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ThlS invention relates to telephone exchange.
systems and more particularly to systems:in’

which connections. to subscribers’ lines are com-
pleted by switching a,pparatus under d1a.1 con-

5. trol.

20

25

40

45

[543
Sor

In such telephone systems prov1smns are made
for enabling a test or repair -man to establish
connections from the test desk of an office to any

subscriber’s line terminating in the office for the:

purpose of applying tests to determine the oper-
ative condition of the subscriber’s line:
object of .the present invention to improve the

apparatus for enabling the establishment of such

test connections whereby they may be more ef-
fectively 'and efficiently completed.’ More par-
ticularly it is the object of the-invention to pro-
vide an- efficient- register sender common to-a

. plurality of trunks outgoing from-the test desk

responsive to the dialing of -a subscriber’s line
designation by the test man-for setting selector

switches to select the subscriber’s line in accord- =

ance with the designation dialed.-
In accordance with the present mventlon the

test- desk has access to a plurality: of outgoing.

test trunks each terminating in a: first test se-
lector and all having access to-:a plurality . of
equivalent register senders.  The  -outgoing
trunks are divided into a plurality of subgroups,
each subgroup of trunks having a start circuit

extending to a start and sequence circuit which.
‘is commor to all of the trunks and common to

the senders. - The common- start and. sequence
circuit is-provided with:as many start relays as
there are subgroups of trunks so that on the sei-

zure of a trunk of one of the subgroups the corre~
sponding start relay will be operated. - A chain

of sequence relays is also provided for insuring

that should trunks of more than one subgroup he

simultaneously taken for use, but one subgroup
start relay will be operated and that one corre-
sponding to the subgroup of. trunks whose start
circuit appears earliest in the chain of sequence
relays. The common start and sequencs.circuit
in turn controls the association of-an 1d1e reg-
ister sender with the trunk taken for use.

Each sender has for this:purpose a. plurality of
trunk finders, each trunk finder- ha,vmg access to -
For the-
purposes. of illustration, the trunks are JlVlded;
into nine. subgroups, each of Whlch subgroups .
may comprise a maximum of six trunks and thus
each sender may have access to fifty-four trunks.
Each sender is therefore provided with three.ro-
tary type step-by=step trunk finders; each trunk -

a plurality of the subgroups of- trunks

finder having accéss to. eighteen-trunks belong-

(CL 179—175.2) e e
For the purpose of ade-~. .

three remaining subgroups.
It is the-

ing to three subgroups.

quately handling the -traffic ‘the invention has-
been further illustrated as having three senders,:
one sender. being first choice for. serving -calls: -

originating on any trunk of three:subgroups; the.

second sender heing. first choice for servingcalls.
originating on any trunk of three-other. sub-:
groups and. a third.sender being first-choice for . -
serving calls' originating on any trunk:of the*

however, that where the. traffic fequirements. are
more severe  additional -senders might be-em-

-It will-be:obvious,-

ployed, each:sender being first choice-to less.than-

three subgroups of trunks.
ous that since each finder switch may have ac~

It-will ‘also be obvi- .
15.0

cess to.a maximum of twenty-two trunks that:

the three finder switches of each sender might

105

have a total access to sixty-six trunks instead of: :
to fifty-four trunks as.illustrated and that these.

trunks might: be divided into more than nine

20...

subgroups of six-trunks each-and that:-the-com- -:

mon start-and sequence circuit-might ha,ve more:
than nine start relays. .- .

.Fach start relay of the start and sequence cir-
cuit controls a start circuit for the sender-which:
is the preference. for serving -the corresponding

1

subgroup of trunks if such sender is at the time:

idle, but if the preference sender is at.the time

busy the start circuit is extended to the next idle:
sender which- is normally the first choice prefer-,:

ence-to other subgroups of trunks: .

