in éxtending 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, 150, 152, and 152’; test, guard

* and connect relays ‘indicated. as 133 in subscribers’ reg-

15

" 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 veitical 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. S
" 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. FEach 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. "Bach 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 kori-
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

and circujt 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.

70

76

At this stage of operationsi,v the‘v calling line is extended
over path 1084 and 1014, an SLA switch 103 (primary
crossbar switch), path 1034, an SLB switch 104 (sec-

_ondary crossbar switch); path 104’, through path 106b

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 1064, between the CRA and the GSA switch
111. This control relay alsé connects ground to a third
wire “S8” 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 orlgmatmg register 304 and dials the 2-5 directory

number into the reglster 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 308, 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 dlrectory thousands group.
The circuit is specifically seized via connect relays 307
and a senderfinder 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-hne 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. Tt 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 Touting digit
or digits if necessary.

When the sender is ready to send, it signals the CRA,

circuit 106, operatmg a second relay in CRA which for-
wards the “S” wire ground over path 106¢c, 167, and 169
actuating a call signal relay associated with the calling
CRA in the group 1069 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

8,007,006
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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 106¢, 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.)

70

75
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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 196 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 fo 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 mefallic in which case the battery
feed coils ‘are located in the calling trunk circuit. If
apother 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-
seriber’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 sléeve 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 fourteén ringing combinations of
frequencies and codes on the called lie 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 131, 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. ) o

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 165, SLB, and SLA over paths 160, 159, 103q, 101q,

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 callmg
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 hne 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 1064. - -

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 01rcu1t 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 calhng party.in line group 109,
paths 106 and 101a, SLA primary crossbar switch of
group 103, path:103a, SLB' secondary crossbar switch
of group 104, path-104’, CRA path 1064, 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 .163a, SLA crossbar switch of group 103, paths

101a and 109a (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 12¢ 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 sw1tch
of the group 123, and paths 121a and 120q 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
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76 “outlets of switches 243- and paths.256.and 253 to Inter- -

_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 circuifs,
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-transiators 306 also have access as previously
described. For convenience the. term sender mcludes
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 vanous outlets from swrtches
112, ‘

‘Intertoll Trunks and toll operators have access from



3,607,606

13

toll Trunks 238 which may comprise several groips of
trunks extending to and from various toll .exchanges.

Referring now to FIGURE 4, a more detailed showing
of trunk arrafigements is set forth.

The grotip of wire chief trunks 235 and 2354 of FIG-
URE 4 c¢orrespond 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 2374 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 3.

Paths 246, 247, 248, 249, 251, 252, 253, and 254 cor-
respond to thie same numbered paths in FIGURE 2.

Paths 246" and 247" afe ¢orrésponding paths associated {

with trunk 235a; paths 248’ and 249" are cortesporiding
paths associated with trunk 2364; paths 251’ aind 252’
are corresponding paths associated with trunk 2374 and
paths 253’ and 254’ are corresponding paths associated
with trunk 238a.

1t should be observed that paths 247 24-7’ 249 252
cucmts (TRL) designated 239f to 2391 correapondmg to
box 239 of FIGURE 2, via a graded or slipped multiplé
between these paths and the horizontals of theé crossbar
switches thereof, thefe being one crossbar switéh for
each TRL circuit.

The ten verticals of each TRL crossbdar switch enter
incoming registers via a graded or slipped multiple bé+
tween TRIL verticals by tens groups to the incoming
registers. -

Each trunk has its conirol ¢onrections to6 giiard and
contiect relays in the TRL circuits as follows: trunk 235
via path 235'; trunk 235g via path 235"; trunk 236 via
path 236’; trunk 2364 via path 236"'; etc.

These: paths enter the compesite 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 opérated
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 asscciated incoming registers. ) ‘

The; following comiiients are included at thi§ point
fo indicate “getierally the arrangément aiid aumber of
sw1tch members used under different traffic conditions:

( 1) Each line group marker 131 and 132 can séive
ongmatlng and terminating calls i both fivé hundred
groups 108 and 120. Calls ar¢ alternated at random
between line group markers.

(2) Thereé may be one or a pliirality of group seléc-
tor markers, such as 119 in each group selector.

(3) The maximum rumiber of SLA switchés per five
htindred line group is twenty, but a lesser Autiiber may
be originally equipped. As additional lines are nieeded,
SLA: switches may be added up to the maxifiitim,

(4) The number of SLB switches per five hundréd
line - group is déterpined by the amioiitif of otiginating:
and terminating traffic.

(5) The number of GSB switches is determinéd to a
gréat éxtént by the number of outlets.

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

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

(8) Each five hindred line group has acééss to three
SRIL switchés méaximum and aécordingly fo thiity iégis-
ters. :
9) A gréded or slipped multiple éxists between the
various groups of thirty outlets from SRL switches and
a cominon group of régisters.

(10) Every ten registers has its giard and connect
relay circuit for access t6 four sender-translatofs.

(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
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tinks Bave access to ten régisters. Additionally it should
be observed that a slip multiple exists between ouflets
from the TRL switches and a ¢ommor group of incomm-
ing registers. As in the case of originating registers, each
ten ihcomming registérs has its gudrd circuit and cornnect
relays whereby it has access to four sender-translators.

(12) Each 1000 ¢alled directory nunibers had its as-
sociated number grotp circhit. Large systems having
over 10,000 directory dumhibers usually have nimber
groups accommodating 2,000 diréctéry numbers each:

(13) Al sender-tfdnslators have access to all nimm-
ber group circuits; serdér translators of the group 306
through connect felays 307 and sender translators of the
group 392 through connect relays 303.

. (14) On locil to local ¢alls, the battery feed for call:
ing and called lines are in the CRB circuit. .

(15) On local to trunk of 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.lodp coiiditich t6 the outgoeing trunk.

(17). Busy signals are returned frem the marker to
the sénder which signals the trunk. - The register, send-
er, and marker are then released, and the tiunk is placed
in a lockout condition.

IV. MARKER RELAY GROUPS AND INDIVIDUAL
, RELAYS

This circiit includes a polar relay AG, connected for
operatlon by 20 cycle alternating current fo pérmit origi-
Hating call entrancé to one of two markers, when cot-
tacts LRi2 of line relay LR17 in the SLA plug-in unit
of FIGURES 18 and 19 are closed. Afier a marker is
seizéd; 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 selecfion. ‘Tramsfer relays 1L1-
411 efc. are used to switch from SLA selection fo line
selection.. Relays 1AW-3AW are cut-off relays which
dre not reléased until the marker is released.

The -line - entrance originating c¢ircuit comprisés fhe

. following relays:

AF: Polarized rélay which operates from 20 cycle alter-
natmg current for selecting one of two markers.
AV' Operates after marker seizure to cut-off A.C. sup-
ply and fo provide ground for SLA—group selection in
the marker (see relays A1-A20 in the marker MLY cir-
cuit coniprising FIGURES 38-41 dnd 54-57). Also
. operates relays in the line pay-station identification cir-
ciit LP1 Conipiising FIGURE 16 to facilitate placing

of ground through RC (i.e. fesistance-capacitance) nét-
work to the sleevs of paystation linés on originating
calls otly.

1AW-3AW: Opeétatés a5 soon as SLA goup is éstab-
lished to ciif-6ff origifal ground to relays A1-A20 of
MLL

11.1-4L1 to 1L.10=41.10: 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 ldentifymg of
a line that does not want the marker, in all cases
except dertiin reldted lines it adjacent SLA groups
such as 1-2; 3-4, etc.; the possibility of occurrence of
sach conditien and double selection as a result there~
of is so negligible as to be tolerated in the interest
of economy.

Marker lirle idéritifier cirénit (MLI) (sée FIGURES 38-

41 and 54-57)

- This 'elrctiit provides connecting relays for working
with two 500 groups and also identity relays for the SLA
groups afid lings within the group.

A group of miscellaneous relays are utilized for miark-
er éntfance dnd releasé functions:

This: circuit comprises thé followmg relays:
1AN1-5AN1, 1AN1A, 5ANIA: Conniésting relays fof
the 1st 500 group of lines,
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1AN2-5AN2, 1AN2A, 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) 1dent1fymg relay Many
may operate, only one will lock,

1AA, 2AA, 3AA: Operate after A1-A20 to open origi-
nal operating battery to A1-AZ0.

AB: Operates from 1AA, 2AA, 3AA. Timing permits
only one up of A1-A20.

¥BA, 2BA, 3BA: Operate after B6-B24 to open “origi-
nal operating battery to B0-B24.

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

BB: Operates from 4BA. Tlmmg perm1ts only one up
of B0-B24.

1ABL: Operates from- MTI‘ Cll'Clllt to prevent use: of
marker’ for ongmal calls when a term call is in prog-
. Tess.

IPBX Indicates a termmatmg 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, fo-signal and seize the trouble recorder.
K2: A 100 mllhsecond slow release relay to: release the

signal to the trouble recorder.

RELL: Operates at same time trouble recorden' 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.

TANC, 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 termmatmg calls !tO provnde PBX
selectlon

 Marker line zdenttﬁer auxtlmry circuit (MLIA)
This ciréuit is purely an auxiliary strip for MLI and
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contains blocking relays to prevent marker entrance, if

@ 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 compnses the followmg relays (see FIG-
URE 70): :

T1: Guard relay 1nd1cat1ng call to first 500 group on ter-
minating call by companion marker.

T2: Guard relay indicating-call to second 500 group on
termmatmg call by compamon marker, .

" Marker line mtscellaneous 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 compnses the followmg relays (see FIG-
URE 71): :

10A1-60A1: Rotator relays for supplying hold c1rcu1t for
relays'B0-B24 (MLI).

10A2-40A2: Rotator relays for supplymg hold Cll'Clllt for,

relays A1-A20 (MLI).

10B-20B: Rotator relays for supplying hold cucult for
relays- 1AN1, 1AN2 (MLD). .

1PN1-4PNT: Connectmg relays for eﬁectmg PBX calls
to first 500 group.

50

56

60

65-

70

£

1PN2-4PN2:

16
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 w1thout 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 SL.B 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, 281, to 1519, 2516: SLB horizontal connect relays
controlled from SLA’s 1-10, SLA 11-20.

1S11, 2Si1: SLB horizontal connect relays controlled
from SLA’s 1-10. :

1812 2S812: 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 followmg relays (see FIG-
URES 42, 43, 58 and 59):

ICN1—3CN1 First 500 group connect relays for SLA
1-20 selection and SLA honzontal 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 fest circuits.

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

1IFN2-4FN2: 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.
AG1-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 paystatlon call or a

‘non-paystatlon call, which open certain SLB vertical test

clrcmts, as required.
This circuit comprises the following relays (see FIG-
URES 46, 47, 62 and 63):

7ANI-10AN1, 11AN1-14AN1, 15ANI-18ANI: First




APCRA-3PCRA: SLB vertical test blocking relays.

8,007,008

17
500 group: vertical test and pull circuits for SLB groups
1-3

7AN2-10AN2—14AN2,, 15AN2-18AN2: Second 500
group vertical test and pull circuits for SLB groups 1-3.

IVl—lVIU SLA veitical test relays carrymg SLB vertical
test circhits.

1CRA-3CRA: SLB vertical test blocking relays Opeérate
on non-paystation-otiginating calls to ‘open CRA with
CBT test vérticals. All breaks aré strapped when no
paystations are in the 500 groups associatéd with this
« marker:

Oper-

" ate on paystation originating calls to operi CRA without
CBT test verticals. All breaks aré strapped when no
paystations are in the 500 groups assocrated with this
market.

Note CBT’s must be always the samé in-each -of two 500
groups and associated with the samé CRA’s if éach 500

6AN1 6AN 1A: Fifst 500 group connectmg relays for con-

-trolling SLB groups 1, 2; 3.
6AN2 6AN2A: Second 500 group connecting relays for

controlllng SLB groups 1, 2,'3.
1RS1, 1RS2, 1RS3: anary controI relays for testing to

Tegisters associated: with SLB groups 1, 2,-and 3.

“Marker register test cireuit (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 proper
functioning of both circuits.

This circuit comprises the followrng relays (see FIG-
URES 44, 45 60 and 61) ‘

. Tegister preference

1T1—1T10 Parallel test relays to 1600 ohm battery for
register selection.

2T1-2T10: Slave relays of 1T1-1T10 to guard dgainst
more than one régister selection. _

X1, Y1: Register group stepping relays.

X2, Y2: Patifinder group stepping relays

1, 2 3: Counting chain to registéf maximusm number’ of
register groups to be tested before release.

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; (A2,
0A4, 0A1; 0A4, 0A1, 0A2. Hunting for two groups
will be 0A1 0A2; 0A2, 0A3; 0A3, 0A4; 0Ad, 0AL;

. 0A1, 0A2’, etc.

Suthscribeirs’ line A circuit (SLA)

.This circuit provides for 25 line equipments, matker
connecting relays and one crossbar switch, Ten verticals
are’ provrded which are connected to SLB horizontals.

This circuit is used on both originating and termxnatlngi

calls, .
This ¢ircuit comptises the followmg relays (see FIG-

- URES 18 and 19):.

1A=3A: Connecting relays for horizontal magnets ver-
tical magnets and vertical ‘and S-Wwire test circuits oper-
ate. .

LR: Operates when call is made, and releases after an

- idlg register is selected.

CO: Operates. when 4nidle regrster is sexzed or when a
terminating call is made.,

LO: Opérates when an idle register is selzed or when a
terminating call is made, Also holds when ground is
rémoved fromii S-wire with the Subsciiber loop closed
for a lockout indication. .

In each SLA circuit twenty-five lines 476 connectéd to-the
horizontals; and the ten verticals are connécted to'SLB
honzontals for uisé on driginating and termmatmg calls
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.-Subscribers’ link B eircuit (SLB) -~
“'This cireuit provrdes for four CRA’s (maxnnum 60

‘CRS’s per 500 group) which are used on originating calls
only to provide a path to an idle register and subsequently

to'a GRB or trink, via the gfoup ‘selectors.

One crossbar switch of 10 verticals (four for orlgmat-
ing calls, six for terminating calls) is provided, the hori-
zontals of which are connected fo:SLA verticals. The
four originating verticals are arranged for connectmg to
a coin box trunk (CBT) from certain SLB circuits. . When
tio .¢oin box trunk is connected, K-wiring is used. . This
cifeuit is used for.both originating and terminating. ¢alls,

This. ¢circuit comprises the following relays (see FIG-
URES 22, 23 and 24):

R1: Operites: when register is séized to provide holdlng
grounds forward and backward and to disconnect the
calling tip and ring from the séfidei 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 fetard coil which presents a. high imped-
ance to 12,000 cycle tone from the revertmg call test
circuit.: ~ .

In each SLB swrtch the horlzontals -are spht and twenty
SLB horizontals have access to the first: five' verticals
VI-V5 and 20 horizontals have access:to the last five
vefticals V6-V10. These forty SLB horizontals. are
connected in a predetermined patternto forty SLA ver-
ticals. Four SLB verticals are connected to four CRA’
and group selector inlets and SRI horizontals for ong—
inating traffic (V1, V2, V6, V1.

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

.Subscnb_e_rs r_'egzsrer: link:circuit. (SRL)

This circuit provides.a path from a CRA (showa on
SLB circuit) to one of 10 registers. One. cfossbar switch
is equipped. with- 10 verticals ‘connected to the reglsters
The horizontals-are connécted to 20 CRAY%.

Connecting relays are provided to connéét the. switch
to -one of two matkers, this crrcurt being used for orxgmat—
ing calls only.

- This -clrcuit compnses the follong relays (see FIG-
URES 25, 26, 27):

1R11-6R11: Connecting relays fo. ﬁrst subscnber lme
marker (SLM-1).

1R11-6RL2: Connectmg relays to second subscnber llne

_ 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
ongmatrng reglster

Subscrzbers line €. citcuit’ (SLC)

This c1rcu1t provldes a path from a CRB (on SLC ver-
tical) to the verticals to the SLB switches and compnses
the following relays (see FIGURE 28):. :

ENl Connectmg relays to ﬁrst subscnbers hne marker

In each SLC swrtch twenty hoerizontals are connected to
. various verticals V3, V4,-V5, V8, V9 and V10 of ﬁve
predétermined SLB "switches,

Each of thé ten vetticals is connected toa CRB
“Line (CRB) entrance termmatxng czrcmt (LET)

This circuit. provides. for operation : of & polar relay
from twenty-cycle alternating current to pemnt terminat-

- ihg call éntrance to -one of two code -receiver registers

%6

(MCR) when. contadts of the CRB are closed: .
-AfiefF a MCR 1§ seized, the twenty-cycle AC.is cut off

by relay RAV which feeds direct ground through contacts

in the CRB ¢itcuit into the MCI crrcurt for CRB ldentlﬁ-
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cation. Transfer relays 1C1, 2C1, etc.; are used to switch
from CRB group identity to CRB 1nd1v1dual identity.
Relay RAW i is a cut-off relay, ‘which is. not released until
,the marker is released,

This clrcurt compnses the followmg relays (see FIG-
.URE 29) : , .

‘RAG: Polanzed relay whlch operates from 20 cycle
“alternating current for - selectmg one of two markers.

‘RAV: -Operates after marker sejzure to cut-off 20 cycle
-A.C. and to: provrde ground for CRB group selection in
the marker (relay RA1-RA6 in the MCI circuit).

RAW: Operates as soon as'SLB' group is establistied to

- cut off ‘original ground to relays RAI—RA6 ‘of the MCI
circuit.

1C1, 2C1 to 1C6, 2C6: Operate as soon as CRB group

" js established .to transfer the ground windings of relays

RAI—RA10 to. operate CRB 1dent1ty relays RB1-RB10
- of MCL .

These relays prevent the 1dent1ﬁcatlon of a CRB that
»ls not 1n the process of callmg for a marker '

Marker CRB zdenttﬁer circuit (MCI)

~This " circuit,: ‘provides connecting relays for working
.w1th two 500 line groups: -of CRB’s and also identity re-
lays for CRB groups of ten each and CRB’s thhm the
cgroup;. il

A group of mrscellaneous relays are supplxed for code
TICCCIVCI' entrance. and release functions.

. Two “jump rotators” and one alternator for 500 group
preference are provrded ‘

. This. circuit comprises ‘the: followrng relays (see FIG-
URES 50,51,66-and67) 3 =

lRANl—SRANl lRANIA Conneetmg relays for CRB’s

.- associated wrth the ﬁrst lme group (rnaxrmum of sev-

. -enty shown).. .

.IRANZ-SRANZ lRANZA Connectmg relays for CRB’
associated with the: second lme group (maxunum of

- seventy. shown) .

RA1-RA7: CRB group 1dent1fymg relays
operate, only one will lock.

RBI-RB10: CRB.(in CRB" ;group) :
Many may operate,

Many may

1dent1fy1ng relay
only one will Tock. .

AIRAA .Operates _after RAI—RA6 to open ongmal op-

eration battery to RAI-RAS.

RAB:. Operates from IRAA Trmmg permlts only one
“up of RALLRAG.

IRBA, 2RBA: Operate- after RBI—RBIO to open origi- |

nal operating battery to. RB1-RB10.

"3RBA: ‘Closes ground for horrzontal and vertrcal contact
circuits.

RBB: Opérates: from
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 récorder.

KS5: Congestlon busy or marker code recelver farlure

- relay. - :

,RANA Operates when 500 group is 1dent1ﬁer to open
- original marker selection Teads.

RANB: Provides ground and battery crrcurts for RA and
RB relay chains.

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

‘lRAND 2RAND: -Shift - original lockmg c1rcu1ts of
‘'RANB to effect release. Provide for “holding” grounds
b marker and open. orlgmal seizure " circuits.

1ROA1—4ROA1 Rotator relays for supplymg hold crr-

- et for relays RAI-RAG. .

lROB 2ROB: Rotator relays for supplymg hold circuit
“ for relays IRANT and 1RAN2,

1RBA. ' Timing permits o_nly,one
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Line connecting terminating circuit (LCT): o
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 multlple relays
(see FIGURE 33):

Mi1-M10: Connecting relays for CRB’ 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 compnses a connecting
relay for-odd CRB’s; and M40 cornpnses a connectmg

- relay for even CRB’s. : . T

Marker vertzcal (test) ‘terminating circuit (MVT )

This circuit. has a pathfinder, chain for test}ng 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 vertlcal

pulling circuits.

The circuit comprises the followmg relays (see FIG-
URES 75,.76 and 77); .

DG1-DG20:: Termmatmg pathfinder - selectron chain.

DGA, DGB: Terminating pathfinder.. ground starting
relays.

‘DGC: “One up™ pathfinder relay for horrzontal control

DGD: Terminating- vertical control. .

HF3,  HF4: SLB and SLC horxzontal operated super-

© visory relays.

R: Release and reselect if horizontals ‘do not operate.

CB: Terminating call, “no path” relay

Marker vertical connectmg cxrcuzt (M VC)

" This circuit has 500-group eonnectmg relays for testing
into the SLA and SLB switches, - SLA vertlcal test relays
are also a part of this circuit.
Connecting relays “are also prov1ded for estabhshmg
connections to the proper SLC switch. - Thrs is used for
terminating calls only

This circuit comprises-the followmg relays (see FIG-

URES 48, 49, 64, and 65);

1BN1-1 to 6BN1-1: SLB group-1 vertrcal and horizon-
tal control crrcurts connectmg relays for the ﬁrst 500

. group BN

1BN2-1-to 6BN2—1 SLB group-1 vertical and horizon-
tal control circuits connectlng relays for the second 500
group. -

1BN1-2 to 6BN1-2: SLB group-2 vertrcal and horizon-
tal control circuits. connecting relays for the first 200
group,

IBN1-3 to- 6BN1-3: SLB group-3 vertical, and horizon-
tal control crrcurts connectmg relays for the. ﬁrst 500

© group,

1BN2-3 to 6BN2—3 SLB: group-3 vertical and honzon-

tal control c1rcu1ts connectmg 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-
- . mect relays (work with path-ﬁnder chain). -

Mdrker CRB cormectmg circuit (MCC)

This c1rcu1t is used in COD]IJI]Cl’.lOn wrth circuit LCT to
provide for: operating -circuits: in the. LCT. : ~Also 500-
group connectmg relays are provided: to carry certain
control wires from the LCT to other crrcults Thrs cir-

_ cu1t is used on. termmatmg calls only,

70 -

7 SRANZ CRB control circuit- eonnectmg
5

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

SRANI CRB control Cll'Clllt connectmg relays for the
- first 500- group. -

-relays for the
second 500 group.
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$1-87: CRB group connecting relays-control -circuits for
both 500 groups. Relays S1-S7 are associated with
the seven groups of CRB’s respectively: 1-10; 11—20
21-30; 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): ‘

O1:- Blocking relay when an originating call in' the first
500 group ‘is progressmg through the companion
“marker.

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

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

2ABL: Blocking relay when a terminating ¢all is pro-
gressing through the ‘marker.

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

BY1, IA: Idle line indicating Telays.

DNI 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 circnit 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, @ -

11RT=20TR: Control relays operated by relays A1-A20
respectively in the marker.

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

Coin box trunk circuir (CBT)

- ‘This ¢ircuit 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 ¢ircuit provides for receiving the hundreds, téns
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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-HS: “Hundreds” register. relays.

TA, T1-T5: “Tens” register relays.

U1-US: “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 1dent1ty relays. ..
27-LU, LU, 27-89, 1469, 0358: SLA horizontal deter-
mination relays. :

Cord rela'y-B circitit (CRB)

This circuit prov1des for receiving codes md1cat1ve 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 ¢all; and a code indicative

‘of fact that a call is in progress to a charge-free phone.

This circuit also has the. talking™ bndge 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 followmg 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.

RO: Ring selection.

R4: Ring selection.

RS: 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 paystatnons 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 clremt
MPR to 1dent1fy paystation lines.

Regzster circuit (REG)

ThlS circuit provides registers for receiving the dlaled
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 (1e paystatlon)
Hi1—Hold. -
Hi1-—Hold.
ON1—Off-normal.
ON2—Off-normal.
TO-—Time out.
RC-—Register control
PR—Proceed.
CS—Call signal.
C1 to C6—Counting chain.
Rz’all—RAIO—Reglster advancing relays assoc1ated 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 “d1g1t 10”—101h reglster (digit 10).

V. IDLE CONDITION

In the idle condition with no calls passing through the
markers; relays K1 and K2 in ML, 10A1 for example,
and 10A2 for example in MLM, 1PS in MPR, 0T1 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 16B and 29B 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 IROB 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 TANC 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 TE-
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 { of relay BB, to ground; and locks over the circuit
from ground, make contacts ¢ of relay 10A1, lower wind-
mg 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
10A1, 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 4 and e of relay B24 whereby
relay B24 takes precedence in lockmg over relays BO-
B23; relay B23 takes precedence in lockmg over relays
BG-B22; etc.

Relay 10A2 (FIGURE 71), -for example a rotator
relay for supplying a holding circuit for relays Al—AZO
is-operated initially over the circuit from battery through
the upper winding of 10A2, conductor 46, cable to MLJ,
cable 46-49, make contacts i of any relay A1-AS5; make
contacts g of relay AB to ground; and Jlocks over the
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circuit from ‘ground; make contacts ¢ 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 lPBX conductor 54, cable to
MLM, conductor 54, break contacts » of rotator cutout
key, make contacts a of relay 16A2, 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 Al 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 Al to Al8; etc. .

Relay 20B (FIGURE 71) operates 1mt1ally 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 ¢ of relay 1ANC, conductor 30, cable to MLM,
conductor 30, closed break contacts b of the manual
key, make contacts ¢ of relay 10B, conductor. 29, cable to
MLI, conductor 29, to the locking lever of relay 1AN2
gives relay 1AN2 prior_ity- inlocking over relay 1ANI,
and accordmgly gives the second 500 line group pnorxty
in seizing the marker if both should attempt to seize the
marker simultaneously.

On the next operation’ ‘of relay ZANC (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 4 of relay 2ANC to ground.
When relay 2ANC. - releases, relay 10B 'is dropped.
Ground through break contacts j of relay TAND, break
contacts ¢ of relay 1ANC, conductor 30, cable to MLM,
conductor 30, closed break contacts b of manual key,
break contacts. d of relay 1¢B, conductor 28, cable to
MLI, conductor 28, to the lockmg lever of ‘relay 1AN1
gives relay 1AN1 priority. in locking over relay 1AN2,
and accordingly gives the first 500 line group pnorlty in
seizing the marker if both should attempt to selze the
marker simultaneously.
“~“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 1PS holds ground off its signalling contacts ¢ and
d; and.closes its contacts b to' normally prepare for a nom-
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
j of 0T1, and resistor j, 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 j’ to ground, disconnecting this ground from the
levers of the other relays. Relay 0T1 prepares a ¢ircuit
for relay 0T2 from battery through the lower winding
of relay 0T2, upper winding of relay 0T1, make contacts
i of relay 9T1, break contacts m of relay 6T10, 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 0T2 operates and

relay 0T1 holds, When relay ANB releases, relay 0T1 is
released and relay 0T2 holds from battery through the
lower winding of relay 0T2, make contacts j of relay
0T2, break contacts k-of relays 0T3-0T10, break contacts
i of relay 0T4, and resistor j, to ground. Relay 0T2 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 0AL 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 &’ to
ground; and holds from battery through its upper 600
ohm winding; break contacts a of relay 0A2, make con-
tacts a of relay 0Al, through the 1000 ohm resistor to
ground, disconnecting the 1000 ohm ground from relays
0A3 and 0A4. Relay @AL prepares a circuit for 0A2
from battery through the upper winding of relay 0A2,
lawer. 400 ohm winding of relay 0Al, make contacts ¢
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-¢ 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 (MCT) is normally locked over the path
from battery, through a resistor, the lower winding of
relay. 4ROAL, contacts 4ROA1-¢, and break contacts d
of relays: 3ROA1-IROAL, 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 th.rough their break
contacts: b in series to conductor 1 which gives the same
effect as though relay 4ROA1 were operated

Relay 4ROA2 (MCI) is normally locked over the path:

from. battery, through - a. resistor, the lower winding .of
relay 4ROA2, contacts 4ROA2-¢, and break contacts d
of relays 3ROA2-1R0OA2 to ground, having been oper-
ated on a previous call from ground placed on lead 9 by
the ‘marker. ~ If nonpe 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 1ROB 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 ¢ and d of relay 1IRANC 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 termmatmg call m a
subsequent section., :

8,007,006
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. A. Cadll for subscriber line marker
.- Referring now to FIGURES 5 and 6, we shall describe
first the operation of the system in seizing either of two
subscribers line imarkers 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 3LY1’ with the second 500
line. group. '

Relays 2ANC, 1AN1A, 1AN2A, ANA, 2AND, 1ABL,
T1, T2, 1AN1, and 1AN2 (FIGURE 6) are subscribers®
line marker relays associated with the first marker; relays
2ANC’, 1AN1A’, 1AN2A’, ANAS, 2AND’, 1ABLS, T1',
T2, 1ANY apd 1AN2’ with the second marker.

1. Both markers idle
(1) Call from first 500 line group
(Iy 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 cver 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 32 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 1292 make con-
tacts 12 of relay LR17, close contacts A of SLA-1 manual
switch BK, conductor 1201, 10,000 ohm resistor, break
contacts 4662 of AV and a 5000 ohm resistor, conductor -
4601, in parallel through similar circuits in each sub-
scriber’s line marker. In SLM-1 this circuit is as follows:
break conmtacts a of relay 2ANC, break contacts. a of
relay 1ABL, Jamp WE13G, twenty cycle current source to
ground. In SLM-2 this circuit is as follows: break con-
tacts g of 2ANC’, break contacts a of relay 1ABL’, lamp
WEI13G’, through the twenty cycle current source to
ground. -

Relay AG responds to the 20 cycle alternating current,
closing its contacts 4694 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 posmon 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 1, cable MLIA-MLI, con-
ductor 1, winding of relay 1AN1, break contacts C of
relay IABL conductor 4608, 1 000 ohm resistor to bat-
tery. :

In its lever upper position, contacts 4605 of relay AG

.. close a circuit to relay 1AN1’ in marker SLM-2 from
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ground through contacts 4695 of relay AG, conductor
4607, break contacts & of relay ANA’, break contacts b
of relay 2AND’, break contacts A of relay T1’, winding
of relay: AN1’ break contacts ¢ of relay 1ABL’, conduc-

... tor 4608’, 1,000 ohm resistor to battery.

The lever of relay AG may operate-one of these re-
lays 1AN1L or 1AN1’ 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 1ANYT’ shunts relay AG over the circuit from
ground, through make contacts ¢ of relay 1ANY’, con-
ductor 4619’.

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

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

It will be noted that relays 1ANT and 1AN1’ 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-
mg

Accordmgly 1f both: relay 1ry to operate durmg oscrl-
lation of the lever of relay AG, the relay 1AN1 or 1ANT’
which succeeds in locking, causes the other to be non-
operated.

Assurmng 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 1AN1A to bat-
tery, operating this relay.

Relay 1ANIA operates and at its contacts a extends
ground over conductor 4609, and the Wmdmg of relay
AV to battery.

Relay AV opens its break contacts 4602 and 4603, dis-
connecting the 20 cycle alternating current from polarized
relay AG. The lever of AG assumes its middle position,
opening the original operating crrcult of relay 1ANI,

(I1) Lénding in second marker

Assummg 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 LANY’
and the winding of relay 1AN1A’ to battery, operating
this relay.

Relay. JAN1A’ operates relay AV from ground through
contacts a of relay 1AN1A’, 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 1ANT’.

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

Assurmng 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 1ts make con-
tacts closes a circuit to operate polarized relay AG’ as
follows: ground.through the winding of relay AG’, break
contacts 4603’ contacts ¢ of relay 2AW’, contacts a of
relay 3L1’, make contacts. 12 of relay LR17’ contact a
of SLA’=1 manual switch, 10,000 ohmresistor, break
contact 4602’, and 5,000 ohm resistor in parallel through
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similar circuits. in each subscrrber S. lme marker as traced ..

before.

- Relay AG’ responds to the 20 cycle alternatmg current,
operating its contact lever to a first position, closing con-
tacts 4604’ or to asecond 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 @ 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 circit to
relay 1AN2’ in marker SLM-2 from. ground through
contacts 4605’, contacts « of relay ANA’, contacts a of
relay 2ANDY; contacts a of relay T2'; winding of 1AN?2’,
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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 confacts 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 ¢ of relay 1AN2, and
conductor 4619A. i

Relay 1AN2’ shunts relay AG’ over t.he 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 calhng hne is 1n 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 @ of relay 1ANY’, indicating to marker
SLM—Z 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 Iocking 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 1AN2 or 1AN2’
which succeeds in lockmg, cause the other to be non-
operated.

Assumlng now that relay 1AN2 operates and locks, a
circnit 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 operatmg circuit of relay
1AN2.

(II) Landing in second marker

Assuming that relay 1ANA’ 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
t_hrough contécts 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 relay 1AN2’.

(3) Simultaneous calls from both 500 line groups

(I) First. 500 line group landing in first marker and
second 500 line group o
Landing in second marker

Let us assume for example that both markers are 1dle
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.

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 ¢ 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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4601, break contacts g 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 ¢ of relay 2AW, break contacts a of relay 4L1,
conductor 1202, make contacts 12 of relay LR17, closed
contacts ¢ 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 ¢ of relay 2AW’, contacts ¢ 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 TABL, lamp WE13G and source of 20, cycle al-
ternatmg current to ground.

Ground, winding of relay AG’, contacts 4603’ con-
tacts ¢ of relay 2AW’, contacts d of relay 3L1’ make
contacts 12 of relay LR17’, closed contacts ¢ of manual
key, 10000 ohm resistor, contacts 4602’, conductor 4601’,
break contacts a. of relay 2ANC’, break contacts a of
relay 1ABL', lamp WEI13G, source of 20 cycle alternat-
mg current, to ground.

Polanzed 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 smultaneously,
both 1AN1 and 1AN2 miay operate (over circnits pre-
viously. described).

Relays 1AN1 and TAN2 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-28B, FIGURE 71) described more in
detail hereinafter.. Accordingly, if the ground obtains on
the . locking “lever of relay 1ANI, 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 1AN1 operates relay 1AN1A which operates re-
fay AV which releases relay AG.

With relay 1AN1 operated and locked, marker SLM-1

is seized by the first 500 line group and the marker is
sosignalled.
- Inasmuch as relay AV' is not operated, relay AG’ con-
tinues v1bratmg 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
lever 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 TAN1 operated and locked, the first 500 line
group has landed in marker SLM-1 and the marker is so
signalled; and with relay TAN2’ 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 1ANL places a shunt on
relay AG to prevent 1AN1’ from operating and locking
and that with relay 1AN1’ nonoperated; relay  1AN2’
can lock, tegardless of whether the associated locking
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ground .rotator has ground on the #2 lever of relay
1ANY’ or relay 1AN2’. .

(IT) 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
1AN1A’ which operates relay: AV whlch 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 1ANY’ operated and locked, marker SLM-—
2 is seized by the first 500 line group and the marker is
so signalled.

Tnasmuch 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 operatmg
relay 1AN2A which operates relay AV’, releasing relay
AG’; and relay 1AN1’ operates, in turn operating relay
1AN1A’ 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 1AN1’ 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 termmatmg call in second 500 line
group

With the second markecr (SML—Z) 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 ZANC 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 1ABL, 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 ¢ 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-
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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 1AN1
at'its open contacts a. Accordingly, when contacts 4604
try to operate relay 1AN1, the circuit of relay 1AN1 1s
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 orzgmatmg or termmatmg call in ﬁrst 500 line
© group . :

" With the second marker busy, the circuit for 20 cycle
A.C. through lamp WEI3G will be opened as previously
explained, but twenty cycle A.C, through lamp WE13G,
and contacts a of rélay 1ABL., contacts a of relay 2ANC,
contacts 4602 etc., operates relay AG’. -

If the contacis 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 1AN2’ is prevented from oper-

ating at contacts a of relay 2ANDY,

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—l may
not be engaged with an ongmatmg 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 1AN2. - - -

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

(1) First 500 line group landing in first marker with
second marker busy due to termmatmg call in second
500 line group

“Twenty cycle A.C. through lamp WE13G contacts q
of relay 1ABL and contacts a of relay 2ANC, etc op—
erates relays AG and AG’.

Relay 1AN1’ and 1AN2’ are prevented frorn operatmg
by operated relay 1ABL’.

' Relay 1AN2 is prevented from operatmg by operated
relay T2.

Consequently only relay TAN1 can possibly be opera—
ted by the vibrating levers of relays AG and AG’, which
relay operates over a path as described herembefore and
locks over its #2 make contacts.” :

10

15

20

25

30

35

40

45

60

- 55

60

85

70

;78 7

‘32

" If ground is placed by the rotator on the lever associa-
ted with-the locking contacts of 1AN1, relay 1AN1 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 1AN1 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 wiih
_ second marker busy due to terminating call in ﬁrst 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'.

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

Relay 1AN1 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 herembefore and locks
over its #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 @ of relay 1ABL’, -and break contacts a .of relay
2ANC/, etc., operates relay AG.

Relay 1AN1 is prevented from operatmg by open con-
tacts ¢ 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. TANY’, contacts ¢ of relay 1ABL’,
conductor .4608’,° 1000 ‘ohm resistor, to battery, operates
relay 1AN?’ 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 operatron

(II). Blocked from Iandmg in second marker due to ﬁrst
marker bemg engaged with terminating call to first 500
lineé group

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

Relay 1AN1 is prevented from operatmg by open con-
tacts a of relay 1TABL.

Relay 1AN1’ is prevented from operatmg by open
contacts a of relay T1".

) call from second 500 line group
(1) 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 WEI13G,
break contacts a of relay 1ABL’, break contacts aof relay
2ANC, ete., operates relay AG' .

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

" Relay- 1AN2’ operates from ground through contacts
4605’, contacts @ 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
resrstor, 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 y-Blocked from landing in second marker ‘due to first
marker berng engaged with termmatmg call to secand
500 line group. )

Twenty cycle A.C. potent1a1 through lamp WE13G
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contacts a of relay TABL/, contacts a of relay 2ANC, ete.,,
operates relay AG’,
Relay 1AN2 is prevented from operating by open con-
tacts b of relay 1ABL.
Relay 1ANg’ is prevented from operating by open
contacts-a of relay T2,

(3) Simuldtaneous calls from both 500 line groups

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

Twenty oycle A.C. potential through lamp WEI3G,
coutacts g of relay 1ABL’ and.contacts.a of relay 2ANC’,
etc., operates relays AG and AG':

Relays 1AN1 and 1ANZ2 are prevented from operating
by operated relay 1ABL..

Relay 1AN2’ is prevented from operating by operated
relay T2,

Consequently, relay 1ANY’ 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.

(I1) ~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. potent1a1 through lamp WE13G
contacts a .of relay 1ABL’, and contacts of relay 2ANC,
efc., operates relays AG and AG'.

Relays 1AN1 and TAN2 are prevented from operating
by. operated relay 1ABL.

Relay 1AN1’ 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 TAN2’ therefore operates over a path as described
hereinbefore and locks over its make contacts a.

4. Both markers busy

If both markers are busy, twenty cycle A.C. potential
through lamp WE13G is disconnected by open contacts a
of relay 1ABL .or open contacts a.of relay 2ANC; open
contacts a of relay 1ABL’ or .opén 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 1AN1, 1ANT’, 1AN2, and 1AN2’ operate
through individual 1000 ohm resistors to battery and these
relays at their make contacts ¢ perform a shunting action
which is somewhat different than that described herein-
before.

Whereas the marker relay TAN1 at its contacts. ¢ here-
inbefore shunted polarized relay AG, in the alternative
arrangement ground through the make contacts. ¢ of relay
1AN1I, conductor 4619 connects:to the 1000 ohm battery
feed circuit conductor 4698’ of relay 1AN1’ whereby
sufficient current is detracted from relay TAN1’ to cause
it to mon-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 ¢ of relay 1AN1’

~ shunted relay AG, in this alternative arrangement,; ground

through make contacts ¢ of relay 1AN1’, conductor 4619’,
conmnects to the 1000 ohm battery feed circuit conductor
4608 of relay 1AN1, shunting this relay.

Similarly, ground through make contacts ¢ of relay
TAN2 shunts relay 1AN2’.

Similarly, ground through make contacts ¢ of relay
1AN2" shunts relay TAN2. :
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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, ie.,
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 12 of relay CO17, conductor T, calling
line loop, conductor R, break contacts 1S of relay CO17,
break contacts 21 of relay LO17, winding of relay LR17,
conductor 1361, fuse 4, to battery.

Relay LR17 operates and closes a circuit from ground
through -the winding of polarized relay AG (FIGURE
17), break contacts 4693 of relay AV, break contacts ¢
of relay 2AW, break coatacts a of relay 3L1, conductor
1202, make contacts 12 of relay LR17, closed contacts a
of manual key, conductor 1281, 10,000 ohm resistor,
break contacts 4662 of relay AV, 5000 ohm resistor,
conductor 4661, break contacts a of relay 2ANC, break
contacts g of relay 1ABL, 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 1AN1 operates over a circuit extending from
ground through the lower make contacts 4604 of relay
AG, conductor 4606, fuse contacts, C380%a, 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¢a to MLI, con-
ductor 1, winding of relay 1AN1, break contacts ¢ of
relay 1ABL, conductor 4608, 1006 ohm resistor to
battery.

Relay 1AN1 operates to indicate that the first five
hundred line group has succeeded in seizing the marker.
1t 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 rélays 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 ¢ of relay 1ABL, winding of relay
1AN1, make contacts & of relay 1AN1, conductor 28,
cable to MLM, conductor 28, break contacts d of relay
10B, break contacts b of manual key, conductor 30, cable
to M_LI, conductor 30, break contacts ¢ of relay 1ANC,
and break contacts k of relay 1AND to ground. When
relay 1ANC subsequently operates, this holding ground
comes through the make contacts d of relay 1ANC to
conductor 38. If the rotator is .in the position with
relays 10B and 20B operated, the locking circuit of relay
1AN1 passes through the make contacts b of relay 1AN1,
break contacts b of relay 1AN2, conductor 29, cable to
MLM, conductor 29, make contacts ¢ of relay 10B, closed
contacts b of the manual key, and conductor 30 to the
aforedescribed ground.

Relay .1AN1 at its contacts d extends ground to the
winding of relay IAN1A and battery.

Relay 1ANIA operates to extend ground through make
contacts a of relay 1ANIA, 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 4693f closes ground over con-
ductor 4693A through the windings of relays 1PST and
2PST in parallel to battery (circuit' LPI); at its make
contacts 4693c closes ground over conductor 4603B
through the windings of relays 3PST and 4PST in parallel
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to battery; and at its contacts 46834 closes ground over
conductor 4663C through the winding of relay SPST to
battery. Relays 1IPST-5PST and circuit LPI are -only
equipped in 500 line groups containing paystations, as
will be brought out subsequently in connection with the
description of the paystation identification circuits.

Relay 1AN1 also closes a circuit from ground through
make contacts e of relay 1ANI1, break contacts d of
relay 1ABL, through the winding of relay ANA to
battery; and at its make contacts e of relay 1AN1 closes
a circuit.from ground over break contacts d of relay
1ABL, break contacts ¢ of relay 1AND, conductor 13,
cable to MTT, conductor 13, and winding of relay RBL
to battery. Relay ANA and relay RBL operate, Relay
RBL prepares a locking circuit from battery through its
winding, make contacts b of relay RBL, conductor 6,
cable to MLI, conductor 6, and make contacts f of relay
AB to ground, which circuit is completed as relay AB
subsequently operates.

Relay ANA (FIGURE 40) at its break contacts b
opens the original marker selection circuit for relay 1AN1
which then holds over the aforedescribed holding circuit.
On calls from the second five hundred group, relay ANA
at its break contacts a also opens the circuit of relay
1AN2, Additionally relay ANA at its contacts-¢ oper-
ates relay ANB over a circuit extending from battery
through the winding of relay ANB, break contacts f of
relay JAND and make contacts ¢ of relay ANA to
ground.

Relay RBL (FIGURE 79) prevents the path-ﬁndmg
portion from being seized by the associated code receiver
for call termination purposes in a manner to be descrlbed
hereinafter.

Relay 1AN1A (FIGURE 40) operates to complete en-
ergizing circuits for the following relays for the purpose
of connecting the first five hundred group into the
marker: relays 2ZAN1, 3AN1, 4AN1, 5AN1, 5AN1A,
1CN1, 2CN1, 1FN1, 2FN1, 6AN1, and relay O1 in the
companion marker,

Relays 2AN1 and 3AN1 (FIGURE 39) operate from
battery through their windings in parallel, make contacts
d of relay 1AN1A, break contacts g of relay 1AN2A to
ground.

Relay 4AN1 and 5AN1 and 5ANIA (FIGURE 39)
operate from battery through their windings in parallel,
make ‘contacts e of relay TAN1A, break contdcts g of
relay 1ANZ2A to ground. These relays connect circuits
from the line entrance origination circuit LEO into the
first marker SLM-1.

Relays 1CN1 and 2CN1 (FIGURE 42) operate from
battery through their windings in parallel, conductor 1
through cable 1234, conductor 1, make contacts ¢ of relay
1AN1A, break contacts g of 1AN2A to ground.

Relay 1CN1 at its contacts ¢ completes an operating

circuit for relay 3CN1 which extends from battery
through the winding of relay 3CN1 and make contacts
¢ of relay 1CN1 to ground.
" Relays 1FN1 and 2FN1 (FIGURE 43) operate from
battery through their windings in parallel, conductor 2,
cable 1234, conductor 2, make contacts b of 1ANI1A,
break contacts g of relay 1AN2A, to ground. Relay
2FN1 ‘operates - relay 3FN1 and 4FN1 from battery
through the Wwindings of relays 3FN1 and 4FN1 in
parallel and make contacts e of relay 2FN1 to ground.
These relays connect leads from the 20 SLA’s to the
marker. It might be noted at this point that relay 1CN1
connects SLA leads from the first 500 group into the
marker whereas ICN2 connects leads from the second
five hundred group into the .marker. This same scheme
of notation is found in many places in the marker.

Relay 1AN1A (FIGURE 40) at its contacts f com-
pletes operating circuits for relays 6AN1 and 6ANIA
(FIGURE 62) which extend from battery over the wind-
ings of 6AN1 and 6ANI1A in parallel, conductor 1, cable
MLI to MCT, conductor 1, make contacts f of relay
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1AN1A, break contacts g of relay 1AN2A to ground.
‘These relays control circuits of the first 500 group for

‘making register tests and SLB vertical tests for the three

groups of SLB switches.

Relay O1 (FIGURE 78)" associated with the first five
hundred group is in the companion marker, but the cir-
cuit thereof can be traced by reference to the marker
shown as follows: Battery (MLI), conductor 18, cable
to MTT, conductor 10, winding of relay O1, conductor
11, cable to MLI, conductor 11, make contact h of re-
lay 1ANIA to ground.

Relay O1 in the companion marker locks over its make
contacts a, conductor 2, to conductor 1 in the instant
marker and make contacts of RBL to ground in the in-
stant marker. Assuming that the instant call is pro-
gressing from the first five hundred group relay 1ANIA
operates relay- O1 in the companion marker, which blocks
a terminating call through the companion marker to the
first five hundred group.

¥t should be observed that. if relays 1ANIA and
1AN2A should both be operated by some freak condi-
tion, the connecting relays for neither five hundred line
group can operate because break contacts 1AN1A—g and
1AN2A—g open the operating ground to opposite con-
necting relays. In other words, the operation of con-
necting relays for either five hundred line group is based
upon the supposition that one relay 1AN1A or 1ANZA
is-operated and the other is non-operated. For example,
the circuit of relay 2AN1 passes through make d of re-
lay 1AN1A and break g of relay 1AN2A.

Relay ANB operates and at its contacts f completes an
operating circuit for relay 0T2 (FIGURE 44) which ex-
tends from battery through the lower winding of relay
0T2, upper winding of relay 0T1, make contacts i of
relay 0T1, break contacts m of relay 0T10, break con-

" tacts b of the alarm key, break contacts d of relay 3ANC,

conductor 3, cable to. MLI, conductor 3 and make con-
tacts f of relay ANB to ground. This prepares for shift-
ing the marker register preference as will be appreciated
more clearly hereinafter. If the marker had been sitting
with 0T16 operated instead of 0T1, this ground would
cause relay OT1 to operate in series with 0T10, and
would prepare to shift the marker preference accord-
ingly.

Additionally relay ANB at ifs contacts b completes
operating circuits for relays 1ANC and 2ANC which ex-
tend from battery through the winding of these relays in
parallel and make contacts b of relay ANB to ground.

Relay TANC at its break contacts e disconnects ground
from the holding circuit of relay K1 and connects this
circuit over its make contacts f to 2200 ohm battery. A
circuit then obtains from battery through the upper wind-
ing of relay K1 through the lfower winding of relay K1,
through make contacts f of relay K1 and make contacts f
of relay 1ANC through 2200 ohms and a 6 mf. capacitor
to battery, and the condenser discharge makes K1 slow
to release. It should be recalled that relay X1 is nor-
mally operated and releases -only if trouble is encoun-
tered. Accordingly relay KI at this time is providing a
timing period.

Assuming relays 16B and 20B (MLM) (FIGURE 71)
non-operated prior to:this call, when relay ZANC oper-
ates, ground through make contacts d of relay 2ANC,
conductor 31, cable to MLM, conductor 31, break con-
tacts a of relay 10B, winding of relay 20B to ground
operates relay 20B which prepares to lock over its make

‘contacts a and the lower winding of relay 19B.

Additionally relay 1ANC operates slave relay 3ANC
(FIGURE 61) over the following circuit: battery through
the winding of relay 3ANC, conductor 1, cable to MLI,
conductor- 1 and make contacts b of relay 1ANC to
ground. Relay 3ANC operates to start register selection
as will be discussed hereinafter.

-At this time the five hundred line group has been
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idéﬁtiﬁ’ed 'in’the ‘marker and the marker ‘has ‘connected
itself to the identified five hundred line group.

C. SLA identity

At this point it should be observed that two sequences
of telay operations are occurring ' simultaneously in ‘the
marker, which consist of selecting an idle register; and
of'idéntifying to the marker the calling one of the twenty
SLA’ ‘and the identity of the particular line which ‘has
initiated the call. We shall discuss first the sequence of
SLA -dhd line identity and in a subsequent section that of
régister sélection.

Returning to a prior point in this description, the ]omt
operation of relays AV and ANB éffect operation of re-
lay A1 (FIGURE 39) over the following circuit: ground
through make contacts 4603 of relay AV, break con-
tacts'c of relay 2AW, break contacts a of relay 3L1, con-
ductor 1202 associated with line 17, make contacts 12 of
relay ‘LR17, break contacts a of the manual key, con-
ductor 1201, associated with SLAIL, conductor 461l
(otherwise ‘indicated ‘as conductor 1 associated with
SLA-1), cable SLA:FDENT-1, conductor 1, make con-
tacts a of relay 4AN1, conductor 1,-¢able SLA-IDENT-
2 conductor 1, winding of relay A1, break contdcts a of
relay 2AA, break contacts / of relay BB, make contacts e
of relay ANB to battery. Relay Al immediately closes
the following locking ground for itself independent of
line relay ‘LR17 and the LEO circuit: ground through
make-contacts d of relay ANB, break contacts ¢ of relay
BB, make contacts b of relay Al to the winding of re-
lay A.

‘Relay Al then: operates relays lAA, 2AA and 3AA

(FIGURE 40) from -ground through the windings of
these relays in parallel, break contacts e of relay IPBX,
conductor 54, cable to MLM, conductor 54, break con-
tacts b of the manual key, make contacts a of relay 10A2
assuming relay 10A2 operated as heretofore described,
conductor 51, cable to MLI, conductor 51, break con-
tacts ‘7 of relays A29 to A2 in series, make contacts ¢
of relay Al, the break contacts a of relay 2AA, break
contacts . -of relay BB, and make-contacts ¢ of relay
ANB to battery. ‘Relay 1AA- operates and at its make
contacts -b -closes a circuit from battery through make
contacts e-0f ‘relay ANB, break contacts # of relay BB,
make -contacts 'b-of relay 1AA-through the windings of
relays TAA, 2AA and 3AA in parallel to ground. This
same battery circuit extends to relay Ai. It should be
observed that the break contacts of relays 1AA, 2AA
atid 3AA open after the make-contacts b of relay 1AA
tlose. -Thus a battery. circuit is maintained to the SLA
identity ‘relay "'A1-A20. In particular, relay AL then
holds-over the following circuit: ground through make
contacts d of relay ANB, -break contacts ¢ of relay BB,
make contacts b-of relay Al, winding of relay Al, make
contécts e-of relay Al, break contacts f of relays AZ~A20
in series, ‘conductor 51, cable to MLM, coaductor 51,
contdcts @ -of relay 10A2, contacts b of the manual key,
conductor '54, cable to MLI, conductor 54, break con-
tacts-e -of T€lay 1PBX, make contacts b of relay 1AA,
bieak ‘contacts & of relay BB, make contacts e of relay
ANB to battery.

Relay TAA -at contacts ¢ completes an operating cir-
cuit® for relay AB (MLI) (FIGURE 57) which extends
from -battéry through the winding of relay AB, and make
contacts ¢ of relay 1AA to ground. Relay AB at its con~
tacts a then operates relays 3AW, 2AW and 1AW (LEO)
(FIGURE 17) from battery through their windings in
parallel, conductor 4615 (otherwise designated 11), cable
4614, conductor 11, ‘make- contacts e of relay 5ANIA,
break cohtacts b ‘of relay TAND a u1d make contacts a of
réfay "‘AB to ground.

Relay- AB at its contacts b effects operation of relays
411 3L1,v2L1 and 111 (FIGURE 17), over a circuit
Wthh extends from battery through their windings in
patallel, conductor ‘4616 (otherwise designated 1), cable
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4614, conductor 1, make contacts a of telay SANIA, con-
ductor 1, make ‘contacts ‘a ‘of relay A1, break contacts d
of relay 2AND and make contacts b of ‘relay AB to
ground. ]

Relay 2AW and 3L1 operate to open the original oper-
ating ground from relay Al.

Relay AB provides ground through its make contacts g
to the contacts i of the relays Al to A20 (FICURE 39).
which relays advance the rotator comprising relays 10A2
to 40A2 (FIGURE 71). More specifically, when relay
AB operates, the before mentioned ground through con-
tacts of any relay Al to AS, conductor 46, cable 46 to
49, cable to MLM, conductor 46, upper winding of relay
10A2 to battery operates relay 10A2, which operates and
at 'its contacts ¢ locks over a circuit extending from
ground over make contacts ¢ of relay 10A2, lower wind-
ing of relay 18A2, break contacts e of relays 20A2,
30A2, 49A2, 2,000 ohm resistor to baftery, and opens
the similar locking circuit for any other relay such as
20A2 to 48AZ which may have been operated.

Considering a similar situation when relay AB operates,
ground through its make contacts g and make contacts i of
any relay Aé to AlC which might be operated instead
of Al to'AS, conductor 49, cable 46 to 49, cable to MLM,
conductor 49, upper winding of relay 48A2 to battery
operates relay 40A2. Relay 46A2 operates and at its
break contacts ¢ opens the aforedescribed holding cir-
cuit for 16A2 and locks over the circuit which. extends
from ground through break contacts d of relay 10A2,
28A2, 30A2 and make contacts ¢ of relay 48A2, lower
winding of relay 48A2, 2,000 ohm resistor to -battery.

Considering a similar situation when AB operates,
ground through make contacts g of relay AB through con-
tacts 7 of any relay A1l to A15 which might have oper-
ated instead of the other relays Al to A1@, conductor 48,
cable to  MLM, conductor 48, upper winding of relay
30A2 to battery will operate relay 3GA2.

Relay 30A2 opens the aforedescribed locking circuit of
relay 40A2 at break contacts e of relay 30A2 and locks
over the circuit from ground through the break contacts
d of relay 16A2, 2¢A2 and make contacts ¢ of 36A2, wind-
ing of relay 30A2 break contacts e of relay 48A2, 2,000
ohms to batter:

Similarly ground through make contacts g of relay AB
and make contacts {, any relay A16 to A29 which might
have operated instead of the other relays Al to Al5; con-
ductor 47, cable 46 to 49, cable to conductor 47, upper
winding of relay 20A2 to battery operates this relay.

Relay 20A2 opens the aforedescribed Jocking circuit of
relay 36A2 and locks over the circuit from ground
through the break contacts d of relay -18A2, make con-
tacts e of relay 20A2, lower winding of relay 28A2, break
contacts e of relay 30A2 and 40A2 through the 2,000 ochm
resistor to battery. As calls come into the marker from
SLA’s at random these relays, 186A2 to 40A2, operate at
random and release any other such relay which is oper-
ated. The result of this arrangement is such that battery
through the make contacts e of relay ANB, break contacts
h-of relay BB, make contacts b of relay 1AA, break.con-
tacts -¢ of IPBX, conductor 54, cable to MLM, con-
ductor 54, break contacts b of the manual key to the con-
tacts @ of the various relays 10A2 to 40A2 is selectively
placed by the make contacts a of the operated relay
on conductor 51, 52, 53, or 50 which through cable to
MLI and cable 50 to 53 enters the locking circuits of
the relays Al to A20 at different points, so as to give a
priority in locking to a particular relay Al to A20 even
though two or more may operate simultaneously.

. For example if ground obtains on lead 50, such ground
enters the upper locking chain of contacts between the
lever of Al and the break contact d of relay A20. Ac-
cordingly, the operation of Al disconnects the locking cir-
cuit of all relays A2 to A20; the locking circuit of relay
A2 disconnects the locking circuits of all relays A3 .to
A20 etc., giving a priority in locking of these relays
wherein A1l has the highest priority and ‘A20 the lowest
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priority. Similarly if ground obtains on lead 52 instead
of 51 relay A1l has priority in locking and opens all
the other locking circuits of relays A12 to A20 and around
to A10, giving A1l priority over all the other A relays.

By similar reasoning A12 would open the locking cir-
cuits of all relays Al4 to A20 and then around to Al0.

Similarly if ground obtains on lead 51 to the lower
locking chain relay A29 has priority in locking and
opens the locking circuits of all relays A19 down to AL
Relay A19 opens the locking circuits of all relays AL8
down to Al etc.

If ground obtains on lead 53 entering the lower locking
chain- between the lever of relay A1 and the break
contacts f of relay All, then relay A1@ has priority in
locking and opens the locking circuits of all relays A9 to
A1l and around to All.

Relay 9 opens the locking circuits of all relays A9 to
A1l and around to relay Al1.

Accordingly though several Al relays may operate
simultaneously, only one can lock to locking battery. We
shall designate the rotator comprising relays 10A2 to
46A2a “jump rotator.”

Accordingly when a call originates, any relay 16A2 to
49A2 may be in the operated position, predisposing cer-
tain of the relays Al to AZ0 to have priority over others.
Thus the operated one of the relays Al to A2 identifies
the callihg SLA which has succeeded in seizing the marker.

B. Line identity—SLA horizontal operation

The equipment now identifies in the marker, the call-
ing line of the lines associated with the identified SLA.
When relay 311 operates, a circuit is completed for line
identity relay B17 which extends from battery through
make contacts e of relay ANB, make contacts f of relay
K2, break contacts d of relay REL2, make contacts ¢
of relay AB, break contacts b of relay 3BA, winding of
relay B17, conductor 17, cable LINE-IDENT-2, conduc-
tor 17, make contacts b of relay 3ANI, conductor 17,
cable LINE-IDENT-1, conductor 17, make contacts b
of 3L1, conductor 1282 associated with line 17, make
contacts 12 of relay LR17 conductor 1201A, closed con-
tacts ¢ of manual key, conductor 1201 associated with
SLA1, conductor 4611, cable SLA-IDENT-1, conductor
4611 (otherwise designated conductor 1), make contacts
a of relay 4AN1, conductor 1, cable SLA-IDENT-2, con-
ductor 1, make contacts b of relay A1, break contacts ¢
of relay BB and make contacts d of relay ANB to ground.
Relay B17 immediately closes a ground circuit independ-
ent of the line relay LR17 as follows: ground through
make contacts d of relay ANB, break contacts ¢ of relay
BB, break contacts.a of relay REL2, make contacts a of
relay B17 to the winding of relay B17.

Relays B9 to B24 are controlled in their locking by a
“jump rotator” comprising relays 16A1 to 68AL. The
operation of the “jump rotator” is set forth briefly hereat.

Relay 18A1 operates from battery through the upper
winding of relay 10A1, conductor 33, cable to MLI,
conductor 33, cable 33 to 38, conductor 33 and through
the make contacts i of the one of the relays B¢ to B3
which -is operated and make contacts i of relay BB to
ground, such operation being effected in response to the
subsequent operation of relay BB.

Relay 20A1 operates incident to the operation of any
relay B20 to B24. Similarly relay 30A1 operates incident
to the operation of any relay B8 to B11.,

Similarly relay 4¢A1 operates incident to the operation
of any relay B12 to B1S, and

Relay 58A1 operates incident to the operation of any
relay B3 to B7, and relay 60A1 operates incident to the
operation of any relay B16 to B19. The operation of the
jump rotator in other connections will be obvious from
such description.

Returning from the digression, relay B17 then cperates
relay 1BA over the following circuit: ground through
break contacts f of relay BB, lower winding of relay 1BA,
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break contacts d of relay BB, break contacts g of relay
1PBX, conductor 45, cable to MLM, conductor 45, close
contacts b of the manual key, through the operated con-
tacts a of one of the relays of the jump rotator such as
10A1 and conductor 40, cable to MLI, cable 39 to 44,
conductor. 49, break contacts e of relays B24 down to
B18 in series and make contacts d of B17, break contacts
b of relay 3BA, make contacts ¢ of relay AB, break con-
tacts 4 of relay REL2, make contacts f of relay K2 and
make contacts ¢ of ANB to battery.

Relay 1BA may be thus operated in parallel over the
make contacts of several B relays which may operate
simultaneously.

Relay 1BA locks over the circuit from ground through
break contacts f of relay BB, lower winding of relay 1BA,
make contacts k of relay IBA, make contacts ¢ of relay
AB, break contacts d of relay REL2, make contacts f of
relay K2 and make contacts e of relay ANB to battery.

Relay 1BA then operates relays 2BA, 3BA, and 4BA
over the following circuits: battery through the windings
of relays 2BA and 3BA in paraliel and make contacts d
of relay IBA to ground; also battery through the wind-
ing of relay 4BA (lower portion of MLI), break con-
tacts b of relay REL2 and make contacts 4 of relay 1BA
to ground. .

Relays 1BA, 2BA and 3BA open the original battery
circuits to relays B9 to B24 so that a test is made over
their locking circuits to determine which of the relays B0
to B24 shall lock if more than one had operated at the
same time.

As noted above with the operation of the jump rotator
16A1-60A1 and the locking circuits of relays B-B24,
after relays IBA to 3BA operate, only one relay Bé to
B24 can hold. . .

Relay 4BA operates relay BB from battery through the
winding of relay BB and make contacts ¢ of 4BA to
ground, relay BB locking through its make contacts g and
make -contacts a of relay ANB to ground. Also, relay
4BA operates relay 1CRA (seee MCT circuit), over the
circuit from battery through the winding of relay 1CRA,
conductor 1, cable to MPR, conductor 1, make contacts
b of relay 1PS, break contacts ¢ of relay 2PS, conductor
5, cable to MLI, conductor 5 through make contacts d
of relay 4BA to ground. - Relay 1CRA operates on non-
paystation originated calls to prevent connection to CRA’s
with coin box trunk verticals, as will be understood better
hereinafter. R .

The operation of relay BB re-routes the locking ground
for the operated relay B17 of the group B0-B24, and
the operated relay A1 of the group A1-A28, over make
contacts f of relay 1BA and make contacts b of relay BB
which close before its contacts ¢ open; and also re-routes
the locking battery for the operated relay B17 of the

group B0-B24 and the operated relay Al of the group

Ai1-A20 and relays 1BA, 1AA, 2AA, and 3AA over make
contacts j of relay 1BA and make contacts g of relay BB
which close before its contacts 4 open. With relay B17
operated, the marker is informed that line 17 of the lines
0-24 associated with the calling SLA has initiated the call.

At the same time that relay IBA operated relays 2BA,
3BA and 4BA, it operated relays LAND and 2AND from
battery through the windings of these relays in parallel,
breaks contacts i of relay 1AND, make contacts ¢ of
relay K2, break contacts b of relay PBX, and make con-
tacts e of relay 1BA to ground. Relay 1AND, at its con-
tacts & establishes a circuit to ground for these relays
through make contacts ¢ of relay ANA before it opens its
break contacts { to disrupt the circuit just traced.

At its break contacts @ and b, relay 2AND opens the
original circuits of 1AN2 and 1AN1 respectively. At its
make-before-break contacts d, relay 1AND routes the
operating circuit of relay RBL through make contacts ¢
of relay 1BA to ground through make contacts e of relay
1ANI. ¥ should be observed that relay RBL additional-
ly has a locking circuit from battery through the winding
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of relay RBL, make contacts » of relay RBL, conductor
6, cable to MLI, conductor 6, make contacts f of relay
AB to ground.

At its make contacts g, which operate before the asso-
ciated break contacts f open, relay JAND establishes a
holding circuit for relay ANB from battery through the
winding of relay ANB, make contacts g of relay TAND,
normal make contacts ¢ of relay K2, break contacts b
of relay 1PBX, and make contacts e¢ of relay IBA to
ground in preparation for release.

At its make contacts @, which operate before the asso-
ciated contacts b open, relay 1AND transfers the circuit
of relays 3AW, 2AW and 1AW in the LEO circuit from
ground through make contacts a of relay AB to ground
through make contacts b of relay 1BA. Also, at its make
contacts ¢ which close before the associated break con-
tacts d open, relay 2AND transfers the circuit of relay
4L1, 3L1, 211, and IL1 of the LEO circuit from ground
through make contacts b of relay AB to ground through
make contacts a of relay. IBA. :

It should be observed that if the marker has advanced
to the point where relay BB operates, battery through 200
ohms resistance and a 50 mf, capacitor which is normal-
1y charged to ground through break comtacts I of relay
BB, is connected in series through make contacts &k of
relay BB and make contacts f of relay K1 to the winding
of relay K1 in parallel to the circuit from battery through
200 ohms and a 6 mf. capacitor which was connected
to the winding of relay K1 when relay 1ANC operated,
whereby an additional circulating current is inserted in
the circuit of relay K1 to give the marker an increased
time to continue its performance.

It should be observed also that when relay BB operates
with the calling line being line 17, ground to the make
contact i of relay BB, make contacts i of relay B17, con-
ductor 38, cable to MLM, conductor 38 through the up-
per winding of relay 60A1 to battery, operates “jump
rotator” relay 68A1 whereby the priority of locking of
relays B0 to B24 is shifted.

Additionally when relay BB operated a circuit was com-

pleted to. operate relays 1A, 2A, and 3A in switch SLA-1.

over the following circuit: battery through fuse 3, wind-
ings of relays 1A, 2A and 3A in parallel, closed contacts
¢ of the manual key, conductor 1362, cable SLA-CON-
NECT, conductor 1362, otherwise designated conductor
1, make contacts a of relay 1CN1, conductor 1, cable
MLI-MVO, conductor 1, make contacts k of relay: AL
representing SLA-1, and make contacts 1 of relay BB to
ground.

Ground through make contacts 2 of relay B17 on con-
ductor 29 and ground through make contacts % of relay
B17 on conductor 32, both of which conductors enter
cable SLA-HORIZ, emerge as cables H9 and HC other-
wise designated 29 and 32 respectively and pass through
make contacts b and ¢ respectively of operated relay
3AN1 into conductors 9 and 12 respectively and thence
into SLA cable 1306 emerging as conductors 9A and
12A in the SLA switch and passing through contacts 12
and 21 respectively of operated relay 3A into cable 1305,
emerging as .conductors 9 and 12 respectively, passing
through windings of coils H9 and HC respectively, through
fuse 3 to battery. Horizontal magnets HS and HC ac-
cordingly operate, and as described more fully herein-
after, extend the test conductor “S” of the calling line into
the marker to permit testing thereat by the marker to
determine whether or not the calling line is a paystation
line.

Additionally when relays 1A and 2A of SLA~1 are op-
erated vertical test and pull circuits comprising leads 1-20
of cable 1310 are extended into the marker for the pur-
pose of informing the marker of the SLA verticals which
are available to extend the a path from the calling line
in the direction of a register. More specifically, the odd
leads of the group 1-29 are pull circuits and the even
leads are test circuits. As an example, a circuit is pre-
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pared for vertical magnet V1 of the seized SLA vertical
magnet from battery through fuse 1,200 ohm winding of
magnet VI, contacts 12 of relay 1A, conductor 1304q,
otherwise designated conductor 1, cable 1310, conductor
5 1, contacts g of relay 1FN1, pull cable, conductor 1, to
open contacts & of relays AG1 and AG2 associated with
two SLB verticals, i.e., two of twenty paths between each
group of five SLB’s and the associated SRL circuit.

Also a circuit is closed as follows to operate relay 1V1

10 (see MRT) assuming vertical V1 of SLA~1 idle: battery
(SLA-1), fuse 1, associated fuse contacts, closed break
contacts 11 of magnet V1, contacts 32 of relay 1A, con-
ductor 1303 (other wise designated 2), cable 1310, con-
ductor 2, contacts f of relay 1FNI1, conductor 1, test

15 cable MCT-MVO, cable 1-19, conductor 1, winding of
relay 1V1 to ground.

Conductors  1-20 entering relays 1FN1 and 2FN1
from SLA’s of the first 500 group and those emerging to
contacts of relays AGI-AG20 of MVO circuit and to

20 coils of relays 1V1 to 1V10 of the MCT circuit are as
follows:

Emerging | Emerging To MCT
Conductors [Conductors|Conduetors| To MVO Relay Relay”
From SLA’s to Pull To Test Contacts Coils
25 Cable Cable
b L P, Kof AGland |-o......_._.
AG2.
SN [, B (R, iv1
| S b2 R K ofG IEGB and Jiieoceeao oo
30 4 2l 1ve
[ S : 5 Kof AGSand |-ocoo.io...
G6.
6 _ I - 2 1V3
[ [ ) I Kof AG7and | aceeana .
G8.
| S I I [ 1V4
85 el -3 T, KofAG9and |___._.__._.
AGL0.
10 |- 30 I, 1Vs
b O, [S0 P, K of AGIl{.__ . ______
and AGI2
12 i 3 P, 1vé
K of - AGI3 |.ooeoei .
and AGid.
................ 1v7
K of AGI5S {ocomoenn ..
and AG16. :
................ 1vs
K of AGYT oo ..
and AG18,
................ 1v9
K of AGI9 |oeoeooi o
and A.G20.
________________ 1V10

- Accordingly in the marker a relay of the group 1V1-
V10 will be operated for each idle vertical of the calling

50 SLA to indicate the verticals which are presently avail-
able.

A corresponding pattern holds for relays 1IFN2 and
2FN2 for the second five hundred group.

Relay 2A of the SLA-1 switch operates relays 151 and

55 251 of the line horizontal pull circuit from battery through
the windings of these relays in parallel, conductor LHP
and make contacts 25 of relay ZA to ground.

Relay 1S1 operates relays 1Si1 and 2811 from bat-
tery, through a 500 ohm resistor, through the windings of

60 these relays in parallel, and make contacts a of relay 1S1
to ground.

Accordingly relay 181 extends a circuit from battery
through fuse 5, conductor 5092, through the winding of
horizontal relay Hi of the SLB switch circuit #1 (SLB-1)

65 shown, through conductor 1, cable LHP-21, into the line
horizontal pull circuit (LHP), conductor 1 emerging and
passing through make contacts ¢ of relay iS1 into con-
ductor I associated with SLB-1, into cable MVO to the
marker.

70  Also relay 1811 extends the circuit from battery through
fuse 5, conductor 5002, winding of relay HA of SLB-1,
conductor 11, cable LHP-2, conductor 11, make contacts
b of relay 1811 into conductor I into cable MVO to the
marker.

76  Similarly at others of their make contacts, relays 1S1
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and 2S1 extend circuits from magnets HI1 of SLB’s 2-15
to conductors II to XV associated respectively with SLB’s
2-15 and thence into cable MVO to the marker. .

Accordingly with SLA-~1 calling and having .effected

the operation of relays 151, 251, 1Si1 and 1512, as will
be discussed in more detail subsequently, circuits have
been prepared for the marker to operate magnets H1 and
HA in any of the SLB’s 1-15 by selectively placing ground
on conductors I to: XV of cable MVO for the purpose
of further extending the calling line in the direction of a
register. Possible routings are now described. '
-+ If the marker extends connections through the vertical
V1 of SLA-1 (on an originating or terminating call) it op-
erates HI and HA in SLB-1, SLB-6, or SLB-11 by plac-
ing ground on conductor I, VI, or XI and also operates
vertical magnet V1, V2, V3, V4 or V5.in SLB—-I SLB—6
or SLB-11.

If the marker extends connections through vertical V2
of SLA-1, it operates H1 and HA in SLB-1, SLB-6, or
SLB-11% by placing ground on conductor I, VI, or XI of
cable MVO and also operates vertical magnet V6, V7, V8,
V9, or Vi8 in SLB-1, SLB-6, or SLB-11.

If the marker extends connections through vertical V3
of SLA-1, it operates magnets H1 and HA in SLB-2,
SLB-7, or SLB-12 by placing ground on conductor II,
VII, or XiI of cable MVO, and also operates vertical

magnet V1, V2, V3, V4, or V5.in SLB-2, SLB-7 or.

SLB-12. N

If the marker extends connections through vertical V4
of SLA-1, it operates magnets H1 and HA in SLB-2,
SLB-7, or SLB-12 by placing ground on conductor 11,
VI or X of cable MVO, and also operates vertical mag-
net V6, V7, V8, V9, or V¢ in SLB-2, SLB-7, or SLB-12,
ete.

It the calling SLA is SLA-2, a set of relays 152 and’

282 (not shown) are operated in the LHP circuit and
operate 1elays i1S1% and 2S11 and extend connections
to XV respectively of cable MVO

The following chart summarizes the relays of the LHP
circuit operated and the circuits of SLB’s 1-15 prepared
as SLA’s 1-20 are engaged upon originating or terminating
calls. Reference should also be made to the SLA-SLB—~
SRL-SLC diagram of FIGURE 9 in the copending appli-
cation.

. SLA LHP Relays Operated

181, 281, 1811, 1812
152, 282, 1811, 1812,
183, 283, 1811, 1812,
184, 284, 1811, 1812_
185, 285, 1811, 1812
186, 286, 1811, 1812..._ _
187, 287, 1811, 1812.
188, 288, 1811, 1812-
159, 289, 1811, 1812 -
1810, 2810, 1811, 1812_______
1814, 181, 281, 1812, 1812 .
152A, 182, 282, 1812, 1812

Hl, HA in SLB’s 1-15,
H2, HA in SLB’s 1-15.
H3, HA in SLB’s 1-15,
H4, HA in SLB’s 1-15.
H5, HA in SLB’s 1-15,
H6, HA in SLB's 1-15.
H7, HA in SLB’s 1-15.
H8, HA in SLB’s 1-15,
H9, HA in SLB’s 1-15.
HO0, HA in SLB’s 1-15.
Hi, HB in SLB’s 1-15.
H2, HB in SLB’s 1-15.
H3, HB in SLB’s 1-15.
H4 H3B in SLB’s 1-15.
H5, 2B in STB’s 1-15.
H6, HB in SLB's 1-15.
H7 HB in SLB’s 1-15,
HS, HB in SLB’s 1-15.
H9, HB in SLB’s 1-15.
Ho, HB in SLB’s 1-15.

185& 1S5, 255 1812 1812..._.
1SGA 186, 2S6 1812 1812..__.
IS7A 1S7, 2S7 1812, 1812, ____
IQBA 138, ZSS 1S12 1812
ISQA 1&9, 259, 1812 1812 ..
ISIOA 1810, 2810, 1812 1812,

It should be observed that SLA-11 operates relay 1S1A
from ground through make confacts 25 of relay 2A in
SLA-11, conductor LHP-11, winding of relay 1S1A to
battery. Relay 1S1A operates relays 181 and 251 from
ground through make coanfacts a of relay iS1A, windings
of relays 1S1 and 2S1 in perallel to battery. Relay 1S1
closes the aforedescribed ground circuit to relays 1811
and 2511 but these relays do not operate being shunted by
ground on the other side of their windings over the circuit
from ground through make contacts b of relay 1S1A to
the windings of relays 1S1% and 1S12. However, ground
through make contacts ¢ of relay 1S1A through the wind-

SLB Circuits Prepared -
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ings of relays 1S12 and 2812 in parallel to battery oper-
ates these relays. - Accordingly, with relays 1S1A, iSi,
152, 1S12 and 2812 operated, the circuit of magnet HI
of SLB-1 is extended through countacts ¢-of relay 151 to
conductor I of cable MVO as previously described and
the circuit of magnet HB is extended to conductor I over
the circuit from. battery, fuse 5, conductor 5662, magnet
coil HB, conductor 12, cable LHP-21, conductor 2, con-
tacts b of relay 1512, conductor I to cable MVO and
thence to the marker. Thus, if the marker places ground
on-conductor I with SLA-11 involved in the connection
(one either on originating or ¢n terminating call) relays
H1 and HB of SLB-1 operate. Similarly, if the marker
places ground on. conductor II with SLA~11 involved in
the connection, relays H1 and HB in SLB-2 operate. It
is ‘believed unnecessary to describe other LHP circuits.
Summarily the LHP circuit in its operation has selec-
tively prepared circuits between the marker and the SLB
for the purpose of further extending the calling line toward
the register. Thus, at this point the marker has “asked”
the SLA and the SLB for a report as to the verticals
which are available for use in extending path from the
calling line in the direction of a selected register, and the
SLA and SLB have supplied the test information fo the
marker. . .
) E. Coin box (paystation) identity

. The equipment is operative during this same period to
test the calling line for the purpose of determining whether
or not the calling line is a paystation line. It is noted that
the paystation lines are strapped for purposes of identifi-
cation, the strap for such lines being connected between
the S terminal associated with the line and the paystation
conductor PS of the LP1 circuit (see FIGURE 16 and
FIGURE 81).

Referring now to FIGURE 72 (MPR), the circuit of
this figure ‘provides a means for detecting originating.
calls from paystations as well as for detecting revertmg
calls.” This circuit comprises an electronic tube which is
commercially available as a 50C5 having a plate, a cath-
ode, a control grid and a screen grid therein. The plate
is. connected over a .01 mf. condenser to an LC circuit
comprising a 3.5 mh. coil and a .05 mf. capacitor. Addi-
tionally -the plate is connected through the winding of

-relay 1PS to ground, i.e. positive potential.

The output of the LC circuit is arranged to be selec-
tively and inductively connected to the control grid cath-
ode circuit of the electronic tube over a circuit compris-
ing a 9 mh. coil, an .01 capacitor and a 680 ohm resistor.
A 4700 ohm resistor and a .1 mf. capacitor are connected
in the tube grid return circuit. A rectifier which may
be of the type commercially available as a 1IN65 is con-
nected between the output of the tube and the control
grid cathode circuit thereof. The screen grid of the tube
is connected to positive battery through a 22 ohm resistor
in conventional manner. The tube is heated by a fila-
ment over a circuit from ground through the 22 ohm
resistor filament to battery. The cathode of the circuit
is connected to battery.

The control relay 1PS is connected in n the output cir-
cuit of the electronic tube and is operatively controlled
thereby.

Second and third control relays 2PS and 2RC are
operative in cooperation with relay IPS to make the
above mentioned tests and to indicate certain alarm con-
ditions. With no .bias on the control grid, the tube is
normally conducting and relay 1PS is operated from.
ground, its winding, the anode of the tube, through the
space anode cathode path fo negative battery, the tube
conducting 30 to 40 milliamperes.

With relay 1PS.normally operated, ground is withheld
from lead PS to a trouble recorder by open contacts d
and from lead "2 through break contacts d of relay 2RC
by open contacts ¢ of relay 1PS. At its make contacts
b, relay 1PS connects conductor 1 from cable MCT-
MPR through its. contacts b and. break contacts ¢ of
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relay 2PS to conductor 5 of cable MLI-MPR and. at its
R/r[;ali{ contacts holds open conductor 1 from ¢able MCT—

Earlier in the description it was stated that relay AV
operates relays 1PST to SPST (LPI, FIGURE 16).
Accordingly if line 17 had been a paystation line, a strap
would be. connécted between .the S terminal associated
with line 17 of the LPI circuit to lead PS of the LPI
circuit: and the following circuit would be completed
upon the operation of horizontal magnets HC and H9Y
in the SLA-1 circuit: Ground through make contacts of
relay APST through a .1 mf. condenser: through a 20
ohm resistor, through the strap between terminal PS and
S, to the S wire of line 17, through make contacts 11
of magnet H9 and make contacts of relay HC, then
through the make contacts 26 of relay 1A, conductor
1303, SLA-A conductor otherwise labeled 21, through
make contacts ¢ - of relay 2CN1, SLA-S conductor
through break contacts e of relay IABL, break contacts
¢ .of relay REL1 into conductor 1 and cable MPS to
MLI, conductor 1, through break contacts ¢ of reverting
call test relay 2RC, through a 1 mf. capacrtor and the
34 mh coil through the 9 mh, coil, to ground, thus
completmg an alternatmg current return path between
the secondary windings of the 3.5 mh. coil and the 9
mh coils, Accordingly the output from the electromc
tube is fed back to the input causing the tube to oscillate
at a frequency of about 12 kc. The oscrllatmg voltage
is rectrﬁed by rectrﬁer 1N65 whrch impresses a negative
bias’ voltage through the primary of the 9 mh. coil and

the 680 ohm resistor on the control grid causing the tube

to reduce ifs conduction to approximately 3 or 4 milli-
amperes and thereby to etfect the restoration of the con-
trol relay 1PS- which is cormected in the plate circuit
thereof

Relay. 1PS connects ground through break contacts d
to lead PS of the trouble recorder which indication is
only eﬂectrve if the marker calls in a trouble recorder.
Relay 1PS also places ground through break contacts ¢
of relay 1PS and. break contacts ¢ of relay 2RC, con-
ductor 2, cable MLI to MPR, conductor 2, make con-
tacts k of relay 2AND, conductor 6, cable MPR to.MLI,
conductor 6, break comtacts b of relay 2PS, conductor-
to. MVO, to a lever of relay AGD, preparatory to. noti-
fication of the originating Tegister through further cir-
cuitry that the callmg line is a paystat1on call so that the
originating register may Tequire coin deposrt therefor.

It should be recalled that relay 4BA operated relays
ICR When relay 1PS releases, it opens the circuits of
thrs relay and completes the circuit for relays 1CBT and
2CBT mstead thereof. This c1rcu1t may be traced from
battery through the wmdmgs in. parallel of these relays,
conductor 2, cable to MPR, conductor 2, break contacts
a of relay IPS break contacts ¢ 'of relay. 2PS, conductor
5 cable to ‘ML, conductor 5 and make contacts .d of
relay 4BA to, ground

. With the operation of relays 1CBT and 2CBT and the
release of relay 1CRA, the paystation call has been iden-
tified in’ the marker Further s1gn1ﬁcance of these relays
Wlll become apparent hereinafter.

e F Register selection and path finding “by-path”

‘It should be recalled that with operation “of relay
SANC (see MRT circuit), the selection of an idle reg-
ister”and finding of a path from the calling line to the
selected register was initiated. It should be appreciated
thadt register selection has been proceeding simultaneously
with -line selectlon, but that both must: be completed
before path finding is-initiated.  The marker equipment
ﬁrst seeks a register group having an idle register. therein.

More specifically, relay 3ANC at its contacts d opens

the holding circuit of relay 0T2 in series with the upper.

wmdmg of relay 0T1, whereby relay 0T1 is released.
1t should be observed that a holding circuit exists for
rélay T2 from battery through the lower winding of
relay 0T2, make contacts j of relay 0T2, and make con-
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tacts k& of relay 6T41, through resistor j to ground; .and
that as relay 0T1 releases and disrupts this holding cir~
cuit, a holding circuit for relay 0T2 exists from battery
through the lower winding of relay 072, make contacts
j. of relay 6T2 and break contacts & of relays ¢T3 to
0T10 (certain of which are shown and others of which
are indicated), and break comtacts-j of relay 0T1 and
resistor j to battery, this transfer being effected over
make-before-break contacts of relay 0T1.

Relay 0T2 at its make contacts # prepares a circuit in
series with relay T3 (not shown but indicated) extend-
ing from battery through the lower winding of relay
T3, upper winding of relay 0T2, make confacts i of
relay T2, break contacts Zz of relay 0T1, break contacts
m of relay 0T19, closed contacts b of manual key, to
open break contacts d of relay 3ANC, this circuit becom-
ing effective on the mnext call through the marker. In
this fashion the advance rotator comprising relays 0T1
to 2T10 advances as calls pass through the marker, these
relays being operative in a continuous circle,

Relay 3ANC also operates relay X2 over. the circuit
from battery through the winding of relay X2, through
break contacts b of relay Y2, through make contacts g
of relay 3ANC to ground. Relay X2 operates relay X1
from battery through the lower wmdmg of relay X1,
conductor X1, break contacts 6§ of relays 1RS1, 1RS2
and 1IRS3 of the MCT circuit in series, ‘through make
contacts b of relay 3ANC, break contacts ¢ of relay Y1
and make contacts ¢ of relay X2 to ground.

Brief consideration is given to the MRT: circuit (FIG-
URES 44, 45, 60 and 61) at this point. Relays ¢T1-0T10
constitute an advance rotator which shifts the priority
of register selection in register groups. When .circuit
MRT is ready to make a register test in the first group of
registers predetermined, relay Y1 operates and opens the
circuit of relay X1. If a register is found, wrthm a pre-
determmed time, relay Y1 releases before X1 has time
to release, and reestablishes the circuit of relay Xi.

Referring now to relays 1T1 to 1T10, these relays oper-
ate from idle indication battery in the respective regis-
ters through the respective rectifiers. If a plurality of
registers are idle, a plurality of corresponding relays of
the group 1T1-1T1¢ operate simultaneously but only
one can lock as determined by the rotational setting of
relays 0T1-0T10. The relay of this group which locks
indicates in the marker the particular register group which
has been asigned for use in the call.

Referring to the group of relays 2T1 to 27110, the
individual relays of this group are operated by the corre-
sponding relays of the group iTi-1T10.

Furthermore, if a register is found, relay TA. operates
and relay Y1 releases. With relays X1 and relay TA
operated and relay Y1 released a.circuit .to the MVO
circuit effects the operation of originating pathﬁnder
ground start relays AGA and AGB. If a path is found,
relay AGC operates and prevents ground through make
contact g of AGB and break contact j of relay AGC from
extending into the MRT circuit and operating relay Y2.
However, if a path is not found, this ground through the
make contact g of relay AGB, through break contact j
of AGC, conductor 3, cable MRT to MVO, conductor
3 and winding of relay Y2 to battery, operates relay Y2.
Relay Y2 releases relay X2, and register selection is at-
tempted again in the next group of registers.

Relays 0A1 to 0A4 constitute an advance rotator, the
position, of which determines which group of reglsters
shall be the starting point of the search. :

Relays 1, 2 and 3 constitute a counting chain so that
if three diﬁferent tests of register groups is made, the
marker is advised to stop its searching for an idle register.

1. Marker rotator set with starting point at register group
#1
(1) Register group #1 available; idle path thereto

The manner in which the selection of an idle Tegister
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of group 1 is made is now set forth. By way of review, it
is noted that relay 3ANC (FIGURE 61) operated relay
X2 which in turn operated relay X1. Relay X1 locked
from battery through the lower winding of relay X1,
through make contacts e of relay X1, through make con-
tacts b of relay 3ANC independent of the MCT circuit,
through break contacts ¢ of relay Y1, through make con-
tacts ¢ of relay X2 to ground. '

It can be seen-that a circuit exists through the upper
winding of relay X1, make contacts d of relay X1, make
contacts b of relay X2, through a 5 chm resistor and back
to the upper winding of relay X1 whereby wrth X2
operated, X1 is made slow to release.

-Relay X1 operates relay 1 from battery through the
lower - winding of relay 1 through break contacts b of
relay 2, break contacts b. of relay 3, make contacts g
of relay- X1, closed contacts b of the manual key, and
make contacts ¢ of relay 3ANC to ground.

‘Relay 1 prepares a circuit in series with relay 2 from
battery through the lower winding of relay 2, through the
upper winding of relay 1, through make contacts d of
relay 1 to open contacts 4 of relay XI.

Relay X1 also operates relay 0A2 from battery through'

the upper winding of relay ¢A2, through the lower winding
of relay GAl, make contacts ¢ of relay 0A1l, through
break contacts d of relay 0A4, through make: contacts e
of relay X2, through make contacts { of relay X1 and
make contacts f of relay 3ANC to ground.

Relay 0A2 opens the original locking circuit of €A1
from battery through the upper winding of relay QAL,
through break contacts a of relay 6A2, make contacts a
of relay A1 and 1000 ohm resistor ground; and prepares
a ‘locking circuit for itself from battery through the
upper winding  0A2, through make contacts b of relay
0A2 and break contacts a of relay 0A3 and 0A4 in series
in preparation for the release of relay 6A1, at which time

this circuit passes through the break conmtacts b of relay

8A1 through 1000 ohms to ground, when subsequently
QA1 releases.

Additionally relay X1 operates relay 1RS1 (see MCT
circuit) from battery through the winding of relay 1RS1,

conductor 1, cable MRT-MCT, conductor 1, break con-

tacts b of relays §A4 and 8A3 in series, make contacts e
of relay 0A1, closed contacts f of manual key, make con-

tacts f of relay X2, make contacts j of relay X1, make‘_'

contacts & of relay 3ANC to ground.
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Relay 1RS1 operates relays 7AN1 and 8ANI from'

battery through the winding of these relays in- parallel,

¢onductor 1, cable A, conductor 1, make contacts e of
relay 6AN1 and make contacts ¢ of relay 1RS1 to
ground. Similarly relay 1RS1 operates relays 9AN1 and
18AN1 from battery through the winding of these relays
in parallel, conductor-2 through cable A, conductor 2,
through make contacis b of relay 6ANI and make con-
tacts b of relay 1RS1 to ground.

Relay 1RS1 operates relays IRL1 and 2RL1 in the
SRL-1 circuit from battery through conductor 4 in cir-
cuit MCT, cable to SRL, conductor 4, windings of relays
IRL1 and 2RL1 in parallel, conductor_ 1, ¢able to MCT,
conductor 1, make contacts i of relay 6AN1, make con-
tacts e of relay 1RSL to ground.

Relay 1RS1 operates relays 3RL1 and 4RL1 in the
SRL~1 circuit from battery through conductor 4, cable
to SRL, conductor 4, windings of relays 3RL1 and 4RL1
in parallel, conductor 2, cable to- MCT, conductor 2,
make contacts i of relay 6AN1 and make contacts d
of relay 1RSI to ground. ‘

Relay 1RSY also operates relays SRL1 and 6RL1
from. battery, conductor 4, cable to SRL, conductor 4,
windings of relays SRL1 and 6RL1 in paralle], conductor
3, cable to MCT, conductor 3, make contacts g of relay
6AN1 and make contacts ¢ of relay 1RS1 to ground.

It should be observed that if relay 6AN2 had been
operated instead of relay 6AN1 as a result of the calling
five hundred line group being the second group instead
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of the first group, relays 7AN2, 8AN2, 9AN2, and
10AN2 would have been operated instead of relays 7AN1
to 10AN1, and similarly if relay 6 AN2 had been operated
instead of relay 6ANI relays 1RL1 to 6RL1 in the SRL
circuit associated-with the second five hundred group of
lines would have been operated instead of those in the
SRL associated with the first 500 group of lines.

Additionally it should be noted that if this marker
had been the second subscriber’s line marker, relays in
the SRL circuit would have operated relays IRL2 to 6RL2
instead of relays 1RL1 to 6RL1 thereby making certain
connections between the SRL-1 circuit and the second
subscriber’s line marker instead of the first. -

Relay 2RL1 operates 20 millisecond slow release relay
Y1 over the circuit from battery through the winding
of relay Y1, break contacts e of relay TA, make contacts
e of relay 0T2, contacts j of relay 2T1, contacts f of relay
1T1, contacts h of relay 2T1, contacts d of relay 0T1,
contacts j of relay 2T10, contacts b of relay 1T10, con-
tacts & of relay 2T10, contacts d of relay 0T10, contacts
j of relay 2T$, contacts b of relay 119, contacts & of relay
2T9, contacts d of relay 0T9, similar contacts not shown
of intervening relays, contacts j of relay 2T6, contacts b
of relay 1T6, contacts z of relay 2T6, contacts d of relay
§T6, contacts e of relay 6L1, contacts j of relay 2T5, con-
tacts b-of relay 1T5, contacts h of relay 2T5, contacts d
of relay 0TS, similar contacts not shown of intervening
relays, contacts j of relay 2T2, contacts b of relay 1T2,
contacts % of relay 2T2, contacts e of relay 0T2, contacts
f of relay 2T2, contacts of intervening relays, contacts b
of relay 0TS, contacts f of relay 2T5, contacts ¢ of relay
0L1, contacts b of relay 0T6, contacts f of relay 2T6,
contacts' of intervening relays, contacts b of relay 0T9,
contacts f of relay 2T9, contacts b of relay 0T10, con-
tacts f of relay 2T10 around to break contacts b of relay
0T1, contacts f of relay 2T1, make contacts a of relay
0T2, conductor 52, cable to SRL, conductor 52, make
contacts 5305’ of relay 2RL1, conductor 51, cable to
MRT, conductor 51, make contacts a of relay 3ANC,
make contacts b of relay X1, make contacts a of relay
X2 to ground.

At this time relay Y1 opens the circuit of slow to re-
lease relay X1 at contacts ¢ of telay Y1 to begin a tim-
ing interval for selecting a register in the first group of
registers tested.

When relays 1IRL1-6RL1 of the SRL~1 circuit operate,
conductor B. from each register of the group of ten reg-
isters reached from SRL-1 is connected through a rectifier
to an associated relay. 1T1-1T10 in the MRT circuit,
and if the register is available, 1600 ohm battery via con-
ductor B is connected to one side of the associated relay.
Although all relays of the group 1T1-1T10 which cor-
respond to idle registers attempt to operate, only one
of these relays of the group 1T1-1T10 can lock, as deter-
mined by the priority chain 0T1-0T10, the relay which
locks being the one closest ground provided by chain
0T1-0T10. - The relay which locks opens the ground
circuit to the other relays of the group 1T1-1T10.

For example, assuming register' #1 (see FIGURES
35 to 37) to be idle, battery in the register through break
contacts 11 of register relay H2, break contacts 31 of
register relay HI, closed contacts of manual key, con-
ductor B, cable to SRL-1, conductor B otherwise desig-
nated 5301 break contacts of relay Bl associated with
conductor 5301 through fuse switch contacts associated
with fuse 1, through make contacts of relay 2RLIY, as-
sociated. with.  conductor 31, conductor 31, through a
cable into a cable to MRT, out of the said cable into
the vertical test cable “VERT TEST,” out of that cable
through conductor 31, through the rectifier in the cor-
rect direction, through the winding of relay 1T1, through
break contacts & of relay 2T1, through break contacts d
of relay 0T1, around to break contacts j of relay 2T10,
through break contacts b of relay 1T10, to break con-
tacts h of relay 2T10, to break contacts d of relay 0T10,
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break contacts j of relay 2T9, contacts b of relay 1T9,
contacts & of relay 2T9, contacts d of relay 0T9, similar
intervening contacts, contacis j of relay 2T6, contacts b
of relay 176, contacts % of relay 2T6, contacts d of relay
0T6, contacts e of relay OL1, contacts j of relay 275,
contacts b of relay 1T5, contacts 4 of relay 215, contacts
d of relay ¢TS5, similar intervening contacts, contacts j
of relay 2T2, contacts b of relay 3T2, contacts & of relay
2T2, make contacts ¢ of relay T2, break contacts f of
relay 2T2, similar intervening contacts, break contacts b
of relay OT5, break contacts f of relay 2T5, break con-
tacts ¢ of relay 8L1, break contacts b of relay 676, break
contacts f of relay 2T6, similar intervening contacts, break
contacts b of relay 19, break contacts f of relay 279,
contacts b of relay 6Ti8, contacts f of relay 2710, and
around through break contacts b of relay §T1, break con-
tacts f of relay 2T1, make contacts ¢ of relay ¢T2, con-
ductor 52, cable to SRL-1, conductor 52, closed make
contacts of relay 2RL1, conductor 51, cable to MRT,
conductor 51, make contacts a of relay 3ANC, make con-
tacts b of relay X1, and make contacts a of relay X2
to ground, operates relay iT1.

It should be noted that if register 1 is idle, 1600 ohm
battery is on the B lead from the register, but that if the
register is busy, the B lead will be found open.

Additionally if a register is busy, the vertical magnet
associated with this register such as V1 of the SRL cir-
cuit such as SRL-1 will be operated and the B lead cir-
cuit will be opened at break contacts of this relay. For
example, in the circuit of the relay just described, the
B lead from the register which becomes lead 5381 would
be copened at break. contacts of relay V1 associated with
this lead.

Assuming for example that register 6 is also idle,
relay 1T6 attempis to operate over the following cir-
cuit: 1600 ohm battery on the B lead from the register,
through break contacts of a relay V6 not shown, an
associated conductor therefrom, make contacts of relay
3RL1, conductor 36, a sub-cable into a cable to MRT,
vertical test cable “VERT TEST” emerging therefrom,
conductor 36, rectifier in the correct direction, winding
of relay 176, contacts h of 2T6, contacts d of 676, con-
tacts e of QL1, contacts j of 2T5, contacts b of relay 1T5,
contacts & of relay 0T5, similar intervening contacts. con-
tacts j of relay 2T2, contacts b of 1T2, contacts 7 of 1T2,
make contacts e of 8T2, break contacts f of 2T2, similar
intervening contacts, contacts b of relay OT5, contacts f
of relay 2T5, contacts ¢ of relay OL1, contacts b of relay
0TG6, contacts f of relay 2T5, similar intervening con-
tacts, contacts b of relay 8T9, contacts f of 2T9, contacts
f of relay 8T18, contacts f of relay 2T18 around through
break contacts b of relay §T1, break contacts f of relay
2T1, make contacts a of relay §T2, conductor 52, to
ground traced hereinbefore.

Also, assuming that register 2 is idle, relay 1T2 also
attempts to operate over the following circuit: 1600 ochm
battery on the B lead from the register, through break
contacts of a relay V2 not shown, an associated conductor
therefrom, make contacts of relay 2RL1, conductor 32, a
cable into cable to MRT vertical test cable “VERT
TEST” emerging therefrom, conductor 32, rectifier in the
correct - direction, winding of relay 1T2. contacts 4 of
relay 2T2, contacts e of relay §T2, contacts f of relay
2T2, intervening contacts, contacts b of relay 8T5, con-
tacts f of relay 2T5, contacts ¢ of relay @L1, contacts b
of relay 076, contacts f of relay 276, intervening con-
tacts, contacts b of relay 8T9, contacts f of relay 2T9,
contacts b of relay 0T18, contacts f of relay 27160, con-
tacts b of relay §T1, contacts f of relay 2T1, contacts
a of relay §T2, conductor 52 to ground previously traced.

It is also noted that contacts b of relay 1T2 open the
aforedescribed circuits of relays IT1 and iT6, but that
the circuit of 1T2 (with §T2 operated) does not pass
through contacts of relays 1T1 and 1T6. Accordingly,
if registers #1, #2 and #6 are all idle with priority relay
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§T2 operated, only relay 1T2 can remain operated.
With relay 8T2 operated a priority in locking exists from
1T2 to 1T% with relay 1T1 having lowest priority.

Relay 1T1 has first priority if relay 0T1 is operated
and a decreasing priority exists from 1T2-1T10. Relay
1T3 has first priority if relay €T3 is operated and a de-
creasing priority exists from 1T4-1T10-1T1-1T2.

In order to be more concise the following terminology
will be employed extensively hereinafter. For example:

Contacts { of relay 2T1=2T1-{
Contacts 2 of relay 2T1=2T1i-h
Winding of relay 2T1=2T1

For purposes of illustration let us assume that relay
0T1 is operated and accordingly that relay IT1 oper-
ates, a circuit is completed to operate associated relay
2T1 and relay TA from battery, TA, 2T1, 1T1-q, 2Ti-A,
8T1-c, 3T1-f, 6T2-b, 2T2-f, intervening contacts, 0T5-b,
2T5-f, 6L1—c, 826-b, 2T6-f, intervening contacts, 0T9-b,
219, §T10-b, 2T10—f, 6T1—q, conductor 52, to ground
previcusly traced. - Relay 1T1 opens the ground circuits
to relays iT2-1T16. )

Relay 2T1 locks itself and relay TA over the circuit
from battery, TA, 2T1, 2Ti-g, §T2-b, 2T2—f, interven-
ing contacts 8T5-b, 2T5-f, 8L1—c, 6T6-h, 2T6f, inter-
vening contacts, 8T9-b, 2T9-f, §T10-b, 2T10-f, 0T1-4,
to ground on conductor:52.. Relay 1T1 also locks over
contacts 1T1-g, 2Ti-g to ground as just traced. Since
the circuit over 2T1-g is closed before the circuit over
2T1-f is opened, and relays 1T1, 2T1 and TA are held
thereover.

It should be recalled that a slipped or graded multiple
exists between SRL’s of the whole exchange and the
comimon group of registers, and accordingly, if the marker
in a different 1000 line group should operate relays
IRL2-6RL2 in an SRL in the different 1000 line group
and should test the #1 register B conductor, the current
drain through relay 1T1 of the instant marker would
prevent relay 1T1 in the other marker from operating.

Relay 2T1 closes a circuit from ground through 2T1-a
to the trouble recorder and prepares circuits from MVO
to SRI-1. Relay TA also prepares these circuits from
MVC to SRL-1.

Relay 1T1 at its contacts b, relay 2T1 at its contacts
k and relay TA at its contacts e open the circuit of 20
millisecond slow relase relay Y3, which releases in time
to reclose the circuit of relay X1 at Y1-¢ before X1
releases.

Relay L1 (see MRT circuit) operates if, for any rea-
sonn all relays @T1-0T19 should be non-operated, and
takes over the functions of relay 0T@, thus giving the
same priorities as though 0T6 had been operated. The
circuit which operates relay 8L1 may be traced from
battery through the winding of relay 0L1, and break con-
tacts f of all relays §T1-0T19 in series to ground.

Additionally, relay $L1 places ground through (L1-a
on alarm terminal ALM.

At this time the marker controls the equipment to
initiate the path finding operation. That is, with relay
TA operated indicating that a register has been selected;
with relay X1 operated, indicating that a register was
selected within the required time; and with relay Y1 also
released after the proper interval, a circuit is completed
from ground, Y1-b, Xi—c, TA-b, to the pathfinder start
lead “PF Start,” thence to the MVO circuit, through
break contacts g in series of all originating pathfinding
selection relays AG1-AG20, through the windings in
parallel of originating pathfinding ground start relays
AGA and AGB to battery, operating these relays which
are of the slow operate type to allow relays 1CRA and
1CRT and 2CBT of the MCT circuit time to respond to
the paystation identification and settle down before actual
pathfinding begins.

When relays AGA and AGB operate, the pathfinder
start ground on lead “PF Start” is connected to one sidé
of each relay AG1-AG28 through contacts of relays AGA
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and AGB. For example, ground through Y1-b, Xi-c,
- TA—f, AGA~-a is connected to the lower side of the wind-
ing of relay AG1. The connection of battery to the
‘other side of the relays AG1-AG20 depends upon which
-relays 1V1-1V10 are operated as a result of correspond-
ing idle verticals VIi-V1¢ in the calling SLA switch; and
upon which verticals V1, V2, V6, and V7 are idle in
SLB’s 1-5. It should be recalled that relays 7TANI-
10AN1 associated with SLB’s 1-5 were operated as a
result of relay 1RS1 having been operated which in turn
was operated as a result of the rotator §A1-0A4 of the
MRT circuit being in the position of having relays 0A1—
GA2 operated to start register selection in the first group
of registers, and as a result of a register having been
found idle in the first group of registers associated with
SRL-1 associated with SLB’s 1-5.

For example, with relay 1V1 (see MCT circuit) opes-
ated and with vertical V1 of SLB-1 idle, battery is con-
nected to the other side of relay AG1 (see MVO circuit)
and this relay operates over the circuit from ground
through Y1-b, Xi—c, TA~f, AGA-a, AG1, conductor 31,
cable 31-50, cable to MCT, cable 31-59, conductor 31,
break contacts V1 of relay 1CRA if the call is a paystation
call or X-wiring if the call is a non-paystation call with
CRA operated but no CBT associated with CRA-1, break
contacts 1CBT-f if the call is-a non-paystation call or
Y-wiring if the call is a paystation call with a CBT asso-
ciated with CRA~1, conductor 1, contacts 1VI-b, con-
ductor 1, 7ANi-1, conductor 1, cable 1-2-3-4 (other-
wise labeled 5161) from MCT to SLB-1, fuse contacts
1, off-normal break contacts 12 of vertical magnet V1,
closed contacts of manual key BK, conductor B (see now
also FIGURE 9 and trace therein), 1600 ohm resistor,
contacts 1421 of call signal relay 14290, off-normal break
contacts 1498 of associated vertical magnet V1 of the
group selector crossbar GSA switch, break contacts 1436
of relay 1435 in the group selector marker 145¢ to
battery.

Similar circuits may obtain for each relay AG2-AG20.

Thus, if all verticals VI-V18 of SLA-1 are idle, and
all twenty verticals comprising Vi, V2, V6, V7 of SLB’s
1-5 (associated with corresponding twenty CRA’s) are
idle, all relays AG1-AG20 operate.

If vertical V1 of SLA-1 is busy as for example by
another originating or terminating call, relay 1V1 will
be non-operated, and relays AG1 and AG2 cannot oper-
ate, even though verticals V1 and V2 of SLB-1 are idle.
Also if vertical V1 of SLA-1 is idle relay 1V1 will be
operated. If vertical VI of SLB-1 is idle, relay AG1
will operate; but if vertical V2 of SLB-1 is busy, relay
AG2 will not operate with the off-normal break test
contacts of magnet V2 of SLB-1 open.

Accordingly only those relays AGI-AG28 operate
which represent an idle path from an SLA vertical to an
SRL-1 horizontal.

* Referring to FIGURE 9 of the copending application,
the twenty possible paths are as follows:

SLA SLB Hori- | 8LB | SRIL-1
Path {Vertical] SLB zontal Vertical] ~ Hori- Relays
zontal
1 Vi 1 AGL
1 V2 11 AG2
1 V6 2 AG3
1 v 12 AG4
2 Vi 3 AGS
2 V2 13 AG6
2 Ve 4 AGT
2 v7 14 AG8
3 Vi 5 AGY
3 V2 15 AGI10
3 V6 6 AQGit
3 V7 16 AG12
4 Vi1 7 AG13
4 V2 17 AGi4
4 ] 8 AQG15
4 v 18 AGI6
5 Vi 9 AGL7
& ) V2 19 AGI18
511 (right)_____ V6 10 AG19
5|1 (right)._._. v 20 AG20

10

15

20

25

30

35

40

45

50

65

60

65

70

75

52
The operated relays AGI-AG20 try to lock over their
¢ contacts but only one can succeed in locking as deter-
mined by the position of the jump rotator ASG1-ASG20.
Thus, if jump rotator relay ASG29 is in the operated
position, ground on the pathfinder start lead “PF
START,” through contacts a of the alarm key, ASG28-a,
conductor 1, cable, to conductor 1, gives relay AGi1
priority in locking over relays AG2-AG20 when relays

‘AGA and AGB subsequently operate, opening the original

operating ground from relays AGI-AG20. 1t can be
seen that with relay AG1 operated and locked through
its ¢ contacts, the ¢ contacts locking circuit of relays AG2—
AG28 are opened at open contacts d of relay AGIL.
Similarly, if AG1 is non-operated and AG2 operated,
relay AG2 has a locking circuit over AG2-c, AGI-d
to ground oa conductor 1 and the ¢ contacts locking
circuits of relays AG3-AG2@¢ are opened at the open d
contacts of relay AG3-AG20, etc. Thus with ground
on conductor 1 the relays AG1-AG20 have decreasing
priority from AGi-AG20.

Digressing,  if “Jump rotator” relay ASG1 is in the
operated condition instead of relay ASG26, locking
ground will be found on conductor 2 instead of conduc-
tor 1, and relays AG1-AG20 will have decreasing priority
of locking from AGZ to AG26 to AGI.

The operation of any relay or relays AG1-AG20 opens
the circuit of relays AGA and AGB. For example, relay
AG1 at its open contacts g, opens the circuit of relays
AGA and AGB which are slow release relays.

When relays AGA and AGB release, the initial operat-
ing ground is removed from relays AG1-AG28 and only
one of these relays remains operated. We ‘shall assume
that relay AGI has succeeded-in locking with locking
ground on conductor 1.

With relay AGL operated and relay AGA released, a
circuit is completed to operate relay AGC as follows:
battery, AGC, AGA—g, break contacts e in series of re-
lays AG20 to AG2, AGi-f, to ground on lead “PF
START.”

At its contacts a, relay AGC closes battery through a
resistor to the b contacts in paraliel of relays AGI-AG29,
whereby AG1 holds when the original operating battery
on conductor 31.is removed by the operation of vertical
magnet Vi of SLB-1.

At its contacts j, relay AGC disrupts the following
circuit which was closed when relay AGB operated:
ground, AGB-g, AGC—j, C3, cable, C3, Y2, battery. It
should be noted that relay Y1 is a 35 ms. slow operate
relay and normally will not have operated when relay
AGC opens this circuit.

At its contacts g, relay AGC closes a circuit from
ground, AGC-g, conductor P, cable, conductor P, TA-a,
2T1-b, C21, cable PRE. SEL. REG., cable SRL-MRT,
€21, 6RL1-a, conductor MB, cable REG-O-SRI-1,
conductor MB, break contacts 13 of relay RD in register
#1, winding of slow release relay Hi, to battery, operating
relay H1 which places ground through its make contacts
15 on the H lead to prepare a holding circuit for the
SRL~1 vertical magnet which subsequently operates. Re-
lay H1 at its contacts 32 disconnects resistance battery
from the B lead, releasing relay 1T1 in the marker.

At its contacts b, relay AGC opens the following cir-
cuit for 50 ms. slow release relay AGD which was closed,
operating relay AGD when relay 3ANC operated: bat-
tery, AGD, AGC-b, conductor “VERT. CONT.”
3AANC-j to ground.

It'is noted that the description of the initiated call
continues at Section G—Path Establishment, and that for
continuity the reader should advance to such point in the
description. At this point, the .description digresses to
set forth various register and path seeking operations
which differ with the condition of the equipment wherein
it is assumed that the equipment includes three groups
of registers equipped with X-wirings.

It is first noted that whenever an originating call has
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progressed to the point of seeking a register and path, relay
3ANC of the MRT circuit operates as described herein-
before. Relay 3ANC operaies relay X2 over the circuit
from ground, through contacts 3ANC-g, Y2-b, winding
of relay X2 to battery.

Relay X2 operates relay 31 over the circuit from bat-
tery through the lower winding of relay X1, conductor
X1, break contacts g in series of each relay 1RSI, 1RSZ,
and 1RS3, contacts 3ANC-b, Yi-c, X2-¢, conductor 7,
cable to the MLI circuit, conductor 7, and contacts
REL?-g to ground. Relay X1 locks over the circuit
which extends from battery through its lower winding,
contacts X1—e, 3ANC-b, Yi—c, X2-c, etc., and over the
path just traced, independent of relays 1RS1, 1RS2, and
1RS3. With relays X2 and Xi both operated, a circuit
through the upper winding of relay Xi, contacts Xi-d,
X2-b, resistor 5 back to the upper winding of relay X1
makes relay X1 slow to release.

Relay X1 operates relay 1 of the chain 1-3; and assum-
ing relay A1 to have been normally operated, relay X1
operates relay A2 in series with 8A1; and operates relay

" 1RS1 of the group 1RS1, IRS2, IRS3. Relay 1RS1 in

turn operates relays JANI-10AN1 in the marker and re-
lays IRL1-6RL1 in the asscciated SRL-1.. With relay
2RL1 in the selected SRL operated, ground through con-
tacts X2-a, Xi-b, 3ANC-q, conductor 51, cable to SRL,
contacts 5285 of ZRL1, conductor 52, cable to MRT,
throngh contacts of relays 0T1-2T16, contacts TA-—e,
through the winding of relay Y1 to battery, operates re-
lay Y1.

Accordingly, relays X2, X1, and Y1 are all operated.

It should be observed that relay X1 at its contacts
X1—c prepares the pathfinder start lead, but that relay Y1
at its contacts Y1-b and relay TA at its contacts TA-b
holds this lead open. Accordingly, path-finding cannot
start unless an idle register is found.

Relay Y1 at its contacts Y1—c opens the holding circuit
of relay X1 but relay X1 is slow to release and will not
release at this time unless no register is found.

When a register is found, relay TA operates, opening
the circuit of slow release relay Y1 which releases after
an interval, preventing the release of relay X1, With re-
lays TA and X1 operated and relay Y1 released, ground
is placed on the path-finder start lead.

However, if a register is not found, relay TA does not
operate. Accordingly, relay Y1 does not release. Ac-
cordingly, the circuit of relay X1 is held open, and after
an interval as determined by its slow release, relay X1
With relays TA and X1 released and Y1 oper-
ated, ground is withheid from the path-finder start lead.

Relay X1 in releasing releases relays 0A1 and IRS1 and
operates relay 2. The release of 1RS1 releases relays
TANI-10AN1 and 1RLI-6RL1 in SRL-1. The release
of 2RL1 releases relay Y1 which reoperates relay X1.
The reoperation of relay X1 operates relay 8A4, releases
relay 1, and operates relay 1RS2 in the group 1RSI-1RS3
which operates relays i21AN1-14AN1 in the marker and
relays 1IRL1-6RL1 in the associated SRL-2 which reop-
erates relay Y1. If a register is found, relay TA operates,
relay Y1 releases, and the path-finder start lead is ground-
ed. If a register is not found, relay TA does not operate,
relay Y1 does not release, and relay X1 releases.

The release of relay X1 releases relays §A% and 1RS2
and operates relay 3. The release of relay 1RS2 releases
relays 11AN1-14AN1 in the marker and relays 1RL1-
6RIL1 in SRL—2 which releases relay Y1 which reoperates
relay X1.

Relay X1 operates relay 8A1, releases relay 2, and op-
erates relay 1RS3. Relay 1RS3 operates relays 15ANI-
18AN1 in the marker and relays 1RLI-6RL1 in SRL-3
which reoperates relay Y1. If a register is found relay
TA operates relay Y1 releases and the pathfinder start
lead is grounded. If a register is not found, relay X1
releases, in turn releasing relays §A4 and IRS3. The
release of relay 1RS3 releases relays 1SN1-18AN1 in the
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marker and relays 2RL1-6RL1 in SRL-3. The release
of relay X1 holds relay 3 until relay 3ANC subsequently
releases.