This: is ac~::

25

80,

complished by extending the start circuits from; '

the common start-and sequence circuit to:differ-

ent points in a chain circuit extending over con-.

tacts of the make-busy relays of all of the:senders::

-In addition each start relay of the start and:

sequence circuit® indicates to the ‘sender” which

35

is started, which one of its three trunk finder ..
switches should be started to hunt for the calling:
trunk. - Thus; for example, should a trunk of the.
second subgroup be taken for use, the first sender.

being the preference for serving trunks of the first

three-subgroups and this sender be at the time :
idle, the -first of the three finder switches: asso-.
45, ;
for the calling trunk. Had a trunk of the fourth -

ciated with the first sender will be started to-hunt

subgroup been taken for use, the second sender.

being- the preference for -serving trunks of the;

fourth to sixth subgroups, this sender being at
the time idle, the second of the fhres finder
switches associated with the second sender would
be sterted to hunt for the calling trunk:

50 .

40...

The sender is arranged inthe well known man-

‘ner to record each series of impulses dialed there- .

into and:to set up on register relays the complete -55::
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designation of any subscriber’s line and with eir--

cuits under the control of the registers for-con-
trolling the setting of a train of selector switches
to complete a connection from the trunk outgo-
ing from the test switchboard to-a subscriber’s
line. In accordance with the present invention,
however, provision is made for enabling the im-
mediate release of the sender if a call is aban-
doned or ‘the sender times. out if dialing is not
completed within a predetermined interval, pro-
vided the sender has not advanced in its selec-
tion control functions to a point where it is
ready to set the final selector of the train of
selector switches. If, however, the sender has

started to set the final selector the abandonment:

of a call or a sender time-out will not cause the
immediate release of the sender, but will cause

the sender to advance the final selector to-tell- .-

tale on the selection control then being exercised,
rather than to complete the selection as regis-

tered. The final selector upon reaching its tell-
tale position will then cause the sender to be re-

leased."

For a clearer understanding of the invention-

reference -may be had to the following detailed
description-in connection with the accompany-
ing drawings in which:

Figs. 1, 2'and 3 taken together show a test trunk

first selector for establishing: connections to sub-
‘scribers’ lines from 3 test desk, Fig. 1 showing the

test desk end ‘of the test trunk, Fig. 2 showing the
control sequence switch of the trunk and Fig. 3
showing the sequence switch type first selector in
which the test trunk terminates; -

Fig. 4 shows a second selector also of the se-
quence switch type, Ce

Fig. 5 shows a final selector of the panel tyoe
together with. the schematlc representatlon of a
subscriber’s line; .

'Fig. 6 shows a sender start and sequence- circuit

* common toa. plurahty of first test trunks, one. of

50

60 -

10

%

which is illustrated in Figs. 1 to 3, 1ncluswe, and
common to a group of senders;-and -
Figs. 7 to 12, inclusive, show one complete send—

er to which the start.and sequeénce-circuit is com-

mon. and the dlagrammatvc 1epresentat1on of
two other senders. :

To completely illustrate the invention Figs. 8,
7, 6, 1, 3, 4 and 5 should be placed in horizontal

-ahgnment in the order named with Figs. 9, 10

and 2 beneath Figs. 7, 6 and 1, respectively, Pig. 11
beneath Flg 10 and Fig. 12 beneath Fig. 11,
The first and second selector sw1tches ilustrat-

ed in Figs. 3 and 4, respectwely, are of the se- .
-quence switch type disclosed in Patent  No.

1,373,447 granted April 5, 1921 to L. Pohnkowsky

The final selector switch dlsclosed in Fig. 5 is of
the'well known panel power driven tyoe but modl-
fied ‘for testing purposes.. The finder sw1tches
shown i in Pigs. 7 and 8 serve to connect thﬂ sender
with any one- of a main group of test trunks and
are of the rotary step-by—step type having no
normal pos1t10n The test trunks, one of which
is disclosed in Figs. 110 3, inclusive, are accessible
from the cord cn'cult of a test desk, not shown,
Thls test desk may be similar to that disclosed in
Patent No /1,632,886 granted June 21, 1927 to L T.
Cox :

Imtzatzon of a test call

It will now be: assumed.that the test man de-
sires to make tests on the subscriber’s line sche-
matically illustrated at 550 in Fig. 5 and for that
purpose inserts the plug of a test cord of the test
desk into: the jack of a first test trunk. For es-

1,997,195

tablishing a connection to the office in which the
desired line terminates, a main group of fifty-