The release of relay X1 closes a circuit from ground
through contacts 3ANC-c, 3-a, 2-b, X—wiring, X—f, con-
ductor 5, cable to the MLI circuit, conductor 5, upper
winding of relay REL2 to battery, operating relay REL],
which locks from battery through its upper winding, early
contacts RELI-q, and 2RAND-¢ to ground.

Relay REL1 operates relay REL2 over the circuit from
battery through the winding of relay REL2, contacts
RELI-d, Ki-c to ground. At its contacts REL2—¢ relay
RELZ opens the operating and holding ground from the
operated relay of the group B6-B24 (such as B17) which
effects the release of the marker.

It should be observed that relays IRLI-6RL1 extend
test paths from the registers to the test relays 1T1-1T10
in the upper part of MRT. Thus with relay 1RS1 oper-
ated and relays 1RLI1-6RL1 operated in SRI-1, test paths
from the registers associated with SRL-1 (i.e., the first
group of registers) are extended to relays *Ti1-1T10.
With relay 1RS2 operated and relays IRL1-6RL1 oper-
ated in SRL-2, test paths from the registers associated
with SRL-2 (i.e., the second group of registers) are ex-
tended to relays IT1-1T10. With relay IRS3 operated
and relays IRLI-6RLI operated in SRL-3, test paths
from the registers associated with SRL-3 (i.e., the third
group of registers) are extended to relays 1T1-1T16.

In any register test of the three possible tests, if a regis-
ter is found one of the relays 1T1-1T10 will be oper-
ated, and will operate an associated relay of the group
2T1-2T16 in series with relay TA.

Accordingly, on the successful register test, relay Y1
will release and hold relay X1. Ground through contacts
Y1-b, Xi—¢, TA-b will then obtain on the pathfinder start
lead to. operate relays AGA and AGB in the MVO cir-
cuit. Ground through contacts AGB-g, AGC-j, conduc-
tor 3 cable, conductor 3, and the 20600 ohin winding of 25
millisecond slow operate relay Y2 to battery energizes
this relay, which does not immediately move its armature
and contacts.

If no path is found and accordingly relay AGC in the
MVO circuit does not operate, this ground is maintained
on conductor 3 to relay Y2 and after its 25 millisecond
slow operate period has expired, relay Y2 operates.

At its contacts Y2-b, relay Y2 opens the circuit of relay
X2 which releases. Relay Y2 then locks over the circuit
from battery through the winding of relay Y2, contacts
Y2-a, X2~d, X1-i, and 3ANC-f to ground. The release
of relay X2 cpens the holding circuit of relay X1 at con-
tacts X2—c and opens the circuit of the upper winding of
relay X1 at contacts XZ~b. Accordingly, relay X1 re-
leases fast. The release of relay X2 releases a relay of
the chain §A1-@A4. For example, if relay 0A1 was nor-
mally operated and relay 8A2, 1RS? and relay 1 operated
upon the operation of relay X1 on the first register test,
the present release of relay X2 releases relay 6A1 and
IRS1 at contacts X2-e and X2-f respectively and the
release of relay X2 further opens these circuits and oper-
ates relay 2 in series with 1. Also the release of relay
X1 opens its locking circuit at contacts Xi—e; removes the
pathfinder start ground at contacts Xi-c, releasing relays
AGA and AGB which removes ground from conductor
3 releasing relay Y2.

The release of relay Y2 recloses the circuit of relay
X2, reoperating relay X2.

Relay X1 reoperates over break contacts of relays
IRSI~IRS3, contacts 3ANC-b, Yi—c, X2 to ground
previously traced. ’

Relay X1 operates a relay of the group §A1-6A4 (re-
lay QA2 for example), operates a relay of the group
IRSI-IRS3 (1RSZ for example), and releases. relay 1
for example.

The operated relay of the group #RSI1-IRS3 (relay
IRS2 for example) operates relays 1IRLI-1RI.6 in the
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selected SRL (SLL-2 for example) and a set of relays
such as 11AN1-14AN1 for example.

A new register test is then made.

However, if pathfinding is successful, one of the relays
AG1-AG26 will be operated and locked, releasing relays
AGA and AGB, and operating relay AGC.  The opera-
tion of relay AGC disconnects ground from lead 3 to re-
lay Y2 and the release of AGB further opens this circuit.

It should be noticed that relay AGD was operated by
relay 3ANC over the circuit from battery through the
winding of relay AGD, contacts AGC-b, and 3ANC-j
to ground. When relay AGC operates, the circuit of
relay AGC is opened but relay AGD requires 50 milli-
seconds to release. Normally relays HFL and HF2 will
be operated before the release of relay AGD as a result
of the SLB _and SRL horizontal magnets operating. If
such is the case ground will be kept off conductor 3 and
thus will be withheld from relay Y2 at contacts a, c,
and f of relay HF1 and contacts b, d, and f of relay HF2.
Reviewing, relays X2, X1, and Y1 are initially operated.
If a register is found relay Y1 releases. Then if a
path is found nothing further occurs as far as relays Y2,
X2, X1, and Y1 are concerned until release of the marker.
However, if relay HF1 has not operated by the time relay
AGD releases, indicating that the SLB horizontal magnets
have not operated, ground will be found connected to
conductor 3 over three paths to operate relay Y2. These
three paths are as follows: ground, 4BA-e, conductor
1, cable from MLI to MVO, conductor ¥, contacts
AGC-h, AGD-e¢, HF1-f, AGC—, to conductor 3 ground,
4BA—f, conductor 2, cable from MLI to MVO, conduc-
tor 2, contacts AGC—f, AGD-c, HF1—¢, AGC—i to con-
ductor 3. Ground 4BA-g, conductor 3, cable from
MLI to MVO, conductor 3, contacts AGC-e, AGD-b,
HFi-a, AGC-i to conductor 3.

Also if HF1 has operated, indicating that the SLB
horizontal magnets have operated but HF2 has not op-
erated by the time AGD releases, indicating that the
SRL horizontals have not operated, three ground paths
will obtain to conductor 3 comprising contacts HF1-b
and HF2b; HF1-d and HF2-d; HFI-¢ and HF2-f,

Accordingly, even though pathfinding has been suc-
cessful, unless SLB and SRL horizontal magnets are all
operated and have operated HF1 and HF2 by the time
AGD releases, relay Y2 in the MRT circuit will be op-
erated to signal an unsuccessful pathfinding to the MRT
circuit and relay Y2 will cause the MRT circuit to shift
to another register group unless the operation of chain
1-3 indicates that three register groups have been tested
in which case relays RELIL and REL?2 in the MLI cir-
cuit are operated to release the marker.

Let us consider the chain 0A1-0A4 in further detail

with X-wiring for three register groups. It should be
" observed that when the marker comes to rest after a call,
one relay of the chain 8A1-0A4 will be in the operated
condition locked to the 1000 ohm ground over its upper
winding and break contacts of at least the next relay in
the chain in the circle 0A1, 0A2, 6A4, 6A1 (assume X-
wiring for 3 register groups). It should be observed also
that the position to which the chain was driven by the last
call determines which relay will be normally in the op-
erated condition when the next call engages the marker.
Let us assume that relay 8A1 is operated as a result of
a prior call. ’ ’
.. When the next originating call engages the marker and
relays 3ANC, X2, and X1 have all operated, ground
through contacts 3ANC-%, Xi-j, X2—f, closed contacts
b of the manual key, contacts GAl-e, BAZf, QA3
0A4—f, conductor 1, cable to the MCT circuit, conductor
1, winding of relay 1RSI to battery operates 1RS1. It
should be noted that this circuit is independent of the
imminent operation of relay 8A2. Ground through con-
tacts 3ANC-f, X1-i, X2-e, 0A4-d, 0Al-c, the lower
winding of relay 6Al, and the upper winding of relay
$A2 to battery operates relay 8A2. Relay GA2 locks
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over the circuit from battery through the upper winding
of relay 0A2, contacts 0A2-b, 0Al—q, and a 1000 ohm
resistor to ground. E

When relay X1 (or X2) next releases, the circuit
through the lower winding of relay 8A1 is opened at con-
tacts Xi—i (or X2-e).. With the upper winding circuit
of relay 0AL opened at contacts 0A2—a, relay A1 re-
leases. During the release of 0AlL, contacts b of relay
A1 close before contacts @ open holding relay 0A2 over
the path from battery through the upper winding of
$A2, contacts 9A2-b, 0A3-a, BAd—q, 6A1-b, 1000 ohm
resistor to ground. Also when X1 releases (or X2), the
circuit of relay 1RS1 is opened at contacts X-j (or
X2-f) and relay IRSI1 releases. With relay QAL re-
leased, a circuit is prepared through contacts 0A1~f and
0AZ—¢ to lead 2 for relay 1RS2.

When relay X1 next operates, a circuit is completed to
operate relay 1RS2 over the path from ground, 3ANC-#,
X1-j, X2, closed contacts b of manual key, contacts
QAL—f, DA2-e, conductor 2, cable to MCT, winding of
relay IRS2 to battery. Also when X1 next operates, a
circuit is completed to operate relay GAd4 in series with
QA2 over the path from baftery through the upper wind-
ing of relay 4, X-wiring: through the lower winding of
relay 8AZ, contacts §A2~c, 8Al-d, 0Ad-d, X2-e, X1,
and 3ANC-e¢, to ground. At its contacts ¢ which make
before contacts d open, relay 0A4 transfers this circuit
independent of relay 8A1 over the circuit from battery
through the upper winding of relay ¢A4, X-wiring, lower
winding of relay $A2, contacts §A2-c, contacts §A4—c,
X2-¢, X1-i, 3ANC-f, to ground. Relay 0A4 locks over
the path from battery through the upper winding of relay
0A4, contacts §A4-b, 0A1-b, 1000 ohm resistor to
ground, disabling the upper winding holding circuit of
relay 8A2. -

When relay X1 (or X2) next releases, the holding
circuit of relay 8A2 is opened and relay 0AZ2 releases.
Also the circuit of relay 1RS2 is opened and this relay
releases. A circuit is then prepared for relay 1RS3 over
break-contacts f of relays A1, 0A2, 6A3 and make con-
tacts e of relay A4 and X-wiring to conductor 3.

When relay X1 next operates, relay 0A1 operates in
series with relay 8A4 over the path from battery through
the upper winding of relay 0A1, lower winding of relay
0A4, contacts 8A3-d, 0A2-d, contacts 0A4—c, X2—¢, X1,
and 3ANC-f to ground. Relay QA1 locks over its con-
tacts @ which close before its contacts b open -over the
circuit from battery through the upper winding of relay
&AI, contacts §A2-a, 6Al-a, 1000 ohm resistor to ground.
At its contacts §Al-b, relay 8A1 opens the upper winding
holding circuit of relay 8A4. When relay X1 operates a
circuit is completed for relay 1RS3 over the path from
ground through contacts 3ANC-h, Xi-j, X2—f, manual
key, contacts QA1-f, 0A2f, 0A3~f, GAd-e, X-wiring,
conductor 3, cable to MCT, conductor 3, winding of
relay IRS3 to battery. As relay A1 operates, the cir-
cuit to relay 1RS3 is maintained over contacts e of relay
8A1 which close before contacts f open and then through
contacts 0A3~7, holding relay 1RS3.

When relay X1 (or X2) next releases, the holding
circuit of relay 0A4 is opened and relay OA4 releases.
Also the circuit of relay 1RS3 is opened and relay IRS3
releases. Upon the release of relay 0A4, a circuit is
prepared for relay IRS1 over contacts 0Al-e, 0A3—f and
8A4-f to conductor 1.

Accordingly with relay ¢A1 normally operated a com-
plete cycle of the chain is completed and subsequent
calls advance the chain in like manner.

Let us also consider the chain 1-3 with X-wiring for
three register groups in further detail. Al the relays of
this chain are normally non-operated when the marker
comes to rest after the. passage of a call through the

_marker, any operated relays being released when relay

3ANC releases. This chain counts the number of regis-
ter tests in the attempt to advance a call, and with
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X-wiring, causes marker release when three tests have
been made and a register has not been found; or if a
register has been found on the third test, if an idle path
is not found to this register, or if the SLB or SRL hori-
zontal magunets fail to operate relays HF1 and HFZ2.

When relay X1 first operates after an originating call
has engaged the marker, relay 1 operates over the path
from ground through contacts 3ANC—c, closed contacts
of the manual key, contacts Xi-g, 3—f, 2-f, and the
lower winding of relay 1 to battery. Relay 1 prepares
a circuit in series with relay 2 at contacts 1-d.

When relay X1 next releases, relay 2 operates in series
with relay 1 over the circuit from battery through the
lower winding of relay 2, the upper winding of relay 1,
contacts I-d, Xi1-h, manual key, contacts 3ANC-c to
ground. At its contacts e, relay 2 prepares a holding
circuit for itself and at its contacts f disconnects the
lower winding circuit of relay 1.

When relay X1 next operates, the upper winding cir-
cuit of relay 1 is opened at contacts X1~/ and relay 1
releases, preparing a circuit for relay 3 at contacts 3-c.

When relay X1 next releases, relay 3 operates in series
with relay 2 over the path from battery through the lower
winding of relay 3, upper winding of relay 2, contacts
2-d, 1-¢c, Xi-h, manual key, and contacts 3ANC-c to
ground. Relay 3 opens the lower winding holding circuit
of relay 2 at contacts 3—f and prepares a holding cir-
cuit for itself at contacts 3—e.

When relay X1 next operates it opens the upper wind-
ing circuit of relay 2 at contacts X1-b and relay 2 re-
leases. Relay 3 then holds over the circuit from bat-
tery through the lower winding of relay 3, contacts 3—e,
X1-g, manual key, and contacts 3ANC-¢ to ground.

When relay X1 next releases, relay 3 holds over the
circuit from battery through the lower winding of relay
3 through the upper winding of relay 3, contacts 3-d,
2—¢, t—¢, X1-h, manual key, and contacts 3SANC-c to
ground until relay 3ANC subsequently releases.

Relay REL1 in the MLI circuit then operates over a
path previously traced in turn operating relay RELZ2
which opens the circuit of the operated relay of the group
B0-B24 affecting the release of the marker. When relay
3ANS releases, the circuit of relay 3 is opened and relay
3 releases, opening the original energizing circuit of relay
REL1, but relay RELL has locked over its upper winding,
contacts REL1-q, and 2AND-¢ to ground and accord-
ingly is released when relay 2AND subsequently releases.
The chain 1-3 is thus returned to normal.

In the event that a register and path are found, the
circuit for relay RELX is not established over the path
just described, and the chain stops in some intermediate
position. In this case, when relay R1 in the CRA cir-
cuit operates, ground through the impedance coil R3
is applied to the originating S-wire and through K-wir-
ing for example (or its CBT equivalent), conductor
5063, SLB crosspoints, SLA crosspoints, to the S-wire
of the line circuit (line 17 for example), conductor 1204,
H9-11, contacts 12, 14, 16 of magnet HC, conductor
1397, contacts 1A-26, conductor 1308, to the MVD cir-
cuit, contacts 2CNi-c, “SLA-S” conductor, to the MLI
circuit, contacts $ABL—e, RELI-c, lower winding of relay
REL1 to battery, operates relay REL1. Relay REL1
closes its contacts a before its contacts ¢ open, locking
through contacts 2AND-e to ground. Relay REL1 op-
erates relay RELZ which opens the operating and hold-
ing circuit of the operated relay B8-B24 (for example
B17) which effects the release of the marker. Relay
3ANC releases, in turn releasing any relays of the group
1-3 which are operated.

It should be observed that when a path was found,
relay Y1 was released, Y2 did pot operate, and relays
X2 and X1 remained operated. When relay 3ANC re-
leases, it in turn releases relay X2 at contacts 3ANC-g,
relay X1 at contacts 3ANC-b, and the operated relay
of -the group IRS1-iRS3 at contacts 3ANC-A.
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These relationships might be illustrated in the follow-
ing sequence chart in which a noncircled designation in-
dicates an operation and a circled designation indicates
arelease.

CHAIN OPERATION WI’I(‘}I%EO}\L-TWI/)V{RING FOR 3 REGISTER
[(0A1, 0A2, 0A4) (1, 2, 8)]
Normal —— 0A1l

X1 7 0A2
~— 1RSL
— 1

Xi] —+ Al
— [IRs]

- 2

X1 7 0A4
— 1RS2

-
jox2]

— [1Rs?|

— 3

X1 —— 0A1
— 1RS3

EEL

A4

~ =S

~— Holds 3 until 3ANC releases

— RELI1-REL2—Release of marker

As an illustration of the operation with relay GAZ2
normally operated when a call engages the marker, the

=]

40 following sequence chart is provided. It should be noted

that whereas in the previous chart the first operation of
relay X1 operates relays CA2 and 1, in this chart the first
operation of relay X1 operates relays CA4 and 1.

. CHAIN OPERATION WITH X-WIRING FOR 3 REGISTER

50

80

65

70

76

GROUP
[(0AL, 0A2, 0Ad) (1, 2, 3]

Normal -—— (A2
X1 7 0A4
— 1RS2
-1
Xil = Joaz
— [IRS3
— 2
X1 7 0Al
— 1RS3
-
X - [oaq
— [IRS3
-3
X1 T 0A2
— 1RS1
-

X1 "[ Holds 3 until 3ANC releases
RELI-REL2—Release of marker

The following chart illustrates the operation of relays
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0A1-0A4 with Y-wiring for two register groups only
equipped.

CHAIN0A1-0A4 (WITH Y-WIRING FOR 2 REGIS’I‘ER GROUPS)
[(0A1, 0A2, 0A3, 0A4)]

Normal — 0Al
X1~ 0A2
L— 1RS1

X1 l_ 0A1
— [1Rsi|

X1 5 043
l— 1RS2
X+ &Y
l— [IRS2|

X1 l_ 0A%
— 1RSL

X1 —— [pas
‘— [1BS1}

X1 l_ 0A1
— 1RS2

X  [oag
I— 1R82|

The following chart illustrates the operation of the
chain 1-3 with Y-wiring for two reglster groups only
equipped.

CHAIN 1-3 (WITH Y-WIRING FOR 2 REGISTER GROUPS)
Normal —— All down e
Xl — 1
Xi| — 2
X1 — [if
]-X___l_| 7 38and holds 3in series with 2 until BANC releases

L

The following chart illustrates the combined operation
of the chains with Y-wiring for two register groups oaly.

REL1-REL2—Release of marker

CHAIN OPERATION WI’](“}J&II2 O%};VIRING FOR 2 REGISTER
[(0A1, 0A2, 0A3, 0A4) 1, 2, 3)]

Normal —— 0A1

X1 T 0A2
~—— 1RS1
— 1

X1 +— paAt
— |1RS1|
- 2

X1 7 0A3
— 1RS82
-

Xi| < [A2
— JiRs?|
— 3and holds 3 in series with 2 until SANC releases

— RELI-REL2—Release of marker

[z
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Normal —— 0A3
X1 —— 0A4
— 1RS1
— 1
& T 05
— |1RsL
- 2
X1 —— 0Al
— 1RS82
- [
X1l - [oAd
— [1Rs2
— 3and holds 3 in series with 2 until BANC releases

— - REL1-REL2—Release of marker

(2) Register group #1 available; no idle path thereto
Register group #2 available; idle path thereto

(1) Relay 3ANC operates as described hereinbefore
when the marker is ready to start register testing and
pathfinding

(2) 3ANC operates X2

(3) X2 operates X1

(4) X1operates 0A2,1, and 1RS1

(5) 1RSI operates TAN1-10AN1 and IRLi1-6RL1 in
SRL-1

(6) IRL1-6RL1 operate Y1 and 1T1 (for example)

(7) Y1 opens the circuit of X1; 1T1 operates 2T1 and
TA

(8) TA releases Y1 holding X1~

(9) Y1 operates AGA and AGB

(10) AGB operates Y2

(11) Y2 releases X2

(12) X2 releases 1T1, 2T1, TA, 0A1, X1, and 1RS1

(13) X1 operates 2; X1 and TA release AGA and AGB;
1RSI releases TAN1-18AN1 and IRLI-6RL1 in SRL-I

(14) AGB releases Y2

(15) Y2 operates X2

(16) X2 operates X1

(17) X1 operates §A2, releases 1, and operates 1RS2

(18) 1RS2 operates 11ANI-14AN1 and 1IRL1-6RL1 in
SRL-2

(19) 1RL1-6RL1 operate Y1 and 1T1 (for example)

(20) Y1 opens the circuit of X1; 1T1 operates 2T1 and
TA

(21) TA releases Y1, holding X1

(22) Y1 operates AGA and AGB

(23) AGA-AGB operates AG1 for example

(24) AG1 releases AGA and AGB

(25) AGA operates AGC; AGB opens the circuit of Y2
which does not operate

(3) Register group #1 available; no idle path thereto
Register group #2 available; no idle path thereto
Register group #3 available; idle path thereto

(1-22) Sameas (2) 1-22

(23) AGB operates Y2

(24) Y2 releases X2

(25) X2 releases 1T1, 2T1, TA, 0A2, X1, and IRS2

(26) X1 operates '3; X1 and TA releases AGA and
AGB; 1RS2 releasvs 11AN1—14AN1 and IRLI1-6RL1
in SRL-2

(27) AGB releases Y2

(28) Y2 operates X2

(29) X2 operates X1

(30) X1 operates OA4, releases 2, and operates 1RS3

(31) 1RS3 operates 15AN1—-18AN1 and IRLI-6RL1 in
SRL-3

(32) 1RL1-6RL1 operates Y1 and 1T1 (for example)




3,007,006

61
(33) Y1 opens the. circuit of X1; 1T1 operates 2T1 and
TA

(34) TA releases Y1 holding X1

(35) Y1 operates AGA and AGB

(36) AGA-AGB operate AG1 for example

(37) AGI releases AGA and AGB

(38) AGA operates AGC; AGB opens the circuit of Y2
which does operate

(4) Register group #1 available; no idle path thereto
Register group #2 available; no idle path thereto
Register group #3 available; no idle path thereto
Release

(1-22) Same as (2) 1-22

(23-35) Same as (3) 23-35

(36) AGB operates Y2

(37) Y2 releases X2

(38) X2 releases 1T4, 2T1, TA, 8A4, X1, and 1RS3

(39) X1 releases AGA, AGB and operates REL1; 1RS3
releases 1SAN1-18AN1 and iRLI-6RL1 in SRL-3

(40) REL1 operates REL2 and CO17 (for example)

(41) REL2 and CO17 release B17 (for example), 1BA,
and 4BA

(42) B17, iBA, and 4BA effect release of the marker

(5) Register group #1 not available
Register group #2 available; idle path thereto

(1) Relay 3ANC operates as described hereinbefore
when the marker is ready to start register testing and
pathfinding

(2) 3ANC operates X2

(3) X2 operates X1

(4) X1 operates 0A2, 1, and IRS1

(5) iIRS1 operates TANI-18AN1 and IRLI-6RL1I in
SRI~1,

(6) iIRL-6RL1 operate Y1 )

(7) Y1 opens the circuit of X1 which releases

(8) X1 releases OAl, operates 2, releases 1RSI, and re-
leases Y1

(9) 3RS releases 7TAN1-16AN1 and IRLI-6RL1 of
SRI-1; Y1 reoperates X1

(10) X1 operates 0A4, releases 1, and operates 1RS2

(11) 1RS2 operates 11AN1-14AN1 and IRLi-6RL1 of
SRL-2

(12) ERLI-6RL1 operate Y1 and IT1 (for example)

(13) Y1 opens the circuit of X1; ¥T1 operates 2T1 and
TA

(14) TA releases Y1, holding X1

(15) Y1 operates AGA and AGB

(16) AGA-AGB operate AGE (for example)

(17) AG1 releases AGA and AGB

(18) AGA operates AGC; AGB opens the circuit of Y2
which does not operate

(6) Register group #1 not available
Register group #2 not available
Register group #3 available; idle path thereto

(1-11) Same as (5) 1-11

(12) 1RL1I-6RL1I operate Y1

(13) Y1 releases Xi

(14) X1 operates 0A2 and 3; and releases IRS2 and Y1

(15) 1RS2 releases 11AN1-14AN] and IRLI-6RL1 of
SRI-2; Y1 operates X1

(16) X1 operates QAZL, releases A, and operates IRS3

(17) 1RS3 operates 15AN1-18AN1 and iRL1-IRL6 of
SRI-3

(18) 1RL1-6RLY operate Y1 and 3T1 (for example)

(19) Y1 opens the circuit of X1; IT1 operates 2T1 and
TA

(20) TA releases Y1, holding X1

(21) Y1 operates AGA and AGB

(22) AGA-AGB operate AG1 (for example)

(23) AGI releases AGA and AGB

(24) AGA operates AGC; AGB opens the circuit of Y2
which does not operate
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(7) Register group #1 not available
Register group -#2 not available
Register group #3 available; no idle path thereto
Release

(1-11) Same as (5) 1-11
(12-21) Same as (6) 12-21
(22-28) Same as (4) 36-42

(8) Register group #1 not available
Register group #2 not available
Register group #3 not available
Release

(1-11) Same as (5) 1-11

(12-17) Same as (6) 12-17

(18) 1RLi-6RL1 operate Y1

(19) Y1 releases X1

(20) X1 releases §A4, releases Y1, releases 1RS3, and
operates REL1

(21) IRS3 releases 15ANI-18AN1 and IRL1-6RL1 of
SRL-3; REL1 operates REL2 and CO17 (for example)

(22) REL 2 and CO17 release B17 (for example), 1BA,
and 4BA

(23) B17, 1BA, and 4BA effect release of the marker

In these various register and path tests it should be
appreciated that when relays 1A, 2A and 3A in a se-
lected SLA operate (SLA-1 for example), relays of the
group 1V1-1V10 operate representative of the idle ver-
ticals V1-V10 of the selected SLA (SLA-1 for example).

When relay 1RSI operates relays 1RLI-6RLI1 in
SRL-1 and relays 7TAN1-18AN1, test paths for verticals
V1-V18 of SRL-1 are extended. to the windings of relays
IT1-1T16 by relays IRLI1-6RL1 and according to the
setting of the priority chain 0T1-0T19 and the verticals
which are idle, one of these relays operates and locks
(for example 1T1) and in turn operates 2T1 and TA.
Thereby the marker knows which SRL vertical magnet to
operate if a path is available to the SRL switch contain-
ing this vertical. By the operation of relays 7TANI-
10AN1, test paths from verticals V1, V2, V6, and V7 of
the five SLB switches associated with SRI—1 (through
which paths extend to SRL-1), are extended over con-
tacts of relays 1V1-1V19 to relays AGI1-AG29, and ac-
cording to the setting of the jump rotator ASG1-ASG2¢
and the idle paths available, one of these relays operates
and locks. Thereby the marker knows which SLA ver-
tical magnet, which SLB horizontal and vertical magnets,
and which SRL horizontal magnets to operate.

It should be appreciated that with relay IRS? operated,
horizontals and verticals of SRL~1 (as distinguished from
SEL-2 or SRL-3) are determined, the available register
as evidenced by the operation of one of the relays 1T1-
1T10 (and 2T1-2T10 and TA) determining which par-
ticular vertical magnet in SRL~1 will be operated; and
the particular path as evidenced by the operation of one
of the relays AGI-AG2$ determining which particular
horizontal select and combination magnets in SRL-1 will
be operated. Examples of these various paths have been
traced hereinbefore. It should be appreciated that all
twenty paths through SLB’s 1-5 reach all ten registers
of the first group of registers through SRL-1. The ex-
tension of any of the twenty paths into the SRL—1 switch
is determined by the operation of the appropriate hori-
zontal select and- combination magnets of SRL-1 and
this incoming path is switched to any of the tens regis-
ters associated with SRI~1 by the operation of the ap-
propriate vertical magnet of SRL-1.

With relay IRS2 and accordingly relays 11ANI-
14AN1 and relays IRLI-6RL1 in SLC-2 operated test
paths from verticals V1, V2, V6, and V7 of SLB’s 6-16
are extended over contacts of relays 1V1-1V10 to the
windings of relays AG1-AG26; by relays 11AN1-14AN1
and test paths from the verticals VI-V10 of SLC-2 are
extended to the windings of relays 1V1-1V19.

To further clarify, the circuit from the winding of
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relay AG1, conductor 31, cable 31-58, cable to MCT,
cable 31-50, cable 31, X-wiring on contacts GRA-VY,
Y-wiring or contacts 1ICBT-j, conductor 1, contacts
1Vi-b, to a multiple point is traced hereat. If relays
7AN1-10AN1 are operated, this path extends from this
multiple point over contacts 7AN-1, conductor 1, test
~cable 5181, fuse contacts associated with fuse 1, break
contacts 12 of vertical magnet V1, closed contacts of
manual key, conductor B (now see FIG. 9), 1600 ohm
resistor, contacts 1421, 1498, and 1436 to battery if ver-
tical V1 of SLB-1 is idle. However, if relays 11ANZ—
14AN1 had been operated instead of relays TANI-
10ANI, this path extends from this multiple point, over
conductor 46084, contacts 11ANI-1 and over a similar
circujt through break contacts 12 of vertical magnet V1
of SLB-6 of the second group of SLB’s associated with
SLC-2. If relays 15AN1-18ANT1 had been operated in-
stead, this path would have extended from the multiple
point over conductor 46084, contacts 15AN1-1 and over
a similar circuit through break contacts 12 of vertical
magnet V1 of SLB-11 of the third group of SLB’s asso-
ciated with SLC-3. This further clarifies the point that
if relay IRS1 is operated, and accordingly relays 7TAM—
10AN3, test paths are extended from appropriate SLB
verticals of the group SLB’s 1-5 to relays AGI-AG26;
if 1RS2 is operated and accordingly relays 11ANI-
14AN1, test paths are extended from appropriate SLB
verticals of the group SLB’s 6-10 to relays AG1-AG26;
and if IRS3 is operated and accordingly relays 15AN1—
18AN1,; test paths are extended from appropriate SLB
verticals of the group SLB’s 11-15 to relays AGI-AG29.
Similar paths may be traced for relays AG2-AG20.

Reference is alse made to the circuit extending from
register test relay 1T1, the rectifier connected in the con-
ducting direction, conductor 31, SRL Vert Test Cabie,
and cable to the multiple designated SRL-1-3. If relay
1RS1 and accordingly relays 1IRLI-6RL1 in SRI-1 are
operated, this path extends over cable MRT to SRL-1,
conductor 31, make contacts of relay 2RIL1, fuse con-
tacts associated with fuse 1, break contacts associated
with vertical magnet V1 of SRL-1, conductor 5301 which
is conductor B to register 1, cable to register %, con-
ductor B, closed contacts of manual key, contacts H1-31,
H2-11, and 1600 ohm resistor to battery. However, if
relay RS2 and accordingly relays 1RLI-6RL1 in SRL-2
are operated instead of SRL-1, this path extends from
the multiple, into SRL-2 and over a similar path through
make contacts of relay 2RL1 in SRL-2 and break con-
tacts associated with vertical magnet V1 of SRL-2 and
conductor B through 1600 ohms to battery in register
1 associated with SRL-2. Also, if relay 1RS3 and ac-
cordingly relays IRLI-6RL1 in SRL-3 are operated in-
stead, this path extends from the multiple into SRL-3
and over a similar path through make contacts of relay
2RL1 in SRL-3 and break contacts associated with ver-
tical magnet V1 of SRL-3 and conductor B through 1600
ohms to battery in register 1 associated with SRL-3.
Similar paths may be traced for the other relays 1T2—
1T19.

Thus if relay 1RS1 is operated, registers 1~10 of the
first group of registers are tested and if at least onme of
these registers is available, a path-finding test is made
of twenty possible paths to these registers, SRL-1, being
the common meeting point. The paths are represented
by horizontal of SRIL-1 and the registers by verticals.
By the proper operation of horizontal and vertical mag-
nets, any path of the twenty can connect with any of the
ten registers. The path-finding is concerned with finding
a path from the calling SLA to a particular SRL.. Any
line in the SLA can be extended over the path found
to any register reached from the SRL. In other words
an SLA switch is the common meeting point between
lines and paths, and an SRL js the common meeting point
between registers and paths.

Relays 1RS2 and 1RS3 are similarly arranged.
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. G. Path establishiment
1. Horizontal closure—SLE, SRL

It will be recalled that the SLC horizontal magnets
were. previously operated to test the “S” wire to deter-
mine whether a paystation was making the call. These
magnets have been held operated. Following such test,
register selection and path finding were indicated, and the
equipment is now ready to establish the connection over
the path which has been selected to the register selected
by operating the pertinent horizontal and vertical magnet
of the appropriate cross bar switches.

More specifically, relay AGC at its contact d com-
pletes the following circuit to operate horizontal relays
H1 and HA in SLB-1: battery in SLB-1, fuse 5, con-
ductor 5062, windings in parallel of horizontal magnets
Hi and HA, conductors 1 and 11 respectively, cable
LHP-21, conductors 1 and 11, contacts 1S1—c and 1S11-5
respectively, conductor I, cable to MVO, conductor 1
which is a continuation of conductor I, 3FN1-a, cable,
cable to MCT, cable 11-25, conductor 11 which is the
extension of conductor 1, 1IRS1-26, conductor 26, cable
26-30, cable to MVQ, cable 26-30, conductor 26, AG1-j,
AGC-d, conductor between MVO and MRT, TA—i, con-
ductor 4, cable to MLI, conductor 4, 4BA-b, to ground.
It should be observed that if relay AG2, AG3, or AG4
were operated, representative of paths 2, 3, 4 (see pre-
vious chart), relays H1 and HA would operate over con-
tacts j of these relays. It should be recalled that paths
1, 2, 3, and 4 pass over the #1 horizontal of SLB-1
and verticals V1, V2, V6, and V7 of SLB-1.

At its contacts ¢, relay AGC extends ground to operate
horizontal magnets H1 and HA in the SRL-1 circuit.
This ground originates in MLI, passes through 4BA-g,
conductor 6, cable to MRT, conductor 6, TA-h, conduc-
tor between MRT and MVO, AGC-¢, to the lever asso-
ciated with contacts 4 and i of relay AG1, through con-
tacts 4 and i of relay AG1 to conductors 1 and 11 re-
spectively, through cable “SRL HOR.” to SRL-1, em-
erging conductors 1 and 11 respectively, through cable
5201, emerging conductors 1 and 11 respectively, through
the windings of horizontal relays H1 and HA respectively,
through fuse 11 to battery, operating horizontal magnets
H1 and HA. It should be observed that if path 2 were
involved with relay AG2 operated, this ground would be
placed on conductors 1 and 12 through contacts & and
i respectively of relay AGZ and horizontal magnets H1
and H12 of SRL-1 would operate.

The operation of any combination of horizontal mag-
nets of SLB-1 results in relay HF1 (see MVO) being
operated. For example with horizontal magnets HI
and HI1 operated, ground through contacts 12 of
magnet H1, contacts 12 of magnet HA, conductor to
MVO, 4FNi1-c, 1ABL-g, HF1, to. batiery, operates re-
lay HF1.

Also, operation of any combination-of horizontal mag-
nets of SRL~1 results in relay HF2 (see MVO) being op-
erated. For example with horizontal magnets H1 and
H11 operated, ground through contacts 5202 of magnet
H1, contacts 5203 of HA, conductor 5204, contacts 5205
of relay 2RL1, conductor, cable MVO-A from SRL-1
to MVO, conductor 13, HF2, to battery, operates relay
HF2.

Slow release relay AGD releases after all of the afore-
described functions are completed.

At its a contacts, relay AGD closes a circuit from
ground through AGD-a, AGl-g, conductor 11, lower
winding of “jump rotator,” relay ASG1, to battery. R_e-
lay ASG1 operates and locks over its upper winding, in
turn releasing relay ASG20. With ASG1 operated, lock-
ing ground for relays AG1-AG20 is placed on conductor
2 thus shifting the priority of locking of relays AG1-
AG290 so that AG2 has highest priority, with decreasing
priority to AG20, and with AG1 having lowest priority
on the next call. On the present call, relay AG1 holds
however over AGl-c, and break contacts 4 of relays
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AG20-AG2, conductor 2, ASGl-g, break contacts a of
the manual key to ground still on the “PF Start” con-
ductor. It should be observed that contacts ASGl-g
close before contacts ASG20—¢ open maintaining ground
on conductor 1 until ground is placed on conductor 2 and
thus maintaining AG1 operated during the transfer. It
should be ‘observed that initially if no relays ASG1-
ASG20 of the “jump rotator” are operated, ground on
the “PF start” <conductor, through contacts a of the
manual key, and break contacts b of relays ASGI1-ASG2¢
is connected to conductor 1, furnishing a locking ground
and giving first priority to AG1l. When one of these re-
lays operates, ASG1 for example, contacts ASGl~a close
before contacts ASGI-b open thus connecting ground
to conductor 2 before ground is removed from: conductor
1, thus maintaining a holding circuit for the operated re-
lay AG1-AG26. Thus in the drawings the capital letter
E by the a contacts designates the contacts as “early”
contacts and the capital letter L by the b contacts desig-
~nated them “late” contacts. (A similar arrangement ob-
tains for the “jump rotators” of the MLM circuit.)

2. Vertical closure—SLA, SLB, SRL

With the release of relay AGD, the SLA, SLB, and
SRL vertical magnets are operated to effect extension of
the calling connection “main path” to the register in
preparation for dialing.

It is assumed that the calling conmnection involves
vertical V1 of SLA-1, vertical V1 of SLB-1, and vertical
V1of SRL-1.

At its contacts ¢, relay AGD closes the following cir-
cuit to operate verticdl magnet Vi of SLA-1: battery
in SLA-1, fuse 1, 200 obm winding of vertical magnat
Vi, 1A-12, conductor 1304z (otherwise labeled con-
ductor 1), cable 131@, conductor 1, iFN1-a, conductor
1, pull cable, conductor i, AGI1-k, HF2-c, HF1-d,
AGD-¢, AGC—f, conductor 2, “PULL VERT” cable
from MVO to MLI, conductor 2, 4BA—f, to ground. It
should be observed that odd numbered conductors enter-
ing the contacts of relays 2FN1, LFN2, 2FN2, 2FN1 and
2FN2 from SLA’s are vertical pull conductors and that
even numbered conductors are test conductors. The
odd conductors enter the Pull cable and emerge to contacts
k of relays AG1-AG2¢ as conductors 1-19 as follows:

Entering Emerging
Pull Cable from Pull
Cable

1 1

3 2

5 3

7 4

9 5

11 6

13 7

15 8

17 9

i9 10

Similarly the even conductors enter the Test cable
and emerge to the windings of relays 1VI-1V1Q of the
MCT circuit as conductors 11§ as follows:

Entering Emerging
Test Cable | from Test
Cable

2 1

4 2

6 3

8 4

10 5

12 6

14 7

16 8

18 9

20 10

At its contacts b, relay AGD closes the following
circuit to operate vertical magnet V1 of SLB-1: battery,
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fuse 1, 200 ohm winding of vertical magnet V1, con-
ductor 5102, cable 5102a to the MCT circuit, conductor
1, 7AN1-h, conductor 51, cable 51-70, cable from MCT
to MVO, cable 51-70, conductor 41, AGIi-1, HF2-q,
HF1-b, AGD-b, AGC-e, conductor 3, “PULL VERT”
cable from MVO to MLI, conductor 3, 4BA—g, to ground.

It should be observed that test circuits from the off-
normal break contacts of vertical magnets V1, V2, V§
and V7 of SLB-1 pass through the Test cable and enter
the contacts of relay 7AN1 (see MCT) as conductors 1,
2, 3, and 4 respectively and that the pulling circuits of
vertical magnets V1, V2, V6 and V7 of SLB-1 pass
through the Pull Cable and enter the contacts of relay
7TAN1 as conductors 1, 2, 6 and 7 respectively. The
other vertical test and pull circuits from SLB’s 1-5 to
the contacts of relays TANI-10AN1 of the first 500 line
group and relays TAN2-10AN2 of the second 500 group;
the vertical test and pull circuits from SLB’s 6-1¢ to the
contacts (indicated as a box) of relays 11AN1-14AN1
for the first 500 group and relays 11AN2-14ANZ for the
second 500 group; and the vertical test and pull circuits
from SLB’s 11-15 to the contacts (indicated as a box) of
relays 15ANI-18AN1 for the first 500 group and relays
15AN2-18AN2 for the second 500 group are similarly
analyzed.

Furthermore, it should be observed that the test cir-
cuits emerge from contacts of these relays 7JAN1-18AN2
and pass through contacts of horizontal vertical test re-
lays 1VI-1V18, pass through contacts of relays CRA and
I1CBT or 2CBT and X or Y wiring as the case may be, and
enter the windings of SLB vertical test relays AG1-AG20.
Also, it should be cobserved that the pull circuits emerge
from contacts of relays 7TAN1-18AN2 and are connected
to contacts I of relays AGI-AG206. Thus relays AGI--
AG2¢ are associated by their windings with the test cir-
cuits of SLB verticals and by their contacts 1 with the
pull circuits of SLB verticals as per the preceding table.

Relay AGD at its contacts closes the following circuit
to operate vertical magnet V1 of SRL-1: battery, fuse 1,
200 ohm winding of vertical magnet V1, contacts 5302
of relays 2RL1, conductor 41, cable SRL Vert, Test Pull
& Reg. to MRT circuit, SRL Vert. Pull cable, conductor
41, 2T1-e, TA~d, cable from MRT to MVO, SRL Vert.
Pull cable, HF2-¢, HFi—e, AGD-¢, AGC-h, conductor
1, Pull Vert. cable to MLI, conductor 1, 4BA-¢, to
ground. Vertical magnet V1 then locks over the cir-
cuit from battery, through fuse 1, 2000 ohm winding of
V1, locking contacts 5306, conductor H, cable to register
1, conductor H, Hi-15, to ground.

Relay AGD at its contacts f completes the followmg
circuit to operate relay CB in the selected register (i.e.
register-1) if the calling line is a coin box with the MPR
circuit conditioned accordingly: battery, CB, conductor
CB, cable to SRL-1 circuit, conductor CB, 4RL1-a, con~
ductor 1, cable to MRT circuit, conductor CB, 2Ti-d,
TA-c, conductor CB, cable to MVO circuit, conductor
CB, AGD-f, conductor to MPR oircuit, 2PS-b, conductor
6, cable to MLI circuit, conductor 6, 2AND—#, conductor
2, cable to MPR circuit, conductor 2, 2RC-g, 1PS-¢, to
ground.

With F-wiring (for dialtone before dialing and coin
test after dialing) connected in the register, relay CD in
the register operates over 'the circuit from battery,
through the winding of relay CD, F-wiring, contacts 35a
of relay CD, RA2-21, H1-14 to ground.

Brief indication is given to the function of relays
CRA; and relays 1CBT and 2CBT, of the MCT circuit
at this time which control the SLB test paths so that on
non-paystation calls a CRA circuit having one associated
coin box trunk (CBT) will be selected and on paystation
calls a CRA circuit so equipped will be selected.

It should be observed that CRA’s (see FIGURE 23)
may have K-wiring connected therein with no coin box
trunk circuit (CBT) connected thereto or may have K-
wiring disconnected therein with coin box trunks (CBT’s;



3,007,008

67

see FIGURE 34) connected thereto instead. The SLB
vertical test paths, associated with CRA’s, pass through
contacts of relays CRA, 1CB7, and 2CBT in the MCT
circuit which assume that paths 1, 6, 11, and 16 of the
group of paths 1-28 are associated with CRA’s connected
to CBT’s with Y-wiring; and that all other paths of the
group of paths 1-20 are associated with CRA’s not con-
nected to CBT’s. Also if X-wiring instead of Y-wiring
is connected in any path, the assumption is that the CRA
of that path does not have an associated CBT.

Thus, when relays CRA operates on mnon-coin-box
originated calls, the contacts of relay CRA open the test
paths having associated CBT’s. With Y-wiring accord-
ingly, the circuits of relays AG1, AG6, AG11, and AG16
are opened so that the calling line does not get connected
to a CRA having an associated CBT circuit. However,
if the SLB test path is not associated with a CBT circuit,
X-wiring is connected for that path instead of Y-wiring.
Accordingly the associated contact of relay CRA is
strapped so that a test path can obtain to the associated
relay of the group AG1-AG2J.

Also, when relays 1CBT and 2CBT operate on coin
box originated calls, the contacts of relays 1CBT and
2CBT open the paths which do not have associated CBT’s
and the circuits of associated relays of the group AG1-
AG26 so that the calling coin box line will not be con-
nected to a CRA without an associated CBT. It should
be observed that if a test path has a CBT circuit asso-
ciated therewith, the associated contact of relays 1CBT
and 2CBT is strapped so that a test path can obtain to
the associated relay of the group AGI1-AG20 even with
1CBT and 2CBT operated.

Vertical magnet V1 of SLA~1 operates as before de-
scribed and at its off-normal contacts 11 opens the cir-
cuit of relay 1V1 (see MCT circuits), which releases.
Relays 1V1-1V1§ selectively ground conductors 1-10 to
the Trouble Recorder at their g contacts, and relay 1V1
accordingly has grounded conductor 1 to the Trouble
Recorder during its operated period. At this time such
ground is removed.

As vertical magnets V1 of SLA-1, V1 of SLB-1, and
V1 of SRL~1 operate, the crossbar cross-point contacts
prepared by the horizontal magnets H and HA in SLA-1,
H1 and HA in SLB-1, and H1 and HA in SRIL-1 are
closed. Reference should be made at this point to U.S.
patent application bearing Serial Number 522,233 filed
July 15, 1955, assigned to the assignee of this application.

‘When these crosspoints close, a circuit is completed to
relay R1 of the CRA circuit in the SLB-1 circuit over
the path from battery, fuse 1, winding of relay R1 (400
ohms), lower winding of relay R2 (15 ohms), conductor
5002, crosspoint contacts of horizontal magnet H1 in
vertical V1 of the SRL~1 circuit, vertical conductor bar
(it should be understood that on the detailed schematic
diagrams, verticals are turned 90° for convenience and
hence lie horizontally in the drawing), crosspoint con-
tacts of horizontal magnet HA in vertical V1 of SRL-1
circuit, conductor 5206 which is conductor RC entering
the cable to register 1, cable from SRIL-1 to register 1,
conductor RC emerging, break contacts 11 of register
relay RD, 1200 ohm registor, to ground. Relay R1 in
the CRA circuit operates but relay R2 does not due to
the low resistance of its lower winding.

Also with the closing of the crossbar crosspoints, the
calling line loop is extended into the register. ‘This cir-
cuit may be traced as follows: calling substation on line
17 for example, ring and tip conductors, H9 crosspoint
contacts, “vertical” conducting bars and HC cross point
contacts of vertical V1 in SLA-1, ring and tip conductors
to the SLB-1 circuit, H1 crosspoint contacts, “vertical”
conducting bars and HA crosspoint contacts of vertical
V1 in SLB-1, ring and tip conductors through K-wiring
(in a non-coin-box CRA) or through a coin-box-trunk
circuit (via a coin box CRA without K-wiring), ring and
tip conductors RR and RT respectively to the SRI~1
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circuit, H1 crosspoint contacts, “vertical” conducting bars
and HA crosspoint contacts of vertical V1 of SRLI1, ring
and tip conductors RR and RT to the register 1 cable,
through the register 1 cable to register 1, emerging as
conductors RR and RT in register . Conductor RR can
be traced through the second winding from the top of
relay R, through break contacts 12 of relay BT and
break contacts 31 of relay CT to battery. Conductor
RT can be traced through break contacts 14 of relay CT,
through the third winding from the top of relay R to
ground.

It is noted that wtih a CBT involved and hence no
K-wiring connected, the ring and tip conductors can be
traced from the CRA circuit through the cable incom-
ing to CBT, out of this cable in the CBT circuit, through
break contacts 14 and 11 respectively of relay CD,
break contacts 14 and 11 of respectively of relay S, to
the ring and tip conductors leaving the CBT through the
outgoing cable from the CBT circuit to the CRA circuit,
connecting respectively to conductors RR and RT to the
SRL circuit, and to levers 33 and 32 respectively of relay
R1 in the CRA circuit.

The calling party then receives dial tone from the reg-
ister circuit over a path which extends through the tone
winding T of relay R over the path from ground over
the winding of relay R, break contacts 13 of relay CB or
make contacts 32 of relay CD, contacts 34 of relay Hi,
break contacts 21 of relay RA1, through the dial tone
source DT to ground. Tone induced into middle wind-
ings of relay R passes over the line loop to the calling
subscriber, informing him that dialing may begin.

Register relay R operates in this circuit over the call-
ing line loop, in turn operating register slow release re-
lay H2 over the circuit from battery H2, H2-35, recti-
fier in the correct direction, R-32, to ground. A holding
circuit for register slow release relay H1 is then provided
over the circuit from battery, H1, RD-13, H2-32, recti-
fier in the correct direction, R-32, to ground. It should
be recalled that relay H1 provides a holding circuit for
vertical magnet V1 of SRL~1 over the circuit from bat-
tery, fuse 1, 2000 ohm winding of vertical magnet V1,
contacts 5306, H conductor, cable to register 1, H con-
ductor, H1-15, to ground.

Relay R1 in the CRA-1 circuit of SRL-1 at its con-
tacts 14 prepares a holding circuit for relay R2 in CRA-1,
which circuit is rendered effective when relay R2 subse-
quently operates.

At its contacts 23, relay R1 connects ground to con-
ductor C to the group selector stage comprising GSA
and GSB switches.

At its open contacts 31 and 34, relay R1 disconnects
the calling subscribers tip and ring conductors from the
tip and ring conductors SR and ST and the outgoing tip
and ring conductors R and T in preparation for pulsing
into register 1.

At its contacts 13, relay R1 connects ground through
the winding of impedance coil R3, through contacts R—
13, K-wiring (on a non-coin-box call) to conductor
5003 and over off-normal make contacts 14 of vertical
magnet V1 of SLB-1, winding of relay V1, through fuse
1, to battery to hold relay V1 operated. Such ground is
also connected in parallel through crosspoints of mag-
nets HA, and H1 to conductors H and S to the SLA-1
circuit.

H. Marker release
1. Normal release

Release of the marker is basically initiated as the
crosspoints of the selector SRL are closed. More spe-
cifically, the register signals the CRA circuit which places
impedance ground on the S-conductor through crosspoints
of magnets HC and H9 of SLA-} through the windings
of line cutoff relay CO17 and line lockout relay LO17
in series, and fuse 4 to battery operates relays CO17
and LO17, which releases line relay LR17 opening the
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loop circuit to the marker, thus opening one circuit of
relay B17. :

It is recalled that if the CRA-1 circuit associated with
vertical 1 of SLB-1 has an associated CBT circuit, the
coin box tone test indicates that the call is being made
from a coin box line resulting in relay 1PS releasing and
in turn relay 1CRA releasing and relays 1CBT and 20BT,
operating.. When relay AGA and AGB (which are slow
enough operating to allow relay 1CRA to release and
relays 1CBT and 2CBT to operate) operate relay AG1
operates over Y-wiring and break contacts V1 of relay
1CRA. Assuming that path 1 is selected, the operation
of the circuit is essentially the same as described up to
the point of operation of relay R1 in SLB-1 from 1200
ohm battery in the selected register when the SRL cross-
points close.

Upon the operation of relay R1 in SLB-1, relay R1
performs the same functions described before but ground
through impedance coil R37 make contacts 13 of relay
R1, the S-conductor into the cable, S-conductor, winding
of relay SL in the CBT circuit upper winding of relay
H to battery, operates relays SL and H in series, relay
H locks from battery through its lower winding, contacts
H-26 and contacts CF-11 to ground. Relay SL at its
contacts SL-13 and relay H at its contacts H-22 place
ground on the S-wire of the CBT circuit which is con-
nected to conductor 5003 and performs the functions of
holding the SLA switch and operating the line cut-off
and lockout relays as previously described.

Ground on the S-wire of line 17 through H2-11, make
contacts 12, 14, 16 of magnet HC, conductor 1307, 1A-
26, conductor 1308 to SLM-1, which becomes conductor
21 in the marker, 2CN1-c, conductor to MLI, 1ABL—¢,
REL1-c, lower winding of REL1, to battery, operates

relay REL1. Relay RELI1 at its early contacts ¢ closes 3

a locking circuit for itself from battery through its upper
winding, REL1-g, 2AND-¢, to ground before its con-
tacts ¢ open. At its contacts b, relay REL1 connects
ground to the S-wire just traced.

Relay REL1 at its contacts g opens the circuit of relay
X1 (MRT circuit). After its slow release period has
expired relay X1 releases, opening the pathfinder start
conductor at contacts Xl-c, releasing relays AG1 and
AGC.

Relay REL1 operates relay REL2 over the circuit from
battery through the winding of relay REL2, REL-d,
K1-c, to ground. Relay REL2 opens the circuit of relay
4BA at REL2-b; opens the operating and holding ground
circuit of relay B17 at REL1-a and the battery circuit of
relay B17 at contacts REL1-d. As relay 1BA is held in
series with relay B17, relay 1BA is also released. Relay
1BA at its contacts d releases relays ZBA and 3BA.
Relay 4BA also releases.

When relay 4BA releases, it disconnects the original
operating circuits of horizontal magnets H1 and HA and
vertical magnet V1 in the SLB-1 circuit and the original
operating circuits of horizontal magnets H1 and HA and
vertical magnet V1 in the SRL-1 circuit and the original
operating circuit of vertical magnet V1 in SLA-1. The
horizontal magnets release but the vertical magnets re-
main held. The release of horizontal magnets H1 and
HA in SLB-1 opens the circuit of relay HF1 which re-
leases. Also, the release of horizontal magnets H1 and
HA in SRL-1 opens the circuit of relay HF1 which
releases. At its contacts d, relay 4RBA releases relays
1CBT and 2CBT.

With relays CO17 and L.O17 operated (see SLA), the
circuit of line relay LR17 is opened and this relay releases.
It should be appreciated that relay REL2 prior to its
operation has provided a circuit independent of the line
relay so that flashing by the calling subscriber would
have no effect on relay B17.

At its contacts g and %, relay B17 releases horizontal
magnets H9 and HC respectively of SLA-1, at which
time the aforedescribed feedback path over the S-wire of
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line 17 for the tone oscillator of the MPR circuit is
opened; the grid rises in voltage to zero; the tube. con-
ducts approximately 40 milliamperes; and relay 1PS re-
operates. As relay 4BA has released, the shifting of
contacts @ and b of relay 1PS has no effect on relay
$CRA and relays 1CBT and ZCBT. The release of relay
1PS also removes ground from lead PS to the trouble
recorder at contacts d and opens the original operating
circuit of register relay CB in the register which has
locked independently as will be explained hereinafter.

At its contacts i, relay B17 opens the operating circuit
of “jump rotator” relay 20A1 which remains operated
over its locking circuit.

Relay 1BA at its contacts f and j releases relay Al;
and at its contacts j releases relays 1AA, 2AA, and 3AA;
at its contacts a releases relays 1L1-4L1 (LEO); at its
contacts b releases relays 1AW-3AW (LEO); and at its
contacts e releases relay ANB.

Relay A1 at its contacts & releases relays 1A, 2A, and
3A (SLA); and at its contacts i opens the original ener-
gizing circuit of “jump rotator” relay 20A2 which re-
mains operated over its locking circuit. The release of
relays 1A, 2ZA and 3A opens contacts in the test circuits
of all relays 1Vi-1Vi0 and any of these relays which
have remained operated are released. Also the release
of relay 2A opens the circuit of relays 1S1 and 251 (LHP)
which release, in turn releases relays 1S11 and 2S11.

Relay ANB at its contacts a releases relay BB; at its
contacts b releases relays 1ANC and 2ANC; and at other
of its contacts b releases relays IANC and 2ANC; and
at other of its contacts opens other circuits.

The release of relay 1ANC connects ground to the
holding circuit of relay X1 over contacts IANC—e which
close before contacts 1IANC—f open, thus preventing the
release of relay K1.

The release of relay 2ANC at its contacts d removes
ground from conductor 31 and places ground over its
contacts e on conductor 32 which causes the 500 group
rotator comprising relays 1B and 26B to step as de-
scribed hereinbefore. Contacts d close before contacts e
open.

Relay 1ANC at its contacts b releases relay 3ANC
(MRT).

Relay 1ANC at its contacts a releases relay AB, which
opens the holding circuit of relay RBL in the MTT cir-
cuit. As the operating circuit of relay RBL is opened by
contacts ¢ of relay IBA, relay RBL releases, making the
pathfinding portion of marker available for seizure by
terminating calls, allowing the terminating end to oper-
ate 1ABL to block the originating end. (It should be
appreciated that a terminating call may have already
placed its information in the code receiver of this
marker.)

Relay 1ANC at its contacts d opens the holding circuit
of relay 1ANL, releasing same.

Relay 1AN1 at its contacts d releases TAN1A; at its
contacts e releases relay ANA. With the original ener-
gizing circuit of relay O1 (in the MTT circuit of the
companion marker) opened by contacts 2 of relay
1ANI1A and with the holding circuit of the said relay O1
opened at contacts a of relay RBL, the said relay Q1
releases, thus allowing a terminating call to the first 500
group to proceed in the companion marker.

Relay 3ANC at its contacts i reieases relay 1RS1; at
its contacts a releases relays TA, and 2T1 (MRT); at its
contacts f releases relay 0A1 (relay 0A2 then holding
from battery over its upper winding, 0A2-b, 0A3-qg,
0A4-a, 0A1-b, and resistor b’ to ground, contacts 8A LD
closing before contacts 8Al—a open thus guarding against
the release of 0A2 during transfer); at its contacts ¢
opens the holding circuit of relay 1 which releases; at its
contacts g opens the circuit of relay X2 which releases;
relay X2 also opens the slow to release circuit of relay
X1 at contacts X2-b, but relay X1 has already been re-
leased.
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“Relay 1AN1A af its contacts ¢ releases relays 1CN1
and 2CN1 which releases relay 3CN1 (MVO); at its
contacts b releases 1FN1 and 2FN1 which releases relays
3FN1 and 4FN1 (MVO); at its contacts d releases relays
2AN1 and 3AN1 (MLI); at its contacts e releases relays
4AN1, 5AN1, and 5ANI1A; at its contacts f releases
relays 6AN1 and 6ANTIA (MCT); and at its contacts a
releases relay AV in the LEO circuit.

Relay 1RSI at its contacts ¢ and b releases relays
7TAN1, 8AN1, 9AN1, and 10ANZL; and at its contacts
c, d, and e releases relays 1IRL1I-6RL1 in the SRI-1
circuit.

Relay ANA at its contacts ¢ releases relays 1AND
and 2AND,

Relay 2AND at its contacts e releases relay REL1; and
at its contacts g opens the locking circuit of relay REL2.
Relay REL2 accordingly releases.

3. Release under other circumstances

In order to economize on relays in the LEO circuit,

relay 11.1-4L1 are provided common to two SLA’s; that is,
SLA’s 1 and 2 have a common set of such relays: SLA’s 3
and 4 have another common set of such relays; etc. Asa
result, the wrong line may be selected on rare occasions,
but will not be extended to the called party. Since such
safeguards are provided, the condition is tolerated.
. More specifically, let us suppose that line 17 of SLA-1
and lines 17 and 24 of SLA-2 of the same 500 group of
lines all initiate calls simultaneously. Relay AG in the
LEO circuit for the said 500 group of lines operates over
make contacts of line relay LR~17 of SLA-1 as herein-
before described. A parallel circuit is also completed
over make contacts of line relay LR—24 in SLA-2 from
ground through the winding of relay AG, contacts 4603,
3AW-g, 4L1-a, conductor 24, multiple to SLA-2, through
make contacts 12 of LR-24, closed contacts a of manuel
key, a conductor 4612 (otherwise labeled 2) in SLA-2
corresponding to conductor 1201 shown in SLA-1, 10,000
ohm resistor, contacts 4602, 5000 ohm resistor, conductor
4601, contacts 2ANC-a, 1ABL-q, lamp WE136, through
a source of 20 cycle alternating current to ground. A
similar parallel circuit obtains for line 17 of SLA-2.

Relay AG selects a marker as previously described.
Relay AV operates; and at this time circuits can be traced
for SLA identity relay A1 of ML1 over the path pre-
viously traced involving contacts LR17-12 of line relay
LR17 of SLA-1, and for relay A2 from ground through
contacts 4610, 3AW-q, conductor 24, multiple to SLA-2,
contacts 12 of line relay LR24 in SLA-2, conductor 4612
in SLA-2 corresponding to conductor 1201, conductor
4613, cable MLI, conductor 4613 (otherwise labeled 2),
contacts 4AN1-a’, conductor 2, SLA-IDENT-2 cable,
conductor 2, winding of relay A2, contacts 2AA-b,
BB-h, ANB-3, to battery. A similar circuit for relay A2
can be traced from ground through contacts 4610, 2AW-c,
3L1-a, conductor 17, multiple to SLA-2, a conductor in
SLA-2 corresponding to 1202, contacts 12 of relay LR17
in SLA-2, closed contacts a of a manual switch in
SLA-2 a conductor 4612 in SLA-2 corresponding to con-
ductor 1201 in SLA-1, conductor 4613, etc., as traced
above through the winding of relay Al to battery.

It is assumed for explanatory purposes that locking
ground obtains on conductor 50 to the upper locking
chain of relays A1-A26, and accordingly that relay Al
is locked, and relay A2 released.

Relays 1AW-3AW and 1L1-4L1 operate as before
described.

Thereupon relay B17 is operated over the path de-
scribed hereinbefor. Relay B24 also operates over a
circuit extending from ground through ANB-d, Al-b,
conductor I, cable SLA-IDENT-2, conductor 1, 4AN1-q,
conductor 4611, cable SLA-IDENT-1, conductor 4611,
conductor 1201, closed contacts of manual key, conductor
1201q, multiple N through closed contacts 12 of line
relay LR17 in SLA-1, conductor 1202 back through the
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multiple \_ into a conducior of SLA-2 corresponding
to conductor 1202 of SLA-1, contacts 12 of -line relay
LR17 in SLA-2, back through the multiple N\ in SLA-2
through contacts 12 of LR24 in SLA-2, to conductor 24,
4L1-b, conductor 24, cable LINE-IDENT-1, conductor
24, 4AN1-C, cable LINE-IDENT-2, conductor 24, B24,
3BA-c, AB-c¢, K2-F, ANB-¢, to battery.

Assuming now that locking battery for relays BO-B24
is on lead 40 to the lower locking chain of contacts, when
relays 2BA and 3BA operate, relay B24 takes priority in
locking over relay B17 which releases. Accordingly hori-
zontal magnets H6 and HB for line 24 are operated in
SLA-1 instead of for the calling line 17 in SLA-1.

If line 24 of SLA—1 is a busy line, ground on the S—wire
through off-normal make contacts 24a of magnet H6,
conductor 1307, 1A-26, conductor 1308, SLA-S cable,
conductor 21, contacts 2CNl-¢, SLA-S conductor,
1ABL-¢, REL1—c, lower winding of relay REL1 to bat--
tery operates relay REL1. Relay REL1 locks from bat-
tery over its upper winding, RELI-4, and 2AND-¢, to
ground; and in turn grounds the said S-wire from ground,
REL1-b, 1ABL—e, etc.

Relay REL1 operates relay REL2 from battery through
the winding of REL2, REL1-d, 2AND-e, to ground. Re-
lay REL2 locks over its ¢ contacts to ground through
2AND-g.

At its contacts d, relay REL2 opens the holding bat-
tery of relays B24 and 1BA, releasing these relays. Also
relay RELZ2 releases relay 4BA at contacts REL2-b.
Relay 1BA releases relays 2BA and 3BA. With relays
B24, IBA, 2BA, and 3BA released, release of the marker
takes place.

If line 24 is not a busy line, the line is switched into
a register over the SLA, SLB, and SRL crossbar switches,
as described hereinbefore and in the copending application
referred to. When the SRL crosspoints operate and relay
R1 in the CRA circuit operates, ground through imped-
ance coil R3 is placed on the S-wire operating relay
REL1 and in turn REL2, effecting the release of the
marker. As no dialing takes place in the register, the
timeout relay TO in the register releases the register
which releases remaining connections. If the same call im-
mediately comes in again, the chances are good that the
shift of the “jump rotators” has interrupted the spurious
condition. If not and the call comes in again, the spurious
condition is broken up with a second re-entrance.

1. Subsequent operation

At this point in the call, the calling subscriber actuates
his dial to dial the directory mumber of the called sub-
scriber which we shall assume contains seven digits (i.e.
a 2-5 number).

As this number is dialed, relay R in the register circuit
(FIGURE 35) pulses in response to each of the dial
pulses, releasing when the loop is opened, and reoperating
when the loop is reclosed.

In general it may be said that relay R operates the off-
normal relay ON1 and drives the counting chain C1-C6
and that at the end of each digit, the registration on the
counting chain is transferred to the seven digit registers
through the register advancing relays RA1-RA7. These
seven digit registers are as follows:

1st digit—relays R11-R17
2nd digit—relays R21-R27
3rd digit-——relays R31-R37
4th digit—relays R41-R47
5th digit—relays R51-R57
6th digit—relays R6i-R67
7th digit-—relays R71-R77

In order to show the full operation of the counting
chain it is assumed that ten pulses occur, the description
being concerned with a random digit in the sequence of
digits.

On the first release of relay R, ground through R-32,
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BT-31, CT-11, H2-15, through the upper winding of
relay ON1 to baitery, operates relay ON1. Relay ON1
closes its contacts 22 so that the above traced ground
also incidentally passes thrcugh ON1-22 through the
lower winding of relay ON1 to battery. The windings are
opposed but the upper winding is of much higher ampere
turns than the lower winding and predominates. (With
this arrangement, relay ON1 is fast operating but when
ground is subsequently removed from this relay, the two
windings of the relay are in series and a circulating cur-
rent flows in aiding relationship through these windings,
making the relay slow to release.)

On the subsequent reoperation of relay R, ground
through R—33, ON1-15, and break contacts 14 in series
of relays C5-C1, through the lower winding of relay C1
to battery, operates relay C1. The slow release of relay
ON1 prevents its release between pulses. Relay ONI1
oprates slow release relay ON2 from ground through con-
tacts H1-14, ON1-35, winding of relay ON2, to battery.

On the second release of relay R, ground through R-32,
BT-31, CT-11, H2-15, Ci-13, upper winding of relay
C1, lower winding of relay C2, to battery operates C2 in
series with relay Ci. It should be observed that contacts
R-32 close to ground before the ground connection be-
tween contacts 33 and lever 31 is opened, thus establishing
the holding circuit of relay C1 before the original oper-
ating circuit is opened. At contacts C2-14 the original
energizing circuit of relay C1 is opened.

On the subsequent reoperation of relay R the circuit
for C2 in series with C1 is opened at contacts R-32 and
relay C1 releases but relay C2 holds from battery through
its lower winding, C2-16, break contacts 14 of relays
C3-C5, ONi-15, R-33, to ground.

On the third release of relay R, relay C3 operates in
series with relay C2Z from battery, through the lower wind-
ing of relay C3, upper winding of relay C2, C2-13, C1-11,
H2-15, C3-11, C4-31, R-32 to ground. At C3-14, relay
C3 opens the original operating circuit of relay C2 through
its lower winding.

On the subsequent reoperation of relay R, the circuit
for C3 in series with C2 is opened at R-32 and relay
C2 releases, but relay C3 holds from battery through its
lower winding, C3-16, C4-14, C15-14, ONI-15, R-33,
to ground.

On the fourth release of relay R, relay C4 operates.

On the subsequent reoperation of relay R, relay C3
releases, and on the fifth release of relay R, relay C5
operates.

On the subsequent reoperation of relay R, relay C4 re-
leases, but relay C5 holds from battery through its lower
winding, C5-16, ON1-15, R-33, to ground.

On the sixth release of relay R, relay C6 operates
over the circuit from battery through the winding of relay
C6, through contacts 35 and 34 of relay C6, upper wind-
ing of relay C5, C5-13, and break contacts 11 of relays
C4 to C1, H2-15, CT-11, BT-31, R-32, to ground.
When lever 33 of relay C6 operates, relay C6 holds from
battery through the winding of relay C¢, C6-35, ON2-12,
to ground. Connection is made between lever 33 and
contacts 35 of relay C6 before contacts 35 and 34 thereof
separate, thus holding relay C6 over make-before-break
contacts. When contacts 35 and 34 of relay C6 separate,
the initial circuit for relay C6 in series with relay C5
is opened and relay C5 releases.

The subsequent reoperation of relay R operates relay
C1 over the path originally traced for the first operation
of relay C1.

On the seventh release of relay R, relay C2 operates in
series with relay C1 over the path aforedescribed.

On the subsequent reoperation of relay R, relay O1 is
released, as aforedescribed.

On the ecighth release of relay R, relay C3 is operated
over the path aforedescribed.

On the subsequent reoperation of relay R relay C2 is
released as aforedescribed.
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 On the ninth release of relay R, relay C4 is operated
over the path aforedescribed.

On the subsequent reoperation of relay R, relay C3
is released as aforedescribed.

On the tenth release of relay R, relay C5 is operated
over the path aforedescribed.

On the subsequent reoperation of relay R, relay C4 is
released as aforedescribed.

With R reoperated at the conclusion of the digit and
with no further pulsing of the digit, the original ener-
gizing circuit of ON1 is opened. Circulating current
through the two windings in series in aiding relation holds
relay ONI1 operated for an interval after which it re-
leases. At its contacts 35 relay ON1I opens the original
energizing circuit of slow release relay ON2 which re-
leases after an interval as determined by its slow to re-
lease characteristics.

Let us assume now that the dialed directory number
is ME7-2000 which is the same as dialing 637-2000.
The digit-representing impulses are extended to the regis-
ter for storage on the register thereat.

At the end of the first digit (6) with relays C1 and C6
operated, circuits can be traced upon the release of relay
ON1 to operate relays R1Z and R14 of the first digit
register relay group as follows: Battery, R12, conductor
12, cable, conductor 12, RA1-14 CI-16, C6-13, ON2-33,
ON1-33, Hi1-14, to ground. Battery, R14, conductor
14, cable, conductor 14, RA1-31, Ci-34, C6-13, ON2-33,
ONi-33, Hi-14, to ground. At this time relay RA1 is
shunted over the path from ground, Hi-14, winding of
relay RAIL, conductor Al cable, conductor Al, con-
tacts of 32 of relays R12 and R14, conductors i2 and
14 to the operating ground of relays 12 and 14. It should
be observed that the release of relay ONZ transfers the
circuit of relay C1 over make-before-break contacts to
relay ON2 over the circuit from battery through the
lower winding of relay C1, break contacts 14 of relays
C2-C5, contacts 15 to 14 of relay ONI, ON2-12, to
ground. )

When relay ON2 releases, relays C1 and C6 aré re-
leased and the operating grounds of relays R12 and R14
are opened at ON2-33. Relay RA1 operates in series
with relays Ri12 and R14 over the circuit from ground,
Hi-14, winding of relay RA1, conductor Al, cable, con-
ductor Al, in parallel through make contacts 32 of relays
12 and 14, windings of relays R12 and R14 to battery.
The digit six is thus registered on the first digit register.

At the end of the second digit (3) relay C3 is oper-
ated and circuits can be traced upon the release of relay
ONT1 to operate relays R21 and R22 of the second digit
register relay group as follows: Battery, R21, conductor
21, cable, conductor 21, RA2-11, RA1-13, C3-34,
ONZ2-33, ON1-33, H1-14, to ground. Battery, R22, con-
ductor 22, cable, conductor 22, RA2-41, RA1-16, C3-32,
C6-11, ON2-33, ON1-33, Hi-14, to ground.

At this time RAZ2 is shunted by the operating ground of
relays R21 and R22. It should be observed that relay C3
is held over the circuit from battery through the lower
winding of relay C3, C3-16, C4-14, C5-14, contacts 15
to 14 of relay ON1, ON2-12, to ground.

When relay ON2 releases, relay C3 is released and the
operating grounds of relays R21 and R22 are opened.
With the shunt removed from relay RA2, this relay op-
erates in series with relays R21 and R22. The digit three
is thus registered on the second digit register.

At the end of the third digit (7) with relays C2 and Cé6
operated, a circuit can be traced to operate relay R37
of the third digit register relay group. When relay ON2
releases, relays C2 and C6 release and relay RA3 oper-
ates in series with relay R37 to complete registration of
the digit “7” on the third digit register.

At the end of the fourth digit (2), with relay C2 op-
erated, a circuit can be traced to operate relay R42 of
the digit-4 register relay group. When relay ON2 re-
leases, relay ‘C2 is released and relay RA4 operates in
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series with relay R42 to effect registration of the digit
“2” on the fourth digit register.

At the end of the fifth digit (0), with relays C5 and
C6 operated, circuits can be traced to operate relays
RS54 and R57 of the digit-5 register group. When relay
ON2 releases, relays C5 and C6 are released, and relay
RAS operates in series with relays R54 and R57 to effect
registration of the digit “0” on the fifth digit register.

At the end of the sixth digit (0) with relays C5 and C6
operated, circuits can be traced to operate relays R64
and R67 of the digit-6 register relay group. When relay
ON2 releases, relays C5 and C6 are released, and relay
RAG operates in series with relays R4 and R67 to effect
registration of the digit “0” on the sixth digit register.

At the end of the sevénth digit (0) with relays C5 and
C6 operated, circuits can be traced to operate relays R74
and R77 of the digit-7 register relay group.

When relay ON2 releases, relays C5 and C6 are re-
leased and relay RA7 operates in series with relays R74
and R77 to effect registration of the digit “0” on the
seventh digit register.

It will be recalled that at the end of the fourth digit
when relay ON1 releases, relay CT operates if relay CB
has been operated previously as the indication to the
register that the call is originating at a coin box. Re-
lay CT operates over the circuit from battery through the
winding of relay CT, F-wiring, CB-16, RA3-24, RA4-21,
ON2-14, ON1-33, Hi-14, to ground. )

Relay CT sets up a test to determine whether the call-
ing party has deposited a coin in the coin box as follows:
At its contacts CT-31, it removes its battery circuit from
the Ring winding of relay R, making effective the circuit
from battery through the upper winding of bad test relay
relay BT to the Ring winding of relay R. At its contacts
14 and 15 it transfers the Tip side of the line over make-
before-break contacts from the Tip winding of relay R
via contacts CT-14, over contacts CT-15 through the
winding of relay T and the lower winding of relay BT to
ground.

Although the calling party at a coin box receives dial
tone immediately upon removing the receiver, insertion of
the minimum charge coin in the coin box before dialing
is required.

If the calling party at the calling coin box has inserted
the said coin in the coin box, the coin box places 1000
ohm ground on the Tip conductor which (with CT oper-
ated at the end of the fourth digit for coin test) holds
relay R operated over the path from battery, through
the upper winding (in the order of 100 ohms) of relay
BD, through the winding second from the top of relay
R, conductor RR and intervening circuitry to the coin
box, through the coin box to the Tip conductor, 1000
ohm resistor to ground. Relay BT does not operate under
these conditions and it is immaterial whether relay T op-
erates or does not operate.

If, however, the calling subscriber at the calling coin
box has not inserted the said coin in the coin box, the
aforedescribed 1000 ohm ground will not be connected
to the Tip conductor and sufficient current will not flow
through the second from the top winding of relay R and
relay R will release. Relay T (in the order of 3500
ohms) operates in this circuit but relay BT does not op-
erate.

It should be observed that with F-wiring connected,
relay CD operates initially over the circuit closed when
CB operates on coin box indication from the marker
over the path from battery through the winding of relay
CB, F-wiring, contacts 35« of relay CB, RA2-21, H1-14,
to ground. Relay CD locks over the path from battery,
through the winding of relay CD, CD-25, F-wiring, CT—
33, CB-33, H-15, to ground so that after relay RA2
opens the original operating circuit after the second digit,
relay CD holds over this locking circuit. When relay CT
operates to initiate the coin test, relay CD holds over the
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circuit from battery, through the winding of relay CD,
CD-25, F-wiring, ON1-11, R-35, to ground.

Accordingly, if R remains operated during the coin
test as a result of the coin having been deposited, relay
CD remains operated; but if relay R releases as a result
of the coin not having been deposited, the holding circuit
of relay ‘CD is open at the lever 31 of relay R and CD
releases. .

If relay CD remains operated, ground through H1-15,
CB-33, and CD-23 is on the call signal lead in prepara-
tion to operate the call signal relay CS. However, if
relay CD is released, this ground circuit to the call sig-
nal lead is open at CD-23. It should be observed that on
a non-coin-box call, ground through H1-15 and CB-31
obtains on the call signal lead in preparation to operate
the call signal relay CS.

Moreover, if the Tip or Ring conductor at the coin box
is grounded for any reason, as for example, by attempted
fraud, relay BT operates from battery through the upper
winding of relay BT, the second from the top winding
of relay R to ground on the loop at the coin box station.
Relay R holds in this circuit but relay T and the lower
winding of relay BT are shunted. Relay BT locks from
battery through its upper winding, BT-13, winding of
relay RA1, H1-14, to grcund. With relay BT operated,
the circuit from ground through R-32 to the counting
chain and to relay ON1 is opened. Subsequent digits
dialed do not operate the counting chain, ON1, ON2,
and do not advance the register relays. Alternatively
break contacts 31 of relay BT could be placed in the
call signal lead to disable the circuit of the call signal
relay.

When relay ON2 releases, the circuit of relay CT is
opened at ON2-14. When relay RA4 operates this cir-
cuit is further opened at RA4-21.

When relay CT releases, the normal pulsing circuit
involving relay R is re-established.

(With P-wiring option, and the normal R relay hold-

. ing circuit of relay H1 disabled through the operation

of relay CT, a holding circuit for relay H1 is established.
That is, during the time that relays CT and T are
operated and relay R released, with no coin having
been deposited, ground through T-21, H2-32, RD-13,
holds relay H1 operated.

(It is necessary to hold relay H1 operated until coin
deposit in order to prevent the release of the register.)

At the end of the seventh digit, as before stated, relays
ON1 and ON2 release after sequential intervals; the
seventh digit register is actuated (except in the case
wherein the BT relay has operated); the counting chain
is released; and relay RA7 operates.

If ground is on the call signal lead, this ground through
the following contacts associated with the first digit:

Digit 2—R17-21, R14-21, R12-23
Digit 3—Same

Digit 4—R17-21, R14-23

Digit 5—Same

Digit 6—Same

Digit 7—R17-23, R14-24

Digit 8—Same

Digit 9—Same

the following contacts associated with the second digit

Digit 2—R27-21, R24-21, R22-23
Digit 3—Same .
Digit 4—R27-21, R24-23

Digit 5—Same

Digit 6—Same

Digit 7—R27-23, R24-24

Digit 8—Same

Digit 9-—Same

and make contacts 22 of relay RA7, through the wind-
ing of call signal relay CS to battery, operates relay CS.
Relay CS places battery through its make contacts on
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the call signal lead CS to the register-sender guard cir-
cuit (ground through contacts 1425a to the register-
sender guard circuit of FIGURE 14 of the copending
patent application) which causes the guard circuit to
operate the connect relays to switch certain leads (CB,
ST, SR, PT, RD, CS) and a cable containing conductors
11-107 into the sender. It should be understood that
conductors 81-107 are from digit-8 register, digit-9
register, and digit 10 register relay groups when equip-
ped with T-wiring for a maximum of 10 digit dialing,
L-wiring being used for a maximum of seven digit dial-
ing. These paths compare with those of FIGURE 14
in the above identified copending application as follows:

Present Application Tig. of Copending Application

not shown on Fig. 14,
s %4, however.)

.| SR.
1430a.
14651,
14306,
14950

(See Fig.

Leads 11-187 also correspond to comnections between
register and sender 4-13 from left to right in FIGURE 18
of the copending application.

It should be understood that the markings on the leads
are combinational markings for the digit values 1--0.
For example, with reference to the digit-1 register in the
register circuit the digit registered, the relays operated,
and the lead grounded are as follows:

Digit T eads

Relays Operated
Grounded

11,
12.
11 and 12,
14

4. - .

5. 11 and 14,
6. 12 and 14,
7. o 17.

b J— Rlland R17 ___| 11 and 17,
O e R12and R17..._| 12 and 17.
10 Rl4 and R17.__.| 14and 17,

It should be observed that with relay CB operated,
battery through a 1200 ohm resistor, and make contacts
350 of relay CB extends over lead CB to the sender, ap-
prising the sender of the fact that the call originates at
a coin box (this has significance on a call to an operator
as will be explained further hereinafter).

Also it should be observed that each register relay
which is operated connects ground to an associated con-
ductor of cable 11-107 to apprise the sender of this fact.
For example, if register relay Ri1 is operated, ground
through R11-34, conducter 11 through cable 11-%¢7
to the sender apprises the sender of the fact that this
relay is operated.

Thereupon the sender analyzes the first three digits
as per indications on leads 11-17; 21-27; 31-37 to de-
termine whether the call is to a trunk or special service
group or to a local subscriber; and to identify the called
trunk groups and special service numbers.

If the first three digits indicate that the call is to a
local subscriber, the sender determines from the fourth
‘digit as per indications on leads 41-47 what thousands
number group to seize and seizes the same through con-
nect and guard relays.

Thereupon indications on lead 51-37; 61~67; and 71-77
which have been switched into the correct number group
circuit, enable the number group circuit to analyze the
hundreds, tens and units directory digits indicated thereby
and to translate them into five bits of information relative
to the called party, the five bits of information being:
(1) the five hundred line group (1-20) in which the called
line is located; (2) a hundreds digit (0—4) indicative of the
called equipment line location in the said 500 group; (3) a
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tens digit (0-9) indicative of the called line equipment 1o-
cation in the said 500 group; (4) a units digit (0-9) in-
dicative of the called line equipment location in the said
500 group; and (5) the party (1-14) on the line or an in-
dication (15) that the call is to a PBX line.

These five bits of information are relayed from the
number group circuit back to the sender, the PBX indica-
tion from the number group to the sender resulting in the
sender in an altered hundreds digit (i.e. the hundreds digit
raise by 5; for example, if the hundreds digit had been 2
it is altered to become 7); and in a standard party 1 indi-
cation.

When the sender has received this information back
from the number group it places ground on lead PT which
operates relay PR in the register. Relay PR places direct
ground on lead RC which causes relay R2 in the CRA cir-
cuit to operate.

Relay R2 (see FIGURE 23) locks from battery through
fuse 1, upper winding of relay R2, R2-24, R1-14, to
ground. At its contacts R2-22, relay R2 extends ground
through impedance coil R3, R1-13, R22 to the S-wire
leading to the group selector stage.

By reference to FIGURE 9 and the text and FIGURE
14 of the copending patent application, it can be seen that
this grotnd calls in a group selector marker 1450 and the
ring and tip connections SR and ST are extended from
the sender, through the register, through the SRL cross-
points, and leads R and T into the code receiver 1450¢ of
this group selector marker.

The group selector marker then places 24 volt negative
battery on the tip conductor as a start signal to the sender,
operating relay B (FIGURE 11 corresponding to FIGURE
19 of the copending application) in the sender.

Thereupon the sender sequentially transmits two digit
information bearing signals to the code receiver in the
group selector marker whereby the group selector marker
ascertains the level off the GSB crossbar switches to the
desired 500 group of lines, and according to the by-path
principle closes a path through the GSA and GSB cross-
bar switches to an idle CRB circuit, extending a four
wire connection comprising C, S, R, and T conductors
from the CRA circuit to the CRA circuit. Ground on the
S-wire operates relay MB in the CRB circuit. At con-
tacts g, relay MB connects ground to the terminating
H-wire from the CRB circuit in preparation to hold ter-
minating connections. It should be noted however that at
this time relay R1 holds the ring and tip conductors open.
The four wire connection can be traced from the SLB-
CRA circuit (FIGURES 22 and 24 of the present appli-
cation) to the GSA switch; thence by reference to FIG-
URE 13A through the GSA and GSB crosspoints; thence
by FIGURE 13D to the CRB circuit; and thence by FIG-
URE 32 into the CRB circuit.

Thereupon the code receiver in the CRB circuit places
24 volt negative battery on the fip conductor as a start
signal to the sender and the sender sequentially transmits
two digit information bearing signals to the code receiver
in the CRB circuit as to the type of origin of the call and
as to-the party on the called line. If the call is to a PBX
group, the CRB receives a party 1 ringing signal from the
sender comprising —48 volt battery on the tip conductor
T and —48 volt battery on the ring conductor R.

Although a more detailed description of the operation
of the marker in establishing the terminating connections
for calls follows in section VII, a brief account of the com-
pletion of the call is given at this point, to preserve the
continuity of description of the CBT circuit and the regis-
ter circuit.

The CRB circuit then applies for a subscribei’s line
marker code receiver.

When the calling CRB has been identified and a sub-
scriber’s line marker code receiver has been seized, the
tip and ring connections are switched into the said code re-
ceiver and the said code receiver places 24 volt negative
battery on the tip conductor as a start signal to the sender
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and the sender sequentially transmits three digit informa-
tion bearing signals as to the terminal location of the
called line to the subscriber line marker code receiver.

If the call is to a PBX group the hundreds digit re-
ceived is altered to have a value 5 higher than otherwise.
Thus if the hundreds digit signal for a regular call indi-
cates 4, the hundreds digit signal for a call to a PBX group
indicates 9.

After receiving is completed the code receiver of the
subscriber line marker seizes the path-finding part of the
marker when it is available for call completion.

The marker first operates the SLA horizontals to test
the S-wire of the called line for a busy or lockout condi-
tion. If the called line is found to be busy, the marker
makes a reverting call test. If the called line is found to
be busy but not from reverting call, it signals the sender
by placing 48 volts on-the tip conductor and the sender
places ground on lead RD to the register. If the called
line is found idle, the marker tests for an idle path from
the calling CRB to the called line. If no idle path can be
found the marker signals the sender by placing -}-48 volts
on the ring conductor and the sender places ground on
lead RD to the register.

If the marker finds an idle line it places ground on the
called S-wire operating line relays CO17 and LO17. If
it also finds an idle path it closes the SLA, SLB, and SLC
crosspoints. The closure of the SLC vertical magnet sig-
nals the CRB circuit by operating relay VO therein. Re-
Jay VO retains ground to the originating connections and
places —48 volts on the ring conductor to the sender.

The —48 volt signal on the ring to the sender also actu-
ates the sender to place ground on the RD lead to the
register.

Ground on the RD lead through the winding of register
disconnect relay RD to battery operates tbis relay (this
relay is the same as relay 1495j in FIGURE 14 of the
copending application).

Relay RD opens the RC lead at its contacts RD-11,
allowing relay R1 in the CRA circuit to release. Relay
R1 releases relay R2. With R1 releasing, the continuity
of the S-lead from the CRB-circuit to the originating con-
nections is maintained. On a successful call this circuit
can be traced from ground in the CRB circuit, MB-f,
LC—-c, VO-j, H—a, S-wire, FIGURE 13D, through the
GSB crosspoints, FIGURE 13A, through the GSA cross-
points, FIGURE 13B, to the CRA circuit, tracing them
in FIGURES 24, 25, etc., through contacts R2-22 and
then R1-11, after R1 releases, K-wiring (or ground from
the CBT circuit), conductor 5083 via the H-wire over the
circuit traced before to hold V1 of SLA-1 and via the
S-wire ‘over the circuit traced before to hold the line
cut off relay CO17 and lockout relay LO17. This ground
on the S-wire makes the calling line busy to other calls,
‘holds magnet V1 in SLB-1; V1 in the GSA switch; and
vertical magnet 14997 in the GSB switch,

Magnet V1 in the SLA-1 switch holds from battery
through fuse 1, 2000 through winding, contacts Vi-14,
to ground on the H-wire.

Magnet V1 in the SLB-1 switch holds from battery,
fuse 5, 2000 ohm winding of magnet V1, contacts V1-14
to ground on the S-wire.

Magnet V1 in the GSA switch holds from battery
through the left 2000 ohm winding of magnet V1, to
ground on the S-wire from the GSA S-wire crosspoints.

Vertical magnet 1499% in the GSB switch holds from
battery through the left winding of magnet 14997 to
‘ground on the S-wire through the GSB S-wire cross-
points.

Relay RD also opens the circuit of relay Hl at its con-
tacts. RD-13.- After an interval as determined by its
slow to release characteristics, relay H1 releases, re-
moving its ground circuit from the H-lead at its contacts
H-15 (contacts 14254 in FIGURE 14 of the copending
application), releasing vertical magnet V1 in SRL-1, in
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turn opening the SRL crosspeints, in turn releasing regis-
ter relay R,

Relay Hi also at its contacts H1-15 releases relays
CB, CD, and CS; at its contacts 14 releases the oper-
ated register advance relays and the operated digit regis-
ter relays; and at its contacts H1-12 opens the holding
circuit of relay H2 which releases after an interval as de-
termined by its slow to release characteristics., Before re-
lay H2 releases, the call signal relay CS releases removing
ground from the call signal lead, releasing the sender, the
release of which opens the circuits of register relays PR
and RD, releasing these relays.

Fmally H2 releases, re-establishing 1600 ohm battery
to conductor B, makjng the register eligible for seizure
by another call.

If, upon coin test, no coin was found deposited, relay
R falls, releasing relay CD which opens a point in the
operating circuit of CS at CD-23, so that CS cannot oper-
ate (on a non-coin box call, of course, ground through
H1--15 and CB-31 prepares for CS to operate, no coin test
being made). With CS non-operated, no sender is called
in; and after ON2 releases for the last time, the circuit
of relay TO is opened. It should be appreciated that
when relay R operated, it opened the original operating
circuit of relay TO, relay TO being normally operated
from battery through the winding of relay TO, C6-31,
H2-13, CT-13, BT-31, and R32 to ground. This oper-
ating circuit is also further opened by relays H2 and C6.
This operating circuit has charged the condenser C1
through the 150 ohms, the condenser C1 to battery, and
whenever the operating circuit is opened the condenser
C1 begins discharging through relay TO. After about
20 seconds relay TO releases. However, with relay ON2
operated ground through relay ON2-32 is connected to
this operating circuit. Accordingly relay TO establishes
a timing interval of 20 seconds in which dialing must be-
gin or it will fall. Also relay TO establishes a timing
interval of 20 seconds between digits during which the
next digit must be dialed or it will fall. Also when
relay ON2 releases at the end of dialing, with no coin de-
posited on a coin box call, CS does not operate, and no
sender is called in. After 20 seconds, relay TO releases,
completing a circuit from battery through the winding
of relay RD, TO-21 to ground, operating relay RD which
releases connections, Whenever TO releases under any
circumstances, relay RD operates and connections are re-
leased. After H2 releases, the original energizing circuit
of relay TO is established and relay TO reoperates.

When the subscribers line marker has closed the SLC,
SLB, and SLA crosspoints, it releases. It should be
observed that either marker may be used on origination of
the call after which the marker used releases and either
marker may be used for the completion of the terminating
end of the call after which the marker releases, removing
its ground circuit from the called S-wire allowing relay
RS in the CRB circuit to operate over its upper winding
in series with the called line relays CO17 and LO17 to
battery. This circuit can be traced from ground through
contacts 5920—e, conductor 5978, 5810-q, upper winding
of relay RS (5700), contacts 5728—c, over SLC-1, SLB-],
and SLLA-19 crosspoints through the winding of lock-
out relay L.O17, the winding of relay CO17, fuse 4 to bat-
tery. Relay RS then holds over the circuit from battery
through its lower winding, contacts 5700—e, conductor
5998, and contacts 5920-h to ground. Ground through
contacts 5920-e, conductor 5978, contacts 5810-a, con-
ductor 57953, contacts 5700-d, 5720—c, to conductor 5787
which is the called S-wire holds called line relays CO17
and LO17 and keeps the called line busy.

The CRB circuit then rings the called party and when
the called party answers, ring trip relay RT and in furn
B in the CRB circuits operate. Ground placed on the
C-conductor by the CRB circuit opérates relays CC and
S in the CBT circuit on a coin box call. This circuit
may be traced from ground, through MB-b (in the
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CRB circuit of FIGURES 30-32), conductor 5993, LC-d,
conductor 5988, break contacts of relay TK, conductor
5989, B—e, conductor 5999, CS—g, conductor 5959 which
is conductor C (refer now to FIGURE 13D), to the
GSB switch, through the GSB crosspoints (refer now to
FIGURE .13A), to the GSA switch through the GSA
crosspoints (refer now to FIGURES 24 and 23, R1-21"),
conductor C through the cable to the CBT circuit, con-
ductor C, winding of relay S, upper winding of relay CC

1o battery. A major portion of this C—wire circuit also

may be traced on FIGURE 9 which corresponds to FIG-
URE 14 of the copending application. Relay S is slow
to operate, Upon its operation it opens-its contacts S-31,
removing the 200 ohm shunt from across its winding, thus
allowing fast release when its circuit is subsequently
opened. At its other contacts it reverses the tip and
ring connections to the calling paystation. Thereupon
the tip connector T, incoming to-the CBT circuit from
the ccin box, can be traced through CD-11, S-13, to
the ring connection outgoing from the CBT circuit.
Similarly the incoming ring conductor R may be traced
through CD-14, S-16, to the T conductor outgoing from
the CBT circuit. This battery reversal in the coin box
nullifies the battery reversal which occurs in the CRB
circuit upon answer in order to properly adjust the tip and
ring to prepay paystations relative to the 1600 ohm. ground
placed on the tip by coin deposit at the coin box. ‘This
is done for the purpose of maintaining battery on the ring
conductor to the coin box telephone so that the CRB

can recognize a disconnect signal from the coin box sub- -

scriber in the event said coin box subscriber should hang
up while an answered condition exists. It should also
be observed that relay CC locks from battery, through

-its.lower. winding, CC-25 to ground on the S-wire at its

lever 22 relay CC transfers from the CR circuit lead to
the CC circuit lead in preparation to collect instead
of refund on hang-up, the CR-lead being connected to a
source of —130 volt battery through a lamp and the
CC lead being connected to a source of -+130 volt bat-
tery through a lamp.

A conversation path can now be traced via tip and ring
connections from the calling line to the called line. If the
called party hangs up first, relay B (sub.) in the CRB
circuit releases, reversing the ring and tip back to normal
in the CRB circuit. At contacts B—e, relay B (sub.) opens
the C-conductor ground, releasing relay S in the CBT
circuit, which reverses the ring and tip in the CBT back
to normal, thus nullifying the effect of the CRB reversal.
It should be recalled that relay CC in the CBT circuit
is locked and hence the removal of ground from the C-
conductor does not affect it.

When the calling party hangs up, the CRB circuit re-
moves ground from the S-conductor and the C-conduc-
tor as taught in detail in the copending patent applica-
tion. The removal of ground from the C-conductor re-
leases relay S, but relay CC holds to. ground on the in-
coming S-wire. It can be seen by reference to FIGURE
9, and also to other figures that removal of ground from
the S-wire releases the GSB vertical magnet which has
been held over its. left winding thereto, the GSA vertical
magnet which has been held over its left winding there-
to, the SLB vertical magnet which has been held over its
left winding and make contacts of V1 thereto (on a non-
coin box call), the SLA vertical magnet which has been
held over its left winding and make contacts thereof (on a
non-coin box. call), the line .cut-off relay CO17, and
line lockout relay LO17. Switches SLA, SLB, GSA and
GSB accordingly releases. . The removal of this S-wire
ground also un-busies the calling line. If a CBT were in-
volved in the connection,-the removal of ground from the
S-wire by the CRB circuit releases relay SL, in the CBT
circuit as well as switches GSA and GSB. The release of
relay SL, removes its ground circuit from the incoming S-
wire at SL-13, but relay H is locked to ground through
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CFP-11, maintaining ground on the incoming S-wire which
holds the SLA, and SLB switches and the line cut-off and
lockout relays.

The release of relay SL operates relay CD from
ground, SL-11, H-24, winding of relay CD to battery.

Relay CD connects relay CF to the 60 i.p.m. ground
lead. Relay CD lights the lamp CA over an obvious
circuit and places ground on the CA conductor which
passes through the cable to the CBT Common Group
equipment (FIG. 24), through an alarm timing circuit
to battery which causes an alarm fo be sounded if the
attempts to dispose of the coins persist beyond a prede-
termined time. Relay CD also discomnects the ring and
tip circuits incoming to the CBT from the ring and tip
circuits leaving the CBT at its contacts 14 and 11 re-
spectively and joins the incoming ring and tip circuits
and routes them in common to lever 13 of relay CF.
‘When ground obtains on the 60 ip.m. lead, relay CF
operates over the circuit from battery through the wind-
ing of relay CF, CD-32, 60 i.p.m. conductor, cable from
CBT circuit to CBT Common Group equipment, 60 i.p.m.
conductor, through the grounded segment of the inter-
rupter to ground. Of course, any kind of a 60 ip.m.
interrupter could be used, such as an all relay interrupter.

When relay CF is operated, a circuit is closed to op-
erate relay CT in series with the polarized coin magnet
in the coin box. This circuit can be traced as follows:
ground, negative pole of 130 volt battery, 130 volt bat-
tery, positive pole of 130 wvolt battery lamp, conductor
CC, cable to the CBT circuit, conductor CC, CC-23,
winding of relay CT, CF-14, in paralle] through contacts
16 and 13 respectively to the ring conductor R and the
tip conductor T, cable, conductors R and T, back through
the SLB and SLA crosspoints, over the ring and tip line
conductors to the coin box, both ring and tip conductors
merging and passing through contacts closed by the pas-
sage of the deposited coin, through the winding of the
1000 ohm polarized coin magnet to ground. The polar-
ized coin magnet in the coin box responds to the 4130
volts on tip to operate the vane to route the coin through
the collect chute in the coin box.

Relay CT closes ground through contacts CT-32 and
H--26, through the lower winding of relay H to battery-to
hold relay H, the slow release feature of relay H prevent-
ing this relay from releasing in the interval between the
operation of relay CF, upon which the ground to relay H
through F-11 is opened, and the operation of CT.

Following this, relay CF releases during the open period
of the 60 i.p.m. ground circuit.

Relay CF in releasing, holds relay H. - Also relay CF
opens the circuit of relay CT and the coin magnet in the
coin box, releasing these. Relay CT opens its holding
circuit to relay H. :

When relay CF operates on the next grounded period
of the 60 i.p.m. ground circuit, relay CT does not reop-
erate provided the coins have been properly disposed of
in the coin box telephone and accordingly the circuit of
slow release relay H is opened and relay H releases.. At
its contacts 24, relay H opens the circuit. of relay CD
which releases relay CD. At its contacts 32, relay CD
disconnects relay CF which releases.

When relay H released, it also removed ground from
the incoming S-wire at H-22, releasing relay CC, vertical
magnet V1 of SLB-1, and V1 of SLA-1, and line relays
LO17, and CO17, as well as unbusying the calling line S-
wire. With the release of the vertical magnets of the SLA
and SLB switches, the associated cross-points release.

If a coin gets stuck during the sequence of relay -oper-
ation in the CBT circuit, when relay CF reoperates, relay
CT reoperates holding relay H operated, which holds re-
lays CC and CD- operated. The 60 i.p.m. ground then
intermittently operates relay CF, which intermittently at-
temptis to apply the 130 volts or —130 volts as the case
may be to tip and ring in an effort to dispose of the coins.

On a call to a special service trunk which is reached by
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dialing three digits such as 113 for example, the operation
of the system is essentially the same as that described just
previously up to the third digit.

When relay ON2 in the register releases at the end of
the third digit and relay RA3 operates in series with digit
register relays R31 and R32, the call signal relay CS op-
erates over the circuit from battery through the winding
of relay CS, RA3-22, R11-22, Ri2-21, R14-21, R17-21,
CB-31,"H1-15, to ground, operating relay CS.

Relative to a call from a coin box, as the coin check
is designed to follow the fourth digit on a call from a coin
box, no coin check has as yet been made at the end of
the third digit. It should be ‘recalied that relay CB in
the register was operated prior to dialing, and that with
F-wiring and relay CB operated, relay CD was operated
and locked. Accordingly, under these circumstances the
circuit of relay CS can be traced from R17-21 through
CD-23, CB-33, and H1-15 to ground; and relay CS op-
erates.

Relay CS places battery on the call signal lead CS
which through guard and connect relays connects the
register to a sender.

The sender ascertains from ground on leads 11, 21, 31,
and 32 that the dialed digit was 113, operates register
relay PR over lead PT, engaging a group selector marker
and routes the call to the operator over certain predeter-
mined trunks. In the case of calls to service trunks, the
'sender, of course, interprets the first three digits, and does
not call in a number group circuit. The sender trans-
‘mits two digit information signals sequentially to the
group marker code receiver (see FIGURE 9) whereby the
group marker code receiver operates the proper route re-
lay of the group indicated generally by the box 1439; to
route the TB leads of the special service trunks of the
group through off-normal break contacts of the associ-
"ated vertical GSB magnets into the group selector marker
whereby the marker ascertains the idle or busy condition
of the trunk: If a trunk is idle, battery through 1600
ohms on the TB lead, through contacts of the Route Re-
lays, through the off-normal break contacts of the asso-
ciated GSB vertical magnet to the group se'ector marker
circuit ‘apprises the marker of this fact. If the trunk is
busy, this 1600 ohm battery is absent from the TB lead.
(A similar situation holds for testing CRB’s on calls to
local subscribers.) - The group selector marker accord-
ingly chooses an idle trunk, finds an idle path (if avail-
able) and closes first the particular horizontal magnets,
then the particular vertical magnets of the GSA and GSB
switches to route the calling CRA to the selected idle
trunk (a similar situation holds routing a CRA to a CRB).
It should be recalled that relays R1 and R2 are both op-
erated when the GSA and GSB crosspoints close.
Ground through make contacts 1485z of relay R1, the C-
conductor through GSA and GSB crosspoints to the trunk
circuit operates the trunk off-normal relay. Additional-
ly, ground through impedance coil R3 (1415), contacts
1407 and 1412 on the S-conductor, through the GSA and
GSB crosspoints obtains on the S-conductor to the trunk.
(On calis to CRB’s, ground forward on the S-conductor
‘but not on the C-conductor is significant but, as has been
explained, in the case of calls from coin boxes, ground
placed on the C-conductor by the CRB on answer to the
CBT is significant.)

‘When the sender has finished sending and the GSA and
GSB crosspoints have closed, —48 volt battery will be
found on the ring conductor from the trunk circuit caus-
ing tthe sender to release the register, which releases, the
sender and relays R and R2 in the CRA circuit.

When the operator answers, no reverse battery super-
vision is given on the ring and tip, and ground is not
placed on the C-conductor. Accordingly, if a coin box
is involved, relays CC and S in the CBT circuit do not
operate.

When the calling party at a coin box hangs up, with
relay CC non-operated, relay SL releasss and releases
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switches forward of CBT. Relay CD operates. Relay
CF operates, and —130 volt battery (the positive side of
which is grounded), through the lamp, conductor CR,
cable to CBT circuit, conductor CR, CC-21, winding of
relay CT, CF-14; in parallel through contacts CD-13
and CD-16 over the calling connection to the coin box
through the polarized coin magnet to ground operates
the coin magnet which tips the associated vane to route
any coin which the calling party may have inserted,
through the refund chute. Of course, it was not neces-
sary for the calling party to deposit a coin on a call to
special service trunks.

On a call to a “dial 0” operator trunk, the operation
of the system is essentially the same as that described up
to the dialing of the first digit.

When relay ONZ in the register releases at the end of
the first and only digit (i.e. “0”), and relay RA1 operates
in series with digit register relays R14 and R17, the call
signal relay CS operates over the circuit from battery
through the winding of relay CS, R14-26, R17-23, CB-31,
H-15, to ground. On a call from a coin box with relay
CB operated and relay CD operated with F-wiring, this
circuit may be traced from R17-23, through CD-23,
CB-33, and H-15 to ground.

The sender analyzes this first digit “0,” does not en-
gage a number group circuit, operates register relay PR
over lead PT, which operates relay R2 in the CRA cir-
cuit engaging a group selector marker, and sends two
digit information bearing signals sequentially to the
group selector marker enabling the marker to extend con-
nections through the GSA and GSB switches to the “dial

” trunks which are tested and one of which is selected,
whereupon C-conductor ground and S-conductor ground
are extended into the selected “dial 0” operator trunk of
a predetermined trunk group. If the call originated at
a coin box with register relay. CB operated, the sender
receives 1200 ohm battery through contacts 355 of relay
CB via the CB lead; and apprised by this information,
routes the call to the operator over other predetermined
trunks, whereby the operator knows that the call origi-
nated at a coin box rather than at a non-coin-box sub-
scriber station. The sender signals the register to release
by placing ground on lead RD thereby causing the oper-
ation of relay RD in the register. The register and sender
release, and relays R1 and R2 in the CRA circuit release.

When the operator answers on a call from a pre-pay
coin box telephone, the tip and ring conductors are re-
versed and ground is placed on the C-conductor by the
operator trunk (see FIGURE 9). This ground on the
C-conductor through the GSB and GSA crosspoints, con-
tacts 21 of relay R1 (now see FIGURE 23), conductor
C into the cable to the CBT circuit, conductor C, wind-
ing of relay S, upper winding of relay CC to baitery,
operates relays S and CC in the CBT circuit in prepara-
tion for collect on hang-up.

However, the operator trunk momentarily applies 130
volt negative potential to the tip and ring circuits which
causes the polarized coin magnet in the coin box to re-
fund any coin which the calling party may have inserted
(unnecessarily with F-wiring) to reach the operator.

The operator ascertains the desired called party destina-
tion from the calling party and advises the calling party
The operator by tone signals over
the conversation tip and ring channel ascertains in con-
ventional manner if the required coins are deposited and
extends the connection to the called party.

When conversation has been completed and the calling
and called parties have replaced their receivers, the oper-
ator places 130 volt positive potential on the ring and tip
conductors to the coin box telephone which operates the
polarized coin magnet in the paystation to collect the
coins. However, provision is made to collect these coins
automatically if the operator forgets to apply the collect
potential.



phone rather than at a non-coin-box telephone.

3,007,008

85

More specifically, it should be understood that on calls
to trunks, the ring and tip connections are extended into
the trunk and cause the trunk to apply ground to the
S-conductor which ground “back through the GSB and
GSA crosspoints obtains on the S-conductor before the
register releases CRA relays R1 and R2. The applied
ground holds the GSA and GSB vertical magnets; through
contacts 22 of R2 (FIGURE 23) holds the SLB and SLA
switches: holds the line cut-off relay CO17 and lockout
relay LO17 operated; and on a coin box call holds relays
SL and H operated.

When this S-wire ground is removed by the “dial 0”
operator trunk, the whole connection collapses, with the
exception that on a coin box call the connections from
the calling coin box to the CBT circuit are temporarily
held by the CBT circuit.

As explained previously with relays CC and S in the
CBT circuit operated at this time the CBT circuit goes
through an operation before final release to place 4130
volts positive potential on ring. and tip to actuate the
polarized coin magnet in the coin box to collect the de-
posited coins.

It'is recalled that on seven digit calls the circuit of the
call signal relay passed through RA7-22, thus giving the

egister the signal to seize a sender after the seventh digit.

The cases in which the first digit is “1” and third “3”
for example; in which the first digit is “0”; and in which
the first digit is anything from “2” to “9” have been con-
sidered.

In the event the subscriber has dialed “110,” the opera-
tion of the system is essentially the same as that set forth
relative to response of the equipment to the first three
digits of a call to a local subscriber.

When relay ON2 in the register releases at the end of
the third digit and relay RA3 operates in series with the
digit register relays R34 and R37, the call signal relay
CS operates over the circuit from battery through the
winding of relay CS, RA3-22, R11-22, R-12-21, R14-21,
R17-21, CB-31, Hi-15, to ground, operating relay CS.

Since the coin check is designed to follow the fourth
digit on a call from a coin box, no coin check has as yet
been made at the end of the third digit. It should be
recalled that relay CB in the register was operated prior
to dialing, and that with F-wiring and relay CB operated,
relay CD was operated and locked. Accordingly, under
these circumstances the circuit of relay CS can be traced
from R17-21 through CD-23, CB-33, and H1-15 to
ground; and relay CS operates.

Relay CS places battery on the call signal lead CS
which through guard and connect relays connects the reg-
ister to a sender.

The sender ascertains from ground on leads 11, 21, 34,
and 37 that the dialed digits were 110, operator register
relay PR over lead PT, engaging a group selector marker
and routes the call to the operator over certain predeter-
mined trunks. If the call originated at a coin box with
register relay CB operated, the sender receives 1200 ochm
battery through contacts 355 of relay CB via the CB lead;
and responsive to such information, routes the call to the
operator over other predetermined trunks, whereby the
operator knows that the call originated at a coin box tele-
In the
case of calls to 110 trunks, the sender, of course, inter-
prets the first three digits and does not call in a number
group circuit. The sender transmits two digit information
signals sequentially to the group selector marker. code
receiver whereby the said marker routes the call to the

-operator trunk.

From here on, the action of the circuitry is the same
as that for a call to a “dial 0" operator trunk.

Referring to the register circuit, with L-wiring, if the
second digit dialed is 1 or 0 (which indicates an area toll
ticketing code) with any first digit 2-9, the call signal
relay CS is operated upon the operation of the second
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digit register relay or relays whether the call -originated
ata coin box or not.

For example, if the first two digits dialed are 21 and
the call is a non-coin-box call, the circuit for the call
signal relay may be traced from battery, through the
winding of the call signal CS, L-wiring, R21-22, R22-21,
R24-21, R27-21, Ri2-23, Ri4-21, Ri17-21, CB-31,
H-15, to ground.

Also for example if the first two digits dialed are 70 or
90 and the call is a coin box call, the circuit for the call
signal relay may be traced from battery, through the
winding of .the call signal relay CS, L-wiring, R24-26,
R27-23, R14-24, R17-23, CD-23, CB-33, H1-15, to
ground.

The call signal relay places battery through its make
contacts on the call signal relay CS which calls in a
sender. The sender determines from the markings on
the leads of the group 11-197 which are unique to the
first and second digit registers that the call requires inter-
cept and routes the call to the intercept operator.

With T-wiring connected for ten digit dialing, the first
three digits representing the area, the next three the office,
and the last four the called party directory number, the
dialing of the second digit “1” or “0” does not operate
the call signal relay to route the call to an intercept op-
erator.. Rather, if the second digit dialed is “1” or “0,”
the requirement is made that the tenth digit be dialed
before the call signal can be operated. For example, if
the first two digits dialed are 21 and the call is a non-
coin-box call, a circuit for the call signal relay CS is com-
pleted at the end of the tenth digit over the circuit from
battery through the winding of relay CS, RA10-22,
T-wiring, RZ1-22, R22-21, R24-21, R27-21, R12-23,
Ri4-21, R17-21, CB-31, Hi-15, to ground.

Of course, if the second digit dialed is other than 1 or
0, the circuit through RA7-22 is effective and the call
signal relay. CS is operated after the seventh digit instead
of the tenth.

VII. TERMINATING CALL

The condition of the marker in the idle condition was
described in section V,

A. Seizure of marker

Referring now to FIGURES 33 and 38-80, it is assumed
that the line entrance terminating circuit LET of FIGURE
33 is that associated with the CRB’s of the first 500 group
of lines and that the marker of FIGURES 38 to 80 is the
first marker, i.e. SLM-1. It should be appreciated that
on the termination of a call, circuit LET corresponds to
circuit LEO on the origination of a call. It is. further
assumed that the CRB circuit through which a call is pro-
ceeding is the first CRB (i.e. CRB-1). When relay CS
in the CRB circuit operates. (see copending application
S.N. 522,233), a path is completed to operate polarized
relay RAG in the LET circuit, which path may be traced
from ground through the winding of relay RAG, 1RAV-a,
RAW-d, 1Cl—c, call signal conductor 5784, cable 5962
through FIGURES 30 and 31 into FIGURE 32, conduc-
tor 5784, contacts 5930-r, 5840k, conductor 5786, cable
through FIGURES 32 and 31, into FIGURE 30, conduc-
tor 5785, 16,000 ochm resistor, iIRAV—c, 5000 ohm resis-
tor, conductor 5667, ZRANC-q, WE13G lamp, source of
20 cycle alternating current to ground, causing the lever
of relay RAG to oscillate.

Contacts RAG—a are arranged to extend ground to seize
subscribers line marker #2 (SLM-2); contacts RAG-b,
subscribers line marker #1 (SLM-1); in a manner similar
to that described for the operation of relay AG on an
originating call.

B. Line group identity

The equipment first operates to indicate to the marker
the identity of the five hundred line group which includes
the called subscriber substation set.
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Assuming that relay RAG closes its contacts RAG-b
to engage SLM-1, ground through contacts RAG-b, con-
ductor 5602, fuse contacts, ZRAND-b, RANA~D, wind-
ing of relay IRAN1 associated with the first 500 line
group conductor 5603, 1000 ohm resistor- to -battery,
operates relay 1IRANI.

Relay 1RAN1 at its contacts b locks to ground inde-
pendent of ground through contacts RAG—b. This lock-
ing circuit is similar to that described for relay 1ANZ on
an originating call. That is, Telay iRAN1 pertains to
the first 500 line group having access to SLM-1i and
relay IRAN?2 to the second 500 line group. - Relays iIROB
and 2ROB are rotator relays which are both operated and
both released on successive calls, shifting the priority of
locking of relays 1IRANI and 1RAN2 thus giving the first
500 line group or the second 500 line group priority in
seizing the subscribers line marker, there being two LET
circuits, one for each 500 line group, which we shall
designate LET-1 and LET-2 for the first and second 500
line groups respectively and two markers SLM-1 and
SLM-2.

Assuming relays 1ROB and 2ROB non-operated, relay
1RAN1 locks to ground over the path through IRANI-b,
1ROB-a, contacts b of the mapual key, 1IRANC-a,
2RAND-c, to ground, opening the locking circuit of
1RANZ at 1RAN1-g, to indicate in the marker that the
CRB which has seized the marker serves the first five
hundred line group. _

Relay IRANI at its contacts ¢ places a shunt on relay
RAG over the path from the right side of the winding of
relay RAG, conductor 56€3, IRAN1-c to ground to im-
mediately stop the oscillation of the lever of relay RAG;
at its contacts d operates relay IRANIA over the path
which extends from battery through the winding of relay
1RANIA, 1RANIi-d, to ground; and at its contacts e
operates relay RANA over the path from battery through
the winding of relay RANA, 1RANI-¢, to ground.

Relay IRANLA at its contacts a closes the following
circuit to operate relay IRAYV in the LET circuit: battery,
winding of relay 3IRAV, conductor 5605, iIRANIA-a to
ground; at its contacts ¢ operates relays 2RAN1 and
3RAN1 over the path from battery through the windings
of these relays in paraliel, IRANIA-¢c, IRAN2A-4, to
ground; and at its contacts d operates relays 4RANI,
5RAN1, and SRANI1A over the path from battery through
the windings of these relays in parallel, IRAN1A-d,
2RAN1A-d, to ground.

Relay RANA at its contacts b and a opens the circuits
from the LET circuits to relays IRAN1 and 1RAN2, but
relay 1RANI1, which operated, has locked; at its contacts
¢ operates relay RANB over the circuit from battery
through the winding of relay RANB, 1RAND-f, RANA~
¢, to ground; and at its contacts d operates relay CRG in
the marker code receiver (FIGURES 73 to 75) over the
path from battery through the winding of relay CRG,
conductor from MCR to MCI, ZRANC-¢, 1RAND-#,

. RANA-d, to ground.

Relay RANB at its contacts b operates relays IRANC
and 2RANC over the circuit from battery through the
windings of these relays in parallel, RANB-b, to ground.