-four test trunks divided into nine subgroups of

six trunks each-is provided. It will be further as-
sumed that the test man plugs into jack 1008 of
the test trunk shown in Figs. 1 to 3, inclusive,
which is in the fourth subgroup of trunks. With
the plug in jack 100-an obvious circuit is estab-
lished for relay {89! which operates, closes an ch-
vious eircuit for relay (02, at its outer back con-
tacts disconnects ground and the winding of re-

lay 103 from the tip and ring conductors 92 and
405 of the trunk and at its inner left contact

transfers the outgomg sleeve connductor 188 of the
trunk from battery through resistance 107 to the
conductor. of - the connected cord circuit over
the sleeve of jack 186. Relay 162 upon operating
closes the circuit of lamps, such as 108, as signals
to other test desks that the trunk is busy, pre-
pares the circuit of relay 193 and prevents the
false operation of the auxiliary signaling 01rcu1t
by opening its right back contact.

The test man having plugged into the jack of
the fest trunk throws the dialing key of the con-
nected test cord circuit thereby closing a bridge at
the cord circuit comprising a polarized relay and
a resistance, across the tip and ring conductors
of the cord circuit thus establishing a loop circuit
over the tip of jack 08, conductor 104, outer right

back: contact of relay 109, conductor 110, to ground 3

over ‘the lower contacts of cam 201 of ‘sequence
swn,ch 200, which isin posmon 1T when the test
trunk is idle, and over the ring of jack 100, con-
ductor 105, outer left back contact of relay 109,
conductor { I [, upper left and lower right contacts

-of cam 202, conductor {12 to battery through the’

winding of relay 113. Relay 113 operates, at its
left contact estabhshmg a circuit for relay 1i4
which in turn ‘operates, and at its right -contact
completes a circuit from the sleeve of jack 108,
left front contact of relay 101, inner left ‘back
contact of relay 109, wmdmg of relay 115, right
contact of‘relay I3, wmdmgs of relays (1§ and
117 in series to ground. Relay 115 operates and
closes an obvious eircuit through the left Wmdmg
of relay 140 which operates: and Tocks over its
rlght winding ‘and inner right front contact, in-
ner right back contact of relay 189 to ground

at the right front contact of relay 101, and at its’
inner left front contact closes a lockmg circuit for

relay 162 extendlng over the outer right front
contact and winding of relay 102 to-battery. Re-
lay | IT'operates withous effect at this time and ve-
lay 116 operates to establish a circuit extending
from battery, winding of start relay 203, conduc-
tor 118, contact of relay 116 to ground. Relay 203

'operates closing a circuit extending from ground -

over its outer right front contact, conductor Il9
to battery through the winding of relay 128, con-
nects ground over the right ‘contacts of cam 204,
inner right contact of relay 283, right back con-
tact of 1e1ay 205 to the start conductor 206 which

is common to the six test trunks of the subgroup -

to which the seized trunk belongs, removes ground
at its outer right back contact from the test con-
ductor 207 extending to the testing bank of the
trunk’ finder sw1tches of all senders which ‘have
access to the trunk to maik the trunk as in a call-
ing condition, and prepares a circuit for relay 208

- extending from battery in parallel through re-
- sistance 209 and the wmdmg of relay 208, right
Relay 120

contacts of cam 2i0. to conductor 211,
operates to perform functlons to be described
later:

. With- relay 14" operated a ‘circuit is closed
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from battery, winding of relay 121, right back
contact of relay 122, conductor 123, upper con-
tacts of cam: 212, conductor 124 to ground at the
alternate contacts of relay 114 as long as sequence
switch 200 remains in position. IT and then di-
rectly to ground over the lower left contact of cam
212 after the sequence switch advances out of po-
sition {8 and until it leaves position {3." Relay.121
upon operating connects tone current from tone
coil 125 over its inner front contacts and trunk
conductors (04 and {05 to the connected test cord
circuit as a signal that-selections are in progress,
but this tone will be inaudible to the test man
while the dial key is operated and ordmanly will
not be heard by him at all.