Relay RANB at its contacts d provides operating
battery for CRB group identity relays RAI1-RA7 and
CRB individual identity relays RB1-RB10; and at its
contacts ¢ provides ground for relays RAI-RA7, inde-
pendent of the LET circuit. Relay RANB closes certain
other contacts also, the purpose of which will become
more meaningful hereinafter.

C. CRB group identity

Recalling that it was assumed that the calling CRB is
the first CRB in the first group of CRB’, the equipment
now operates to inform the marker as to which group the
seizing CRB is assigned, and the number of the CRB in
the group. Relay RAL operates over the circuit from
battery through contacts RANB-d, RBB-g, 1RAA-b,
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winding of relay RA1, conductor 1, cable, conductor I,
3RANi-q, cable from MCI to LET, conductor 1 other-
wise designated 5608, conductor 5785 to the CRB circuit,
cable, conductor 5785, contacts 5940-h, 5930-r, con-
ductor 5784, cable, conductor 5784 to the LET circuit,
contacts 1Cl-c, RAW—d, IRAV-b, to ground to indicate
to the marker that the seizing CRB is in the first group
of CRB’s.

Relay RAL extends its operating battery to sequence
relay 1RAA so that this relay operates over the circuit
from ground through the winding of relay IRAA, con-
ductor 5, cable to rotator relays, conductor 5, contacts b
of manual key, contacts IROA4-a (assuming that relay
IROA4 is the rotator relay operated), conductor 1, cable,
conductor %, make contacts ¢ of relay RA1, contacts
IRAA-b, RBB-g, and RANB-d to battery. Relay IRAA
locks over its contacts g to this battery over the circuit
from ground through the winding of relay IRAA, 1IRAA~
g, RBB-g, RANB-d, to battery. After contacts g of
relay IRAA have closed, countacts b, ¢, d, e, f and other
similar contacts of iIRAA open. ' Relay RA1 then holds
operated over the circuit from ground through contacts
RANB-c, RBB-b, RA1-b, winding of relay RAI, RAl—c,
conductor 1, cable to the rotator, conductor 1, 1IROA4—q,
contacts b of the manual key, conductor 5, cable, con-
ductor 5, IRAA-g, RBB-g, RANB-¢d, to battery in
parallel with relay 1RAA.

It should be understood that relays 1ROAI-4ROAL
constitute a “jump rotator” for shifting the priority of
locking of relays RA1-RA7 through conductors 1 and 3
to the upper locking chain of relays RA1-RA7 and
through conductors 2 and 4 to the locking chain of
relays RAI-RA7 in similar fashion to that described for
relays A1-AZ2¢ of the MLI circuit, so that, though more
than one of the relays RAI-RA7 can operate simul-
tanecusly, only one can lock.

As relay ZRANC operates, the circuit of timing relay
K3, which is normally operated, is opened at contacts
ZRANC-¢ and relay K3 is held operated for an interval
by circulating current over the path from battery through
the winding of relay K, condenser B, 200 ohm resistor
to battery.

Relay IRANC closes ground to operate rotator relay
2ROB over the circuit from ground, iIRANC-¢; 1ROB-c,
winding of relay 2ROB, to battery. Relay 2ROB at its
contacts a prepares to lock in series with relay 1ROB
when IRANC releases.

Relay IRANC at its contacts a disconnects ground
on ZRAND-c from the holding circuit of relay IRAN1
and connects ground through IRANC-b thereto in prepa-
ration -for release.

Relay 2ZRANC at its contacts ¢ disconnects ground
through RANA-d from relay CRG, and connects ground
through 2RANC-b thereto.

Also relay 2RANC at its contacts d operates terminat-
ing control relay DGD in the MVT circuit over the path
from battery through the winding of this relay, break
contacts DGC~i, conductor 1, cable through MVC cir-
cuit to MCI circuit, conductor 1, 2RANC-d, to ground.

As relay 1IRAA operated, relay 1RAA at its contacts a
operates relay RAB over the circuit from battery through
the winding of relay RAB, 1RAA—4, to ground.

Relay RAB locks over the circuit from battery through
the winding of relay RAB, RAB-b, IRANC-e¢, to ground.

Relay RAB at its contacts a opsrates relay RAW, 2C1
and 1C1 in the LET circuit. The path for operating
RAW can be traced from battery through the winding of
relay RAW, conductor 8, cable to MCI circuit, conduc-
tor 8, 4AN1-g, IRAND-b, RAB—q, to ground. The cir-
cuit for operating relays 2C1 and 1C1 can be traced from
battery through these relays in parallel, conductor 1, cable
to MCI circuit, conductor 1, 4AN1-a, cable, conductor 1,
RAl-g, IRAND-b, RAB-a, to ground. It should be
noted that if relay RA2 were operated, relays 2C2 and
1C2 (not shown) in the LET circuit would be operated;
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and that if relay RA7 were operated, relays 2C7 and
1C7 in the LET circuit would be operated.

Relay RAB at its contacts d steps the “jump rotator”
by operating relay EROAZ over the circuit from battery
through the upper winding of relay iIROA1, conductor 6,
cable, conductor 6, RAl-j, RAB-d, to ground. Relay
IRCAI locks and releases relay 4ROAI.

D. CRB identity

Relay RAB at its contacts ¢ also provides battery to
the individual CRB identity relays RBI-RB10 for the
purpose of indicating to the marker the particular CRB
in the first group which has seized the marker. Assuming
the first CRB of the first group has seized the marker
relay RB1 operates over the circuit from ground through
.contacts RANB-¢, RBB-b, RA1-b, conductor 1, cable,
conductor I, 3RAN1-a, conductor 1, cable to LET cir-
cuit, conductor 1 (otherwise designated 5608), conductor
5785, cable, conductor 5785, contacts 5940-%, 5938-r,
conductor 5784, cable, conductor 5784, contacts 1Ci-d,
conductor 5699 to MCI circuit, cable, conductor 1, con-
tacts 2RANI-q, conductor 1, cable, conductor 1, wind-
ing of relay RBi, contacts 1RBA-¢, RAB-c, K4-a, and
RANB-d, to battery.

‘Relay RB1 extends its battery circuit to relay IRBA,
operating this relay. For example, with rotator relay
4ROAZ initially in the operated position, relay 1RBA
operates over the circuit from ground through contacts
RBB-d, upper winding of relay IRBA, contacts RBB-e,
conductor 5, cable, conductor 5, contacts of manual key,
4ROA2a, conductor 1, RBi-g, IRBA-¢, RAB-¢, K4-q,
RANB-d, to battery. - Relay IRBA locks over its upper
winding via the path from ground, RBB-d, upper wind-
ing of relay 1IRBA, IRBA-d, RAB-¢, Ké4-a, RANB-d,
to battery. At this time relay RB1 holds over a circuit
from ground previously traced to conductor 1, winding
of relay RB1, RBi-a, conductor 1, cable, conductor 1,
4R0OA2-a, contacts b of manual key, conductor 5, cable,
conductor 5, RBB—e¢, IRBA—d, RAB—c, R4-a, RANB—d,
battery.

Relay 1RBA operates relays 2RBA and 3RBA over
obvious circuits.

Relay 2RBA opens the original battery feed circuits to

the other relays RB2-RB16.
" Relay 1RBA also operates relays IRAND and 2RAND
over the circuit from battery through the windings of
these relays in parallel, IRAND-c, K4-c, 1RBA-g, to
ground. Relay IRAND locks itself and relay 2ZRAND
over make-before-break contacts over the path from bat-
tery through the windings cf these relays in parallel,
IRAND-d, RANA—c, to ground and shifts the circuit
of relay RANB over make-before-break contacts to
ground over the circuit from battery through the winding
of relay RANB, IRAND-¢, Kd-c, 1RBA, to ground. It
can be seen that relay RANB prepares a circuit to oper-
ate relays IRAND and 2RAND to ground through R4-b
if K4 should release and that relay IRAND parallels this
circuit through its make contacts g when relay IRAND
operates. Relay IRAND prepares start wire ground at
contacts IRAND-g.

Relay 3RBA operates sequence relay RBB over the
path from battery through the winding of relay RBB,
3RBA-g, to ground.

Relay RBB locks to ground through RBB-g and
RANB-a. Relay RBB shifts the ground circuit: for re-
lays RAI-RA7 and RB1-RB1§ over make-before-break
contacts to the circuit from ground through RANB-e,
1RBA~c, RBB-c, ¢tc. . Relay RBB also at its contacts d
opens the circuit from ground to the upper winding of
relay IRBA. Relay RBB steps the “jump rotator”
IROA2-4ROA2 by operating relay IROAZ over the path
from ground, RBi-A4, conductor 6, cable, conductor 6,
upper winding of relay 1ROAZ2 to battery. Contacts
IRCA2-a close. Relay 1ROA2 releases relay 4ROA2
which ‘opens its contacts 4ROA2-q.
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Relay RBB also, over make-before-break contacts, es-
tablishes a path from battery, RANB-d, Ké-a, RAB-c,
IRBA-d, lower winding of relay IRBA, RBB—f, conduc-
tor 5, cable, conductor 5, contacts b of the manual key,
contacts 4ROAZ-a, conductor 1, cable, conductor i,
RB1-q, winding of relay RB1, conductor 1, cable, con-
ductor 1, 2RANI-g, conductor 1, cable, conductor 1,
contacts 1CI~d in the LET circuit, conductor 5784, cable,
conductor 5784, contacts 5930r, 5848k, conductor 5785,
cable, conductor 5785, conductor 5668, cable to MCI cir-
cuit, conductor 5668 otherwise designated 1, 3RAN1-a,
conductor -1, cable, conductor 1, RAI-b, RBB-c,
1RBA~c, RANB-c, to ground. - When relay 1IROAZ2 oper-
ates this circuit extends from battery, RANB-d, Kd—q,
RAB-c, 1RBA-d, lower winding of relay IRBA, RBB-f,
conductor 5, cable, conductor 5, contacts b of manual
key, 1ROA2-g, conductor 2, cable, conductor 2, con-
tacts d in series of relays RB10 to RB2, RBl—c, winding
of RB1, etc.

It should be understood that relays 1ROAZ-4RCA2
constitute a “jump rotator” for shifting the locking circuit
and thereby the priority of relays RB1-RB1¢ in locking
via upper and lower locking chains so that, although sev-
eral of these relays operate, only one can lock and that
locking occurs according to the priority provided at the
setting of the jump rotator. This technique has been dis-
cussed heretofore and in the above identified copending
application.

Relay RBB also operates relay Si in the MCC circuit
over the path from battery through the winding of relay
S1, conductor 1, cable to the MCI circuit, conductor 1,
contacts RAl-g and RBB—, to ground.

Relay RBB also operates magnet M39 of the multipie
relay comprising magnets M31-M40 in the LCT circuit
over the path from battery through the winding of com-
bination magnet M39, conductor 39, cable 6662 to the
MCC circuit, conductor M3$, contacts SRANIA~c, odd
conductor 11 to the MCI circuit, contacts RB1-f, and
RBB-i to ground.

Relay S1 completes a circuit to operate selection mag-
net M1 of the multiple relay Mi-M16 in the LCT cir-
cuit over the path from battery through the winding of
magnet M1, conductor 1, cable 6861 to the MCC circuit,
conductor I, contacts Si—f, conductor 1, cable to the MCI
circuit, conductor 1, contacts SRANI1-g, condutor 1,
contacts RB1-¢ to ground. It should be noted that the
operation of relays 81-S7 is selectively determined by the
operated CRB group relay of the group RAI-RAY; that
combination ‘magnet M39 is operated if the CRB is an
odd numbered CRB as determined by the operated odd
numbered individual CRB relays of the group RB1-
RB10; that combination magnet M40 is operated if the
CRB is an even numbered CRB as determined by the
operated even numbered individual CRB relays of the
group RBI-RB19; that the circuits of magnets M1-M35
are selectively extended in groups of ten by the relays of
group S1-S87 to contacts of the relay group RBI-RBi0;
that relay S1 extends the circuits of magnets M1-M10 of
the first multiple relay to contacts of the group RBi1-
RB18; that relay S2 extends the circuits of magnets M11—
M290; eic.; that magnet M1 is operated by either relay
RB1 or RBZ but that the leads of CRB-1 or CRB-2 are
extended into the marker accordingly as magnet M39 or
M49 respectively is operated, M39 being operated by re-
lay RBY and M40 being operated by RB2. It shouid be
appreciated -that operation of relays Si-S87 and M3%-
M49 is controlled by the operation of relay RBB which
operates only after the relay groups RAI-RA7 and RB1-~
RB7 have settled down. Also, that the individual mag-
nets M1-M35 are operated through make contacts of re-
lays S1-S7. Accordingly, a guard is provided against
switching the leads of more than one CRB into the
marker due to several CRB’s applying simultaneously for
a marker and more than one of the relays of the group
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RAI-RA7 being operated simultaneously and/or more
than one of the relays RB1-RB19 being operated simul-
taneously.

With select magnet M1 and combination magnet M39
operated, leads T, R, VP, and RWC of the first CRB
(i.e. CRB-1), assumed to be the one shown for example,
are switched into the selected marker SLM—-1 shown.

The tip conductor T can be traced from ground in
the sender of FIGURE 11 corresponding to FIGURE 19
of the above- identified copending application through
contacts f of relay VIII, contacts a of relay VII, wind-
ing of relay B, through the rectifier, contacts A4 of
relay A, tip lead ST, break contacts of relay S (FIGURE
10), tip lead ST through path 315 of block diagram
FIGURE 3 corresponding to FIGURE 3 of the copend-
ing patent application, through connect and guard relays
395, through path 314 into the originating register 304
(FIGURE 3) via the ST lead of schematic FIGURE 35
of the register, (see also FIGURE 10), through the
register into cable SRL to FIGURE 27, lead ST, through
crosspoints associated with horizontal magnet HA
(FIGURE 25) and vertical magnet V1 (FIGURE
26), through crosspoinis associated with horizontal
magnet H1 (FIGURE 25) and vertical magnet VI (FIG-
URE 26), lead ST, to lead T leading to the group selec-
tor (now see FIGURE 13A), threugh crosspoint contacts
of the GSA switch, through crosspoint contacts of the
GSB switch, (now see FIGURE 13D) to the CRB cir-
cuit (now see schematic FIGURE 32 of the CRB), con-
tacts 5249—e, 5930-m, conductor 5982 which is the T
conductor to multiple relay MI-M18, through make
contacts associated with magnet M1, through the cor-
responding conducting bars of the multiple relays in
series, through contacts associated with magnet M39,
into a Tip conductor common to these contacts of mag-
net M39 and the corresponding contacts of magnet M4@,
cable 6683 to the MCC circuit, conductor T emerging
from this cable and passing through contacts SRAN1A—i,
Tip conductor, cable to MCR circuit, Tip conductor,
CRG-22, RA3-3], tip conductor T, cable, tip conductor
T, contacts R3-11 through the two 13F rectifiers in paral-
lel, winding of code receiver relay R2, contacts R1-11
to the —24 volt point on the voltage divider composed
of the circuit from —48 volt battery through a 200 ohm
resistor, —24 volt point, another 200 ohm resistor, and
contacts CRG-33, to ground. The resistance of relay
B in the sender is such that code receiver relay R2 does
not operate at this time. Relay B in the sender operates,
however, as a dial start signal received from the marker
code receiver to advise the sender to start sending.

Similarly, the ring conductor R can be traced from
ground in the sender through the winding of relay D,
rectifier, contacts A2 of relay A, conductor SR, etc.,
through CRG-b, RA3—¢, cable, ring conductor R, recti-
fler winding of relay R4, R5-g, to ground.

Also ‘at this time the circuit of vertical magnet V1 of
SLC-1 is partially completed over the circuit from bat-
tery in the CRB circuit over a conductor through FIG-
URE 29 to the 200 ohm winding of magnet V1 in FIG-
URE 28, thence over conductor VP which becomes con-
ductor 5791 in the CRB, which becomes conductor 5969,
which becomes conductor 5984, which becomes conduc-
tor VP, through contacts of magnet M1 and correspond-
ing conducting bars of the other multiple relays (FIG-
URE 33), through contacts of magnet M39, conductor
VP, cable 6803, conductor VP, SRANIA~g, conductor
VP, cable to MTT circuit, conductor VP, to the lever as-
sociated with contacts e¢ of relay 1A, in preparation to
operate magnet Vi of the SLC circuit.

Additionally, a circuit extends from the lever of relay
WC (5728) of FIGURE 30 associated with contacts j
and k of relay 5729, conductor 5968, which becomes
conductor 5985, which becomes conductor RWC, con-
tacts of magnet M1, conducting bars in series (FIGURE
33), contacts of magnet M29, conductor RWC, cable
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6063 to the MCC circuit, conductor RWC, contacts
SRANI1A~f, conductor RWC, cable to MTT circuit, con-
ductorr RWC, contacts RC-b, 1RC—d, winding of relay
WC to battery. If relay WC (8728) in the CRB circuit
is in the operated condition due to a call from a wire
chief trunk or a busy vertification trunk (see above iden-
tified copending application), ground through contacts
j of relay 5729 on the associated lever, over the circuit
traced operates relay WC in the MTT circuit to apprise
the marker of the fact that a wire chief or busy verifi-
cation call is progressing so that the marker can dis-
regard the busy condition of a called line. If a revert-
ing call is being made instead, relay WC (5820) in the
CRB circuit will be in the non-operated condition, and
at the proper time a back signal ground on the RWC
lead from the MTT circuit through contacts 5720k in
the CRB, conductor 5789, and the lower winding of
reverting call relay RV (5818) to battery, operates this
relay to apprise the CRB of the fact that a reverting call
i$ in progress (see copending application for CRB opera-
tion).

E. Information received by marker code receiver from
Sender

Thereupon, having received the dial start signal of
—24 volts on the tip conductor, the sender connects
ground to the tip conductor and nothing on the ring con-
ductor as the hundreds digit 4 signal. This ground on
the tip conductor T through R3—g, the two 13F rectifiers
in parallel and the winding of relay R2 to the —24 volt
potential connection on the voltage divider, operates relay
R2. (On a call to a PBX group hundreds digit 4 would
be altered to 9 which would be received by the marker
code receiver as 448 volts on the tip conductor T and
nothing on the ring conductor R, operating relays R1
and R2 and hundreds register relays H1 and H2.)

Relay R2 at its contacts R2—e operates hundreds reg-
ister relay HZ from battery through the lower winding
of relay H2, conductor 2, cable, conductor 2, contacts
R2-e, conductor i, cable 2838, conductor 1, RAl-a, and
contacts e, f of relay CRG to ground. Relay H2 locks
over the circuit from battery through the upper winding
of relay H2, contacts H2-/, conductor 2053 and contacts

-8, h of relay CRG to ground.

When the sender removes ground from the tip con-
ductor T, relay R2 releases and sequence relay RAI is

operated over the circuit from battery through the upper-

winding of relay RAIL, contacts RA2-¢, conductor 1,
cable 2857, conductor 1, contacts H2-g, break contacts
RSB, R4B, R3A, R2B and RIB in series of the code re-
ceiver relays R5-R1, conductor G, cable 2830, conductor
G, contacis e, f of relay CRG, to ground. ' Relay RA1
locks over the circuit from battery through its lower
winding, contacts RAl—c, and contacts e, f of relay CRG,
to ground.

The sender then connects ground to the tip conductor
T and 48 volt positive potential on the ring conductor R
which constitutes the signal for tens digit 6.

Relay R2 operates over the circuit before traced. Re-
lay RS -operates from positive 48 volts on the ring con-
ductor R, the 13F rectifier in the proper direction, and
winding of relay R5 to ground through R4-11, Relay
RS operates relay TA over the circuit from battery
through the winding of relay TA, T5-36, conductor
2653 and contacis g, & of relay CRG to ground.

As a result thereof, relay T2 operates over the circuit
from battery through the lower winding of relay T2,
conductor ‘2, cable, conductor 2, R2-26, conductor 2,
cable 2936, conductor 2, RA2-21, RA1-23, and contacts
e, f of relay CRG to ground. Relay T2 locks over the
circuit from battery through the upper winding of relay
T2, T2-d, conductor 2053, and contacts g, & of relay
CFG to ground.

Relay TS operates over the circuit from battery over
the lower winding of relay T5, conductor 5, cable, con-
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ductor ‘5, R5-d, conductor 2, cable 2030, conductor-2;

RA2-q, RA1-b, and contacts e, f of relay CRG to ground.. - -

When the sender removes the signals from the tip and
ring; relays R2 and RS release and sequence relay RA2
operates from battery through the upper winding . of
relay RA2, RA3-j, conductor 2, cable 2057, conductor 2,

T2-¢ ‘and T5-d “in-parallel, -break - contacts-R5B; R4B,:

R3A, R2B:'and -R1B in- series of. relays R5-R1, ‘con-

ductor G, cable 2030, conductor G, and .contacts.e,; f -

of relay CRG fo ground.--Relay RA2 locks over the path
from battery ‘through' the lower winding of relay. RA2,
RA2-d, and contacts e, f of relay CRG, to ground..

When the sender: connects negative 48 volt battery to
the tip conductor and positive 48 volt battery to the ring
conductor as the signal for units digit 7, relays R3-and RS
operate.

Relay R3 operates over the circuit from —48 volts

5

10

15

on the tip conductor T, the 13F rectifier in the proper -

direction; winding of relay R3, R2-g4, R1-q, to-the —24
volt-point on the voltage divider. --

Relay RS operates over the circuit from 48 volts on
the ring conductor R, the 13F rectifier in the proper direc-
tion, winding of relay RS, R4—g, to ground.

As a result thereof relay V3 operates over the circuit
from battery through the lower winding of relay V3,
conductor 3, cable, conductor 3, R3-b, conductor 3, cable
2030, conductor 3, RA3-h, RA2-b, RA1-bh, and con-
tacts e, f of relay CRG to ground. Relay U3 locks over
the circuit from -battery through the upper winding of
relay U3, U3-d, conductor 2053q, and contacts i, j of
relay CRG to ground.

Also relay US operates over the circuit from battery,
lower winding of relay US, conductor -5; cable, conductor
5, R5-c, conductor 3, cable 2030, conductor ‘3, RA3-A,
RA2-b, RA1-b, and contacts e, f of relay CRG to ground.
Relay US locks over the circuit from ‘battery through the
upper winding of relay US, U5-e, conductor 20534, and
contacts i, j of relay CRG to ground.

When the sender removes the signaling potentials from
the tip and ring conductors T and R; relays R3 and RS
release, operating sequence relay RA3 over the circuit
from battery through the winding of relay RA3, conduc-
tor 3, cable 2857, conductor 3, U3~c, and U5-d in paral-
lel, break contacts R5B, R4B, R3A, R2B and R1B in
series of relays R5-R1, conductor G, cable 2936, con-
ductor G, and contacts e, f of relay CRG to ground.

Sequence relay RA3iat its contacts b extends a circuit
from the line busy lead issuing frem the MTT cable, to
the sender via the tip conductor ‘T over contacts RA3-b
and CRG-q in preparation-for a-line busy signal; at its
contacts d extends a circuit from .the congestion busy
lead issuing from-the MCI -cable, to the sender via the
ring conductor R over contacts RA3-d, and CRG-) in
preparation for a congestion busy -signal; at-its-contacts
f and g connects ground to leads ACR1 (all codes.re-
ceived lead #1) and ACR2 (all codes received lead #2)
to the MTT cable; at its contacts e opens. the ground cir-
cuit through: CRG-¢ to the time-out relays TO1 and
TO2 which will be described more fully hereinafter; at
its contacts /2 opens another point the original operating
circuit of relays U3 and US5; at its contacts j opens. the

original operating circuit of relay RA2; and at its contacts
i extends a circuit from ground through contacts e, f-

of relay CRG, RA1-b, RA2-b, RA3—i, conductor 1-MCR,
winding of relay 1469, conductor 1469, cable, conduc-
tor 1469, T2-b, T3-d, T1-b, TA—-d, T5-e, conductor 56,
cable, conductor-56, and winding of relay. X3 to. bat-
tery, operating relays 1469 and Q3.

The following three circuits are.then extended in prep-
aration to operate the connect relays of SLA~19, the hori-
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zontal select magnet H9 of SLA-19, and the horizontal
combination magnet-HC -of SLA=19: (1) cable MTT,....

lead 20G, H-a, H4-a, Hl-e, H2-f, conductor 4, cable,
conductor 4, Q3-f, SLA-19 conductor, cable,- cable to
MVO; (2) cable MTT, conductor 3G, contacts a- of
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relay 27-89, contacts d of relay 146%, conductor HC,
cable, cable-to: MVO; - and (3) cable MTT, conductor
9G, U5-b Ul-a, U2-a, U3-b, conductor 27, cable, con-
ductor 27, contacts e of relay 27-LU, conductor H9, -
cable, cable to MVO. It should be understood that at the
appropriate time the MTT circuit places ground on.con-
ductors 20G, 3G, and 9G.

It should be appreciated that according to the various

configurations of relays operated, various SLA’s, various -

horizontal select magnets, and various horizontal ¢com-
bination magnets are marked for operation by.the action
of the subscribers line marker code receiver.

Relays TO1 and TO2 have not been discussed thus far.
It should be:appreciated that these relays are normally -
operated; relay- TO1 over the circuit from ground through
the winding. of relay TO1, 2000 ohm resistor. to .ground;
and relay TO2.over the circuit from ground through the ::
winding of relay TO2; 2000: ohm resistor to battery.

At open contacts TO1~g,.and TO2-a these relays hold
ground off conductor CRF to the MVT: circuit.

When relay CRG was operated upon seizure. of the .
marker code: receiver, ground ‘through CRG-¢; RA3=¢e,.” .
CA-a, winding of  relay TO1, to ground short circuited .-

relay -TO1 placing ‘it in a condition for slow release (the "

release period being about 200 milliseconds).

Immediately, however, relay: CRG operated . relay CA
over the circuit from battery . through the winding .of
relay CA, break -contacts 21, R53B, R4B, R3A,
R1B in series of relays R5-R1, conductor G, cable 2030,
conductor G, contacts e, f of relay CRG, to ground. ".Re-
lay CA removes the short -circuiting circuit from- relay
TO1 and connects ground through CRG-c, RA3~¢, CA-b;
and the winding of relay TO2 to ground, short circuiting
relay TO2 (which has a release period of about-200 -
milliseconds).

The operation of relay CRG placed ground on the volt- -

age divider ‘through contacts CRG-d; giving the start sig-

nal to the sender which transmitted:-the first code, oper- -

ating one or more of the relays R1-R5 which opened the

circuit of relay CA which releases, transferring the short™ -+
circuiting 'circuit 'of ‘relays TO1 and TO2 back to TOL: -
At the end of the first code, relays R1-R5 are all re-

leased and relay CA reoperates.

The same action ‘occurs during the second and third
codes from- the sender to the marker code receiver.

At the end of receiving the third code, relay RA3 op- -
erated, disconnecting the short circuiting ground: from re-
lays TO1 and TO2 at RA3—-e.

As the signals from the sender:are on for about 25
milliseconds and off for about. 25 milliseconds,- relays
TO1 and TO2 do not release for the normal passage-of
a call. .

If, however, any action of the system-keeps one of the
relays TO1. or TO2 shunted for more than 200 millisec-
onds, as for example, by a stalling. of the sender, relay - -
TO1.or TO2 releases. © Ground through TO1-g, or TO2—
a on lead CRF to-the MVT. circuit passes through -the
MVT circuit and enters the cable to the MCI circuit as
conductor 2, emerging.- from:the cable -in- the MCI: ¢ir-
cuit and passing through the winding: of relay K5 to
battery.

Relay K5 in the. MCI circuit locks over the circunit from= -
battery through the winding of relay K5, K5—d, IRAND- "~
g, and RANA~d, to ground.. By the operation-of K5-¢ °
48 volts is- placed on the ring conductor back to the
sender as‘a congestion busy. signal, which releases ail-con-
nections, ‘placing the calling line on lockout.

F. Call for marker (path-finder portion thereof)

When relay RA3:in the subscriber line ‘marker code .
receiver operates, all codes have been received and the -
code receiving relays. R1-RS5 have released.

At this time the subscriber line marker code receiver
signals -the pathﬁndmv portion of-the marker that'a ter— o
minating- call is ready to be-extended. -

R2B, -
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1. Marker seizure

More specifically, when relay RA3 operates, ground
through RA3-25, conductor ACR1, cable to the MTT
circuit, conductor ACRI, RBI-d (assuming that the
marker is not engaged by an originating call), conduc-
tor 4, cable to the MCC circuit, conductor 4, SRAN1A-
k, conductor 5, cable to the MTT circuit, cables 5 and 6,
conductor 5, contacts ¢ of relay O1 (assuming that the
associated marker is not engaged by an originating call
in the first five hundred line group to which we assumed
the instant terminating call is directed), branches two
ways in parallel, one way comprising conductor 7, cable,
cable to MLI circuit, conductor 7, winding of relay 1ABL,
to battery, operates relay 1ABL in the MLI circuit. The
other branch of the parallel circuit referred to passes
through the winding of relay 2ABL in the MTT circuit,
to battery, operating relay 2ABL. Relay 1ABL blocks
the marker from being seized by an. originating call

while the path-finding portion thereof is serving a ter-

minating call; closes a point in the extension of the called
S-wire into the marker as will be described in greater de-
tail hereinafter; and further extends the holding time of
relay K3 in the MCI circuit by connecting an additional
condenser circuit thereto so that condenser 38 can create
an additional current through relay K3 over the path
from battery, through the winding of relay X3, conduc-
tor 1, cable to the MLI circuit, conductor ¥, contacts i

of relay 1ABL (MLI circuit), conductor 2, cable to-

MCI circuit, condenser 3¢, 200 ohm resistor, to battery.
Relay 2ABL at its contacts ¢ locks to ground over the
circuit comprising conductor 2, cable to MCI circuit, con-

ductor 2 and RAND-e to ground, and energizes 30 milli- -

seconds slow operate relay BT in the MTT circuit over
the circuit from battery through the lower winding of re-
lay BT, 2ABL-b, 2PBX-c, conductor 2, cable to MCI
circuit, conductor 2, 2RAND-¢ to ground.

Also when RA3 operates, ground through CRG-24,
conductor ACR2, cable to the MTT circuit, conductor
ACR2, RBL-¢ (if an originating call has not seized the
marker), conductor 1, cable to the MCC circuit, con-
ductor 1, SRAN1A-j, conductor 2, cable to MTT circuit,
conductor 2, contacts b_of relay O1 (if an originating
call in the first 500 line group has not seized the asso-
ciated marker), conductor 1, cable to the MVO circuit,
conductor 1, windings of relays 1CN1 and 2CN1 in paral-
lel to battery, operates these relays.

Relay 1CN1 operates relay 3CN1 over an obvious 01r-
cuit.

Relays 1CN1, 2CN1, and 3CN1 prepare c1rcu1ts which

will be . better understood hereinafter.
When relay 2CN1 in the MVO circuit operates, a cir-

cuit is completed to operate relay T1 in the MLIA cir-

cuit of the companion marker SLM~2 which indicates to

the . originating end of the companion marker SLM-2 that -

a terminating call is being made to the first 500 line group
by the marker SLM~1. This circuit can be traced from
ground through contacts 2ABL—g' in circuit MTT of
SLM-~1, conductor 7, cable, cable to the MVO circuit,
conductor 7, 2CN1-d, conductor 5, cable, cable to MTT
circuit, conductor 5, across to conductor 1 in the MTT
circuit of the companion marker SLM-2 (shown across
a gap on the MTT schematic of SLM~1 by which device,
circuitry of SLM-1 may be used in an illustrative way to
trace in SLM-2), cable, cable to MLI (and ML1A),
cable 1-4 to the ML1A circuit, conductor 1,-winding of
relay T1, conductor 4, cable, cable to MTT circuit, con-
ductor 4, across to conductor 8 of the MTT circuit of
SLM-1, cable, cable to MVO circuit, conductor 8, bat-
tery. Relay T1 locks over contacts T1-b, conductor 3,
cable, cable to MTT circuit, conductor 3, across to ground

through 2ABL—a in the MTT circuit of SLM-1. At its.

contacts a, reldy T1 of SLM-2 holds the circuit of relay
1AN1 of SLM-2 open so that a call from the first 500
line group cannot seize SLM~2 while a call is in progress
1o the first 500 line group through SLM—I

(A call to.
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the second 500: line group through SLM-1 would operate
relay T2 in MLIA instead of T1 and open the circuit of
relay 1AN2.)

5 2 Marker seizure prevented due to-an ortgmatmg call
©in same line group

The seizure of the path-finding portion of the marker
by the code receiver may be defined as the operation of
relays 1ABL and 2ABL by relay RA3.

If an originating call is progressing in the same 500
line group (i.e. the first 500 line group in the instant ex-
ample), this originating call may be-in SLM~1 or SLM-2.
If it is in SLM-1, relay RBL will be operated, and the
circuits of reiays 1ABL and 2ABL will be open at RBL-d.
If the originating call is in SLM-2, SLM-2 has operated
relay OL in the MTT circuit of SLM-1 and the circuits
of relays 1ABL and 2ABL are open at contacts ¢ of relay
0O1.

At this point is 1nserted a resumc of guards between the
two 500 line groups and the two markers of a thousand
line group.

Rederring to FIGURE. 14, the upper and lower seg-
ments represent the first and second 500 line groups re-
spectively; while the left and right segments represent
SLM-1 and SLM-2 respectively. The arrows farthest
removed from the center (A, C, E, and G) represent origi-
nating _connections between the line groups and the
markers; while the arrows nearest the center (B, D, F, H)
represent terminating connections butween the lme groups
and markers.

Referring now to chart A in the left column are
found connections found as arrows in FIGURE 14; in
the second column from the left is found certain relays
in the originating end of SLM-1; in the third column
from the  left, certain relays in the terminating end
of SLM-1; in the fourth column from the left certain
relays in the originating end of SLM-2; and in the fifth
column from the left, ‘certain relays in the terminating
end-of SLM-2. These relays are guard relays relative to
the paths represented in column 1.
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.CHART A.—GUARDS

45 . Marker 1 Marker 2
Connections A, B, .
C,D,E F,GH T
Orig. End { Term. End | Orig. End { Term. End
AB. . s 1ABL.___. 253 VIR IR,
AC . i TANY. o eiiioas 1ANI .. __
50 AD T1-. 01.
AE_
AF__
AG. el AINYL, o
1AN2
AH 1ABL RBL
BC.. 01 ) DR
55 BD IRANI. | 1RANI.
BE.
BF.__
BG 1ABL RBL.
BH IRANL, - {eeeoioooo
1RAN2.
CcD 1ABL..._.{ RBL.
CE. 1AN1,
60 1AN2.
CF__ 1ABL RBL.
cG
CH _
DE 1ABIL RBL.
DF. 1RAN1,
1RAN2,
RBL,
02.
-} IRAN2.
70 ABC i 1ABL, RBL,01..| T1, lANl- R
e 1ANI,
A-H

Thus on the line of path A no relays are found, indi-

75 cating that if the system is attempting to set up connec-
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tion ‘A, no refereeing is reqmred between simultaneous
connections.

However, on thie line of paths AB (whlch means path A
and path B), we find relay 1ABL in the originating end
of SLM-1 and relay RBL in the temunatmg end of
SLM-1. Thus if an attempt is made to seize the path-
finding portion of SLM~1 simultaneously by an originating
¢all and by the code Yeceiver of the markér on a terminat-
ing call, the originating call teiids t0 operaté relay RBL
in the terminating end and the terminating call tends to
operate relay TABL in the originating eénd. As the path
of relay RBL passes through break ¢ontacts of relay 1ABL
and as the path of relay 1ABL passes through bréak con-
tacts of relay RBL, the relay which operates first disables
the other. Thus if relay RBL operates, the originating
call has succeeded in seizing SLM-1; but if 1ABL oper-
ates, the terminating call has succeeded in seizing SLM-1.

On the line of paths AC (which means A'dand C), we
find relay 1AN1 in the originating end of SLM-1 and
relay 1AN1 in thé originating end of SLM-2. THus if
one or more calls are origitiated from the first 500 line
group simultaneously, the lever of relay AG in the LEO
circuit of the first 500 line group oscillates. Which ever
relay 1AN1 opérates according to one embodiment (illus-
trated in FIGURES 7 and 8) shunts the other; or accord-
ing to another embodiment of FIGURES 5 and 6 shunis
polarized rélay AG, stopping its oscillation.

Similarly, line BD illustrates the principle that When
a LET circuit is éngaged and calls for a marker, relay
IRANL in the terminating end of SLM-1 and 1IRAN1
in the terminating end of SLM~2 détermine which imarker
is- seized.

It should be understood that a terminating arrangement
cofresponding to FIGURES 7 and 8 of the originating ar-
rangenients could be employed and should be consxdered
a part of this specification.

G. Selection of SLA

Note.—In the copending application it was assumed
arbitrarily that dialing hundreds digit 0, tens digit 0, and
units digit 0 into the régistér resulted in a number group
translation giving line group 1, hundreds group 4, tens
group 6, urnits group 7, and party 1; resulting in the selec-
tion of line 19 of SLA-1 and the ringing of party 1 on
this line.

In the present application it is assumied that dialing hun-
dreds digit 0, tens digit 0, and units digit 0 into the regis-
ter results in a number group translation giving line group
1, hundreds group 4; tens group 6, units group 7; and
party 1; resulting in the selection of line 17 of SLA-19
and the ringing of party 1 on this line:

It should bé understood that if desired hundreds group
4, tens group 6, aiid units group 7 in the marker could be
used to reach any line of any SLA in the 500 line group,
as for example, linie 19 of SLA~1 as assumed in the prior
application.

However, the pattern of connections ini the marker illus-
trated exhibit an economical arrangemefit and are nor-
mally to be preferred.

Wher relays 1CN%, 2CN1; and 3CN1 of the MVO
¢irouit operate, a citcuit is completed to operate relays
1A, 2A, and 3A inh SLA-19. Tlhis circuit miay be traced
over the path firom ground throuigh contacts 2ABL~f in
the MTT circuit, conductor 20G, cable 9G, 3G, and 20G,
cable to' MCR citcuit; conductor 200G, contacts H5-q,
Hd-a, Hl-e, H2-f, conductor 4; cable, conductor 4, con-
tacts Q3—f, coiiductor SLA-19, cable, cable to MVO cir-
cuit, cable to comntacts of relays 2CN1 and 2CN2, con-
ductor SLA-19, contacts 2CN1-d, conductor 19, cable,
conductor 19 to SLA~19.

H. Operation of SLA horizontal—Test of called line

With relays 1A, 2A, and 3A in SLA-19 operated, cir-
cuits are completed to operate horizontal magnets HC
and HY of SL.A-19 over the following circuits.
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The circuit of horizontal combination magnet H9 may
be traced from ground through contacts 3RBA—g in MCI,
conductor 4, cable -to MTT, conductor 41 contacts
2PBX-g, 'contac'ts 2ABL-¢, conductor 3G, cable 9G,
3G, and 20G, cable to MCR circuit, conductor 3G, con-
tacts a of relay 27-89, contacts d of relay 1469, con-
ductor HC, cable, cable to the MVO circuit, cable to
contacts of relays 3CN1 and 3CN2, conductor HC, con-
tacts 3CN1-c, conductor i2, cable, branching cable to
SLA-19 similar to cable 1306 to SLA=1. It should be
understood  that conductor 12 through which horizontal
magnet HC is operated is in branching multiplé through
the various branching cables 1o SLA’s 1-28, to operate
HC in the particular SLA which has its relays 1A, 2A;
and 3A operated. Similarly for conductors which op-
erate other horizontal magnets. Similarly for vertical
magnet operating circuits. Similarly for test circuits. to
the various SLA’s. Inasmuch as SLA-1 is shown, for
purposes of tracing we shall continue tracing the cir-
cuit of magnet HC involving conductor 12 through cable
1306 to SLA-1 instead of through a corresponding cable
to SLA-19. From cable 1306 conductor 12 emerges
as conductor 124, passes through contacts: 21 of relay
3A; emerging therefrom as conductor 12, passmg through
cable 1305, emerging as conductor 12, passing through
thé winding of relay HC, fuse 3, to battery. Relay HC
operates over this circuit.

The circuit of horizontal select magnet H9 may be
traced from ground through contacts' 3RBA~g in MCI,
conductor 4, cable MTT, conductor 4, contacts 2PBX~f
in the MTT circuit, contacts 2ABL—d, conductor- 9G,
cable 9G, 3G, and 20G, cable to MCR circuit; con-
ductor 9G, contacts U5-b, Ul-a, U2-aq, U3-b, con-
ductor 27, ¢able conductor 27, contacts e of relay 27-LU,
conductor H9, cable, cable to MVOQ circuit, cable to
contacts of relays 3CN1 and 3CN2, conductor 29 which
corresponds to H9, contacts 3CN1~f, conductor 9, cable
to the multiple where cables branch to the various SLA’s;
but we shall trace via cable 1306 to SLA-1 for con-
veniencé in tracing instead . of through the cable to
SLA-19 (not shown), conductor 9a emerging from cable
1306, contacts 12 of relay 3A, conductor 9, cable 1305,
conductor 9, winding of magnet H9; fuse 3, to battery,
operating magnet HS9.

When relay 2A of SLA-19 operates, a circuit is com-
pleted (tracing in SLA-1 for example) from ground
through contacts 2A-25, a conductor LHP-19 corre-
sponding to LHP-1; through the winding of relay 1S9A
in the LHP circuit, to battery, operating relay 1S9A.
Relay 1S2A closes circuit. from ground through make
contacts a of relay 1S9A, windings of relays 1S9 and
289 .in parallel to battery, operating relays 1S9 and 2S9.
Relay 189 at its contacts g tries to operate relays 1811
and 2S11 but relay 1SPA has these relays shunted by
its contacts b and they do not operaté. .Relay 1S9A
at its contacts ¢ closes an obvious circuit to operate
relays 1512 and 2S12. Thereby, circuits are extended
from horizontal magnets HB and HS of each SLB cir-
cuit to SLM—-1. The circuit of horizontal magnet HB
of SLB-1, for example, extends from: battery in SLB-1,
fuse 5, conductor 5002, winding of magnet HB con-
ductor 12 cable LHP-21, conductor 12, contacts ISIZ—b
conductor I, cable to the MVOQ circuit; conductor 1
which is an extension of conductor I to .contacts a of
relay 3FN1 which have not been closed yet. The cir- .
cuit of horizontal magnet HY of SLB-1 for example,
extends from battery through fuse 5, conductor 5002,
winding of magnet H9, conductor 9, cable LHP-21,
conductor 9, contacts ¢ of relay 1S9, oonducior 1, cable
to the MVO circuit; conductor 1 which is an extension
of conductor I, to contacts a of relay 3FN1 which have
not closed yet.

In the meantime “Busy Test” relay BT in the MTIT
cn'cult which controls the called line S-wire test, is
“soaping.”
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1. Called line idle

If the called line is idle, an approximately 360 ohm
battery from the called line circiit will be found on the
called S-wire. In the assumed example the called line
is line 17 of SLA-19 but, inasmuch as SLA-19 is not
shown, we shall trace the S-wire circuit of line 17 of
SLA-1 assuming.that it is line 17 of SLA-19 and show-
ing where the difference occurs. Accordingly, a circuit
will be traced from battery through fuse 4, conductor
1301, through three parallel circuits to the S-wire con-
ductor 1204, the first of these parallel circuits compris-
ing 500 ohm resister LOb, and contacts LO17-24, the
second of these parallel circuits comprising the 10,000
ohm resistor, and the third of these parallel circuits com-
prising. the 600 ohm lower winding of relay 1L.O17, and
the 850 ohm winding of relay CO17, over conductor
1204, contacts H9-11, contacts 12, 14, 16 -of horizontal
combination magnet HC, conductor 1367, contacts 1A-26,
conductor 13908 associated with SL.LA-1 which we have
used for convenience in tracing to the multiple point
showing where corresponding leads from the other SLA’s
of the group of twenty connect in parallel so that we
can understand that if relays 1A, 2A, and 3A in SLA-19
instead of SLLA-1 are operated, an S-wire circuit the
same as we have traced will enter from SLA-19 at this
point, the SLA-S conductor, contacts 2CN1—c, the SLA-S
conductor, to the MLI ‘circuit, contacts 1ABL~f, con-
ductor 14, cable to the MTT circuit, conductor 14 which
is the S-wire conductor, contacts 1A—g, BY2—e, Irc—g
WC-b, BT-b, RC-g, and lower winding of relay IRC
to battery.  Relay 1RC does not operate under these
circumstances.

When relay BT operates at the end of its 30vm1111—
second slow to operate period it closes a circuit from
ground- through contacts IA-a, BT—gq, BY1l-g, 1RC—q,
and the upper winding of relay BY2 which is a 25 milli-
second slow to operate relay. Also the 360 ohm battery
on the S-wire circuit is switched through contacts BT-c
and the upper 200 ohm winding of line idle relay BY1
to battery, operating this relay.

Relay BY1 locks over the circuit from battery through
the lower winding of relay BY1, contacts BY1-b which
close before contacts BYI-c, contacts BT-f, conductor
2, cable to MCI circuit, conductor 2, contacts ZRAND-—e,
to ground; and opens the circuit of relay BY2 at con-
tacts BY1l-a. Also relay BY1 closes the following cir-
cuit to operate relay IA: battery winding of relay IA,
contacts BY1-¢, BY2—g, BT—f, to the ground 6n conductor
2 which was traced before and which we shall call “master
ground.” Relay IA operates and further opens the cir-
cuit of BY2.

With relays BY1 and TA operated and relay: BY2 non-
operated, the MTT circuit is marked to 1nd1cate that
the called line is idle.

2. Called line on lockout

If the called line is on lockout, relay L017 is operatei
Battery through fuse 4 and conductor 1391 reaches the
S-wire over two parallel paths, one path comprising the
10,000 ohm resistor, and the other path comprising the
600 ohm lower winding of relay LO17 and the 850 ohm
winding of relay CO17 giving approximately 1260 chms
battery (approx. 1200 ohms), on the S-wire. This ap-
proximately 1200 ohm battery over the S-wire path to the
MTT circuit previously traced passes through the lower
winding of relay IRC to battery shunting relay 1RC
which does not operate.

When relay BT operates, this approximately 1200 ohm
battery through contacts BT—¢ and the upper winding

of relay BY1 to ground does not provide sufficient cur-
rent to operate relay BY1L.

Accordingly with relay BY1 non-operated, relay BY2
becomes operated and relay TA remains- non-operated.

With relay BY2 operated and relays BY1 and IA non-
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operated, the called line is marked in the MTT circuit
as being on lockout and the further response of the sub-
scriber’s line marker is the same as that to be described
following an S-wire test of a non-reverting busy line.

3. Called line busy

However, if the called line is busy, direct ground will
be found on the S-wire of the called line. An illustra-
tive path. over which this ground reaches the S-wire of
the called line will be traced hereinafter and will not be
traced. at this point in the description. Starting with
ground on the S-wire of the called line and following the
circuit described previously to the lower winding of relay
IRC and therethrough to battery, it should be understood
that relay 1RC operates. ' Relay 1RC locks over the cir-
cuit from battery through its upper winding, contacts
IRC-h, RC-d, BT—g, conductor, 2, cable to MCI cir-
cuit, conductor 2, and contacts 2RAND-¢, to ground.
However, a called line may be busy under two circum-
stances: (1) when it is a different line than the calling
line; and (2) when it is the same line as the calling line.
Accordingly whenever a busy line is encountered it is
necessary to make a reverting call test to distinguish.

1. Reverting call test

Relay 1IRC at its contacts g directly disconnects its
lower winding from the called S-wire and grounds the
called S-wire at contacts 1RC—f; at its contacts a opens
the circuit of relay BY2; at its contacts ¢ opens a point
in the operating circuit of relay WC; at its contacts ¢ and
d opens points in the ground path from the subscribers
line marker to the CRB circuit via lead RWC; at its con-
tacts b operates relay 2RC in the MPR circuit over the
path from ground through contacts b, conductor 3, cable
to the MPR circuit, conductor 3, contacts 2PS~f, wind-
ing of relay 2RC to battery, which relay prepares for
making the reverting call test by holding the circuit of
relay 2PS open at 2RC-e, transfers a signaling circuit
from MLI at its contacts 2RC-a to MTT at its contacts

2RC-b, and transfers the 50C5 electronic tube feedback

path from MLI at its contacts ZRC-1 to MTT at its con-
tacts 2RC-d; and at its contacts 1RC—f and e closes a
circuit to provide a feed-back path for the 50C5 tube of
the MPR circuit. .

-~ Let us assume first that the called line is the same
as the calling line, that is line 17 of SLA~19 (i.c. that
a reverting call is in progress). This feedback path by
means of which the tube 50C5 oscillates may be traced
over the calling connections over the circuit beginning
at MPR from ground through the left hand winding of
the 9 mh, coil, through the left hand winding of the 3.5
mh. coil, condenser 1, contacts 2RC-d, conductor 2,
cable to the MTT circuit, conductor 2, contacts IRC-e,
RC-b, conductor RWC, cable to MCC circuit, conduc-
tor RWC, contacts SRANI1a~f, conductor RWC, cable
6603 to the LCT circuit, conductor RWC, closed con-
tacts - associated with magnet M39, conduction bars in
series of the multiple relays, contacts associated with
magnet M1, the RWC conductor otherwise labeled 5985
which becomes 5968, contacts 5720k, conductor 5780,
.25 mf, condenser, conductor 5996, which becomes 5958
and the S conductor to the GSB crosspoints (see FIGURE
13D), through the GSB switch crosspoints to the GSA
switch (see FIGURE 13A), through the GSA cross-
points to the CRA. circuit (see FIGURE 13B), S-wire
conductor 5004 of detailed schematic FIGURE 24, con-
tacts R2-22; K-wiring, conductor 5003, crosspoint con-
tacts associated with horizontal magnet HA in vertical
V2 (for example) of the SLB-1 switch, conducting bar,
crosspoint contacts associated with horizontal magnet H1
of vertical V2 of the same switch, conductor S, to the
SLA-19 switch, crosspoint contacts associated with hori-
zontal magnet HC in vertical V1 of the 3LA-19 switch,
conducting bar, crosspoint contacts associated with hori-
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zontal miagnet H9 of vertical V1 of the same switch,
conductor corresponding to 1284, contacts H9-11, con-
tacts 12, 14, 16 of magnet HC, conductor corersponding
to 13907, contacts 1A-26, conductor corresponding to
1308, cable SLA-S, contacts 2CN1-c, SLA~S conductor,
contacts 1ABL-f, conductor 14, cable to the MTIT cir-
cuit, . conductor 14, contacts IA-g, BY2-e, and IRC-,
-to.ground. It should be observed that ground through
impedance coil R3 (FIGURE 23) through contacts R1-
13 on conductor 5883, i.c. the S-wire, holds connections
but offers such high impedance as to not aﬁect the re-
verting call test.

As the result of this feedback path the tube oscillates
at a frequency of about 12 kilocycles; and oscillating
voltage is rectified by the 1N48 rectifier, producing a
grid bias that reduces the plate current to three or four
milliamperes, so that relay IPS releases.

The reléase of relay 1PS connects ground over contacts
1PS-d to lead PS of the trouble recorder; transfers its
a-b contacts which has no significance on a terminating
¢all; and completes a circuit from ground through con-
tacts 1PS—c, 2RC-b, conductor 1, cable to the MTT
circuit, conductor 1, and the upper winding of relay
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RC to battery, operating reverting call relay RC which -

locks over the circuit from battery through its lower
winding, contacts RC-e, to “master ground.”

(A) Idle signal to marker and reverting call signal to CRB

Relay RC at its contacts f connects ground to the
trouble recorder; completes a circuit from ground
through contacts RC-¢, conductor RWC, cable to the
MCC circuit, conductor RWC, contacts SRAN1a-f,
cable to the LCT circuit, conductor RWC, contacts as-
sociated with magnet M39, conducting bars in series, con-
tacts associated with magnet M1, conductor RWC whlch
becomes conductor 5985 which becomes conductor 5968,
contacts 5720-%, conductor 5789, lower winding of re-
lay RV (5818) to battery, operating relay RV to inform
the CRB circuit that the call is of the reverting nature.
Also relay RC opens the holding circuit of relay 1RC at
its contacts RC—d (it should be observed that contacts e
of relay RC close before contacts d of relay RC open
as indicated by the legends E and L respectively near the
contacts which mean “Early” and “Late”); opens the
¢ircuit to the lower winding of relay 1RC at its contacts
RC-g; and at its contacts RC—a prepares to operate
felay WC.

When relay 1RC releases, a circuit s completed to op-
erate relay WC over the circuit from ground through con-
tacts RC-q, 1RC—4, and the winding of relay WC to
battery.

When BT operates, or if it has already operated, bat-
tery through the 350 ohm resistor, contacts WC—a, BT—c,
and the upper winding of relay BY1 to ground operates

“relay BY1. Relay BT, at its contacts d and e removes
shunts on its second winding, so that it can subsequently
release fast.

Relay BY1 locks over a circuit before described, opens
another point in the circuit of relay BY2, and operates
"relay IA over a circuit previously described.

With rélays BY1, TA, WC, and RC in the subscribers
litie marker operated and relay RV in the CRB circuit
operated, circuits are marked for a reverting call as will
be described further hereinafter.

1t should be observed that in the given example in
which the calling line 17 of SLA~1 is extending a con-
neqﬁon to line 17 of SLA-19, as relay 1RC operates and
a feedback path for the 50C5 tube is attempted, ground
through the left winding of the 9 mh. coil (MPR circuit),
the left winding of the 3.5 mh. coil, contacts 2RC—d,
conductor 2, cable to MTT wcircuit, and the circuit
through MCC, LCT, CRB, GSA, GSB, SLB-1, to the
S-wire of line 17 are interrupted by open contacts 11 on
magnet H9 in the example given wherein the calling line
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is line 17 of SLA~1 (on a call from line 17 of SLA-1
to line 17 of SLA-19).

However if the calling and called lines were in the
same SLA—19 switch, with the calling line, line 17, and
the called line, line 19, and magnets H9 and HB op-
erated on the terminating operation, the calling S-wire
would pass through closed contacts H9-11 to open con-
tacts 12, 14, 16 of relay HC; the called S-wire would
pass through closed contacts H9-11 to open contacts 12,
14, 16 of relay HC; the called S-wire would pass through
closed contacts H9-13 and closed contacts 12, 14, 16 of
relay HB, and there is no continuous A.C. circuit to
ground through contacts RC—f in the MTT circuit. If
the call line were 17 and the calling line 16, the S-
wire circuit of line 17 would be open at open contacts 11
of magnet H9 inasmuch as magnet H2 would be operated
on the terminating operation for line 10 instead of mag-
net HY. ) )

Accordingly on a non-reverting busy line call when
relay IRC operates, no alternating current loop is com=
pleted for effecting oscillation of the 50CS5 tube, and
relay 1PS does not release, and relay RC does not op-
erate, and relay WC does not operate.

When relay BT operates at the end of its 30 millisecond
slow operate period, the S-wire grcund circuit is trans-
ferred from the lower winding of relay 1RC at contacts
BT-b through the upper winding of relay BY1 to ground
at its contacts BT—c, shunting relay BY1, which does not

" operate; the holding circuit of relay 1RC is opened at
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contacts BT—g and relay IRC releases and the circuit of
relay BY2 is completed at contacts BT—a.

However in the case of a non-reverting call to a busy
line, at the end of its 25 millisecond slow operate period,
relay BY2 operates. At ifs contacts g and b, relay BY2
opens the shunts across its second winding so that it can
subsequently release fast.

With relay BY2 operated and relays IA, BY1;, WC,
and RC released, the subscribers line marker is marked
to indicate that the called line is busy.

The following chart (chart B) summarizes the mark-
ing relays in the MTT circuit operated at the end of the
busy test for various conditions. It should be under-
stood that relay 1RC operates and releases on each call
to a busy line including reverting calls.

CHART B
IA [BY1|BY2] WC}{ RO
Idle. X D (R RO SN,
LOCKOU - oo e oo e e i m b OEURR [
Busy:. . [V SO X Jemceenfecanan
Reverting X X faeemee X X

1. Release on called line busy or lockout condition

When relay BY2 operates as the result of the called
line S-wire busy test, whether due to a busy line or a line
on lockout, rélay BY?2 at its contacts BY2—¢ places 48
volis on the tip conductor to the sender, operating relay
LBY in the sender as the signal to release the entire con-
nection, placing the calling line on lockout whereby it
receives busy tone from the line circuit until hang up.

More specifically, the operating circuit for relay LBY
in the sender may be traced over the path from -}-48
volt battery through contacts BY2-¢, LBY conductor,
cable to MCR circuit, LBY conductor, contacts RA3-b,
CRG-a, conductor T, cable to the MCC circuit, con-
ductor T, contacts SRAN1A~i, cable to the LCT circuit
(it should be noted that corresponding conductors from
SLM-2 merge with conductors from SLM-1 as indi-
cated by the multiple sign --; for example conductor T
from SLM-1 and corresponding conductor T from SLM-
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2 merge and pass as a single conductor T through cable
6603, cable 6003, conductor T, contacts associated with
magnet M39, conducting bars in series, contacts associ-
ated with magnet M1, conductor T which is also desig-
nated 5982 to the CRB circuit, contacts 5936-m, 5940—e,
conductor 5956 which is the T conductor to contacts of
the ‘GSB switch (see FIGURE 13D), through GSB
crosspoints to the GSA switch (see FIGURE 13A),
through GSA crosspoints to the CRA circuit (see FIG-
URE 13B); (see also FIGURES 9, 10 and 11 corre-
sponding to FIGURES 14, 18, 18A and 19 of the copend-
ing application; and. detailed schematic FIGURE 24),
conductor RT through SRL-1 crosspoints associated with
horizontal magnet H1, conducting bar, and horizontal
magnet HA, conductor ST, through the cable REG-1
to the register, conductor ST through the register—1 cir-
cuit to the RSL circuit designated “connect relays” on
FIGURE 9 corresponding to FIGURE 14 of the copend-
ing application to the sender. Referring now to FIG-
URE 9, it can be seen that the lead ST from the register
passes through the connect relays into the sender circuit.
Referring now to FIGURES 10 and 11 corresponding to
FIGURES 18, 18A, and 19 of the copending application
wherein for purposes of these circuits the guard relays
- were not shown, we find the ST lead from the SRL cross-
points passing through the register into the sender, through
break contacts of relay S, make contacts A4 of relay A,
rectifier inthe proper direction, winding of line busy re-
lay LBY to ground, operating line busy relay LBY. At
its make contacts relay LBY connects ground to release
circuitry which places ground on lead RD (FIGURES
10 and 11; which is the same as lead 14951 on FIGURE
9), which passes through contacts of the connect relays
represented by a box between the sender and register
(see FIGURE 9) and relay RD (see FIGURES 10 and
11) which is the same as relay 1485j on FIGURE 9 to
battery, operating this relay. '

Relay RD opens its contacts 11 (FIGURE 10) which
is the same as contacts 1495k (FIGURE 9), releasing
relays R1 and R2 (FIGURES 9, 23). = At its contacts
13 (see detailed schematic FIGURE 35) relay RD re-
leases relay HY (which is the same as relay 1425 (FIG-
URE 9)), which removes ground from the H-wire at
its contacts 15 releasing vertical magnet V1 of the SRI-1
circuit, releasing the SRL crosspoints. 'The operation of
relay RD also releases the register~1 circuit. It should
be observed that relay H1 is a slow release relay and re-
leases the SRL circuit after relays RL and R2 have re-
leased.

Inasmuch as the CRB circuit has not yet comnected
ground to the S-wire to hold connections, the release of
relays R1 and R2, remove ground through impedance
coil R3 from the S-wire, releasing vertical magnet V1
of SLA-1, V1 of SLB-1, and the line 17 cut off-relay
CO17, vertical magnet V1 of the GSA switch, vertical
magnet 14994 of the GSB switch and make busy relay
MB .(5920) of the GRB circuit. - Thereupon the associ-
ated citcuits are released. Relay LO17 holds over the
‘circuit -from ground, contacts CO-12, calling line loop,
contacts CO-15; contacts LO17-23, upper winding of re-
lay LO17, conductor 1203, secondary winding of tone
transformer to battery, whereby busy tone from the tone
transformer primary is-induced into the calling line which
is on lockout. It should be appeciated that contacts
CC17-12 and CO17-13 close before contacts LO17-23
‘open whereby lockout relay LO17 can be held over the
loop if the loop is established when ground is removed
from the S-wire. _ )

When relay MB (5920) of the CRB-1 circuit releases,
the circuit of relay C5 (5940) is opened and relay CS
releases, in turn opening the loop to the SLM-i circuit
at contacts 5940-/, releasing relays RB1 and IRBA in
the MCI circuit. At its confacts ¢, relay IRBA releases
relays RA1 and IRAA. - At its contacts b, relay 1IRBA
-releases relay 2RBA. At its contacts 4, relay IRBA re-
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leases relay 3RBA. At its contacts g, relay 3RBA opens
the original operating circuit of relay RBB. At its con-
tacts g, relay 1RBA releases relay RANB. At its con-
tacts @, relay IRBA releases relays 1C1, 2C1, and RAW
in the LET circuit. - At its contacts ¢ ‘and f, relay 1RBA
removes holding battery and ground supplies for the re-
lays RB1-RB19 and RA1-RA7. '‘Relay RANB at its
contacts g releases relay RBB, -and -at its contacts b re-
leases relays IRANC and 2RANC. L
-~ At its contacts b, relay 1IRANC releases relay 1RAN1;
at its contacts d holds relay IROB:in series with 2ROB.
At its contacts g, telay 2RANC prepares the 20 cycle
A.C. circuit, At its contacts e, relay IRANC releases
relay RAB. l
" Relay. IRANI releases its shunt circuit on relay RAG
at its contacts c; at its contacts d releases relay 1IRAN1A;
and at its contacts e releases relay RANA,

Relay IRANIA at its contacts a releases relay 1RAV

in the LET circuit; at its contacts ¢ and d releases relays
2RANI1, 3RANI, 4RANI; SRANI, and 5SRANIA.
- At its contacts ¢, relay RANA releases relays IRAND
and 2RAND. Further releasing takes place in the mark-
er completely releasing the marker but enough has been
described it is believed at this point to indicate how re-
lease is initiated, more detail of marker release becoming
evident in the subsequent description of marker release
in conmection with release after an. established call.

1. Called line idle v . :
1. Path-finding from CRB to idle line (by-path)

Relay IA at its contacts ¢ operates relay DN1 over
the circuit from battery through the winding of relay
DN1, contacts JA~¢, O1-b, conductor 2, cable to MCC
circuit, conductor 2 , contacts SRAN1A~j, conductor 1,
cable to MTT circuit, conductor 1, contacts RBL—e, con-
ductor ACR2, cable to MCR circuit, conductor ACR2,
contacts RAC~f and contacts e—f of relay CRG to ground.

At it contacts b, relay IA operates relays 1A and 2A
in the MVC circuit over the circuit from ground through
contacts IA-b, conductor 4, cable to the MCI circuit,
conductor 4, contacts RAI-/, conductor 1, cable to the
MYVC circuit, conductor 1, windings of relays 1A and
2A in parallel to battery. Relay 1A provides a holding
‘circuit for itself and relay 2A over the path from battery
through the windings of these relays in parallel, contacts
1A—f, conductor 64054, 6502a, and contacts 2RAND—f
to ground.. A

Relay 2A operates relays 3A and 4A over the circuit
from ground, contacts 2A-f, windings of relays 3A and
4A to battery.

It should be appreciated that relays 1A—4A correspond
to SLC-1, SLC-3 and SLC-5; relays 1B-4B to SLC-2,
SLC-4, and SLC-6; and relays 1C-4C to SLC-T; also
that DN1 is associated with the first 500 line group and
DN2 with the second 500 line group.

- Relay DN1 operates relays 1BN1-1 and 2BN1-1 in
the MVC circuit over the path from battery through the
windings of these relays in parallel, conductor, 1, cable
to the MTT circuit, conductor 1, contacts DNI-¢, con-
ductor 1, cable to the MC1 circuit, conductor 1, contacts
RAIT to ground.” Relay 1BNI-1 provides a holding cir-
cuit for itself and relay 2BNi-1 over the ‘path from
battery through the windings of these relays in parallel,
contacts & of relay BN1-1, conductor 6405z, 6502 and
contacts ZRAND-f to ground. It should be observed
that the operation of relay RAI, RA2, or RAT will oper-
ate relays IBNI-1 and 2BNI1-1 which are associated

‘with the first group of SLB’s; that the operation of re-

lay RA3 or RA4 will operate relays 1BN1-2 and 2BN1-2
which are associated with the second group of SLB’s;
and that relay RAS and RA6 will operate relays IBN1-3
and 2BNIi-3 which are associated with the third group

of SLB’s. A summary of relationships is shown in chart
C.
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CHART €
. MOCI .
CRB SLC SLB | Group MVC Relays

Ident.

Relays
1 1| RA1 | 1A-4A;1BNI1-1 to 6BN1-1.
2 1| RA2 | 1B-4B; 1BN1-1 to 6BN1-1.
3 2| RA3 | 1C4C;1BN1-2 to 6BN1-2.
4 2 | RA4 1A—4A;18BN1-2 to 6BN1-2.
5 3| RAS 1B-4B; 1BN1-3 to 6BN1-3.
6 3| RA6 | 1C-4C;1BN1-3 to 6BN1-3.
7 1] RA7 | 1A-4A;1BNI-1 to 6BN1-1.

Relay - LBN1-1 operates relays 3BN1-1, 4BN1-1,
5BN1-1, and 6BN1-1 over the circuits (1) from battery
through the windings of relays 3BN1-1 and 4BN1-1 in
parallel, conductor 1, cable, conductor 1, and contacts
1BN1-1-b to ground; and ((2) from battery through the
windings of relays 5BN1-1 and 6BNI-1 in parallel,
conductor 2, ¢able conductor 2, contacts 1BN1-1-¢ to
ground. :

Relay DN1 also operates relays 1FN1 and 2FN1 in
the MVO circuit over the path from battery through the
windings of these relays in parallel, conductor 2, cable to
the MTT circuit, conductor 2, contacts DNI1-d, IA~-c,
01-b, conductor 2, cable to the MCC circuit, conductor
2, contacts SRANTA-j, conductor 1, cable to MTT cir-
cuit conductor 1, contacts RBL-e, conductor ACR2,
cable to MCR circuit, conductor ACR2, contacts RA3-f,
and contacts e—f of relay CRG to ground. Relay 2FN1
operates relays 3FN1 and 4FN1 over the circuit from
ground through contacts 2FN1-e, through the windings of
relays 3FN1 and 4FN1 in parallel to battery.

Relay 1BN1-1 also operates relay EN1 in the SLC-1
circuit over the path from ground through contacts 1A—6
in the MVC circuit, contacts d of relay 1BN1-1, con-
ductor 1, cable to the SL.C-1 circuit, conductor 1, winding
of relay EN1, conductor 2, cable to the MVC circuit of
SLM-1, conductor 2, to battery. (It should be observed
that a similar circuit to the corresponding relay EN1
in the second 500 group through contacts 1BN2-1 ob-
tains on a similar call to the second 500 line group).

Also relay 1BNI-1 operates terminating pathfinder
ground starting relays DGA and DGB in the MVT cir-
cuit over the path from battery through the windings
of these relays in parallel, break contacts f in series of
all terminating pathfinder selection chain relays DG20—
DG1, Start conductor to the MVC circuit, contacts j of
relay 1BNI1-1, Start Conductor to the MCI circuit, con-
tacts IRAND-g to ground. R

When relays IFN1 and 2FN1 in the MVO circuit
operate, circuits are extended from the off-normal fest
contacts of the ten vertical magnets VI~V of the SLA
containing the called line (i.e. SLA-19 in the example
given) to the windings of the SLA vertical test magnets
2V1-2Vid in the MVC circuit. Each idle vertical in
the calling SLA switch results in a corresponding test
relay in the MVC circuit being operated. For éxample,
if vertical V1 of SLA-19 is idle, battery in the SLA~19
circuit through fuse 1, fuse contacts, contacts V1-11,
1A-32, conductor 1363 otherwise labeled conductor 2,
cable 131¢ to the multiple where corresponding test léads
from the other of the twenty SLA’s merge in parallel,
cable to contacts of relays 1FN1 and 2FN1, conductor 2,
contacts IFN1-b, test conductor 1, test cable to the MCT
circuit, test cable 1-1€. At this point it should be under-
stood that test conductor 1 branches in parallel, one test
conductor. 1 reaching test magnet 1V1 in the MCT cir-
cuit pertinent on originating calls and the other test cox-
ductor 1 passing through the SLA—v Test cable into the
MYVC circuit, emerging a conductor %, to the winding of
test magnet 2V1 in the MVC circuit pertinent on termi-
nating calls, which circuit through the winding of magnet
‘2V1 to ground operates this relay. Although test magnet
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1V1 in the MCT circuit also operates, the open contacts
of. relays 7AN1-10AN2 prevent extension- of circuits.
(Also, though 2V1 may operate on an originating call,
open, contacts of relays 2BN1-1 to 6BN2-1 prevent exten-
sion’ of cir;:uits‘.) With provision of extra relays only the
operation of relays 1V1-1V10 on originating calls and
the operation of relays 2V1-2V1i0 on terminating calls
could be effected.

Referring now to FIGURE 9 of the copending ap-
plication, between any CRB as represented by 2 vertical
on an SLC switch and any called line as represented by a
horizontal on an SLA switch, there are twenty possible
paths. '

For exaniple, if we consider CRB-1 as répresented by
vertical V1 on the SLC-1 switch as the CRB through
which the call is progressing ‘and horizontal 1 on SLA-1
as the called line, the first path between these would be
traced as follows: horizontal 1 of SLC-1 to vertical V3
of SLB-1, left horizontal 1 of SLB-1 to vertical Vi of
SLA-1. It should be understood that a horizontal on
one switch is associated with a vertical on another switch,
the two constituting a path segment which is fested over
the off-normal test contacts of the vertical magnet, not
the horizontal. Thus, in the path just described two
segments were invelved,. a first segment comprising
horizontal 1 of SLC-1 and vertical V3 of SLB-1, and
the other segment comprising left horizontal 1 of SLB-1
and veitical V1 of SLA1. It should be observed that
there are twenty first segments and ten second segments;
one second segment being common to two first segments.
Accordingly a path tests idle only if both of the two
verticals, one in each segment, test idle.

CHART D.—CALLED PATHS FROM CRB’s 1-10 OF SLC-:
Path 1 TO HORIZONTALS 1-25 OF SLA-1 OF SLC-1
a H

1st segment—Horizontal 1 of SLC-1 and V3 of SLB-1
2nd segment—Xeft horizontal 1 of SLB-1 and V1 of
SLA-1
Path 2:
1st segment—Horizontal 2 of SLC-1 and V8 of SLB—1
2néiLi?g1ment—Right horizontal 1 of SLB-1 and V2 of

Path 3:
. 1st segment—Horizontal 8 of SLC—1 and V3 of SLB-2
2nd segment—Left horizontal 1 of SLB-2 and V8 of
SLA-1
Path 4: i
1st segment—Horizontal 4 of SLC-1 and V8 of SLB-2
ZnélLiezg;nent—Right horizontal 1 of SLB-2 and V4 of

Path 5:
1st segment—Horizontal 5 of SLC-1 and V8 of SLB-3
2nd segment—Left horizontal 1 of SLB-8 and V5 of
SLA-1
Path 6: ) . .
1st segment—Horizontal 6 of SLC-1 and V8 of SLB-3
2nd segment—Right horizontal 1 of SLB-3 and V6 of
SLA-1
Path 7:
st segment-—Horizontal 7 of SLC-1 and V3 of SLB—
2nngeg1ment——Left horizontal 1 of SLB-4 and Vv of

Path 8: '
1st segment—Horizontal 8 of SLC-1 and V8 of SLB—4
2né1L§€g;nent~Right horizontal 1 of SLB—4 and V8 of
Path 9: .
1st segment—Horizontal 9 of SLC-1 and V8 of SLB-5
2nd segment—L.eft horizontal 1 of SLB-5 and V9 of
SLA-1
Path 10: . . .
1st segment—Horizontal 10 of SLC-1 and V8 of SLB-5
2nd segment—Right horizontal 1 of SLB-5 and V10 of
SLA-1
Path 11: .
1st segment—Horizontal 11 of SLC-1 and V4 of SLB-1
2nd segment—DLeft horizontal 1 of SLB-1 and Vi of
SLA-1
Path 12:
1st segment—Horizontal 12 of SLC-1 and V9 of SLB-1
2nd segment—Right horizontal ¥ of SLB-1 and V2 of
SLA-1
Path 13: )
1st segment-—Horizontal 18 of SLC-1 and V4 of SLB-2
2nd segment—DLeft horizontal 1 of SLB-2 and V3 of
SLA-1
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CHART D-—Continued

Path 14:
1st segment—Horizontal 14 of SLC—1 and V9 of SLB-2:
2nd segment—Right horizontal 1 of SLB-2 and V4 of

SLA-1 ’

Path 15: . L
1st segment—Horizontal 15 of SLC-1 and V4.of SLB-3
2nd segment—Left horizontal 1 of SLB-3 and V5 of

SLA-1 o

Path 16: Coe
1st segment—XHorizontal 16 of SL.C-1 and V9 of SLB-3
2nd segment—Right horizontal 1 of SLB-3 and V6 of

SLA~1

Path 17: ’
1st segment—Horizontal 17 of SLC-1 and V4 of SLB—4
2nd segment—Left horizontal 1 of SLB—4 and V7 of

SLA~1

Path 18:
1st segment—Horizontal 18 of SLC-1 and V9 of SLB—4
2nd segment—Right horizontal 1 of SLB—4 and V8 of

SLA-1

Path 19: .
1st segment—Horizontal 19 of SLC-1 and V4 of SLB-5 _
2nd segment—Left horizontal 1 of SLB-5 and V9 of

SLA-1

Path 20: . .
1st segment—Horizontal 20 of SLC-1 and V9 of SLB-5
2nd segment—Right horizontal 1 of SLB-5 and Vi of

SLA

It should be observed now that these same twenty paths
are possible between any CRB (1-18) of SLC-1 and any
horizontal (1-25) of SLA-1. : .

In the assumed example of a terminating call however,
we assume that the terminating call is progressing through
CRB-1 to line 17 (horizontal 17) of SLA-19. Ac-
cordingly, twenty possible paths exist, the first of which
may be traced from CRB-1 as represented by the vertical
Vi of SLC-1, horizontal 1 of SLC-1, vertical V3 of
SLB-1, left horizontal 17 (not shown, but assumed by
inference) of SLB-1, to vertical V1 of SLA-19 (not
shown, but assumed by inference), to horizontal 17
representing line 17 (not shown, but assumed by infer-
ence) of SLA-19. :

The twenty possible paths between the ten CRB’s
of SLC-1 and the twenty-five lines of SLA-19 are given
in chart E. It should be appreciated that the first seg-
ments of the paths in chart E are the same as those in
chart D, but that the second segments, are different.

CHART BE.—CALLED PATHS FROM CRB’S 1-10 OF SLC-1
AND HORIZONTALS 1-25 OF SLA-19

Path 1: )
1st segment—Horizontal 1 of SLC-1L and V38 of SLB-1
2nd segment—Left horizontal 19 of SLB-1 and Vi of

SLA-19

Path 2:
1st segment—Horizontal 2 of SL.C-1 and V8 of SLB-1
2nd segment—Right horizontal 19 of SLB-1 and V2 of

SLA-19

Path 3: :
1st segment—Horizontal 8 of SLC-1 and V8 of SLB-2
2nd segment—Left horizontal 19 of SLB-2 and V38 of

SLA-19

Path 4: -
1st segment—Horizontal 4 of SLC-1 and V8 of SLB-
2nd segment—Right horizontal 19 of SLB-2 and V4 of

SLA-19 ’

Path 5: N
1st segment—Horizontal § of SLC-1 and V3 of SLB-3
2nd segment—Left horizontal 19 of SLB-3 and V5 of

SLA-19

Path 6:
1st segment—Horizontal 6 of SLC—1 and V8 of SLB-3
2nd segment—Right horizontal 19 of SLB-3 and V6 of

SLA-19

Path T:

1st segment—Horizontal 7 of SLC-1 and V3 of SLB—4
ond segment—ILeft horizontal 19 of SLB—4 and V7 of

SLA~19

Path 8: .
1st segment—Horizontal 8 of SLC-1 and V8 of SLB—4
2nd segment—Right horizontal 19 of SLB—4 and V8 of

SLA-19

Path 9: -
1st segment—Horizontal 9 of SLC-1 and V3 of SLB-5
2nd segment—Left horizontal 19 of SLB-5 and V9 of

SLA-19 ’

Path 10:
1st segment—Horizontal 10-of SLC-1 and V8 of SLB-5
2nd segment—Right horizontal 19 of SLB-5 and V10 of

SLA-19
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CHART E-—Continued

Path 11: .
1st segment—Horizontal 11 of SLC—1 and V4 of SLB-1
2nd segment—ZLeft horizontal 19 of SLB-1 and V1 of
SLA~19 :
Path 12: :
1st segment—Horizontal 12 of SLC-1 and V9 of SLB-1
2nd segment—Right horizontal 19 of SLB-1 and V2 of
SLA~19 . : -
Path 13: . ’
1st segment—Horizontal 18 of SLC-1 and V4 of SL.B-2
2nd segment—Left horizontal 19 of SLB-2 and V3 of
SLA-19
Path 14:
1st segment—Horizontal 14 of SLC-1 and V9 of SLB-2
2nd segment—Right horizontal 19 of SLB-2 and V4 of
SLA-19
Path 15: ’
1st segment—Horizontal 15 of SLC-1 and V4 of SLB-3
2nd segment—Left horizontal 19 of SLB-8 and V5 of
SLA-19. .
Path 16: )
1st segment—Horizontal 16 of SLC-1 and V9 of SLLB-3
2nd segment-—Right horizontal 19 of SLB-3 and V6 of
SLA-19
Path 17:

1st-segment—Horizontal 17 of SL.C—1 and V4 of SLB-4
2nd segment—ZLeft horizontal 19 of SLB-4 and V7 of
SLA-19 ’
Path 18:

- 1st segment-—Horizontal 18 of SLC-1 and V9 of SLB4
2nd. segment—Right horizontal 19 of SLB-4 and V8 of
. SLA-19 o
Path 19: . :
1st segment—Horizontal 1$ of SLC-1 and V4 of SLB-5
2nd segment—DLeft horizontal 19 of SLB-5 and V9 of
T SLA-19 o
Path 20:
© . 1st segment—Horizontal 20 of SLC-1 and V9 of SLB-5
2néiLsegment—Right horizontal 19 of SLB-5 and V10 of
A~-19

Furthermore, with reference to FIGURE 9, of the co-
pending application, it should be appreciated -that in a
500 line group; in the first column there are 20 SLA’s
(1-20) although only one SLA-1 is shown; in the second
column there are three groups of 5 SLB’s in each -group
‘although only one group (1-5) is shown; in the third
column there are shown 2 equipped SLC’s (1 and 2) and
one future SLC (7) but there are also two more equipped
SLC’s (3 and 4) and one future SLC (8) associated
with- the second group of SLB’s (6-18) and two more
equipped SLC’s (5 and 6) and one future SLC (9) as-
sociated with the third . group of SLB’s (11-15). In the
detailed schematics, however,-only SLC’s 1-7 are shown.

~Thus in a given 500 line group, all SLA’s have access
to .all SLB’s; the SLB’s 1-5 have access to SLC’s 1, 2,
‘and 7; the SLB’s 6-10 have access to' SLC’s 3, 4 and §;
‘and SLB’s 11-15 have access to SLC’s 5, 6, and.9. With
this arrangement all SLA’s have access to all SLC’s and
accordingly each -calling line has access to each CRB.
It should be understood that the connection of SLC’s 2,
3 and 8 to the SLB’s 6-18 is the same as the connection
of SLC’s 1, 2, and 7 to SLB’s 1-5; and that the connec-
tion of SLC’s 5, 6, and 9 to SLB’s 1i-15 is the same as
the connection of SLC’s 1, 2, and 7 to SLB’s 1-5.

Referring now to the detailed schematics, with relays
1A, 2A, and 3A in SLA-19 operated and relays 1FN1
and 2FN1 in the MVO circuit operated relays 2Vi-2V19
in the MVC circuit are operated corresponding to the
idle verticals of SLA-19, constituting the “second seg-
ment™ test of the twenty possible paths between SLC-1
and SLA-19.

The “first segment” test involves verticals V3, V4, V8,

.and V9 of each of the SLB’s 1-5.

Inasmuch as both a first and a second segment of a
path must be idle to constitute an idle path, the “first
segment” test paths (i.e. the test paths from verticals
V3, V4, V8 and V9 of SLB’s 1-5 are run through make
contacts of relays 2V1-2V10 associated with the “sec-
ond segment” test paths. Thus, unless a “second seg-

ment” is idle, the idie “first' segments” are disregarded.

The test path for vertical V3 if it is idle of SLB-1
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(see path "1 in chart E) may be ‘traced from battery
through fuse § and fuse contacts 5, contacts V3-11, con-
ductor 5005 otherwise designated conductor 3, cable to
the MVC circuit, conductor 3, contacts 1 of relay
2BN1-1, contacts 2Vi-c, conductor 1, cable, contacts
1A-a (if vertical V1 of SLA-19 is idle), conductor 1,
cable to MVT circuit, conductor 1, winding of relay
DG1, contacts DGA-a, R—g, Start conductor to the MVC
circuit, contacts j of relay 1BN1-1, Start conductor to
MCI circuit, contacts LRAND-g to ground. It should
be noted that if vertical V1 of SLA-19 is idle and wver-
tical V3 of SLB-1 is idle, relay DG1 operates to in-
dicate in the marker that path'1 is idle. It should also
be noted that if vertical V3 of SLB-1 is idle but ver-
tical V1 of SLA-19 is busy, relay DG1 will not op-
erate. It should also be noted that if vertical V1 of
SLA-19 is idle but vertical V3 of SLB-1 is busy, relay
DG1 will not operate. Also that if V1 .of SLA~19 and
V3 of SLB-1 are both busy, relay DG1 will not operate.

The test path for vertical V4 not shown on detailed
schematic (if it is idle) of SLB-1 (see path 11 of chart
E) may be traced from battery through fuse 5, fuse con-
tacts, multiple to contacts 11 of vertical magnet V4, con-
ductor 5106a otherwise designated 4, cable to the MVC
circuit, conductor 4, contacts k of relay 2BNi-1, con-
tacts 2V1-b, conductor 1, cable, conductor 1, contacts
1A-b, conductor 11, cable to MVT circuit, conductor
11, winding of relay DG11, contacts DGB-a, R-q, to
Start lead ground previously traced.

The test path if it is idle for wvertical V5 (not shown)
of SLB-1 (not on chart E because there is no path from
SLC-1 involving vertical V5 of SLB-1, this vertical being
pertinent as part of a path from SLC-2 and SLC-7 in-

stead of SLC-1), may be traced; from. battery through.

fuse 5, fuse contacts, multiple to contacts 11 of vertical
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part of path 11. However, path 11 from SLC-1, over
which DGI11 is operated if ‘the path is idle, involved
vertical V4 of SLB-1 as previously shown (see FIGURE
9 of the copending application).

Returning, the test path for vertical V8 (not shown)
if it is idle, of SLB-1 (see path 2 in chart E) may be
traced from battery through fuse 5 and fuse contacts 5,
multiple to contacts 11 of vertical magnet V8, conductor
5106-c¢ otherwise designated 8, cable to the MVC cir-
cuit, conductor 8, contacts i of relay 2BN1-1, conductor
A to contacts ¢ (not shown but implied) of relay 2V2
(not shown but indicated), cable A, conductor 2 (not
shown but implied), contacts of relay 1A, conductor 2,
cable to MVT circuit, conductor 2, winding of relay
DG2, contacts DGA~b, R-a, to Start wire ground.

The test path for vertical 9 (not shown), if it is idle,
of SLB-1 (see path 12 of chart E) may be traced from
battery through fuse 5 and fuse contacts 5, multiple to
contacts 11 of vertical magnet V9, conductor 51064 other-
wise designated 9, cable to the MVC circuit, conductor 9,
contacts 4 of relay 2ZBN1-1, conductor B (indicated),
contacts b (not shown but implied) of relay 2V2 (not
shown but indicated), cable B, conductor 12 (not shown
but implied), contacts (not shown but indicated) of re-
lay 1A, conductor 12, cable to MVT circuit, winding of
relay DG12, contacts DGB—d, R—a, to Start wire. ground.

The test path for vertical V1§ not shown (if it is idle)
of SLB-1 (not on chart E because there is no path
from SLC-1 involving vertical V10 of SLB-1), this ver-
tical being pertinent as part of a path from SLC-2 and

. SLC-7 instead of SLC~1, may be traced, from battery

through fuse 5, fuse contacts, multiple to contacts 11
of vertical magnet VI8 (not shown), conductor 5106e
otherwise designated 0, cable to the MVC circuit, con-

- ductor 0, contacts g. of relay 2BNI1-1, conductor ¢ to

magnet V5 (not shown), conductor 5166b otherwise

designated 5, cable to the MVC circuit, conductor §,
contacts j of relay 2BN1-1;-2V1-k, conductor 1, cable,
conductor 1, to contacts of relays 1B and 1C but not 1A
inasmuch as V5 of SLB-1is pertinent to paths from
SLC-2 (as represented by relay 1B) and SLC-7. (as
represented by relay 1C), but not pertinent to paths
from SLC-1 (as represented by relay 1A). Digressing,
on a call from SLC-2 or SLC-7, this path would con-
tinue over contacts of relay 1B or 1C to conductor 11,
cable to MVT dircuit, conductor 11, to the winding of
relay DG11 and thence to- ground previously traced, as

40

contacts @ of relay 2V2 (not shown but indicated) con-

_ductor 2, cable C, conductor 2 (not shown but implied),

to contacts of relays 1B and 1C but not 1A, Digressing,

~on a call from SLC-2 or SLC-7, this path would con-

45

tinue over contacts of relays 1B or 1C to conductor 12,
cable to MVT circuit, conductor 12, to the winding of

“relay DG12 and thence to ground previously traced ‘as

part of path 12. However path 12 from SLC-1, over

“which DG12 is operated if the path is idle, involved ver-
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" tical V9 of SLB-1 as previously shown.

Chart F is included to indicate the test paths of SLB
verticals on calls from SLC-1.

CHART F.—SLB VERTICAL TEST PATHS ON CALLS FROM SLC-1

Contacts-of Contacts .| Winding
, SLB Relays Con- | Contacts | OCon- Con- | of which | Con- |of which
Path SLB Vertical 2BN1-1 to due- of relays duc- | Cable | due- relay duc- relay
. 6BN2-1 tor | 2V1-2V10 tor tor 1A-2C tor DGI-
’ DG2o
1 1of 2BN1-1___| A 1(A 1 1{ D31
1 iof 2BNI-1___| A 2| A 2 21 DG2
-2 1of 3BN1-1.__| A ‘31 A 3 3| DG3
2 iof SBBNI1-1._.| A 4] A 4 41 DG4
3 lof 4BN1-1__| A 51 A 5 51 DG5
3 iof 4BN1-1___| A 61 A 6 6 | DG6
.4 lof 5SBN1-1___| A 71 A 7 71 DG7
4 iof 5BNI1-1___| A 81 A 8 8 | DG8
5 lof 6BN1-1.._| A 91 A 9 9 | DGO
5 iof 6BN1-1.__} A 2V10-c..._ 101 A 10 10 | DG10
1 kof2BNi-1__.| B 1/B 1 11 | DG1l
1 hof2BN1-1._.| B 2B 2 12 | DG12
2 kof3BN1-1___| B 3|B 3 13 | DG13
2 kof3BN-1____| B 418 4 14 | DG4
3 kof 4ABN1-1___[ B 51 B 5 15 t DG15
3 hof _ABNI1-1_._| B 6| B 6 16 | DG16
4 kof 5(BNi-1.._| B 71B 7 17 | DA17
4 hof 5BN1-1...| B 8B 8 18 { DG18
5 _| kof6BN1-1_...| B g 9B 9 19 | DG19
-5 hof 6BNi-1...| B 2V10-b:_ .- 101 B 10 20.1 DG20
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Following is a chart (chart G) 1nd1catmg SLB vertlcal
test paths on calls from SLC-2. .

3,007,008

112

- It should be appreciaféd that if the call is terminating in
the second 500 line group, relays 1FN2 and 2FN2 ex-

CHART G—SLB VERTICAL TEST PATHS ON CALLS FROM SLC—2

. . Contacts of | - Contacts Winding
SLB Relays Con- | Contacts | Con- |- Con- | of which | Con- | of which
Path SLB Vertical 2BN1-1 to due-.'| -of relays | duc- | Cable | -due- relay duc- relay
6BN2-1 tor - | 2V1-2V10 tor tor 1A-2C tor | DGI-
) : DG2o
1 Lof 2BN1-1___{ A - 1|A o1 11 D&
1 iof2BN1-1-._| A 2 A 2 2| DG2
2 [of 3BNI-1.__| A 3| A 3 31 DG3
2 iof 3BBNI-1.._| A 4 A 4 41 DG4
3 lof4BN1-1.._| A 5| A 5 - 5| DG5s
3 lof4BNI1-1.._| A 6| A 6. 6| DG6
4 lof 5BNi~1...| A 714A 7 71 DG7
4 1of 5BNI-1_._ | A 81 A - 8 8 DG8
5 Tof 6BNI1-1__.| A 9] A 9 9 | DGI9
5 iof 6(BNI1-1___| A 101 A 10 10 | DG10
1 jof2BNi1-1_.__| O 1{C 1 11 | DGi1
1 gof2BN1-1_..| C 2|0C 2 12 [ DG12
2 jof 3BN1-1.__} C 310 3 13 1 DG13
2 gof 3BN1-1__{ C 410 4 14 | DG14
3 jof4BN1-1__. | C 5| C 5 15 | DG15
-8 gof4BN1-1...| C 61 C 6 16 | DG16
4 -} jof 6BN1-1...| C 71C 7 17 | DG17
4 gof §BN1-1._.| C 8| C 8 18 | D@18
5 jof6BNI-1_..| C 9|0 9 19 | DG19
] gof 6BN1-1.__| C 2Vio-a. ... 100 10 20 | DG20

Following is a chart (chart H) indicating SLB vertical
test paths on calls from SLC—7 (1e the third in the
group).

tend corresponding SLA vertical test c1rcu1ts to relays
2V1-2V10.
It should be appreciated also that if the call is termi-

CHART H.—SLB VERTICAL TEST PATHS ON CALLS FROM SLC-7

SLB
Vertical

Con-
due-
tor

Contacts of
Relays
2BN1-1 to
6BIN2-1

: of relays
Path SLB

" Contacts

2V1-2V10

Con-
due-
tor

Contacts
of which -

Ooﬁ- ‘
due-
tor

Con-~
due-

.tor. .| Cable

kof 2BN1-1...
hof 2BN1-1__.
kof 3BBN1-1___
h of 3BBN1-1._.
kof ABN1-1___
hof 4BN1-1__.
kof SBN1-1___
hof 5BN1-1___
kof 6BN1-1._.
hof 6BNI1-1...
.| jof 2BN1-1.__
gof 2BN1-1...

jof 4BN1-1___
gof ABN1-1___
Jof 6BNI-1__.
gof 5BN1-1...
Fof 6BN1-1___
gof 6BN1-1___
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Of course, if the call was from a CRB in the groups
21-30 or 31-40 served by SLC-3 and SL-4 respectively
of the first 500 line group relays 1BN1-2 to 6BN1-2
would be operated and corresponding SLB vertical test
circuits from SLB’s 6~10 would pass through contacts of
SLA vertical test relays 2V1-2V10. For simplicity the
contacts of relays 2BN1-2 to §BN1-2 have been shown in
-block form above the relays and connections have been
indicated to the SLB’, the relays 2V1-2V10, and to the
other circuitry for the first 500 line group, For the second
500 line group relays 1BN2-2 to 6BN2--2 are. involved.

Similarly, if the call was from a CRB in the .groups
41-50 and 51-60 served by SLC-5 and SLC-6 in the
first 500 line group respectively, relays 2BN1-3 to 6BN1-3
would be operated and corresponding SLB vertical test
circuits from SLB’s 6-10 would pass through contacts of
SLA vertical test relays 2V1~2V10. For simplicity the
contacts of relays 2BN1--3 to 96BN1-3 have been shown
in block form above the relays and connections have been
indicated to the SLB’s, the relays 2V1-2V10 and to other
circuitry. For the second 500 line group relays 2BN2—-3-—
6BN2-3 would be involved. :
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nating in the second 500 line group, relays 1BN2-1 to
6BN2-1 operate to extend corresponding SLB circuit for
the SLB’s in the first group of SLB’s; relays 1BN2-2 to
6BN2-2 to extend corresponding SLB- circuits for the
SLB’s in the second group of SLB’s and relays 1BN2-3
to.6BN2-3 to extend corresponding SLB circuits for the
SLB’s in the third group of SLB’s.

Accordingly a relay of the group DG1-DG20 is oper-
ated for each idle path. If all paths are idle, all twenty of
these relays may operate. Only one can lock, however.
‘The order of preference in locking is determined by the
associated preference chain of contacts b and ¢ of these
relays.

Referring now to the jump rotator comprising relays
ASG1 to ASG2¢ shown in the MVO circuit, if relay ASG1
is operated and locked, and all twenty relays DGL-DG20
operate, a preference arrangement is provided as follows.
Ground on the Start lead of the MVT circuit, through
contacts R—a, conductor 51, cable 31-51, cable to the
MVO circuit, cable 31-51, conductor 51, contacts ¢ of the
manual key, contacts ASG1-C, conductor 32, cable 31-
51, cable to the MVT circuit,- conductor 32, contacts
DG2-b, to the winding of relay DG2, gives relay DG2
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priority over all the other relays of the ¢hain DG1-DG29
and the other relays of this chain will release when the
original operating ground circuit is opened. However, if
relay ASG26 is operated instead of ASG1 locking ground
will obtain on conductor 31 instead of 32 and relay DG1
will have preference over the other relays of the chain
DG1-DG2¢ and when the original operating. ground cir-
cuit is opened, the other relays of the chain will release and
the first path will be chosen. If no relay of the jump ro-
tator is operated, ground on conductor 51 through con-
tacts ¢ of the manual key, and break contacts d in series of
relays ASG1 to ASG2¢ through a strap to conductor 31
will obtain on conductor 31 and will give relay DG1 first
reference in locking. Of course if relay DG13 for ex-
ample should be the only relay operated it could lock to
the ground on conductor 31 over break contacts of other
relays of the chain DG1-DG20, etc. We shall assume
that this first path is the one chosen.

When any relay in the chain DGI-DG20 operates it
opens the circuit of relays DGA and DGB which release,
removing the original operating ground from relays DG1-
DG20. Thereupon the preference locking takes place.

With relay DGA released and only one relay on the
chain DG1-DG20 operated, assume DG1 for example, a
path is completed to operate relay DGC over the circuit
from battery through the winding of relay DGC, break
contacts DGA-e¢, break contacts d in series of relays
DG26 to DG-2, make contacts DG1-e, to ground on the
Start conductor.

“Relay DGC at its contacts j provides a locking battery
for any operated relay or relays, of the group DGI1-
DG20. For example, rélay DG1 locks from battery
through the contacts DGC—j, contacts DG1-q, winding
of relay DG1 to ground previously traced.

Relay DGC at-its contacts f closes a circuit to step the
jump rotator ASG1-ASG206. For example with- relay
DG1 operated, ground through contacts DGC-b, DG1-g,
conductor 11, cable 11-3@, cable to the MVO circuit,
cable 11-30, conductor 11, lower winding of relay ASG1,
to battery operates this relay, if it is not already operated.
Relay ASG1 releases relay ASG20 (assuming that it was
the one operated), by opening its holding circuit at
ASGI1-f and locks over the circuit from ground through
contacts ASG1-g, upper winding of relay ASGI1, break
contacts ¢ of relays ASG2-ASG28, resistor to battery.
The operation of relay ASG1 changes the locking refer-
ence of originating pathfinder chain relays AG1-AG20 at
its a~b contacts, and changes the locking preference of

the terminating pathfinder chain relays DGL-DG2 at its

c—d contacts. It should be observed that ground is placed
oii condirctor 32 which holds relay DG1 before ground is
removed from conductor 31; also that the circuit to con-
ductor 2 through ASGl-a is closed before the circuit
to conductor 1 through ASG28-¢4 is opened. The circuit
over which DG1 holds may be traced from ground on con-
ductor 32, break contacts ¢ of relays DG2-DG20, back
around through contacts DG1~b to the winding of relay
DGI1.

Relay DGC at its contacts i opens the circuit of relay
DGD. It should be observed that relay DGC at its con-
tacts ¢, d, and e, prepares certain circuits which relay
DGD holds open at its contacts b, ¢, and d until it re-
leases. .

(1) No idle path
(A) Congestion busy. signal to sender

Retay DGC at its contacts DGC-a opens the following
circuit which was closed when ground appeared on the
Start ‘conductor: ground on the Start Conductor, contacts
DGC-a, R-b, lower winding of relay CB, to battery.
Fifty millisecond slow operate relay CB operates if no
path is found as evidenced by the nonoperation of relay
DGC and connects ground over contacts CB-a to con-
ductor 2 which passes through a cable to the MVT cir-
cuit, emerging on cable 2, and passing through the winding
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of relay K5 to battery, operating relay K5, which places
ground on congestion busy lead to the sender which re-
leases connections, placing the calling line on lockout,
whereby the calling line receives busy tone. Relay CB
opens its contacts b to allow itself to release fast when its
circuit is opened. With relay DGC operated, the circuit of
relay CB is opened and a congestion busy signal is pre-
vented.

Relay DGC closes other circuits the significance of

: which becomes cleafer hereindfter.

(2) Idle path

Path I involving called SLA-19 comprises horizontal
19 of SLB-1 (determined by horizontal magnets H9 and
HB of SLB-1) and horizontal 1 of SLC-1 (detérmined
by horizontal magnets H1 and HA of SLC-1). It should
be recalled that the horizontal magnets HY and HC of
SLA-1% were operated to test the S-wire of line 17 and
have remained operated. Also it should be appreciated
that horizontal magnets of a switch are operated before
vertical magnets.

(A) Horizontal closure—SLB, SLC

Acoordmgly, relay DGC at this time operates honzontal
magnets H9 and HB' of SLB-1 and H1 and HA of
SLC-1. ] . o

The operating circuit of magnet H9 of SLB—1 may be
traced from battery in SLB-1, fuse 5, conductor 5002,
winding of magnet H9, conductor 9, cable LHP-21, con-
tacts ¢ of relay 189, conductor I, cable to the MVO cir-
cuit, conductor 1 which is an extension of conductor I,
contacts 3FN1-g, conductor 11, cable 11-20, cable to
the MCT circuit, cable 11-25, the individual conductors
of which branch in parallel to contacts of relays TRS1~
iIRS3 for ongmatmg calls and to contacts of relays 1BN1-~
1 to IBN2-3 in the MVC circuit for terminating calls.
Conductor 11 emerges from: cable 11-15, passes through
contacts 4 of relay 1BN1-1 into conductor 1, cable 1-5
to the MVT circuit, conductor 1, comtacts 1 of relay
DG1, DGC-n, conductor 7, cable 6-7, cable to the MCI
circuit, cable 6-7 conductor 7, and contacts ¢ of relay
3RBA to ground

The operatmg circuit of relay HB in SLB-1 may be
traced from battery through fuse 5, conductor 5602,
winding of relay HB, conductor 12, oable LHP-21, con-
ductor 12, contacts ISIZ—b conductor I to ground se-
lectively plawced on conductor I over the circuit just
traced.

The following charts show ground paths for SLB hori-
zontals operation as controlled by the subscribers line
marker.

CHART I WITH RELAY 1BNi-1 OPERATED, INDICATING
SLB's 1-5

Con-
duetors
Issuing

from DG-

Con-
ductors Con-
Issuing ductors

from ..to LHP

relay 1BN1-1 circuit
contacts relay
contacts

Horizontal
Pull

Path Contacts Ground

For—

DO .

DG4 __
DG15-I. ..
DG16-_ .-
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DG18-1__.
DG19-1._
D@21
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CHART J WITH RELAY 1BN1-2 OPERATED, INDICATING

SLB’s 6-10
Con- Con-
ductors ductors Con- Horizontal
Issuing Issuing ductors Pull
Path Contacts | from DG- from to LHP Ground
relay 1BN1-2 circuit |- For—
contacts relay
contacts
1 16
1 16
2 17
2 17
3 18
3 18
4 19
4 19
5 20
5 20
i 16
1 16
2 17
2 17
3 18
3 18
4 19
4 19
5 20
DG20-1-_. 5 20
CHART K WITH RELAY 1BN1-3 OPERATED, INDICAT-
ING SLB’s 11-15
Con- Con-
ductors ductors Con- Horijzontal
Issuing Issuing ductors Pull
Path Contacts | fromm DG- from to LHP Ground
relay 1BN1-3 eircuit For—
contacts relay
contacts
1 21
1 21
2 22
2 22
3 23
3 23
4 24
4 24
DGY9-I____ 5 25
DGie-I._. 5 25
DG1I-Z._. 1 21
DGi12-1._. 1 21
DGI3-1___ 2 22
DG4 2 22
DGI5-_ 3 23
DG16-1. .. 3 23
DG17-_ . 4 24
DG18-I_.. 4 24
DGI19-I._. 5 25
DG20-1.. .. 5 25

‘Reviewing, with relay 1BN1-1 operated, indicating the
first group of SLB’s, relay DGI1 at its contacts 1 com-
pletes a circuit for horizontal pull ground to conductor I
of the LHP circuit for SLB-1. With relays 1S9, 259,
and 1S9A operated by SLA-19, the ground on conductor
I is directed to the windings of horizontal magnets H9
and HB of SLB-1 operating the same whereby leads
from SL.A-19 are directed into SLB—1 when subsequently
an SLB-1 vertical is operated.

Relay DG1 in operating also completes a circuit to
energize horizontal magnets H1 and HA of SLC-1.

The circuit of magnet H1 of SLC-1 may be traced
from battery through the winding of magnet H1, con-
ductor 1, cable 5501, conductor 1, contacts of relay ENI,
conductor 1, cable 5502 to the point where similar con-
ductors 1 from all SLC’s in both 500 line groups merge
into a single conductor 1 in the cable, cable, conductor
1, contacts DG1~j, DGC-g, conductor 6, cable 6-7, cable
to the MCI circuit, cable 6-7, conductor 6, contacts b
of relay 3RBA, to ground.

The circuit of magnet HA of SLC-1 may be traced
from battery through the winding of relay HA, conductor
11, cable, cable 5501, conductor i1, contacts of relay
EN1, conductor 11, cable 5502 to the point where similar
conductors 11 from all SLC’s in both 500 line groups
merge into a single conductor 11 in the cable, cable
5502, conductor 11, contacts DG1-k, DGC-g, conductor
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6, cable 6-7, cable to MCI circuit, cable 6-7, conductor
6, contacts 3RBA-b, to ground.
Chart L indicates the contacts on the relays DG1-
DG20 which operate horizontal magnets Hi-H10 and
HA-HB in all SLC’s.

CHART L

Select
Conductor

Combina~
tion
Conductor

Path Contacts H1-H10 HA-HB

It should be further observed that although subscribers
line marker #1 places ground on the said- conductors
leading to contacts of relays EN1 in ail the SLC’s of
both 500 line groups, these ground circuits can only op-
erate the relays H1-H19 and HA-HB in the SLC which
has its relay EN1 operated (in the case of subscribers
line marker #2, the EN2 relay).

It should also be observed that guards are provided
so that both markers do not complete calls in the same
500 group simultaneously and accordingly relay EN1
and EN2 in any given SLC are never operated simulta-
neously,

" It should also be observed for example that relay EN1
in SLC~1 of the first 500 line group is operated through
contacts d of relay 1BN1-1 and that relay EN1 in SLC~1
of the second 500 line group is operated through contacts
d of relay 1BN2-1 and that only the one of these relays
is operated as determined by which relay 1RAN1 or
1RAN?2 is operated.

Accordingly, only one relay EN1 or EN2 of all such
relays in a 500 line group can operate at once. Ac-
cordingly, the horizontal pulling leads can only effect the
operation of the horizontal SLC magnets in the SLC de-
termined by the operated relay EN1 or EN2 (in the pres-
ent example EN1 of SLC-1), although corresponding
pulling leads are multipled.

As an indication to the MVT circuit that the SLB
borizontals have operated, ground through contacts H9—
12, HB-12, through conductor MVO to the MVO circuit
where corresponding conductors from all SLB’s in the
first 500 line group merge metallically, contacts 4FN1l—c,
conductor to the MLI circuit, contacts 1ABL-h, conduc-
tor to the MVT circuit, through the winding of relay HF3
to battery, operates relay HF3. It should be appreciated
that this metallic multiple is possible because only one
terminating connection in a 500 line group is set up at
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a time and horizontal magnets on established connections
are released, the crosspoints being held operated by the
vertical magnets,

Also, as an indication to the MVT circuit that the
SLC horizontals have operated, ground through make
contacts of magnet H1 of SLC-1 circuit, make contacts
of magnet HA, conductor 5565 to the MCC circuit,
contacts SRAN1A-a, conductor to the MVT circuit,
through the winding of relay HF-4 to battery operates
this relay. It should be observed that reporting leads
such as 5505 of all SLC’s in the same 500 line group are
metallically tied together and metallically branch to
SLM-~1 and SLM-2.

Presently, slow release relay DGD, the circuit of which
was opened by relay DGC, releases. If test relay HF3
is operated (indicating that the SLB horizontal magnets
have both operated) and test relay HF4 is non-operated
(indicating that the SL.C horizontals have not both oper-
ated), a circuit is completed to operate relay K5 in the
MCI circuit, whereby a congestion busy signal is trans-
mitted to. the sender and all connections are released,
pacing the calling line on lockout, and thus giving it busy
tone.

The operating circuit of relay K5 may be traced from
battery through the winding of relay K35, conductor 2,
cable the MCT circuit, conductor 2, break contacts a, c,
and e of relay HF4, make contacts g, ¢, ¢ of relay HF3,
break contacts b, ¢, and d of relay DGD, make contacts
¢, d, and e of relay DGC, conductors 4, 5, and 3 re-
spectively, cable 3, 4, 5, cable to the MCI circuit, cable
3-5, conductors 4, 5, and 3 respectively, contacts e, f,
and d respectively of relay 3RBA,. to ground.

If, however relay HF3 is non-operated, relay R oper-
ates over the path from battery through the winding of
relay R, break contacts b, d, and f of relay HF3, break
contacts b, ¢, and d of relay DGD, make contacts c, d,
and e of relay DGC to ground previously traced. Relay
R locks to relay DGC over the path from battery through
the winding of relay R, contacts R-c, contacts DGC—f
to ground. Relay R at its contacts R—b further opens the
energizing circuit of relay CB and at its contacts R-a
opens the holding ground circuit for the relays DGI-
DG26-and particularly for the operated relay DG1 in the
assumed example, releasing relay DG1. The release of
relay DGI1 effects the release of relay DGC and the SLC
horizontal magnets, and re-establishes the circuits of
relays DGA and DGB. The release of relay DGC re-
leases 30 millisecond slow release relay R, which re-es-
tablishes locking ground for the relay group DG1-DG20.
As-the jump rotator has shifted the locking ground en-
trance point to the chain: DG1-DG29, when relays DGA
and DGB reoperate, relays of the group DG1-DG20
operate according to-the idle paths and one locks.. Relay
DGC reoperates and circuits are completed to the SLB
and SLC horizontals. This process is repeated until re-
lay HF3 operates.or time-out occurs. by the release of re-
lays K3 and K4-in the MCI circuit.

(B) Vertical closure—SLA, SLB, SLC
With relays. HF3 and HF4 both operated, indicating

that both horizontal magnets in the selected SLB circuit

and both-horizontal magnets in the SLC circuit involved
have: operated, circuits: are' completed to operate the
vertical magnet V1 associated with the calling CRB: (i.e.
CRB-1), and the vertical magnets associated with se-

lected path 1 between SLC-1 and SLA-19 (i.e. vertical

magnet V3 of SLB~1 and vertical magnet V1 of SLA-
19). These circuits- may be traced as follows.

Vertical magnet V1 of SLA-19 operates over the
path_from battery in SLA-19" (tracing in SLA~1 shown

for convenience), fuse 1, 200 ohm winding of vertical

magnet V1, contacts 1A-12, conductor in SLA-19 corre-
sponding to 1304a, conductor in SLA-19 corresponding
to. 1, cable from-SLA-19 corresponding to -1310, to the

10

15

20

30

35

40

45

50

55

60

70

75

118

multiple point where corresponding conductors from
SLA’s 1-20 individually merge in parallel metallically
and extend fo contacts of relays 1FN1 and 2FN1, con-
ductor 1, contacts TFNl-g, conductor 1. Pull cable to
the MVT circuit, conductor 1, contacts DG1-h, HF4-d,
HF3-¢, DGD-¢, DGC—d, conductor 5, cable 3, 4, 5,
cable to the MCI circuit, cable 3-5, conductor 5, and con-
tacts f of relay 3RBA to ground. Vertical magnet V1
locks over the circuit from battery through fuse 1, 2000
ohm winding of magnet V1, contacts V1-14, to ground
on the H-wire.

It should be observed that a metallic multiple of the
vertical V1 pull lead exists to all SLA’s in a 500 line
group and to each marker, SLM—-1 and SLM-2.

Vertical magnet V3 of SLB-1 operates over the path
from battery in SLB-1, fuse 5, the 200 ohm winding
of magnet V3, conductor 5106 also designated conduc-
tor 3, cable to the MVC circuit, conductor 3, contacts f
of relay 2BN1-1, conductor A, contacts 3A-a, con-
ductor 1, cable to MVT circuit, conductor 1, contacts
DG1-i, HF-b, HF3-q, DGD-b, DGC-c, conductor 4,
cable 3, 4, 5, cable to MCI circuit, cable 3-5, conductor
4, contacts 3RDA-¢ to ground. Vertical magnet V3 of
SLB-1 locks over the circuit from battery through fuse
5, 2000 ohm winding of magnet V3, contacts V-14, to
ground on the H-wire.

The pattern of contacts on relays-3A-4C corresponds
to that on relays 1A~2C. Whereas a particular contact
on relays LA-2C provides an operating path-for a par-
ticular relay DG1-DG20 as determined by an SLB hori-
zontal magnet test circuit, the corresponding contact on
relays 3A—4C provides an operating. path for the tested
SLB vertical magnet.

Vertical magnet V1 of SLC-~1 operates over the path:
from battery from the associated CRB circuit over lead
“—* through the 200 ohm winding of magnet V1, con-
ductor VP to the associated CRB circuit, through. the
CRB" circuit as conductor 5969 and then 5984, becom-
ing conductor VP to the LCT circuit, contacts associ-
ated with magnet M1 of multiple relay M1-M10, VP
conducting bars in series- of multiple relays Mi1-M10,
Mi11-M26, M21-M30, and M31-M49, contacts associ-
ated with magnet: M39 of multiple relay M31-M44, con-
ductor VP, cable 6003 to the MCC circuit (it should:
be observed that the conductors of this cable are multi-
plied to SLM-2 but that guards referred to hereinbefore
prevent. SLM=1 and SLM-2 from both completing calls
in the same 500 line group simultaneously), conductor
VP, contacts SRAN1A—6; conductor VP, cable to the
MTT circuit, conductor VP, contacts IA—e, conductor to
the MVT circuit, contacts HF4-f, HF3-e¢, DGD-d,
DGC-3; conductor 3, cable 3-4-5~, cable to the MCI
circuit; cable 3-5, conductor 3, contacts d of relay 3RBA
to ground. Magnet V1 of SLC—1 locks over the cir-
cuit from battery in the associated CRB-1 circuit, con-
ductor “—,” 2000 ohm winding of magnet V1, to ground
on the H-wire. It should be observed that vertical 1 of
SLB is connected with CRB-1; that CRB-1 was identi-
fied in the marker and the marker operated magnets. M1
and M39 in the LCT circuit and relay SRAN1A to ex-
tend circuits from CRB-1 into the marker. According--
ly, the path to vertical magnet V1 of SLC-1 associated
with CRB-1 is through CRB-1.

C. Release

When vertical magnet V1 in SL.A-19 operates-it.opens
its contacts VI-11, releasing relay 2Vi in the- MVC
circuit.

When vertical magnet V3 in SLB-1 operates it opens
its' contacts V3-11, which open the original energizing
battery circuit of relay DG1 which does not immediately
release but holds to battery through DGC-j.

When vertical magnet V1 in SLC-1 operates, ground’
through - contacts 5506 of vertical magnet V1 over the
VO conductor 5799 which becomes 5970, through the
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winding of vertical operated (VO) relay 5930 in the
CRB circuit, to battery operates this relay.

Relay VO (5930) in the CRB circuit closes a circuit
from ground through contacts 59205, conductor 5993,
contacts 5820-c, conductor 5991, contacts 5930-,
5910-a, to conductor 5998 which is the incoming S-con-
ductor, through GSB switch S-wire crosspoints, through
GSA switch S-wire crosspoints, to the S-wire of fig-
ure which is conductor 5004. This ground through
contacts R1-11, K-wiring (or the CBT circuit equivalent)
on conductor 5003, through HA crosspoints of vertical
V1 of SLB-1, S-wire conducting bar, H1 crosspoints of
vertical V1, S-wire to the SLA~1 circuit, HA crosspoints of
vertical V1 of SLA-1, S-wire conducting bar, H9 cross-
points, to the S-wire of calling line 17 of SLA-1 through
the 600 ohm winding of relay LO17 and the winding
of relay CO17, conductor 1301, fuse 4, to battery, holds
relays LO17 and C917 operated. Also this ground holds
verticals of SLA, SLB, GSA, and GSB. At its contacts
r, relay 5930 opens the CRB loop circuit to the marker,
releasing relays RB1 and 1RBA in the MCI circuit.

Relay RBI1 at its contacts RB1—e, releases magnet M1
in the LCT circuit; at its contacts RB1-f releases mag-
net M39 in the LCT circuit; and at its contacts # opens
the original operating circuit of ‘“jump rotator” relay
1ROA2 which is locked over its second winding.

Relay IRBA at its contacts b releases relay 2RBA; at
its contacts h releases relay 3RBA; at its contacts ¢ and
f releases relays RA1 and 1RAA; at its contacts g re-
leases relay RANB; at its contacts @ releases relay RAW
in the LET circuit.

When relay 3RBA releases the original energizing cir-
cuits of the horizontal magnets in SLB-1 and SLC-1
are opened and these magnets release; also the original
200 ohm winding energizing circuits for the vertical
magnets in these circuits and in SLA~1 are opened but
the selected vertical magnets hold over their 2000 ohm
winding to the H-wire ground. The release of the SLB~
1 horizontal magnets release relay HF3 and the release
of the SLC-1 horizontal magnets release relay HF4.

Relay RA1 at its contacts g releases relay S1 in the
MCC circuit.

- Relay RAL1 at its contacts j opens the original operat-
ing circuit of “jump rotator” relay IROA1 which remains
locked over its second winding.

Relay RANB at its contacts a releases relay RBB; at
its contacts b releases relays IRANC and 2RANC; and
at its contacts ¢ and d removes the ground and bat-
tery supply for relays RA1-RA7, RB1-RB10 and relay
1RBA.

Relay TRANC at its contacts b releases relay IRANI;
at its contacts d which close before contacts ¢ open, op-
erates relay 1ROB over its lower winding in series with
relay 2ROB; at its contacts e releases relay RAB; at its
contacts f closes a circuit from ground through contacts
2RAND-d, 1IRANCf, conductor 3, cable to the MTT
circuit, cable 3 through a lamp to battery on the SLM
Fuse Panel MFA and through contacts 2PBX-¢ to the
Terminating Call Meter indicated.

Relay 2RANC at its contacts e reestablishes an ob-
vious circuit to hold relay K3.

Relay 2RANC at its contacts b releases relay CRG in
the MCR circuit; relay CRG at its contacts e, f releas-
ing relay RAL, RA2, RA3, Q3, 1469, DN1, 1CN1 and
2CN1 which releases relay 3CN1, 1FN1 and 2FN1 which
releases relays 3FN1 and 4FN1; relay CRG at its con-
tacts 15, 16 releasing-relays H2 (which releases relays
1A, 2A, and 3A in SLA-19 which release relays 1S9,
289, and 1S9A), T2, and T5; relays CRG at its contacts
12, 13 releasing relays U3 and U5. With relays 1CN1~
3CN1 and relays 1A, 2A and 3A in SLA-19 released,
horizontal magnets H9 and HC of SLA~19 are released
and the vertical test paths from SLA-19 to relays 2V1-
2V16 are opened releasing any such relays which might
be operated.
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Relay IRANT1 in releasing, at its contacts d releases
relay IRAN1A; at its contacts e releases relay RANA;
and at its contacts ¢ removes the shunt from relay RAG
in the LET circuit.

Relay 1IRAN1A at its contacts a releases relay 1RAV
in the LET circuit; at its contacts ¢ releases relays 2RAN1
and 3RANI; and at its contacts d releases relay 4RANI1,
SRANI1, and S5RANI1A.

Relay RANA at its contacts ¢ releases relays 1IRAND
and 2RAND.

Relay 2RAND at its contacts e removes ground from
conductor 2 which is the “master ground” for the MTT
circuit. As a result thereof, any relays so held in the
MTT circuit release, including relays 2ABL, BT, 1A, and
BY1. The circuit of relay 1ABL in the MLI circuit
passes through contacts ¢ of relay 2ABL to the “master
ground” circuit and accordingly, relay 1ABL releases.

Relay 2RAND at its contacts f releases relays 1BNi-1,
2BN1-1; 3BN1-1, 4BN1-1, 5BN1-1, 6BNi-1, 1A and
2A. Relay 2A releases relays 3A and 4A. With relays
1BN1-1 and 1A released, the circuit of relay EN1 in the
SLC circuit is opened and this relay releases.

Relay 1RAND at its contacts g releases relays DG1
and DGC.

Relay 2ABL at its contacts a releases the locking cir-
cuit of relay T1 in the companion marker.

As before mentioned, when the marker removes its
ground circuit from the called S-wire, the shunt is re-
moved from relay RS (5700) in the CRB circuit and
this relay operates, initiating the ringing of the called
party.

When the called party answers, the ring trip relay RT
(5710) in the CRB circuit operates, and a conversation
path can then be traced between the calling line and the
called line.

K. Reverting call’

The procedure in making a reverting call is the same
as that in making a regular local “calling to called party”
call to the point of busy testing the called line. It should
be recalled that when all codes were received in the
marker, relay RA3 operated, completing a circuit to en-

_ ergize busy test relay BT which is slow operating.

As a result of the busy test of the called line S-wire,

- the called line is found busy from ground placed on the
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originating S-wire from the SRB circuit on the calling
S-wire which is also the called S-wire, operating relay
1RC in the MTT circuit,

However, to determine that the called line is the same
as the calling line, a feedback path for the electronic
tube of the MPR circuit is set up which comprises calling
and called S-wires in series. If the calling and called
S-wires are the same the feedback path is completed and
the tube oscillates, as a result of which relay 1PS in the
MRT circuit releases in turn operating relay RC in the
MTT circuit.

Relay RC operates relay RV in the CRB circuit over
conductor RWC and releases relay 1RC whlch operates
relay WC.

When relay BT (which has been soaking) operates, or
if it has already operated, relay BY1 operates, in turn
operating relay IA.

With relays BY1, IA, WC, and RC operated in the
marker and relay RV operated in the CRB circuit, circuits
are marked for a reverting call, disregarding the busy
condition of the called line. Relay RV in the CRB cir-
cuit opens the ring-back tone path at its contacts d; and
completes a path from ground:through the Recorded
Message or Tone Transmitter, conductor RCM, cable,
conductor RCM, contacts 5710-¢c, conductor 5769, .con-
tacts 5810—e, tone winding of relay 5840, conductor 5711
which is the DTG conductor, cable, conductor DTG, to
ground, whereby a recorded message or tone is induced
into the called line, advising the calling party that he
is making a reverting call and that he should hang up his
receiver so that the called party will be rung. Relay
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RV (5818) holds relay MB (5920) over the circuit from
battery through the lower winding of relay 5926, con-
ductor 5977, contacts 5810-b, conductor 5978, and con-
tacts 5920-¢ to- ground. Relay MB. (5920) provides
ground through contacts 5928—g to the terminating H con-
ductor from the CRB io hold the called switches.

Also, the marker disregarding the busy condition of the
called line, operates the SLB and SLC horizontal mag-
nets, and then the SLA, SLB, and SLC vertical magnets,
which hold to the H-wire: ground provided by relay MB
in the CRB circuit.

Referring now to FIGURE 18 corresponding to FIG-
URE 12 of the copending application, the connection may
comprise the path from line 17 of SLA-19 represented by
horizontal 17, vertical V2 of SLA-19 and associated right
horizontal 1 of SLB-1, vertical V6 of SLB-~1 through
the associated CRA circuit (see other drawings), through
the GSA-1 switch the GSB-1 switch, CRB-1, vertical
V1 of SLC-1, vertical V3 of SLB-1, left horizontal 1 of
SLB-1 and associated vertical Vi of SLA-19 to horizon-
tal'17 of SLA-19 to line 17.

Accordingly the marker relay DG1 would have been
operated, and the corresponding horizontal and vertical
magnets operated for path 1 relative to SLC-1. Of
course, other paths might have been chosen from SLC-1;
and if a different CRB were employed a different origi-
nating path and a different terminating path chosen.

When vertical V1 of SLC-1 operates, a circuit is com-
pleted which operates relay VO in the CRB-1 circuit;
relay VO connects the two windings of relay A (5840)
to the incoming ring and conductors, such that the nega-
tive battery winding is connected to the ring conductor R
and operates relay D in the sender (see FIGURE 11);
and-such that the positive battery winding is connected
to the ring conductor; operating relay A. Relay A oper-
ates relay H (5910); and ground is placed on the in-
coming sleeve conductor S, holding the calling connec-
tions; similar to a regular call. The operation of relay
D, through certain contacts in the translator, causes first
the release of the two relays in the CRA, and subse-
quently the release of the originating register, the sender,
and the SRL switch.

When the calling party hangs up, the calling line loop is
opened, releasing relay A (5840) in the CRB circuit. Re-
lay ‘A at its contacts 5838 (a) opens the circuit of slow
release relay H (5910) which releases after an interval.
The release of relay H (5910) at its contacts 5910a
removes ground from. the S-wire incoming to CRB which
releases .the incoming connections, involving vertical V2
of SLA-19, vertical V6 of SLB-1, particular vertical in-
volved of the GSA switch; the particular vertical involved
of the GSB switch; and relays LO17 and CO17 of SLA-19.
The release of relay H (5910) at its contacts b opens the
circuit of call signal relay CS (594¢) which is a slow re-
lease relay and releases after an interval.

Upon the release of relay CS . (5940), ground through
contacts 5920-e, 5940-h, 5938-p, conductor 5976, con-
tacts 5720-e, upper winding of relay 5780, contacts
5720-¢, and the called S-wire through the closed SLC—1,
SLB-1 and SLA-1 crosspoints, through the winding of
cut-off relay CO17, the lower 600 ohm winding of lock-
out relay LO17, fuse 4 to battery, reoperates these relays
in series with relay RS which operates; and this ground
re-busies the called line.

At the proper time in the ringing cycle, relay RP oper-
ates which causes ringing of the called telephone.

When the called party answers, ring trip relay RT
operates, in turn operating relay B which operates re-
lay H.

When ring trip relay RT operates, relay RV holds tor
about five seconds by means of its upper winding over the
circuit from battery over the upper winding of relay RV,
contacts RV—c, conductor 5792, contacts RS—f, resistor
and condenser in series to battery.
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During the interval between the operation of relay RT
and the release of relay RV, the called party receives a
recorded message or tone advising him that he has an-
swered a reverting call and that he should keep his receiver
removed until the calling party again removes his receiver.

The path for this message may be traced from ground
through the Recorded Message or Tone Transmitter for
the Called Party, conductor RCT, cable, conductor RCT,
contacts 5710-d, conductor 5709, contacts 5810—e, tone
winding of relay 58490, conductor 5711 otherwise labeled
DTG, cable, conductor DTG, to ground. Thereby the
message or tone is induced into the called loop.

When the calling party again removes his receiver, a
conversation path obtains between calling and called sub-
stations, both of which use relay B as battery feed.

The tip conductor can be traced from line 17 of
SLA-19, HY crosspoints of SLA-19 vertical V1 (indi-
cated), tip conducting bar, HC crosspoints of SLA-19
vertical V2, H9 crosspoints of SLB-1 vertical V3 (indi-
cated), tip conducting bar, HB crosspoints of SLB-1 ver-
tical V3, H1 crosspoints of vertical V1 of SLC-1, tip
conducting bar, HA crosspoints of vertical V1 of SL.C-1,
tip conductor T which becomes conductor 5789 to CRB-1,
contacts: RS—b, RT-k, conductor 599¢, contacts LC-b,
lower winding of relay (5846) to ground.

The ring conductor can be traced over a corresponding
path, through contacts RS—c¢, RT—g, conductor 5995, con-
tacts LC—e, through the middle winding of relay B (5840)
to battery.

When both parties replace their receivers, relay B re-
leases, in turn releasing slow release relay H, which re-
leases relay MB, which removes holding ground for any
operated relays in the CRB except relay VO, and removes
ground from the terminating S-wire at contacts MB-e
and the terminating H-wire at contacts MB—g.

Removal of ground from the S-wire releases relays
CQ17 and LO17 of line 17 in SLA-19. Removal of
ground from the H-wire releases vertical magnet V1 of
SLA~1, V3 of SLB-i, and V1 of SLC-1.

Release of vertical magnet V1 of SLC-1 releases relay
VO 'in the CRB circuit.

The release of relay VO reestablishes the circuit from
battery through contacts VO-g, MB-a, 1600 ohm resistor,
to incoming lead TB whereby CRB-1 tests idle to another
call from the group selector.

Marker release in the case of a reverting call is initiated,
as it is on a regular- call by the operation of relay VO in
the CRB (as a result of vertical magnet V1 closing its
contacts 5506), which at its contacts VO-r opens the
calling loop from CRB-1 to SLM-1, releasing relays
RB1 and iRBA in SLM-1.

L. Call to PBX group

In. order to illustrate a call to a2 PBX group, let us
assume that the calling party on line 17 of SLA-1 lifts
his receiver and dials ME7-2000, which we shall assume
is the directory number of a PBX group,instead of line
17 of SLA-19 as assumed hereinbefore.

We shall assume that the action of the telephone sys-
tem in selecting a register-and connecting the calling line
to the selected register, in registering the dialed digits, in-
engaging a sender and.a number group circuit, and in the
action of the register, sender, and number group circuits
is the same as that described hereinbefore up to the point
of number group translation.

Referring now to FIGURE 10 corresponding to FIG-
URE 18 of the copending application, the five terminals
reached from the Individualizing Circuit as a result of the
registration of the digits “0,” “0” and “0” in the directory
number registers H, T, and U respectively of the number
group circuit are cross-connected-as shown for a regular
subscriber destination with the exception that individual
terminal P is cross-connected to terminal 15 leading to
Terminal Information Register PBX instead of to terminal
1 of the group of terminals 1-14 leading to the party
register P.
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As has been explained, this results in a signal to sender
register P that a call to a PBX group is in progress.
Sender register P over conductor 2010 signals the register
“H & PBX” to raise the value of the hundreds digit by 5.
Sender register P adjusts its contact fans in preparation
for the sender to transmit a party 1 signal.

Accordingly, whereas the sender registers were condi-
tioned for a call to a regular subscriber with a line group
registration of 1 in the “Line Group” register, a hundreds
registration of 4 in the register “H & PBX,” a tens regis-
tration of 6 in the register “T,” a units registration of 7
in the register “U,” and a party registration of 1 in the
register “P”; in accordance with the changed number
group strapping the registrations are the same in all these
registers except in register “H & PBX” in which the regis-
tration is 9 instead of 5.

Tt should be understood that if the party strapping had
been for party 14, for example, instead of for party 1
on the regular call, the register “P” in the number group
would have registered therein party 14 and would have
transmitted this party 14 registration to register “P” in
the sender; but if the party strapping is connected to ter-
minal 15 leading to register “PBX” in the number group,
this register transmits the PBX signal to register “P” in
the sender and register P always under “PBX” circum-
stances adjusts its contact fans in preparation for the
sender to transmit the same party signal such as for ex-
ample the party 1 signal.

We shall assume that the sender transmits two signals
to the code receiver marker of the group selecter as al-
ready described to cause the operation of GSA and GSB
crossbar switches to extend connections to the first 500
line group, and that the connections are extended into
CRB-1.

We shall also assume that the sender transmits two sig-
nals to the CRB-1 circuit as already described, the first
signal indicating a normal or regular call as the source of
origin, and the second signal indicating party 1 as.to the
ringing signal to be transmitted by the CRB to the called
line at the appropriate time.

We shall also assume that the CRB-1 circuit seizes
SLM-1 and extends connections into the SLM~1 marker
code receiver and that the sender transmits hundreds digit
9, tens digit 6, and units digit 7 to the marker code re-
ceiver.

To represent hundreds digit 9, the sender places +48
volts on the Tip conductor. Referring to the MCR cir-
cuit, --48 volts on the tip conductor T from the sender,
through contacts CRG-22, RA3-31, conductor T, cable,
conductor T, contacts R3-11, branches in parallel through
the windings of relay R1 and R2 via rectifiers in the con-
ducting direction. Through relay R1 this path is com-
pleted to ground, operating relay R1. Through relay
R2 this circuit passes through contacts R1-11 to the 24
volt point on the voltage divider comprising the circuit
from battery through the 200 ohm resistor, another 200
ohm resistor, and contacts CRG-33 to ground, operating
relay R2.

Thereupon relay H1 operates over the circuit from
battery through the lower 800 ohm winding of relay
H1, conductor 1, cable, conductor 1, contacts R1-28,
conductor 1, cable, conductor 1, contacts RA1-21, and
contacts 35, 36 of relay CRG to ground. Relay HI locks
over the circuit from battery through the upper 2000
ohm winding, contacts H1-32, and contacts 15, 61 of
relay CRG to ground. Ground through contacts H4-11,
H1-25, conductor PBX to the MTT circuit through the
winding of relay 2PBX to battery operates this relay,
which locks to “master ground” through contacts 2PBX—q,
extending the following circiut to operate relay 1PBX
in the MLI circuit: battery through the winding of relay
1PBX, conductor 3, cable to the MCI circuit, conductor
3, contacts RANB-f, conductor 1, cable to the MIT
circuit, conductor 1 contacts RBL—c, 2PBX-a to “Master
ground.” At its contacts i, relay 1PBX connects battery
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through a 200 ohm resistor, condenser C3 (which has
been charged to ground through contacts 1PBX-j) to
conductor 2, in the cable to MCI. At its contacts a relay
1PBX prepares to operate a circuit, relays 1PN1 and
2PN1, effective when subsequently relay 1CN1 operates.
Other functioning of the relay 1IPBX will be described
hereinafter. At its comtacts ¢, relay 2PBX disconnects
the normal circuit to relay BT and at its contacts b pre-
pares a circuit to operate relay BT from battery through
the lower winding of relay BT, 2ABL-b, conductor 9,
cable to the MLI circuit, conductor 9, contacts BB—j,
conductor 8, cable to MTT circuit, contacts 2PBX-b, to
master ground, which circuit is effective to energize the
lower winding of relay BT when relays 2ABL and BB
are both operated. At its contacts d, relay 2PBX prepares
a circuit to the PBX terminating call meter. At its con-
tacts f and g, relay 2PBX opens the ground supply cir-
cuits for leads 9G and 3G.

Relay H2 operates and locks over circuits previously
traced.

Contacts R1-11 and R2-11 then open and relay R2
releases but relay R1 remains operated until the sender
removes the 48 volt signal from the tip conductor T.
Relay RA1 operates and locks.

Tt should be understood that code receiver relays R1-RS
operate through contacts of each other to avoid detaining
the relays in their release when the sender removes the
signals, due to circulating current.

To represent the tens digit 6, the sender places ground
on conductor T and 48 volts on conductor R operating
relays R2 and R5, in turn effecting the operation of re-
lays T2 and T5 which lock as before described. Relay
TA operates over the circuit from battery through the
winding of relay TA, contacts T5-36 to the holding
ground of relays T2 and T5. The sender removes the
signals and the code receiver relays release. Relay RA2
operates and locks.

To represent the units digit 7, the sender places —48
volts on conductor T and —+48 volts on conductor R re-
sulting in relays R3 and RS operating in turn operating
relays U3 and U5 which lock. The sender removes the
signals and the code receiver relays release. Relay RA3
operates.

_ Relay RA3 connects ground to conductors ACR1 which
operates relays 1ABL and 2ABL; and to conductor ACR2
which operates relays 1CN1 and 2CN1. Relay 1CN1
at its contacts ¢ operates relays 3CN1 over in obvious cir-
cuit; and its contacts d operates relays 1PN1 and 2PN1
over the path from battery through the windings of these
relays in parallel, conductor 1, cable to the MVO circuit,
contacts 1CN1-d, conductor to the MLI circuit, and con-
tacts 1PBX-a to ground. Relay 2PN1 operates relays
3PN1, 4PN1, 5PN1 and 6PN1 from battery through the
windings of these relays in parallel through contacts
2PN1-d to ground.

With the operation of relay 1ABL, the circuit of timing
relay K3 is connected from battery through the winding
of relay K3, conductor 1, cable to MLI, contacts 1ABL-,
in parallel over two circuits one of which passes through
contacts 1PBX-j and condenser C3 and a 200 ohm re-
sistor to battery and the other of which passes as con-
ductor 2 into cable to the MCI circuit, conductor 2,
through condenser 30 and 200 ohm resistor to battery
thus increasing the holding time of relay K3, one timing
period having been initiated when relay 2RANC oper-
ated. -

With the operation of relays 2ABL and 4PN1, ground
through contacts 2ABL~g, conductor 20G, cable 9G, 3G,
and 20G, cable to the MCR circuit, conductor 20G, con-
tacts H5-11, H4-13, H1-23, conductor 9, cable, con-
ductor 9, contacts of relay Q3 associated with PBX-19
group, conductor PBX-19, cable, cable to the MLM cir-
cuit, conductor PBX-19, contacts 4PN1-¢, conductor 19,
cable to the LPX circuit, conductor 19, terminal 19, cross-
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connect to terminal 19, through relay P19, to battery, op-
erates this relay.

Relay P12 controls the PBX group comprising line 24
in SLA-11, line 24 in SLA-12, line 24 in SLA-13, line
24, in SLA-14 and line 24 in SLA-15.

We shall assume that all of these lines are idle. Ac-
cordingly, when relay P19 operates, circuits are com-
pleted to operate relays All, Ai2, A13, Al4 and AlS
in SLM-1. More specifically, the circuit of relay All
extends from battery through contacts IPBX~d (in the
MLI circuit), contacts BB-A, contacts 3AA-a, winding
of relay All, conductor 11 into the PBX cable 1-25,
cable to the MLM circuit, conductor 11, contacts 2PNIL—a,
conductor 31, cable to the LPX circuit, cable 21-48, con-
ductor 31, break contacts of relay 11TR (which break
contacts are associated with line 24 of SLA-11; as SLA-11
is not shown we shall trace the similar conductor for line
24 of SLA-1 shown), conductor 13134, break contacts
24 of relay LO24, conductor 1311, fuse contacts asso-
ciated with fuse 4, fuse contacts associated with fuse 3,
to ground.

The circuit of relay A12 extends from battery through
contacts 1PBX-d, BB-h, 3AA-b, winding of relay A2
(not shown), conductor 12 into the PBX cable 1-25,
cable to the MEM circuit, conductor 12, contacts d of
relay 2ZPN1, conductor 32, cable to the LPX circuit, cable
21-48, conductor 32, break contacts of relay 12TR (which
break contacts are associated with line 24 of SLA-12;
and as SLA=11 is not shown this circuit may be traced
similarly via conductor 13132 of SLA-1 to ground as
traced above).

Similar circuits may be traced for relays A13, Aid
and- A15.

When relays A1I-A15 close their contacts b and ¢
other circuits are established. Relay ALl establishes a
locking circuit for itself independent of the subsequent
operation of relay 11TR from ground through contacts
IPBX~c, BB~¢c, All-b, winding of relay All, contacts
3AA—a, BB-/, and 1IPBX~d, to ground. Relay A11 oper-
ates relays 1AA, 2AA, and 3AA over the path from
battery through contacts 1PBX-d, BB-h, 3AA-a, con-
tacts Ali-c, break contacts d of relays A1¢-Al, con-
ductor 50, contacts 1PBX—f, windings of relays 1AA,
2AA and 3AA in parallel to ground. Relays A13 estab-
lishes a similar locking circuit for itself but does not
close a similar circuit for relays 1AA, 2AA, and 3AA as
can be appreciated by tracing the circuit from battery,
contacts 1PBX-d, BB-A, 3AA-b, and Al3-c to open
contacts All-d. Similarly for relays A13, Al4, and
AlS.

When relays 1AA, 2AA, and 3AA operate, relay 1AA
at its contacts b which close before other contacts shown
above relay 1AA, 2AA and 3AA open, establishes a
locking circuit for relays 1AA, 2AA, and 3AA over the
path from. ground. through the windings of these relays
in parallel, contacts 1AA~b, BB-h, and 1PBX-d to bat-
tery. When these other contacts shown above relays
1AA, 2AA and 3AA open, the original battery circuits
to relays A11-A15 are disconnected, and relays Al12—
A15 release (if they had been operated). Relay All
however, being the lowest numbered of the relays A11—
A15 locks over the path from ground, contacts 1PBX-—c,
A11-b, All-c, break contacts d of relays A10—Al, con-
ductor 5@, contacts IPBX—f, 1AA~b, BB-A, and 1PBX—d,
to battery. After relays 1BA and BB have subsequently
operated, this path extends from ground through con-
tacts 1PBX-c, 1BA~f, BB-b, eic,, BB-g, 1BA—j, and
1PBX-d to battery in preparation for release.

If relays A12-A15 had operated as a result of lines
24-in SLA’s 12-15 being idle, relays A12-Al5 would
operate but only relay A2 would remain locked, having
opened the locking circuits of relay A13-A15 at con-
tacts A12-d. This provides an automatic step-up rota-
tion for PBX lines of a group. Thus for PBX group 19
the lines will be taken for use by the automatic switch-
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board in the order line 24 of SLA-11, line 24 of SLA~12,
line 24 of SLA-13, line 24 of SLA-14, and line 24 of
SLA-15. (Hereinafter when larger PBX groups up to
a maximum of 100 PBX lines to a group are described, it
should be appreciated that the locking circuits of relays
A1-A290 through their ¢ and d contacts to lead 50 are such
that relay Al opens the locking circuits of relays A2-A20,
relay A2 opens the locking circuits of relays A3-A20, etc.
given a decreasing priority from Al to A20.)

It should be appreciated. also that at contacts. 1IPBX—e,
the circuit from battery through contacts 1AA-b is dis-
connected from lead 54 to the jump rotator 10A2-40A2
and consequently is withheld from leads 5¢-53 over the
path through the jump rotator; but that through contacts
1PBX—f the circuit from.battery through contacts 1AA~b
is connected. to lead 5¢ which gives priority in locking in
the order A1-A29.

It should also be: observed that break contacts k of
relay 1PBX prevent relays A1-A20 from stepping the
jump rotator 10A2-40A2,

Relay 1PBX at its contacts b opened a circuit to pre-
vent the operation of relays 1AND and 2AND.

For purposes of illustration we shall assume that relay
A1l remains operated and relays A12-A15 release.

Relay 1AA operates relay AB over the circuit from
battery through the winding of relay AB, contacts 1AA-c
to ground.

When. relay AB operates, -a_circuit. prepared. by relay
Al1lis completed for relay 11TR -associated with SLA-11,
which circuit may be traced from. ground through con-
tacts AB-h, A11—j, conductor 11, cable to the MLM. cir-
cuit, cable 11-29, conductor 11, contacts SNP1-4, con-
ductor 61, cable 51-70, cable to the LPX circuit, cable
51-79, conductor 61, winding of relay 11TR to battery,
operating relay 11TR.

Relay 11TR in operating, transfers the ground circuit
from line circuit 24 of SLA-11 which was on conductor
31 to conductor 45, operating relay B24 in the ML1 cir-
cuit, The circuit over which relay B24 operates may be
traced from battery through contacts 1PBX-d, K2-f,
AB-c, 3BA—c, winding of relay B24, conductor 25 into
the PBX cable 1-25, cable to the MLM circuit, cable
1-27, conductor 25, contacts 4PN1-d, conductor 45,
cable to the LPX circuit, cable 41-45; conductor 45, make
contacts of relay 11TR, to ground on the conductor from
break contacts of the line circuit 24 of SLA-11. Relay
B24 locks over the path from ground, contacts IPBX-c,
BB-c, REL2-a, B24—4, winding of relay B24, contacts
3BA—¢, AB—c, REL2-d, K2-f and 1PBX-d to battery.

Relay IBA operates relays 2BA, 3BA, and 4BA.

Relay B24 operates relay 1BA over the circuit from
battery, contacts IPBX~d, K2—f, REL2-d, AB-c, 3BA—c,
B24-b, B23-c, B22—c, B2l-c¢, B20-c, 1PBX-kh, BB-d
lower winding of relay 1BA and contacts BB—f to ground.

Relay 1BA locks over the path from battery through
contacts 1PBX—d, K2—f, REL2-d, AB-c, 1BA-h, lower
winding of relay 1BA, and contacts BB—f to ground.

After relay. 3BA operates and the original battery.
circuit to relay B24 is opened. at contacts 3BA~c, relay
B24 holds over the circuit from ground-through contacts
1PBX-c, BB-c, REL2-a, B24-c, winding of relay B24,
make contacts B24-b, break B23—c, B22-c; B21-c and
B20-c, contacts 1PBX-%, BB~d, 1IBA—h, AB—c, REL2-d,
K2-f, and LPBX—d to battery. After relay BB operates,
relay B24 holds over the circuit from ground through
contacts  1PBX-c, 1BA—f, BB-b, REL2-a, B24-c, wind-
ing of relay B24, contacts B24-b, B23-c, B22-¢, B21—c,
B26—c, 1PBX-h, BB—¢, upper winding of relay: 1BA, con-
tacts IBA-h, AB—c, REL2-d, K2—f, and 1PBX~d to bat-
tery. (It should be observed that on. regular calls in
which relay B¢ or Bl locks over contacts- 1BA-k, that
contacts 1BA-/ close before contacts 1BA—g. open, thus
holding relay B& or Bl as the case -may be.)

This is.a good point to note that with regard to larger
PBX groups described subsequently and containing more
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than one line in a given SLA, two or more of the relays
B20-B24 may operate simultaneously but that the lock-
ing circuits of these relays through their 2 and ¢ contacts
are such that only one of these relays can remain oper-
ated after relay 3BA opens the original battery circuits
and that relay B20 has first priority in locking, B21 next
priority, etc. to relay B24 which has last priority.

Accordingly in a large PBX group involving lines in
different SLA’s the relay A1-A20 which remains locked
determines the lowest numbered sub group of PBX lines
containing an idle line and the operation of the relay
B20-B24 determines the lowest numbered idle line in
the subgroup.

It should be observed that relay 1PBX at its contacts g
disconnects lead 45 to the jump rotator 10A1-60A1 so
that no battery circuits through the jump rotator obtains
on leads 39-44 to contacts of relays B6-B24 and accord-
ingly locking of relays B20-B24 is governed entirely
through contacts 1PBX-/.

It should also be noted that ground to operate jump
rotator relays 10A1 to 60A1 is opened at contacts
I1PBX-I so that the operation of relays B20-B24 cannot
step the said jump rotator.

Relays A1l and B24 operate and lock through con-
tacts of relay 1PBX instead of relay ANB.

Relay 4BA operates relay BB over a circuit previously
traced.

Relay BB at its contacts j closes the before traced cir-
cuit to energize relay BT (which is a 30 millisecond slow
to operate relay) in the MTT circuit; and at its contacts
1, closes a circuit to operate connect relays 1A, 2A and
3A in SLA-11 from battery SLA-11 (as SLA-11 is not
shown we shall trace in SLA-1 which is wired the same
as SLA~1), fuse 3, windings of relays 1A, 2A, and 3A in
parallel, closed contacts ¢ of the manual key, a conduc-
tor of SLA-11 corresponding to 1302, SLA-CONNECT
cable, conductor 11, contacts 2CN1-a, cable to the MLI
circuit, contacts A11-# and BB~1 to ground.

Relay 2A in SLA-11 closes a circuit from ground
through contacts 2A-25, an LHP-11 conductor corre-
sponding to LHP-1 shown, winding of relay 1S1A to bat-
tery, operating this relay. Relay 1S1A operates relays
151, 251, 1512, and 2512, and shunts relays 1S11 and
2511, . .

When relays 1A, 2A, and 3A in SLA-11 operate, cir-
cuits are completed to operate horizontal magnets H6
and HB in SLA-11. The circuit for magnet H6 may be
traced from battery through fuse 3 (in SLA-11), wind-
ing of magnet H6, conductor 6, cable corresponding to
1305, contacts of relay 3A, cable corresponding to 1306,
conductor 6, contacts 3CN1-d, conductor 26, cable to
MLI circuit, conductor 26, contacts B24—g to ground,
operating relay H6. A similar circuit can be traced
through contacts B24—4 to operate relay HB.

Thereupon the S-wire of line 24 of SLA-11 is extended
to the lower winding of relay 1IRC for the S-wire test.
Line 24 of SLA-19 has already tested idle during the
selection of the PBX line. Accordingly, the S-wire test
provides a double check and is used also to cause the call
to progress through the marker (i.e. is used to continue
the sequence of the marker). It is not believed neces-
sary to trace this path inasmuch as a similar path was
traced before. With line 24 of SLA-11 idle, relay 1RC
does not operate.

After its slow operate period has elapsed, relay BT in
the MTT circuit operates, and transfers the S-wire to the
upper winding of relay BY1.

Relay BY1 operates from 360 ohm battery on the
S-wire, upper winding of relay BY1 to ground and locks
over the circuit from battery through the lower winding
of BY1, make before break contacts BY1-b, contacts
BT-f, to “master ground.”

Relay BY1 operates relay IA which operates relays
DN1, 1A, and 2A; relay 2A operating relays 3A and 4A.
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Reldy DN1 operates relays 1BN1, 2BN1, 1FN1, and
2FN1.

Relay 1BN1 operates relays 3BN1, 4BN1, 5BN1,
6BN1, EN1, DGA, and DGB.

Relay 2FN1 operates relays 3FN1 and 4FNI1, with
relays 1FN1 and 2FN1 operated, test circuits of the ver-
ticals of SLA-11 are extended to relays 2V1-2V10 of the
MVC circuit, each idle vertical effecting the operation of
a corresponding relay of the group 2V1-2V10.

With the operation of relays of the group 2V1-2V14,
test circuits of the associated SLB verticals (in SLB’s
1-5, assuming the call to be through CRB-1) are ex-
tended to pathfinding relays of the group DGI-DG26.

Assuming for illustration that all paths are idle, all re-
lays 2V1-2V19 will operate and all relays DG1-DG20
will operate. :

The operation of any relay releases relays DGA and
DGB. Accordingly these relays release.

When relays DGA and DGB release, only one of the
relays DG1-DG28 remain operated; and accordingly
relay DGC operates.

Relay DGC opens the circuit of slow-to-release relay
DGD; operates one of the relays ASG1-ASG20 (ASG1
assuming DG1 remains operated); operates horizontal
magnets H1 and HB of SLB-1 and H1 and HA of SLC1.

The operation of the SLB horizontals operates relay
HF3; and the operation of the SLC horizontals operates
relay HF4., This occurs before the release of relay DGD.

The release of relay DGD operates vertical magnet V1
of SLA-11 which releases relay 2V1; vertical magnet V3
of SLB-1; and vertical magnet V1 of SLC~1 which oper-
ates relay VO in the CRB-1 circuit.

The operation of relay VO in the CRB-1 circuit opens
the CRB calling loop to the marker, releasing relays RB1
and 1RBA.

The release of relay RB1 releases multiple relay mag-
nets M1 and M39 in the LCT circuit.

With relay IRBA released, the following relays are
released: 2RBA, 3RBA, RAl1, 1RAA, RANB. Relay
3RBA releases horizontal magnets H1 and HB of SLB-1,
horizontal magnets H1 and HA of SLC-1. Also the
original operating circuits of vertical magnets V1 of
SLA-11, V3 of SLB-1, and V1 of SLC-1 are opened,
but these magnets remain locked to H-wire ground.

Relay RA1 releases relay S1 in the UCC circuit. With
relay RANB released, the following relays are releases:
RBB, 1PBX, 1IRANC, and 2RANC.

With relay 1PBX released, the following relays are re-
leased: 1PN1, 2PN1, B24, 1BA, All, 1AA, 2AA and
3AA. With relay IPNI1 released, relays 5PN1 and
6PN1 are released. With relay 2NP1 released, relays
3PN1 and 4PN1 are released. With B24 released, hori-
zontal magnets H6 and HB are released. With relay 1BA
released, relays 2BA, 3BA, 4BA, and BB are released.
With relay A1l released, re'ays 11TR and relays 1A, 2A,
and 3A (in SLA-11) are released. With relays 1A, 24,
and 3A in SLA-11 released, relay 1S1A in the LHP cir-
cuit is released. With relay 1S1A released, relays 1S1,
251, 1812 and 2S12 are released.

With relay 2RANC released, relay CRG is released.
-With relay CRG released, the following relays are re-
leased: 1CN1, 2CN1, 1FN1, 2FN1 and in turn 3CNI1,
3FN1, and 4FN1 in the MVO circuit; relays Hi, H2, T2,
TS5, TA, U3, U5, RA1, RA2, and RA3 in the MCR cir-
cuit and relay DN1 in the MTT circuit. With relays
4PN1 in the MVO circuit and relay H1 in the MCR
circuit released, two points are opened in the circuit of
relay P19 in the LPX circuit, and relay P19 releases.
With relay 2FN1 in the MVO circuit and relays 1A, 2ZA,
and 3A in SLA-11 released, two points in each of the
operating circuits of relays 2V1-2V1¢ of the MVC cir-
cuit (and of relays 1V1-1V10 in the MCT circuit) are
opened and any of these relays which have been operated,
release.
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With relay IRANC released, the following relays are
released:- - IRAN1, RAB. . With..the release of relay
1RANC, the ground shunt is removed from relay 1ROB,
and this relay operates.  Also, the energizing circuits of
“jump rotator” relays 2ROA1 and 2ROAZ are removed,
but these relays remain locked in their operated position.
With relay IRANI released, the following relays are

released: 1IRAN1A and RANA.
With relay IRANI1A released, the following relays are

released: 2RAN1, 3RANE, 4RANI1, 5SRAN1, SRANIA;:

and IRAV,

With relay RANA released, the following relays are re-
leased: IRAND and 2RAND.

With relay 2RAND released, the following relays are
released: 1ABL, ZABL, IA, 2PBX, BT, BY1, iBNi-1 to
6BN1-1, and relays 1A and 2A in the MVC:circuit.

With relay 2ABL released, relay T4 in the companion
marker is released.

With relay 2A in the MVC circuit released, relays 3A
and 4A in the MVC circuit are released.

With relays ' 1BNi-1 and 2A in the MVC circuit re-
leased, relay EN1 in the SLC circuit is released.

With relay IRAND released, relays DG1 and DGC
are released.

Referring again to the LPX circuit, it should be ob-

served that lines 20, 21, 22, 23, and 24 in each SLA
circuit of the twenty SLA’s of the 500 line group are
arranged to be used as PBX lines, giving a maximum of
100 PBX lines per 500 line group.

Each conductor entering the left of the LPX circuit has
a circuit extending from' ground through fuse contacts
associated with fuses 3 and 4 in the associated SLA,
break contacts 24 of the associated lockout relay, through
the associated knife blade contact of the ‘LPX circuit,

through contacts one of the relays P1~P20 associated with'

a PBX group, to a lever of one of the relays 1TR-26TR
associated with a particular SLA, first over break con-
tacts to a conductor 21-49 associated with a particular
SLA; and subsequently, after the particular relay ITR-
20TR operates, over make contacts to oné of the con-
ductors 41-45 associated with the line number 26-24,
Leads 1-20 emerge from the MLM cable to respective
terminals 1-2@, of which 1, 2, 19, and 28 are shown.
The windings of relays P1-P28, of which P1, P2, P3, P4,
P5, P19 and P20 are shown, terminate in associated
terminals. Relay D1 is an example of an auxiliary relay,
of which there may be none, one, or more. The winding
of relay DI terminates in an"associated terminal. Each
make contact of relay D1 terminates in an associated

- terminal.- - These terminals are for the purpose of cross-

- connection.
- If-there are five or less PBX lines in each group of
- {PBX lines, and all groups are connected, and the groups
- are:in consecutive order, cross-connections would be ar-
ranged with terminal 1 of cable 1-2¢ connecied to the
. terminal - associated - with relay P1; terminal 2 of cable
120 connected to-the terminal associated with relay P2;
etc.; with terminal 19 of cable 1-28 connected to the
terminal associated with relay P19 and terminal 28 of
cable 1-20 connected to the terminal asscciated with
relay P28, - With this arrangement, if a marker places
ground on conductor -1 of cable 1-26 relay P1 cperates
selecting ‘the associated PBX group #1 and extending
circuits to marker relays A1-AS, one of which locks; and
when . subsequently, one of the corresponding relays
ITR-STR operates in turn operating one of the marker
. relays -B20-B24, as a result thereof an idle PBX line in
the selected PBX ‘group #1 is selected. Similarly, if
the marker places ground on conductor 2 of cable 1-28,
“relay P2 operates- selecting the associated PBX group
#2-and extending circuits to marker relays A6—A1§, one
of ‘which locks-and when subsequently one of the corre-
= -sponding relays 6TR~10TR operates in turn eperating ong
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" of the marker relays. B20-B24,-as a result thereof an

10

15

20

25

30

35

40

idle PBX line in the selected PBX group #2 is selected.
Similarly for the other relays P3-P2¢.

FIGURE 81 illustrates schematically. in: a. systematic
way the. lines in the wvarious SLA’s ‘which are controlled
by relays P1-P28, being-an amplified illustration in con-
nection with FIGURE 20.

.- In the example- of a call to a regular-line number al-
ready given, it was shown that by.dialing -ME7-1000,
party 1 on line 17 of SLA-19 in first 500 line group could

- be reached by cross-connecting the terminals.associated

with directory digits 600 in number group 1 as follows:

ME7-1000

ok T rmanem e TR
B XS T]
W R
e
ot R mrsmem = TR by

In the example of a call to a PBX group already given,
it- was shown that by dialing ME7-1000, PBX group 19
in the first 500 line group could be reached!by alterna-
tively: cross-connecting the terminals associated with di-
rectory digits 000 in number group 1.as follows:

MET7-1000
T

S

b YR e T
B W
Y e T q
He—y

Ordinarily, however, PBX group 19 in the first 500
line group would be reached by cross-connecting the ter-
minals of the directory number assigned to it in any

- :pumber group as follows:

45

55

60

65

70

75

ME7-1000

H T U
saxzi»
g
0

R ———
rS———Siy

o |

using_hundreds, iens and units. digits-450. instead of 467.
This serves to illustrate the-fact that any.cross-con-
nection from

=

to

B S—
aE———m
R
~NT——
b T
Y SR 12

HS——=
bh@——g
Voo !

OB
D hm—m

that is, any cioss-connection involving hundreds, tens and
units digits from: 4350-474 can be used'to select PBX
group 18, -Digits 450-474-are - MDF-(main distributor
frame) terminal mumbers associated with the lines of
SLA-19. If the party jumper in the number group is
cross-connected to a ring terminal-1-14 a line'in'SLA-19
is selected and rung, but if the party:jumper: is cross-
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connected to the terminal PBX, the PBX group #19 is

selected.

At this point we shall digress to consider the relation-
ships between number cross-connections, sender transmis-
sions, marker code receiver relays, SLA magnets and
lines, and MDF terminals for calls to regular lines, calls
to PBX groups, and calls to PBX lines by dialing night
numbers. - After this digression we shall consider the com-
bining of the lines in individual PBX groups to form
larger PBX groups.

The following chart shows which line terminals 0-24
of each individual SLA switch are determined by the
operation of the horizontal combination and select mag-
nets.

CHART
Horizontal Horizontal
Combination | Select Magnet Line No.
Magnet
HA H1 26 (spare)
HA H2 0
HA H3 1
HA H4 2
HA Hs5 3
HA Hb6 4
HA H7 5
" HA HS8 6
HA H9 7
HB H1 8
HB H2 20
HB H3 21
HB H4 22
HB H5 23
HB H6 24
HB H7 9
HB H8 18
HB H9 19
HC H1 (Inconsistent)
HC H2 10
HC H3 11
HC H4 12
HC H5 13
HC H6 14
HC H7 15
HC Hs 16
HC H9 17

" Referring now to FIGURE 81, therein is shown the out-
side cable containing 500 cable pairs, each pair terminat-
ing on the outer side of the MDF in two terminals R and
T, only certain representative sets being shown. On the
inner side of the MDF are 500 sets of terminals numbered
000-499, each set comprising three terminals S, R, and T,
only certain representative sets being shown. Cross-con-
nection jumpers run from outer R and T terminals to
inner R and T terminals of the MDF in the manner
shown. Twenty SLA’s (of which only SLA-1, SLA-2,
and SLA-28 are shown) each having twenty sets of line
terminals 024 are indicated to the right side of the draw-
ing. Cross-connections are shown between corresponding
terminals S, R, and T of MDF set 000 and SLA-1 set
for line 0; etc. as follows:

MDF ter- SLA terminals
minals

000 Line 0 of SLA-1.
024 Line 24 of SLA-1.
025 Line 0 of SLA-2.
029 Line 24 of SLA-2.
030 Line 0 of SLA-2,
049 Line 19 of SLA-2.
499 Line 19 of SL.A-20.

The relationships between MDF terminals and SLA
terminals are shown in the following chart. .

10

15

20

25

30

R 1:

40

45

50

55

60

65

70

75

CHART
MDF Terminals
(Also theseare - | Corresponding
Digits Trans- Individual SLA
mitted by Sender SLA Lines
to SLM Code
Receiver)

006-009 09 1
101019 10-19 1
020-024 20-24 1
025-029 20-24 2
030-039 0-9 2
040-049 10-19 2
050-059 0-9 3
060-069 10-19 3
070-074 2024 3
075079 2024 4
080-089 0-9 4
050-099 10-19 4
100-109 0-9 . b
110-119 10-19 6
120-124 20-24 5
126-129 20-24 6
130-139 0-9 6
140-149 10-19 6
150159 0-9 7
160-169 10-19 7
170-174 20-24 7
175-179 20-24 8
180-189 0-9 8
160-199 10-19 8
200-209 0-9 9
210-219 . 10-19 9
220-224 20-24 9.
225-229 20-24 10
230-239 0-9 10
240-249 10-19 10
250-259 0-9 11
260-269 10-19 11
270-274 20-24 11
275-279 20-24 12
280-289 0-9 12
280299 10-19 12
300-309 0-9 i3
310-319 10-19 13
320-324 20-24 13
325-329 20-24 14
330-339 0-9 C 14
340-349 10-19 14
350-359 0-9 15
360-369 10-19 15
370-374 2024 15
375-379 20-24 16
380-389 0-9 16
350-399 10-19 16
400-409 0-9 17
410-419 10-19 17
420-424 20-24 17
425-429 20~24 i8
430-439 0-9 18
440-449 10-19 18
450-459 0-9 19
460-469 10-19 19
470-474 20-24 19
475479 20-24 20
480489 0-9 20
490-499 10-19 20

In the following chart is” shown the reaction of the
marker code receiver in response to the various hundreds,
tens, and units digits transmitted te it from the sender.
In the column farthest to the left is listed the digit values
0-9 which may be received from the sender. In the next
two columns to the right of the digit value column are
given the potential signals on the tip and ring conduc-
tors for the various digital values. - In the next five
columns is given the operation of the code receiver relays
in response to.the digital values. In the next five columns
is given the operation of the hundreds register relays
H1-H5 in response to receipt of the various hundreds
digits 0-9 received by the code receiver relays R1-RS5.
In the next six columns is given the operation of the tens
register relays Ti~TA in response to receipt of the various
tens digital values 0-9 by the code receiver relays R1-RS5.
In the next five columns is given the operation of the units
register relays U1-US5 in response to receipt of the various
units digital values 0-9 by the code receiver relays Ri-
R5. In the next column is given the results of the oper-
ation of the hundreds register relays. In the next column
is given the relays operated as a result of the operation
of the tens register relays only. - In the next column is
given the relays operated as a result of the operation of
the units register relays only. In the last column is given
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CHART.—CODE RECEIVER IN SLM

L Common Code Receiver
Digit Tip Ring

Hundreds Register

R1{R2|R3| R4 | R5 | HI|H2

H3

H4 | H5

48

Tens Registér Units.Register

Hund.

T1 T3| T4 | T5 ur|U2|us|U4| Us

Result of Tens
Digit Relays
Operated

X
X
X
X

Ielisle

COO=T T DD D

| bbb

Q1

, 0358,

Q1, 1469,
27—LU,827—89.

Q4, 0358,
Q4, 1462,

Result of Units
Digit, Relays
Operated

Operate

Result of Combination of Tens and Units Digit Relays

LU, 27-LU
LU, 21-LU

= . Q1 if tens digit is 2 and units digit islow (l.e. 0,1, 2, 3, 4).
LU, 27-LU...... {Q,Z if fens digit is 2 and units digit is high' (.e. 5, 6, 7 8, 9).

LU, 27-LU......

LU, 27-LU_
S : "
7 {Q3 i tens digit is 7 and units digit'is low (.e. 0, 1, 2, 8, 4).
8-- R 1Q4 if tens digit is 7 and units digit is high (.e. 5, 6, 7, 8, 9).

the relays operated as a result of the operation of both
the tens register relays and the units register relays.
In the following chart is given the number group

cross-connections, the hundreds, tenms, and units digital 45

values transmitted by the sender to reach individual lines,
the marker code receiver relays operated thereby, the
SLA horizontal magnets determined . thereby, the SLA
lines 0-24 determined thereby, and the MDF terminals
reached thereby.

It should be appreciated that seeming oddity in num-
bering lines in the SLA circuit is occasioned at least in
part by the fact that MDF-terminals are on a decimal
basis and SLA lines are arranged relative to horizontal
magnets on a 9 x 3 basis.

CHART.—INDIVIDUAL LINE SELECTION

Number Group

Cross Connections

(Also Digits Sender i

Transmits to SLM | H1 | H2 | H3 | H4{H5| T1|T2| T3 | T4|T5|TA

code Receiver
HTU

X faeem e X feeee] X
X |- e X ] X
X |- e X ] X
X - e X ] X
X |--- v X ] X
X een e} X feaen | X
X - e X | X
X |- e X feeee| X
X |- | Xl X
X |- crne]emee] X el | X
X |a-- X leood X |cece{ X
X fame X foae] X |amee| X
X . Kb X e X
X |- Xl | X e X
X |e-- Xoene X e X0
Xi- X feecd X |eeef X
X |- X e X et X
X I X |-t X e} X
Xl X LlldX o X
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CHART.—INDIVIDUAL LINE

SELECTION—Continued

Number Group
Cross Connections
(Also Digits Sender
Transmits to SLM

code Receiver

HTU

Hi

H2

H3

H5|T1]T2| T3 T5

50"

SIS

Db b b b b b b b b b b e b b b b b bt b B ba b B b A A b b DA DA b DA D b b M

slstataiattaisial




X
X
X
X
X
X
X
X
X
X
X

P4 bd b b babd b b b{babd b bd

TU
21-LY
X
X
X
X
X

136

i FL idddmanndbandidd {11 T ; A e
N B | e |1 Dot et s AR R R R alaalels Rl
BERRRRRRR Calaissianas p¥ WPBIbMMb | {pard
1 T T 3] ! H i i
PUETTETETT imdndndodndodoardrd
T 2 oo | T
e eV | e - _
T L T T | <8 [ oovooonnns |

Q4

—INDIVIDUAL LINE SELECTION—Continued

Number. Group
Cross Connections
(Also Digits Sender

code Receiver
HTU

CHART

-Transmits to SLM | HI|H2{H3H4|H5! T1|.T2{ T3 | T4|T5|TA

3,007,008

Q3
X
-X
‘X
X
X
X
X
X
X
X
-X
X

11 SR R A .

: 3 I T I I I S
83 oy <o 0" <H D D ' : - :
eess = wES S| bbdbabdbdehd bbb bdbdbbdbabdbdbdbabanabd S 1 FEE R LT R R
o Yoy = e . e R ._____._..._.__.
—i — [\ [~

Us

.XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

U4

. DADAB b b b b b4 b b b bt b b b b b b b b b b b b b b A

¥

U3

bbb bdbd b bdd

U2

7
i
:
:
1
i
i

bbb b bbb bbb o

138

bbb b b b B b b b bbb b b b B b4
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HTU

Number Group
Cross Connections
code Receiver

(Also Digits Sender
ransmits to SLM |H1 {H2 |H3 | H4|H5| T1| T2| T38| T4|{T5|{TA 5

CHART.—INDIVIDUAL LINE SELECTION—Continued

T

089 fem e
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UL | U2 | U3| U4 Us| QL Q2 Q3 Q4 T T | LU TU
0358 1469 27-89 27-1LU
_____ - X X eeea | o X R X
X faeee| X ceee | —oem X - X
P GO SV USRI ISR X - X
e e | e | X | eien X - X .
X foaao | el ] X e X - X
R [T B G X Z X
DS E SRR B G (. X - X
P I SR RPN RN X - X
e | e | X e ] meem X JROS SUUIIL S
X | eean | X cen | amem X [P IO S
PR R D G SN R X RS SIS NN
X {aeee | X oan | enmm X NI RIS o,
-G VWU RSN RGO S X OSSN RS RN
DU U RIS - GH DSPNUR PO RV IS SR [NV [
p: G R R b« RIS I S [ SRS R R
o | mem VU B G (VU SUIUIN [P R : G VI, RO
b« AU IR N CH PON NN SURIO B G R RSOt
b SR IO OO AU URSRA PRI S G [, S
it | X | imme | mm | mmmeme ] el X X emiean
D: S TR N G IR I SO SRR SR SR S G R
P X oo | cmom | ormme e X X s
X X b ooooa | emie Jimmmmee { e | X X aiees
X NNV ST SRV RNUUINI, RPN B SR IR G O
— e b X i | emima e ] X ] X ] e
X Ko coac e e | X ] X b e
e b [ [T RV B GH I QR R,
b« U R (-G U RURIOR RUR R, SR SR SR
X .
—n X
X X
..... e X
X |aea| X
;G R
D G N
" aia X
X b ceaa | e | X -
-G A [ ORI
—— X || X X
X Jeeen | X oo | X X
PSS R X X X
X | e b X X X
X | oo e e | X X
R —en | X X X
o | e | X X X
. e X D G X
X | ceee | o= | X X | aieea- X
G IV NI IDNRI G RN X
. RN I R R
e el | X e | mmea| 2maane X X
Xl oo | X ] oo | o | ammeem X X
R . G IR I . X X
X e} X ceeo  eaen | meeee X X
PSR PRI OISR N R [ X X
I RN I G RO R, X X
X | oaan ] ceee | X ] e | e X X
e e | X e | eeeaan X X
-G R G ISR R, X X
DG IS (N, RN SR [, X X
SLA MDG Ter- SLA MDG Ter-
Corresponding Individual | Combi- SLA SLA - {minal Sets Corresponding Individual | Combi- SLA SLA | minal Sets
SLA Number nation Select Line Reached SLA Number nation Select Line Reached
Thereby Thereby
; 50
1 HA H2 0 000 2 HB H1 8 038
1. HA H3 1 01 2 HB H7 9 039
1 HA H4 2 002 2 HC H2 10 040
1 HA Hs 3 003 2 jrie] H3 11 041
1 HA H6 4 004 2 e H4 12 042
1 TA "7 5 005 2 HC 5 13 043
1 HA H3 6 006 55 2 HC Hé6 14 044
1 HA 9 7 007 2 HC H7 15 045
1 B H1 8 008 2 HC HS8 16 046
1 HB H7 9 009 2 HC H9 17 047
i HC H2 10 010 2 HB H3 18 048
1 HC I3 11 011 2 HB H9 19 049
1 HC H4 12 012 3 HA a2 0 050
1 HC Hs 13 013 3 HA H3 1 051
1 HC Hg 14 014 60 3 HA H4 2 052
1 HC H7 15 015 3 HA Hb 3 053
1 HC H3 16 016 3 HA Hé 4 054
1 HC H9 17 017 3 HA H7 b 055
1 HB H3 18 018 3 HA H3 6 056
R PR HB H9 19 019 3 HA H9 7 057
1 HB H2 20 020 3 HB Hi 8 058
1 HB H3 21 021 3 HB H7 9 059
1 HB Hi 2 022 65 3 lINc Ho 10 060
1 HB 5 23 023 3 HC H3 11 061
1 HB H6 24 024 3 HC H4 12 062
2 HB H2 20 025 3 HC H5 13 063
2 HB H3 21 026 3 HC H6 14 ] 084
2 HB H4 22 027 3 HC H7 15 065
2 HB H5 23 028 3 HC H8 16 066
2. HB Hb 24 029 70 3 HC H9 17 067
2. HA H2 ] 030 3 HB H8 18 0068
2 HA H3 1 031 3 HB H9 19 069
2 HA H4 2 032 3 HB H2 20 070
2 HA H5 3 033 3 HB H3 21 071
2 HA H6 4 034 3 HB H4 22 072
2. HA H7 5 035 3 HB H5 23 073
2. HA H8 6 036 3 HB HS 24 074
a. HA H9 7 037 75 4 HB H2 20 075
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SLA MDG Ter- SLA | MDG Ter-

Corresponding Individual | Combi- SLA SLA | minal Sets Corresponding Individual | Corabi- SLA: SLA | minal Sets
SLA Number nation | Select Line Reached SLA Number nation | Select Line Reached
Thereby Thereby
5 . -

4 HB H3 21 076 5 HA H7 5 105
4 HB H4 22 077 5 HA B8 6 108
4 HB H5 923 078 5. HA 9 7 107
4 HB He- 24| - 079 5 HB H1 8 108
4 HA 02 0 080 5 HEB- HY 9 109
4 oA H3" 1 081 - - ¢
4 Ha He 2 082 10 19 HC HY 17 467
4 HA H5 3 083 : o : i
4 HA He 4 084 - 9 HC H2 10 490
4 HA "7 5 035 20 HC 3 11 491
4 HA H3 6 086 20 g He 12 492
4 HA HY 7 087 20 HO Hs 13 493
4 HB Hi 8 088 20 HC H6 14 494
4 HB "7 9 089 20 HC H7 15 495
4 HO H2 10 %0 15 g9 HC HS 16 498
4 HO o3 11 091 20 HC H9 17 497
4 BC H4 12 092 S HB H8 18. 493
4 HO B 13 093 20 HB H9 19 499
4 BC H6 14 094
4 BC Bt 15 095 - - . . .
4 JERS) HS 16 00 _ Returning now from the digression, in the following
4 B }—_Ig " %% 20 chart is given the number group cross-connections, the
5 EB %9‘ 197 (l)gg sender transmissions, and relays operated in the marker
g Hﬁ Hg (1) 101 code receiver, LPX circuit, and SLA circuits, the PBX
5 HA He 2 102 group and lines and finally the MDF terminals reached
5 HA Hs 3 103 thereb
5 HA H6 4 104 erevy.

PBX.—»TWENTY INDiViDUAL GROU P3'CONSECUTIVELY ARRANGED

CNumger Group %igiés S&ant
ross Connections ende; :
- : tscr) SLM | H1 | H2 | H3 | H4 | H5 | T1 | T2 | T8 | T4 | T5 | TA
Code Re- .
HTTU P ceiver
600 PBX 500 e | eee e e | X eeei e feeee | X ] X
025 PBX 525 JEVNOUE) INCTUUN NS AU > SR I RN X X eeee | X
050 PBX 550 come e [ feeie] X e | e | e e | X X
075 PBX 575 i e et X ] eiae [ e | Xl X X
100 PBX 600 R X | eeee | oeee || X JREN DRI I X | | X
125 PBX 625 Coe | X | ciaa b | X Jezec | meee | X X )] X
150 PBX 650 e | X e e | X clee femte ez | e | X X
175 PBX 675 e | X I X | eeae | eeam . X X
200 PBX 700 e | e | X X | coon | cee fceen | X el b X
225 PBX 725 el feeee | X X | ceen | e X |- | X
250 PBX 750 it e | X et | X eiin e e | e T X X
275 PBX 778 pece bz | X cees | X e e X o X X
300 PBX 800 X X |ooo | eme | X e cesifeece | X it X
325 PBX 825 X X fomee | caee | X jecc e | X X |eem | X
350 PBX 850 X X |t et | X jmmec ceem [ ecan | eeen | X X
375 PBX 875 X ;G N IO I G ORI n | X X
400 PBX 900 X X eae oo el femee et e | X e | X
425 PBX 925 X b« R SR IS I X |- | X
450 PBX 950 X > GO RN VR, R I SRR I A 4 X
475 PBX 975 X X oo e e e | i | X et | X X
467 PBX 967 X X | oewee ] vmme | eeae | eeen | X | eem ] e | X X
. - T T T U TU Relay
Ul U2-| U3 Us| U5 | Q1] Q2| Q3 | Q4 | 0358 | 1469 | 27-89 | LU | 27-LU Pin
. ) LPX Ckt.
______ P1
- P2
- P3
. P4
- Ps
______ P6
P7
______ P8
- P9
- P10
- P11
- Pi2
- P13
- Pi4
______ P15
Pi6
...... P17
P18
: P19
______ : P20
X X DG I B, D G (R S IR P19
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141
Individual Transfer MDF Individual Transfer MDF
SLA Lines Relay Terminal PBX SLA Lines Relay Perminal PBX
Deter- In SLA. | Associated | Reached Group Deter- In SLA | Associated | Reached Group
miried With SLA | Thereby mined With SL.A | Thereby
Thereby 5 Thereby
[ 20 1 020 24 11 274
20 2 025 ‘ 2 12 279
Pl 2 e mow
{ 20 5 120 24 15 374
20 8 125 10
o A mi
""""""" 20 9 220 Perhaps a2 word of explanation relative to cerfain
2 1 b terminology in the marker code receiver would facilitate
20 12 275 an understanding thereof. Ground on lead 20G selec-

PBeoaees gg iz ggg 3 15 tively routed through the marker code receiver operates
20 15 370 the relays 1A, 2A, or 3A in any of the 20 SLA switches;
%g {g 2;(5) and selectively routed differently through the marker code

) 20 18 425 4 receiver operates any relay P1-P28 in the LPX circuit.
b o ik Ground on lead 9G selectively routed through the
21 i 021 20 marker code receiver operates any of the horizontal select

PE. . : éi % 8?? 5 magnets H1-H9 in the selected SLA. Ground on lead

: gi é 35? 3G selectively routed th;‘ough the marker cede receiver
o1 5 126 operates any of the horizontal select magnets HA, HB,
21 7 171 and HC in the selected SLA. On PBX calls by dialing

P8 gi g %;? ] 6 25 PRX directory group code codes, ground is found on lead

21 10 226 20G but not on 3G and 3G.
9t 11 a1}  Leads 0-% out of the hundreds register are selectively

BT A 2 s } 7 grounded from the 280G ground through the hundreds
21 14 326 register as a result of the hundreds digit; leads 6—4 in
ii 15 g% 30 conjunction with relays Q1-Q4 selecting SLA’s and leads
2 %? 121 5-9 in conjunction with relays QI1-Q4 selecting relays

P8ocmnaee %i %g i‘;’ § 8 P1-P2¢ relays in the LPX circuit.

21 20 476 Relay Q1 is operated by ground on lead 01 -as-a result

922 1 022 of tens digit 0 or 1; or by ground on lead 2L as a result

PO gg % g% 9 35 of tens digit 2 and a “lower” units digit (0~4). It can be

. 22 4 077 seen that the lead designation refers to the digit situa-
ZZ 5 g? tion as a result of which relay is operated.

99 ? 172 elay Q2 is operated by ground on lead 34 as a result of

PL0--coomee- gg g %;; i0 tens digit 3 or 4; or by ground on lead 2H as a result of
% 10 297 40 tens digit 2 and 2 “higher” units digit (5-9).

22 11 272 Relay Q3 is operated by ground on lead 56 as a result

T z i O |- of tens digit 5 or 6; or by ground on lead 7L as a result

""" 22 14 327 of tens digit 7 and a “lower” units digit (0-4). :
22 15 872 Relay Q4 is operated by ground on lead 8 or 9; or by
33 i? Zgg 45 gromnd on lead 7H as a result of tens digit 7 and a

P12 loons 22 18 427 12 “higher” units digit (5-9).
gg %3 23’7’ Relay €358 is operated by ground on lead 0358 as a
23 [ 1 023 result of a tens digit 0, 3, 5, or 8.

P13 gg % 8?,§ i3 Relay 1469 is operated by ground on lead 1469 as a

"""""" 23 4 078 5o Trosult of atens digit 1, 4, 6, or 9.
23 8 0z Relay 27-89 is operated as a result of a tens digit 2
gg ? §;§ or 7; or as a result of a units digit 8 or 9.

Pldoccamnns 23 |. 8 178 14 Relay LU is operated as a result of a lower units digit
P 10 2o (0-4). ‘

23 1 273 55 Relay 27-LU is operated as 2 result of a tens digit 2

1t { % 2 a8 } 15 or 7; or as a result of a lower units digit (0-4).

o 23 14 328 Although ground is on lead 208G and not on leads 3G
23 15 873 and 3G for a PBX group call, the tens and units digits
33 %‘75 23% are employed to operate the correct relays Q1-Q4 in

Pl menen gg ig ‘gg 16 6o comjunction with leads €~$ to direct the 280G ground
23 20 478 selectively to any ome of the relays P1-P20 in the LPX
24 1 024 circuit.

Pl { £ 2 P } 17 Referring to the LPX circuit of FIGURE 20, the knife
24 4 079 switch of each PBX line should be closed to give PBX
zi 2 g‘; 65 service to that line.

2% 7 174 However, if it is desired to busy out a PBX line, the

P18l gi g é;i 18 knife switch should be opensd. Thereby when the asso-

: 24 10 299 ciated relay P1-P2§ operates, ground from the PBX line
24 1 274 circuit is prevented from operating one of the relays

P19 . 2 H 9 o 70 AI-A20; and when the associated relay 1TR-20TR oper-

"""" 24 14 329 ates, this ground is prevented from operating ocne of the
24 15 374 relays B29-B24.
% 1 b It should be understood that any individual set of ter-

P20_ - ccien 24 18 429 20 minals asscciated with any of the 1000 dialed directory
%i ;3 2;3 "wg -numbers of any number group can be cross-connected to
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select the desired PBX group. Thus, to select PBX
group 19 the following example is given:

ME7-1000 ME7-1234
HE T UP H T U P
- g' j ”1 ﬁ' D‘ | - r T T 'ﬁ T - T
g 6-6 0 6 g6 6 6.6 " g
1 4 5 0 PBX 1 4 5 0 PBX 1

Now to make night numbers of PBX lines, any direc-

tory numbers, not otherwise used, may be assigned to the

lines of the PBX group. For example, in the case already
given wherein the following cross-connection (see below)
in the number group for the first thousand directory
numbers was used to reach PBX group 19,

ME7-123¢
T

T g'
0 ¢

5 PBX
giving access to PBX lines of PBX group 1% on MDF
terminals 274, 279, 324, 329, and 374; the following di-
rectory numbers, for example, can be assigned to the
individual lines and the following cross-connection can

be made in the number group circuits of various thousands
of directory numbers:

Line

RS b

R ——— T m
o®—R

ME7-1032
T
[
2

Accordingly, by dialing the assigned directory number,
any one of the PBX lines of the group can be selected in
 exactly the same manner as the selection of a regular
subscriber line. A common party designation however
will always be used for PBX lines, party 1 for example.
Accordingly, the following chart summarizes the resulis:

ME7-3764

N R iy HJ
ey
R MY
[

va—s T
B = B Y |
OR——

Directory Number Line In Line of MDF

Dialed of SLA | PBX | PBX | Terminal

SLA Group | Group Reached
MET-1032__ ... 24 1 19 1 274
ME7-3764. 24 12 19 2 219
ME7-2501_ 24 13 19 3 324
ME7-4003_ 24 14 19 4 329
ME?7-1001. 24 15 19 5 374

X, in busying out a PBX line its associated knife switch
is opened, it is also desired to disable the night number
of the line, one, two, three, or four of its number group
jumpers may be disconnected, leaving at least one con-
nected, which causes an incomplete code to be received
by the sender from the number group circuit. As a result
thereof, the sender routes the call to an intercept opera-
tor. (This device of disconnecting jumpers can be used
with regular lines also to route them to an intercept
operator. Furthermore, if no jumpers are connected for
a directory number, the sender receiving no codes from
the number group is apprised of the fact that anm wun-
equipped directory number has been dialed and routes
the call to an automatic intercept circuit whereby the call-
ing party receives a recorded message advising him that he
has dialed a nomn-equipped number.)

If it is desired to use any line or lines of PBX group
19 for example as a non-PBX regular subscriber line:

1st: Open the associated knife switch in the LPX cir-
cuit,
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2nd: Connect the “P” jumper in the number group to
an appropnate party terminal.

ME7-3621
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For example, hne 24 of SLA—11 may be so arranged
as follows:

. ME7-1032

T
Qi
[
7

Thus party 3 on the line on MDF terminal 274 would
be rung by dialing ME7-1032. Of course, terminals
1, 2, 7, 4, 3 just shown could be cross-connected to the
individual terminals of a different directory number, so
that this line could be reached by dialing a different direc-
tory number.

Refurnng again to the LPX circuit of FIGURE 20, if
it is desired to include more than five PBX lines in a
common group by dialing a single directory number, this
may be accomplished as follows.

U P
g' ﬂl
9 9

4

MD7-4003

T U
[

ME7-1001
T U

K H
Line - 9 Line 8- 0 8 0

I ”l
‘59
3

b

LR

P

g’
]

1

For example, suppose that it is desired to include fif-
teen PBX trunks in PBX group 1. 'This may be accom-
plished by running jumpers between terminal 1 associ-
ated with conductor 1 of cable 1-20 and terminals asso-
ciated with relays P1, P2 and P3. Thereby when the
marker places ground on conductor 1 to select PBX group
1 as a result of the following cross-connections (see
below) in the number group circuit,

|

[ LV

] g ¢
2 1 -3

S by

r— e,
HTUP
Line ‘ ! l

l6| g{
6-06 ¢ 9 ¢
1 0 0 PBX

relays P1, P2, and P3 all operate in parallel to battery.
By reference to FIGURE 82, it can be seen that by the
operation of relays P1, P2, and P3, ground test circuits
from lines 20 in SLA’s 1-15 are extended into the LPX
circuit. Ground from -the associated line circuits of idle
PBX lines, through contacts of relays P1, P2, and P3,
and break contacts of relays 1TR-15TR, operate relays
of the group A1-A15 according to the lines which are
idle. If all lines are idle, relays A1-A15 in the marker
MLI circuit all operate. Only one of the relays A1-Al5
lock, however, namely the lowest numbered. Accord-
ingly, relay A1 locks, and relays A2-A15 release. Relay
A1l operates relay 1TR and the test ground circuit from
line 20 of SLA-1 is transferred by contacts of relay 1TR
to conductor 41 of cable 41-45 whereby relay B20 in
the marker MLI circuit. - Thereby line 20 of SLA-1 is
determined for selection.

If, for example, lines 20 of only SLA’s 6, 13, 14, and
15 are idle, relays A6, A13, Al4, and A15 operate but
only relay A6 locks, as it is the lowest numbered result-
ing in the operation of relay 6TR. Thereby the test
ground from line 26 of SLA-6 is extended conductor 1

e S
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of cable 41-45 operating relay B20 which results in line
28 of SLA--6 being selected. |-

+ Let us assume another example, - Suppose it is desired
to:include ‘eighteen lines in the same PBX group. This
is accomplished by tross-connecting terminal 1 associated
with -lead 1 of  cable 1-20 to ‘the terminal. associated
with and leading.to"the wmdmg of relay D1 to battery.
Thus when. the marker responsive to the before described
cross-connections in: the number group- circuit, places
ground on conductor 1 of cable 1-20, relay D1 operates.
Four separate make contacts of relay D1 are connected
to associated  ¢ross-connect terminals. -These four ter-
minals .are cross-connected to the terminals -associated
with:relays. P1, P2, P3, and P4. The associated levers
of relay D1 are ‘grounded. - Accordingly when relay D1
operates, ground through the four make contacts referred
to operates relays P1, P2, P3, and P4. - Let us: suppose
that- the: last two PBX lines-associated- with relay P4 are
not used as PBX lines but as regular subscriber lines and
accordingly their knife switches are opened and appro-
priate cross-connections’ are made in- the number group
circuits to reach them as regular lines.

When relays P1, P2, P3, and P4 operate, ground cir-
cuits from the associated: PBX lines are extended into
the marker. If all eighteen ‘PBX lines are idle, ground
circuits from. lines 20:of SLA’s 1-18 are extended to
marker -relays A1~A18 but only Al locks. When the
associated relay 1TR, operates as a result of the opera-
tlon of relay Al, the test ground from line 20 of SLA-1
is extended into the marker operating relay B20 resulting
in the selection of line 20 of SLA-1. If all lines are
busy except_ lines 20 of SLA’ 17 and 18, relays A17
and A18 operate and only relay A17 would lock.  When
relay 17TR operated as a result thereof, the test ground
from line 20 of SLA-17 is.extended into the marker
over conductor. 1- operating .relay B20 in the marker.
With relay A17 and B20 operated,. selection of line 20
of SLA-17 is determined.

:Tt should be observed that the operatlon of relays P1-
P20 ¢ontrol the operation of relays A1-A20 which con-
trol the operation of relays 17TR-20TR

Al-A5. ... 1TR-5TR.
AG-Al0. .. 6TR-10TR,
All~A15.___{ 11TR-15TR.
A16-A20.___{ 16T R-20TR.
Al-Ab_._... 1TR-5TR.
A6-Al0.....| 6TR-10TR.
-1 AN-Al5. | UTR-15TR.
A16-A20._..| IBTR-ZOTR.
Al-A5______| ITR-5TR.
‘A6-A10. ...t 6TR~10TR.

| All-Al5. .| 11ITR-15TR.
| Al6-A20._._| 16TR-20TR.

A6-A10.._ ..} 6TR-10TR.
All-Al5.___| HTR-ISTR,
A16-A20._..] I6TR-20TR.
Al-A5 . 1TR-5TR,
AB-A10.__._ 6TR-10TR,
All1-Al5._ .. ITR-15TR.
Al16-A20._..| 1I6TR-20TR.

‘Each relay 1TR: can control relays B20-B25, but -if
marker relay. Al is operated by test ground from line
20 of SLA-1 as for example by the operation of relay
P1, then the opeération of relay. 1TR extends this test
ground to operate. relay B20. If relay Al is operated
from test ground from line 21 of SLA-1, as for example
by the operation .of relays PS5, then the operation of relay
1TR extends this test ground via conductor 42 of cable
41-45.t0.operate relay B21.

Of course, relay D1 can be connected to operate relays
P1, P2, P3, P4, and P5 if desired, to give access to a
PBX group of twenty-five lines. In this case if lines 20
and 21 of SLA-~1 are both idie, test ground from line 20
of SLA-1 through make contacts of relay P1 and break
contacts of relay 1TR; and test ground from line 21 of
SLA=1. through  make contacts of relay PS5 and other
break. contacts of relay 1TR; converge via conductor 21
of cable 21-40 to operate relay Al.  The operation. of
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relay Al results in the operation of relay 1TR, where
upon test ground from line 20 of SLA-1 is extended over
make contacts of relay P1 and 1TR to conductor 41 of
cable 41-45; and test ground from line 21 of SLA-1 is
extended over make: contacts of relay P5 and 1TR to
conductor 42 of cable 41-45 operating both of the relays
B20 and B21; the lower of which B20 locks. Relay
B21 releases.

Relays A20-A25 and B20-B24 have preference in
locking from highest preference for relay A20- to the
lowest preference for relay A25 and the highest prefer-
ence for relay B20 to the lowest preference for relay B24.
Thus if the first line, i.e., line 20 in a selected SLA is
idle relay B20 will operate. If line 20 is busy but line 21
is idle, relay B21 will operate. If lines 20 and 21 are-
busy and line 22 is idle, relay B22 will operate, etc. .

Let us consider the extreme case in which all 1060 PBX
lines of the 500 line group are included in a single PBX
group. .In this case terminal 1, for.example, associated
with conductor 1-of cable 1-20 may be cross-connected
to the terminal associated with relay D1 and also to the
terminal of another such relay not shown which we shall
designate D2, Terminals associated with the make con=
tacts of relay D may be cross-connected respectively
relays P1-P10 and terminals associated with make con-
tacts of relays D2 may be cross-connected respectively
to relays P11-P2¢.

Accordingly, when the marker connects ground to con-
ductor 1 of cable 1-20 to select the PBX group; relays
D1 and D2 both operate, in turn operating relays P1=
P20.

Assuming all PBX lmw 1d1e test ground from lines
20-24 of SLA’s 1-20 pass through associated closed knife
switches, ‘make contacts. of relays P1-P2¢ and: break
contacts of relays 1TR~20TR to leads: 21-40 of cable
21-40, operating all relays A1-A20, the first- of which,
Al, locks. Relay Al operates relay 1TR wheréupon test
ground from lines 20-24 of SLA-1, through make con-
tacts of relay 1TR on leads 41-45 of cable 41-45 oper-
ates relays B20-B24, one of which, B20 locks : Accord-
ingly line 20 of SLA-1 is selected.

Accordmgly SLA-1 has first priority but if all lines in
SLA-1 are in use SLA:=-2 has next priority, etc. ~Also in
any SLA, line 20 has. first priority but if line 20 is in
use line 21 has next priority, etc.

The flexibility of the system is illustrated by the fact
that any teérminal 1-20 of cable 1-20 can bé connected
to any_ terminals associated with relays P1-P29.  Also
any terminal 1-20 of cable 1-20 can be connected to
relays. D1, D2, and ‘more than two D-relays may be
equipped.

For example Iermmal 1 of cable 1:20 could be cross-
copnected to relay D1 and the make contacts of relay
D1 could be cross-connected to relays P4, P5, P19, and
P20. Terminal 2 of cable 1-20 could be cross-connected
to the terminals associated with relays P1 and P2. Ter-
minal P20 of cable 120 could be cross-connected to the
terminal associated with relay P3, etc,

It should be observed that when relay 1PN1 operates
upon initiation of a call to a PBX group, ground through
contacts 1PN1-d, -conductor 27, cable 1-27, cable to

MLI; conductor 27, contacts AB-d, conductor 5, cable

to MTT, conductor 5, contacts BYP2-a, upper winding
of relay BYP1 to battery; operates relay BYP1. Reldy
BYP1 closes circuits through its contacts a and b to make
itself slow in releasing via its lower winding and operates
relay BYP2 over the circuit from ground on conductor
$, contacts BYP1—, winding of relay BYP2 to battery.
Relay BYP2 Jocks over the circuit from battery through
its winding, contacts BYPZ-b, to ground on conductor 5,
opening the upper winding circuit of relay BYPI at con-
facts BYP2-a. Contacts BYP2-b close before contacts
BYP2-4 open. Relay BYP1 has a release time of 50 to 60
milliseconds.  If felay AB in thet MLI circuit has not
operated by this time (indicating a4 busy PBX group),
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the holding circuit of relay BYP2 has been maintained.

and relay BYP2 has.remained operated. Ground through
contacts . BYPl-¢, BYP2—d to lead “PBX -Busy” -actuates
a PBX busy indication on the SLM Fuse Panel. Positive
48 volts potential through contacts BYP1-d, BYP2—,
conductor LBY, cable to MCR, conductor LBY, contacts
RA3-b, CRG-a, tip conductor T, cable to: MCC, con-
ductor T, contacts SRAN1A-i, conductor T, cable to
LCT, conductor T, contacts of magnets M39 and M1,
conductor T otherwisc designated 5982, contacts 5930-m,
5940—e, conductor 5956 otherwise designated T, through
GSB crosspoints, GSA. crosspoints, SRL crosspoints as
conductor ST, through the register, through contacts of the
register-sender connect relays, through break contacts of
relay S (FIGURE 10), make contacts A4 of relay A,
through the winding of relay LBY to ground operates
this relay, which closes ground -over its make. contacts to
release circuitry. The release circuitry places ground on
lead RD to the register operating relay RD. Relay RD
releases connections in-a manner essentladly the same as
described hereinbefore.

- However if relay AB has operated, indicating an ava11-
able PBX group, ground is removed from conductor 5,
opening the holding circuit of-relay BYP2 and this relay
releases before BYP1 releases. When contacts BYP2-a
reclose, ground:is not present on conductor 5§ and accord-
ingly relay BYP1 is not reenergized. .Accordingly, when
relay BYP1 releases no circuit obtains to the PBX Busy
indicator and 48 volts positive potential through BYP1
is prevented from reaching the LBY conductor.

It should be observed that when relay 1PBX operated
as a result of the sender sending the hundreds digit, relay
1PBX connected battery through a 200 ohm resistor and
8 mf. condenser, contacts IPBX-i, to conductor 2, which,
passing through contacts 1ABL~i t0 conductor 1 and the
cable to the MCI-circuit, emerging on conductor 1 -and
passing through the winding of relay K3 to battery ex-
tends the release -time of relay X3 by an interval in the
-order of 150 milliseconds. - Accordingly, if by any chance
-a PBX line is:not found. and a path éstablished thereto
from the calling CRB by the time relay K3 releases, a
congestion busy signal is sent to the. sender which re-
leases- connections. - Ordinarily on a call to 2 -busy PBX
group, the LBY signal to the marker will have been sent
before this by relays BYPI and° BYP2 as described
above.
¢ It should be noted that on a call to a regular line, the
operation of relay BY2 places 48 volts through con-
tacts BY2—c on conductor LBY which effects the operation
of senderrelay LBY and in turn register relay D whlch in
turn effects the release of the connections.

. ‘Furthermore it should be noted that when all terminat-
ing paths are busy, --48 volts, through make contacts of
relay ‘K4, break contacts of relay X3 or K5, conductor
CBY, cable to MCR, conductor CBY, contacts RA3—d,
CRG—-b, ring: conductor R over a similar path to- that
traced for conductor T, through make contacts Al of
relay A, rectifier in the correct direction, winding of relay
CBY to ground operates this relay which connects ground
through its make contacts to release circuitry. The re-
lease circuitry effects the operation of register relay D
which effects the release of connections. It should be
observed that if a path is not obtained within a specified
time, relay K3 releases. - Relay K3 opens the: normal op-
erating circuit of relay K4 (ground, K5-b, K35, winding
of relay K4 to battery). - Relay K4 is a slow release relay
‘and during the interval between the release of relay K3
and the release of relay K4, this ground obtams on con-
ductor CBY.

M. Termmatmg call from wire chief or busy vertﬁcatzon
trunk

. Referrmg now to FIGURES 1-4, therein is illustrated
a wire chief trunk 235 which can also be considered illus-
trative of a busy verification trunk accessible to local
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opérators.  :In FIG,. 4 is shown a group of such wire chief
or busy verification trunks, designated 235-235a.
“Wheén such-a truiik which we'shall generically call a
test trunk, initiates a call trunk 235, for example, a signal
over'path 235’; path 239¢, and path 239x (assuming that
test trunk 235 ‘is associated with horizontal 1:of the first
TR switch 239f) ‘actuates the guard and connect relays
associated with TRL switch circuit 239f, which energize
appropriate horizontal and vertical magnets-of the TRL
crossbar switch to extend the test trunk 235 over one of
its TRL: verticals and .path 245 to an incoming register
such as 300 which via path 310, guard and connect telays
301 and path 311 engages a sender translator such as 302
which via path 312, connect relays and paths'313 and 318
engages a number group circuit-such- 25°308. -~ -

Referring now to FIGS.-10 and 11, & marking conduc-
tor extends from test trink 235 over the TRL crosspoints
into ‘the register to a test indication circuit- which passes
the information to the “class1ﬁca’non of call” cxrcult in
the ‘sender. S

< The digits of the called number are dlalled into ‘the
regxster over the TRL crosspoints via one or more of the
leads RT and-RR into thé sender.

‘The sender in response to mformatwn recexved from
the number group sends two s1gnals to:the group selector
marker which extends the trunk ring and tip circuits over
path 246; 129 etc. through’ thee group se]ector GSA and
GSB. crosspoints into"the CRB circuit.

~When the CRB circuit is ready ‘to’ recexve the sender
sends -two' signals ‘to the: CRB -circuit; ‘the first-of which
is a fest'signal comprising ground on' the ring and nothing
on the: t1p occasioned by the ring conductor SR fan of
contacts in the sender block'labeled “classification of calls,
etc.,” being so adjusted in response to the test indication
signal from the marker. (Refer to page 77 of the co-
pending patent apphcatxon for this signal in ‘the chart
thereat. ‘While this signal is designated “Wn'e Chief Test”
thereat, it should be understood-that it is used for’ “Busy
‘Verification” also. The sender also sends the party srg-
nal to the CRB.) = - .

The “test” trunk signal referred fo comprising ground
on the ng Conductor and nothing on the Tip results in
relay WC in the CRB circuit being operated as described
in ‘the copending application.

Of course, the CRB circuit has. seized a subscnbers
line marker such as SLM-1 shown. - With relay WC oper-
ated in the CRB circuit, a circuit. is. completed from
ground through contacts WC-j in the CRB circuit; ‘con-
ductor 5968 which becomes 5985 and lead RWC, through
contacts associated with multiple relay magnet M1 in the
LCT circuit, contacts associated with magnet M39, cable
.6003 conductor RWC, contacts SRAN1A-f in the MCC
circuit, conductor RWC, cable to the MTT circuit, -con-
ductor RWC, contacts RC—b 1RC—¢, through the winding

.of relay WC to battery, operatmg relay WC in the MTT
‘circuit, whereby the marker is marked for a call from a
‘test trunk such as used by a wire chief or a busy verifica-
‘tion' operator.

It should be- observed- that this "occurs
upon first seizure of the marker. - Relay WC immediately
discorinects’ the: S-wire circuit from the lower winding at
contacts WC-b and completes  the -following circuit to
simulate an idle line to the lower wmdmg of relay 1RC,

- shunting ‘relay 1RC: battery through 4 350 ohm fesistor,
‘contacts ‘WC-a,’ BT—b lower wmdmg of relay 1RC, to

‘battery. -

When the marker is ready to’ recelve the sender trans-
iits the hundreds, tens, and units 51gnal to the marker
code receiver.

When the originating end of the marker is avallable it
is. seized and the SLA horizontal magnets. are - operated,

‘extending the called S-wire into the marker. as described

hereinbefore.  This S-wire circuit .extends .through' the
marker into the MTT circuit via conductor 14; break con=
tacts IA—g, BY2-¢, IRC—g, to open contacts WC-b, - . °
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When relay BT operates during the S-wire test, battery
through the 350 ohm resistor, contacts WC-a, BT-c,
through the upper winding of relay BY1 operates this
relay, which locks from battery through its lower wind-
ing, contacts BY1-b and BT-f to “master ground.” Re-
lay BY1 opens its contacts BY1-a preventing‘the opera-
tion of relay BY2. Thereby the marker is set up as it is
for an idle call and proceeds as though the called line is
idle, closing SLB and SLC horizontal magnets, and then
SLB and SLC vertical magnets to set up the call to the
called line whether it is busy or not.

Thereupon ring and tip circuits extend from the Wire
Chief Trunk or Busy Verification trunk through the group
sélector crossbar switches GSA and GSB, CRB circuit,
and crossbar switches SLC, SLB, and SLA to the ring and
tip conductors of the called line. More specifically, refer-
ring to FIG. 3 a four conductor path can be traced from
test trunk 235 (which can be a wire chief trunk or a Busy
Verification trink) over paths 246, 129, 169, 176 to the
GSA cross .bar switch, which conductors as shown in
FIG. 13C comprises conductors R, T, S, and C. These
conductors can be traced further by reference to FIGS.
13A and 14D in that order into the CRB circuit. The
ring conductor R (5957) can be traced through contacts
5940-b, 5930-d, conductor 5995, 5710-g, 5700—, con-
ductor 5788 which is conductor R through the SLC, SLB,
and SLA crosspoints to the called line. A similar cir-
cuit can be traced for the ring conductor.

Of course the ring was pre-tripped by relay WC in the
CRB cirouit which provides a locking path for relay RT
in the CRB, preventing its release.

Ground on the S-wire from the test trunk holds relay
MB in the CRB circuit which places ground its contacts
§920—g on conductor 5997 which becomes conductor 5786
which is the outgoing H-wire, holding vertical magnets in
the SLC, SLB, and SLA switches.

Thereupon the Busy Verificaticn operator or Wire Chief
can monitor the called line.

The C-wire (conductor 5959) entering the CRB circuit
from the GSB switch can be traced further as conductor
5999, through contacts 5760-d, to conductor 5787 which
is the called S-wire and passes through the SL.C, SLB, and
SLA crosspomts to the called line circuit.

A wire chief’s trunk is arranged so that by manipulation
of a key the wire Chief can selectively place ground on
the C-wire which by its connection to the called S-wire
operates the cut off and lock-out relays of the called line
to clear the called line for testing and to busy it out.
Thereupon the Wire Chief can make a batter, ground, and
other tests of the call line ring and tip.

Furthermore, the Wire Chief can then manipulate the
key to remove ground from the C-wire, releasing the
called lockout and cut-off relays. - By manipulation of an-
other key the Wire Chief trunk can then place a loop across
the ring and tip, causing the associated line relay to oper-
ate, seizing a marker via the LEO circuit which connects
up the line to an idle register over an available path.
Thereupon the Wire Chief can dial up any number over
this loop. In review this connection extends from the
Wire Chief trunk, over the GSA and GSB crossbar
switches, through a CRB circuit, over SLC, SLB, and SLA
switches to the called line, thence over a different SLA
vertical, through SLB and SRL switches to a register, etc.,
and after the call is switched through, over a different
GSA-GSB path, a different CRB, and a different path
through SLC, SLB, and SLA crossbar switches to the
called line. This connection involves three SLA verticals.

‘When the test trunk opens removes ground. from the
S-wire (by means of which the CRB circuit was seized and
held), relay MB (5920) releases, removing ground from
the H-wire which releases the SLC, SLB, and SLA
switches to the called line. Removal of the loop on the
called line releases the second seized CRB which releases
the connections set up -over the called line loop.
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VI1. Miscellaneous
A. Originating call self release

Relay K1 (see MLI) is normally operated. Relay K1
operates over the path from battery through the upper
winding of relay K1, contacts Ki-e, 1ANC—e to ground
and locks over the circuit from battery through the upper
winding of relay K1, in series throngh the lower winding
of relay K1, contacts K1—f which close before contacts
Ki1-¢ open, 1ANC-¢ to ground.

Relay K3 also is normally operated over the path from
battery through the winding of relay K2, contacts K1-d to
ground. It should be observed that relay K2 is a 100
millisecond slow release relay.

When relay 1ANC operates during the passage of an
originating call through the marker, relay 1ANC removes
direct ground from the holding circuit of relay K1 at its
contacts IANC-e, and at its contacts IANC—f which close
before contacts 1ANC-¢ open connects 2200 ohm battery
to the holdling circuit of relay K1. Circulating current
through the two windings in series of relay K1 will hold
relay K1 in the operated position for approxxmately 200
milliseconds. "Accordingly, if the calling line is not iden-
tified by the time K1 releases, the trouble recorder is sig-
nalled over the following paths., Ground, Ki-a, K2-5.
Ground, Ki-d, K2—g. These two ground circuits identify
the SLM marker by operating appropriate group and units
relays in the trouble recorder.. Any time that relay K1
releases and identifies the SLM marker to the trouble re-
corder, the trouble recorder observes which other leads
from the marker have ground on them and thus is enabled
to make a tape recording of the trouble. At its contacts
d, relay K1 opens the circuit of relay K2, which begins
its slow release period. At its contacts b, relay K1 oper-
ates relay K1 over the circuit from ground, coatacts K1-b,
K2-e, upper winding of relay REL1 to battery, relay
REL1 Jocking over the path from battery over the upper
winding  of relay REL1, contacts REL1—q, 2AND-e¢, to
ground. Relay RELI places ground on the calling S-wire
over the path from ground, ¢ontacts REL1-b, 1ABL—e,
conductor SLA-S, etc., operating the line cut off relay
(CO17 for example) which releases the line relay (LR17
for example), preparing the line to go on lockout when
REL1 subsequently releases. '

. After approximately 100 milliseconds, relay K2 releases
opening the SLM identifying leads to the trouble recorder
at contacts K2-f and K2—g. The release of relay K2 op-
erates relay REL2 over the path from battery through the
winding of relay REL2, REL1-d, K2-d, K1-b, to ground.
Relay REL2 locks over the path from battery through
the winding of relay REL2, contacts REL2-c, 2AND-g,
to ground.

With relay LR17 released, any calling loop circuit to
the markeris opened. With relay K2 released, the holding
circuit of any relay A1-A20 and relays 1AA, 2AA, and
3AA is opened at contacts K2—f. With relay REL2 oper-
ated, the holding ground circuit of relays B0-B24.(B17
for example) and IBA is open at contacts REL2—qa; thé
holding battery circuit of B17 and 1BA is open at con-
tacts REL2—d; and the circuit of relay 4BA. is open at con-
tacts REL2-b; effecting release of the marker.

When relay 1ANC releases, relay K1 reoperates, in
turn releasing relay REL2 and reoperating relay K2.
When relay 2AND releases, the holding: circuit of relay
REL1 is opened and this relay releases,

However, if the line is identified before relay K1 re-
leases (i.e. within approximately 200 milliseconds), as
evidenced by the operation of relay BB, at its contacts K,
relay BB, connects a circuit from battery through a 200
ohm resistor, condenser C1, contacts BB—%, K1—f to the
holding circuit of relay K1, increasing the release time of
relay K1 to approximately 1000 milliseconds. It should
be observed that before the operation of relay BB, ground
through contacts BB-1 charged condenser C1. If a path
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is not found by the time relay K1 releases, relay Kl ini-
tiates release of the marker in the manner described.

B. Terminating call self release

Relay K3 is normally operated over the cidcunit from
battery through the winding of rlay K3 and contacts
2RANC-¢ to ground. Relay K4 of the 100 millisecond
slow release type is normally operated over the circuit
from battery through the winding of relay K4, contacts
K3-b, and K5-b to ground. Ground through 2 RANC-b
charges condenser 8.

When relay 2RANC operates, the ground circuit to the
winding of relay K3 through contacts ZRANC-e is opened
but relay K3 will remain in the operated position due to
circulating current over the path from battery through
the winding of relay K3, condenser 8, 200 ohm resistor
to battery for approximately 200 milliseconds. If the
codes from the sender have not all been received by the
time relay K3 releases, the release of relay K3 closes the
following two circuits to the trouble recorder which op-
erates group and units relays in the trouble recorder to
identify the particular SLM marker to the trouble record-
er. Ground, contacts K4-d, K3—a,\ ground, contacts K4,
K3-d. Relay K3 opens the circuit of 100 milliseconds
slow release relay K4 at contacts K3-5.

After approximately 100 milliseconds relay K3 releases,
opening the SLM identifying circuits to the trouble re-
corder. At its contacts K3-g, relay K4 removes the hold-
ing battery from the operated relay of the group RB1-
RB11 and relay IRBA which initiates release of the
marker.

However, if all codes have been received by the mark-
er code receiver from the sender as evidenced by the
operation of relay RA3 in the marker code receiver and
in turn relay 1ABL in the originating end of the marker
an additional holding circuit is connected to the winding
of relay K3 over the following circuit, increasing the re-
lease time of relay K3 to approximately 1000 millisec-
onds; battery, 200 ohm resistor, condenser 30, conductor
2, contacts 1ABL—, conductor 1, cable to MCI, conductor
1, winding of relay X3 to battery. Accordingly, if a path
is not found by the time relay K3 releases, marker re-
lease is initiated by the operation of relay K3 in the man-
ner described. Relay K3 also completes a circuit from
+48 volt battery, through contacts Kd-e, K3—c, lead
CBY, cable to MCR, lead CBY, contacts RA3—d CRG-b,
conductor R, etc. to relay CBY in the sender. The sender
transmits a congestion busy signal to the calling end and
releases connections.

C. Terminating call preference

When an originating call is progressing through the
marker and a terminating call js waiting, release of the
marker is such that relay RBL in the MTT circuit re-
leases and permits relay 1ABL in the MLI circuit to op-
erate, preventing arother originating call from seizing the
marker before the waiting terminating call. (It should
be appreciated that even though an originating call is pass-
ing through the marker, the terminating end of the same
marker can be seized by a CRB and progress through the
terminating end of the marker can take place up to the
point where all codes have been received by the marker
code receiver from the sender and relay RA3 has oper-
ated. However, if relay RBL or relay O1 in the ter-
minating end is operated due to a call to the same 500
group. in. the same or the companion marker, relay RA3
is prevented from opérating relays 1ABL, 2ABL, and
1CN1-3CN1.)

D. Congestion busy and other miscellaneous release

Relay K5 in the MCI circuit can be operated in sev-
eral ways.

(1) If no path is found, ground on the start lead,
through contacts DGC-a and-R~b, through the lower
winding of relay €B to battery energizes relay CB. - Re-
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per wmdmg After approxmately 50 mﬂllseconds have
elapsed, relay CB operates, placing ground through con-
tacts CB-a -on conductor 2 through a cable to the MCI
circuit, conductor 2, winding of relay X5 to battery op-
eratmg relay. K5 which - locks over contacts K5-d,
iRAND-=g, and RANA—d to ‘ground. Relay K5 releases
relay K4 which releases the marker. As the marker re-
leases, relay K5 is released and reoperates relay K4.

(2) If relay TO1 or TO2 in the marker code receiver
releases, ground is placed on lead CRF (code. receiver
failure ) which becomes, conductor 2. This operates relay
K5 which performs functions. descrlbed above.

(3) Also, if a path is found, as evidenced by the oper-
ation of relay DGC and the release of relay DGD, and
SLB horizontals operate as evidenced by the non-oper-
ation of relay HF4, ground through contacts d, e, and f
of relay 3RBA (in MCT), conductors. 3, 4, and 5 respec-
tively, cable 3-5, cable to MVT, cable 3, 4, 5, conductors
3, 4, and 5, contacts ¢, d, and ¢, of relay DGC, contacts
d ¢, b of relay DGD, contacts e, ¢, and a of relay HF3,
centacts e, ¢, and a of relay HF4 on conductor 2 oper-
ates relay K5 which performs. functions described. (As
stated previously, if relay HF3 non-operated. this ground
passes through contacts f, d, and. b of relay HF3 through
the winding of relay R to battery. Relay R locks over
contacts RC and DGC-f to ground, disconnecting the
start lead ground and the lower winding circuit of relay
CB from relay DGC and the opérated one of the relays
DG1-DG20. Pathfinding is tried again and with the
jump rotator ASG1-ASG20 shifted the chances are good
of the call progressing to completion.)

These and other features of the invention which are
believed to be new are set forth in the accompanying
claims. - _

What is claimed is:

1. In an automatic telephone system including a plu-
rality of switching stages for extending calls between a
plurality of lines, means for controlling said switching
stages to extend connections. made by parties on a line
to other parties on the same line. including means for
detecting such calls as attempted, means operative with
detection of 'such. type call to transmit a recorded mes-
sage to the. calling subscriber requesting him to. restore
his receiver to permit ringing of the called party, and
means operative responsive to answer by the, called party
to send a signal to the called party requesting the party
to hold the connection pending re-answer by the calling
party.

2. In an automatic telephone system: comprlsmg a plu-
rality of switching stages for extending calls between a
plurality of lines including a: subscriber line-switch stage,
a group selector- switch stage, and a cord relay circuit
stage. for establishing a main. path connection between
the calling and called subscribers, and at least a marker
circuit and a sender circuit operative over by-path con-
nections to control said switches in the establishment of
the main path, means in the cord relay circuit operable
with seizure thereof to seize an idle marker circuit, means
in said marker circuit operative to establish a by path
connection to the called line for the purpose of determin-
ing the availability thereof, busy test means in said
marker for determining the availability of said line over
said by-path connection, reverting call test means, means
operative with selection of a busy called line to connect
said reverting call test means to a circuit including the
called line by-path connection and the calling line main
path connection, and means operative responsive to the
determination in such test that the connections of the
called line and the calling line are the same to. control
the: switches to extend the main path to the called line
independent of the busy condition indicated.

3. In an arrangement as set forth in claim 2 in which
the cord relay circuit includes means for extending a re-
corded message to-the calling subscriber responsive to the
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extension of a reverting call thereover which instructs
the calling party to replace his handset, and means op-
erative as the called party answers to connect a recorded
message to the connection requesting the called party to
await re-answer by the calling party.

4. An arrangement as set forth in claim 2 in which
each line includes an associated test conductor, and the
revertive call test ‘comprises means for-testing for the
establishment ‘of ‘a Toop which extends from the revertive
call test circuit over the by-path- connection to the called
line test conductor and over the calling line fest conductor
path which has been extended over the switching stages
with the main path to the revertive call test circuit.

* 5. In an automatic telephone system comprising a plu-
rality of switching stages for extending calls between a
plurality of lines including a subscriber line switch stage,
a group selector switch stage and a cord relay stage for
establishing a main path connection in the direction of
a called subscriber, and at least a marker circuit, and a
sender, circuit operative over by-path connections to con-
trol said switches in the establishment of the main path,
means in said cord relay circuit operable with seizure
thereof to seize an-idle marker circuit, means in said
marker circuit operative to establish a by-path connec~
tion to the called line for the purpose of determining the
availability thereof, busy test'means in said marker for
determining the availability of said line over said by-=
path connection, reverting call test means, means op-
erative with selection of a ¢alled line which tests busy to
connect said reverting call test means to a circuit includ-
ing the called line by-path connection and the calling
line main path connection, and means operative respon-
sive to the determination that the called line and the
calling line are the same ‘in such test to effect extension
of the main path to the called line mdependent of the
busy condition indicated. ’

6. In an automatic telephone system comprising a plu-
rality of switching stages for extending calls between a
plurality of lines including at least’ a subscriber line
switch stage, a group selector switch stage, and a cord
relay stage for establishing a main path connection in the
direction of the called subscrlber, and at least a marker
circuit and a sender circuit operatlve over by-path connec-
tions to control said switches in the establishment of the
main’ path means in said cord relay. circuit operable
with sejzure thereof to seize an idle marker circuit,
means in said marker circuit for detecting. reverting calls
and signaling the cord relay circuit ‘as to the nature of
the call, means in the cord relay circuit for holding the
switching 'stages extending the calling line connection
thereto including means for signaling the calling party
over -the connection to restore his handset, and means
operatlve to simultaneously signal the- marker to extend
the ‘main path connection’over succeedmg subscriber line
switches to the called party line, means in said succeed-
ing switches for signaling said -sendér equipment to ‘re-
lease, means’ in-said cord relay circuit for initially ring-
mg the called party ‘as the calling party restores his re-
cerver, means in-said cord relay circuit for terminating
ringing as the called party answers, and means for there-
after applying signals over the cbnnection requesting the
called party to await re-answer by the calling party.

7. An arrangement as set forth in claim 6 in which
said -cord relay stage includes means for restoring said
calling subscriber line stage and said group selector stage
responsive. to restoration .of the handset -by the calling
party.

8..An arrangement as set forth in claim 6 in which
said cord relay stage includes a timing circuit for effect-
ing application of a signal to the called party for a pre-
determined ‘period to inform the called party to awart
re-answer by the calling party.

9, In an automatic telephone systém comprising a plu-
rality ‘of switching stages for extending calls between a
plurality of lines including-coin box lines, said switching
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stages including at least a subscriber line switch stage,
a group selector switch stage, and a cord relay circuit
stage for establishing a main path connection in the di-
rection of the called subscriber, and at least a marker
circuit, ‘a register and a sender circuit operative over by-
path connections to control said switches in the establish-
ment of the main path connection; a plurality of groups
of connecting relay circuits for use in extending the con-
nection between the subscriber line switch stage and the
group selector switch stage, each circuit of ‘at least one
of said groups having a coin box trunk associated there-
with, coin box test means in the exchange for detecting
calls which originate over coin box lines, and means con-
trolled by said coin box test means responsive to detection
of a call of coin box line origin to effect seizure of one of
said connecting relay circuits of said one group for use
in extending the connection.

10. In an automatic telephone system comprising a plu-
rality of switching stages for extending calls between a
plurality of lines including coin box lines; said switching
stages including at least a subscriber line switch stage,
a group selector switch stage, and a cord relay circuit
stage for establishing a main path connection in the direc-
tion of the called subscriber, and at least a marker circuit,
a register and a sender circuit operative over by-path
connections to control said switches in the establishment
of the main path connection; coin box test means in said
marker for detecting calls which originate over coin test
lines, and coin box trunk means connected for seizure only
responsive to detection of a call of coin box origin by said
test means for controlling alternatively coin collection
and refund as each such call is completed.

11. An automatic telephone system as set forth in
claim 10 in which each coin box trunk has marking means
operative to mark a call as answered and unanswered,
and means for selectively transmiiting tip and ring signals
to effect alternatively collect and re'fund of the coins de=
posited by the calling party.

12. An arrangement as set forth in claim 10 in which
each register circuit includes means operative to block
the call progression following receipt of a given number
of ‘digits and prior to coin deposit by the calling party.

13. An automatic telephone system as set forth in claim
10 which includes means for providing normal answer
supervision responsive to answer by a called party to indi-
cate to a trunk that the call is answered and which in-
cludes means in the calling coin box trunk for marking
the call as unanswered to thereby retain control of the
connection release in the calling line on a call from a
pre-pay coin box line.

14. In an automatic telephone system comprising a plu—
rality of switching stages for extending calls between a
plurality of lines including coin box lines, said switching
stages including at least a subscriber line switch stage, a
group selector switch stage, and a cord relay circuit stage
for establishing a main path connection in the direction
of the called subscriber, and at least a marker circuit, a
register and a sender circuit operatrve over by-path con-
nections to control said switches in the establishment of
the main path connection; coin box test means in the ex-
change for detecting calls which originate over coin box
lines, coin box trunk means for controlling coin refund
and collection connected for seizure only responsive to
detection of a coin box call by said test means, means
operable prior to coin deposit to block extension of a coin
box call beyond the switching stage in the exchange which
is normally seized with receipt of the predetermined num-
ber of digits, and operator trunks connected to be seized
from said coin box lines responsive to dialing of a num-
ber of digits less m number than said predetermined
number.

15. An automatic telephone system as set forth in claim
14 in which said operator trunks include means for pro-
viding a “no-answer” signal to the coin box trunks re-
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sponsive. to answer by an operator. to permit -refund of
the coins by the trunks as the calling party restores.

16. An automatic telephone system as set forth.in claim
14 in which said operator trunks include a special group.
of toll operator trunks which are connected to be seized
responsive to dialing of the digit groups preasmgned
thereto which are of a2 number less. than said predeter-
mined number, means in said toll trunks for effecting re-
fund automatically with operator ans;wer,; and means for
simultaneously cenditioning the coin box trunk to effect
automatic collection of the: coin deposit requested by the
operator as the calhng subscriber subsequently restores.

17. An automatic telephone system as set forth in claim
14 in which said exchange includes means for detecting
calls from a coin box line to predetermined numbers,
and means in the sender circuit operative responsive. to
detection of such call to transmit a signal to. the. cord relay.
circuit to control same to withhold: answer supervision,
and means in the coin box trunk operative following
restoration by the callmg party to effect coin refund when-
ever answer supervision is. thus withheld.

.18, An arrangement as set forth in claim 14 in which
said register circuit includes means for 51gna11ng the sender
circuit responsive to receipt of a call from a coin, box line
to route the call over special toll eperator trunks having
collect and refund facilities, means for indicating, to. the
operator that the call is a coin box call, and means in the
toll operator trunks and toll board facilities, for providing
control of coin box collect and refund by the operator.,.

19. In an avtomatic telephone system. including; switch-
mg stages for establishing. connections between. the. call-
ing and called lines, -testing means. associated with one
of sajd stages operative to determine the. idle, busy, and
lock-out condition. of the called line responsive, to. advance-
ment of the call to. the stage associated, therewith. com-~
prising a first means. for testing for a busy line, means
operated as said means detects a busy line to. initiate a
test to determine if the call is. a reverting call; a second
means operative to. test said line for an. idle. condition;
a third means operative. to indicate a. line. as. alternatively
in a busy and lock-out condition. whenever said second
means indicates that the line is not idle;, and means: op-
erative responsive to. detection. of a. reverting call to ef-
fect operation of said second means and to prevent op-
eration. of said third means, to. thereby. permit. establish-
ment of the connection. to.a line indicated as. busy.
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20, In an automatic: telephone. system for establishing

connections between. calling and, called. lines, a line- circuit
associated. with, each. calling line: including a test con-
ductor, and means for providing signals: over the test con-
ductor which indicate respectively. the idle, busy, and lock-
out, conditions of the associated line; test circuit means:in
said exchange for testing the condition of a line during
establishment of a connection thereto comprising a. first
test member connected to operate. after expiration of a
given delay: period. responsive to seizure of the test cir-
cuit, a second. test member connected to- said: test. con-
ductor by said first. test member only: for said. delay: pe-
riod and, connected to operate only if the signal on. the
test conductor indicates the called. line. is busy;. a third
test member, and means controlled. by said first test mem:
ber in its operation ‘following, said delay period. to con-
nect said third test member to.said test conductor, means
connecting said- third member for operation only respon-
sive to, an idle signal on said test conductor, and. means
for maintaining said third member operated whenever an
idle line signal is received, a fourth-test member; and
means for- connecting same to operate after-a. delay: pe-
riod- responsive to- seizure- of said testmeans: and failure

of: operation- of said third means as a result-of’ the test °

wire. indicating alternatively a- busy: and: lock-out condi-
tion, whereby said fourth test member is operative: rer
sponsive to. receipt: of a lock-out:and altematwely a busy
condition-signal.

- 21, An automatic telephone.system: as: set: forth.insclaim
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20 which includes means controlled by said fourth test
member in its operation te-signal a line busy condition,
and means controlled by said second means as operated
whenever a test wire-line. busy indication signal is re-
ceived to initiate a test for a reverting call, and means
operative responsive to detection of a reverting call to
effect operation of said third test member, means con-
trolled by said third test member in its operation to pre-
vent, the operatlon of said fourth test-member and there-
by permit extension. of the, connection to. the called line
independent, of the called line busy indication received
by.the test means.

22. In an automatic. telephone system comprising a
plurality of switching stages for extending calls between
a plurality of lines, said switching stages including at
least a subscriber line switch stage, a group selector
switch stage including a cord relay circuit. for estab-
lishing a main path connection comprised of two: talking
conductors and a sleeve conductor in the direction of the
called subscriber, and at least @ marker circuit, a reg-
ister and a sender circuif operative over a. by- path con-
nection and a portion of the main path connections, thus
far established to. control certain of said switching stages in
the: further establishment of the main path connection; a
trunk group. means operative to seize an idle trunk in es-
tablishing calls to a given group. of subscribers, a control
signal conductor connected for extension from said sub-
scriber line switch stage over the group selector switch
stage: to the trunk for use in. conditioning same to receive
signals from the sender circuit, means. in said register
for: controlling said: subscriber line switch stage to place
the conditioning signal on. said control signal conductor
upon receipt of a signal from the sender circuit prior
to- the initiation of the sending operation thereby, and
means in said sender for causing: said register to. control
said subscriber line switch stage to. remove said condi-
tioning signal. following: termination of the sending opera-
tion. by the sender:

23. An automobile telephone system as set forth in
claim 22 which:includes.coin box lines; and coin box trunks
which are connected: for- seizure. responsive to. establish-
ment of a call by a coin: box line, and: means in the cord
relay: circuit operative over the: said signal control con-
ductor with: subseriber: answer to, condition: a- seized coin
box: trunk:. to: effect: coin: collect following restoration by
the: calling party..

24. An.automatic: telephone system as:set f.orth in:claim
22 which includes wire: chief trunk: extension means for
establishing a: conpection: over a; group- selector stage and
a: cord relay circuit in the direction: of a: desired line;
and means: in; said: cord: relay eircuit operable respon-
sive: to calls. over-a. wire chief trunk. te. connect said sig-
nal: conductor from: the trunk to-the: test: conductor-of the
called: line: to: permit control of the. called line: circuit by
the wire chief.

25. An automatic. telephone: system ‘as set. forth in
claim 22: which includes delayed ring trunks; means for
seizing said: trunks over-said switching stages; means for
extending: said: signal conductoer. from a delayed ring
trunk to. the: cord: relay: circuit for the: purpose of ex-
tendmg signals: over said signal conductor to- delay: the
nngmg operation, y

26. In an automatic telephone system: comprising a
plurality: of switching stages: for: éxtending: calls, between
lines, a. plurality- of groups of-lines,. certain; of: which line
groups include ‘a. PBX line group; said: switching: stages
including at least a group of subscriber line switches for
terminating saidiplurality- of groups: of lines;and having a
set: of identification.devices associated therewith, a:marker
circuit for controlling said: stages:in. the: extension -of-con-
niections; means in;said: identification: groups: for: identify-
ing the calling line group and the:calling.line of the group
to. said. marker to- assist same: in, controlling the exten-
sion; of the: call,, means- in. said. subsequent. switching
stages; for- detecting calls directed: to-said: PBX. group: in
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one of said certain line groups, and means responsive to
detection of a call to a PBX line group to engage the
identification set associated with the group of said sub-
scriber line switches which includes the calling line, and
means - for controlling said identification set to effect
selection of a subscriber line switch having at least
one idle PBX line in the selected PBX group.

27. In an automatic telephone system having switch-
ing stages for extending connections between calling and
called lines, certain of which are PBX lines, register
means, means for effecting seizure of said register means
responsive to initiation of a call, means for transmitting
thereto the called party directory number for registration
therein, directory number translator means including
means for providing signals of a first code which are
indicative of the terminal location of the line having the
registered . directory number, means for detecting calls
as registered which are directed toward a private branch
exchange group, means operative responsive to detection
of a private branch exchange group to provide signals of
a second code different than said first code, marker means
for controlling said stages in effecting extension of a
call, and means in said marker means operative responsive
to receipt of a set of signals of said first code to effect
selection of the line indicated thereby, and means opera-
tive responsive to receipt of a set of signals of the second
code to effect selection of an idle line in the PBX group
indicated thereby.

28. In an automatic telephone system having switch-
ing stages for extending connections between calling and
called lines which are divided into groups, certain of
which are PBX lines, means for controlling said switches
in the establishment of the connections including marker
means, means for transmitting three digit signals to said
marker means to further extend the connection toward
the desired line, the regular subscriber line groups having
hundreds designations which lie within a first set of values,
and the PBX line groups having hundreds designations
which lie within a second set of values, a group of se-
lection paths for effecting selection of said subscriber
line groups, a group of selection paths for effecting se-
lection of said PBX line groups, means operative in ac-
cordance with the value of the tens and units digits re-
ceived to prepare selection paths for a certain regular
subscriber line group, and simultaneously to prepare
selection paths for corresponding PBX line groups, means
for preparing one of the selection paths thus selected in
accordance with the value of the hundreds digit received.

29. An automatic telephone system as set forth in
claim 28 in which said marker includes means operative
in accordance with the value of said tens and units digits
to select the desired subscriber line in the selected group
of subscribers’ lines.

30. An automatic telephone system as set forth in
claim 28 in which at least one of said switching stages
includes a plurality of subscriber line switches, each of
said switches having line groups associated therewith;
identification means associated with predetermined groups
of said subscriber line switches operative with initiation
of a call to identify the calling line group and the calling
line in the group and means controlled by the paths which
extend a connection to the PBX line groups for con-
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necting said identification means to operate in selecting
a subscriber line switch having at least one idle one of
the desired PBX lines associated therewith and in select-
ing an idle PBX line therein.

31. In an automatic telephone system as set forth in
claim 28 in which said means which prepare the selection
paths comprises relay members each of which prepares
paths for selection of regular line groups and paths for
selection of corresponding PBX line groups, which cor-
responding paths are selectively prepared according to
whether the hundreds digit is the proper lower hundreds
digit or the proper higher hundreds digit, and means op-
erative responsive to receipt of a hundreds digit within
a first set of values to prepare the selection path for a
regular line group and to select a specific line group in
accordance with the particular value of the hundreds
digit and in which said means prepare a selection path
for a PBX line group if the hundreds digit is within a
second set of values and in which the particular value
of the hundreds digit determines which PBX group will
be selected.

32. In an automatic telephone system comprising cross-
bar switching stage means for extending calls between
lines, said lines including subscriber multiparty lines, sub-
scriber coin box lines and groups of subscriber PBX lines;
means. for establishing by-path connections to control said
switching stage means in the establishment of main path
connections including at least marker circuit means; detec-
tion means in said marker circuit means operative to test
calling lines to detect the ones of the calling lines which
are coin lines, including means operative responsive to de-
tection of a coin line to selectively engage coin box trunk
means for use with the call; identification means. opera-
tive responsive to receipt of the called party number for
providing signals of a first code over the main path con-
nection to said marker circuit means which identify calls
directed to lines other than PBX lines, and signals of a
second code different than said first code which identify
calls directed to PBX lines; means in said marker circuit
means operative responsive to receipt of said second signal
code to control the establishment of a connection to an
idle one of the PBX lines, and operative responsive to the
receipt of said first signal code to control establishment of
a connection to a line other than a PBX line; and means
in said marker circuit means including said detection
means for detecting a reverting call, including means oper-
ative in response to detection of a reverting call to control
the switching stages to establish a reverting call connection
between the called and calling parties.
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