When  the common. start conductor 206 is
grounded through the. operation of relay 203 a
circuit is completed through the winding of start
relay 604 of the common start and sequence cir-
cuit, thence over a chain ' circuit: extending
through the lower normal centacts of start re-
lays 605 to 609, inclusive, to battery. Each start
relay of the. group 681 -to 609, inclusive, is con-
nected to an individual start conductor: corre-

sponding to conductor 206 and is thus individual-"

ized to a subgroup of six test trunks, start relay
60! being individualized to the first subgroup of
six trunks, relay 602 to the second subgroup. of
six trunks and so forth. - Relay 604 upon operat-
ing in response to a calling trunk in the fourth
subgroup of trunks locks over its inner lower front
contact directly to battery and opens at its lower
normal contacts the chain circuit extending over

the lower normal contacts of relays 693, 662 and-
1601 to prevent the operation of any one of these
relays should a trunk in any one of the first three-
subgroups of trunks be thereafter placed in a call-:

ing condition. The seizure of & trunk in any sub-
group to which start relays 685 to 609 are indi-
vidualized will, however, cause the operation of
the proper one of:these relays. Relay 604 also
completes ‘a circuit from: battery through - the
winding of relay 6§14 over the inner upper front
contact and upper alternate contacts of relay 664
in parallel. thence over a chain circuit extending
through the inner upper and outer upper back
contacts in parallel of relays 603, 602 and 601 to
ground.- At its inner upper and outer upper back
contacts relay 804 opens the chain circuit extend-

ing through the upper contacts of relays €95 to-

809, inclusive, which supply ground to the wind-
ings of relays 815 t0.§19, inclusive, so that should
any one of relays 604 to 609 be operated it would
not be able to complete the circuit-of the corre-

-sponding relay in the group 615 to 619, inclusive.:

This arangement of relays 601 to 889, inclusive,
prevents more than one of relays 6!{ to 68, in-
clusive, from operating at a time and therefore
prevents more than one sender from hunting at a
time.

It will be assumed that the sender disclosed in
full in Figs. 7 to 12,°inclusive, is the. preference
sender for any calling trunk in subgroups &, §
and:-§ and that at the time the start relay 694
operates it is idle and available to serve the
calling ‘trunk.  When, therefore, relay 614 oper-
ates as previously described, it closes & circuit
from ground at its upper contact over conductor
695, inner left back contact of the sender make-

“busy relay 700, winding of start relay 791, con-

ductor 702 to battery over the right back contact
of relay 1083.
normal ground to conductor 104 for starting the
time-out period of the sender as later described

~and for furnishing “holding ground for .subse-

Relay T8t operates, connects off- -

3

quently operated relays. of the sender, and.pre-:
pares.a circuit for relay 165, Relay 614 also-con=:
nects ground over its inner lower front: contact,.
conductor: 68, the middle left front contact of

relay T84, conductor 798 to-battery through the. .

winding of relay 853. Thus the operation:.of:
relay. 6i4. of the start circuit has caused- the

seizure of the preference sender and prepared..
the proper one 828 of its three associated trunk

finders 750, 880 and 850 for operation ta hunt
for the calling trunk. If is to be noted that
finder 829 has access to the first three subgroups
of trunks comprising trunksito 18,inclusive, that
finder 852 has access. to. the second three sub-

.groups of trunks comprising irunks 19-to 36, in-_
clusive, and that finder 758 has access to the last
three subgroups. of trunks comprlsmg trunks

37 to 54, inclusive.

All - test. trunks-to- whlch the finder 850 has
access, which ars’in a non-calling condition, will”
be marked ‘on the test terminals of arc 851 of

[~

10

150

20

finder 838 by ground, and assuming that this: 4
finder is at the time standing in the position il- -

lustrated,
ground con the test terminal upon:which wiper

852 -is standing, middle upper contact: of relay -

a circuit ~will *be established: from:--

2501

853, conductor 834, inner right front contact of -
relay 701, winding of relay 705 to battery. Relay. .

- 708 will therefore -operate and'close a circuit . for

the pulse help relay 181 extending from batiery,

winding of relay 787, conductor 708, back con-:~

tacts of stepping magnets 805, 855 and 15§, right.
iront contact of reiay 795 to ground on the test

relay 253 operated, it closed.-a circuit which may:
be traced. from .battery, winding of relay: 188,
right normal contacts of relay 140, conductor

“terminal.of arc 851 as previously traced.” When' .

711, to ground at the inner, lower front contact. -

of-relay 883. Relay 709 operates and extends its:

‘operating ground to the winding of relay T18.

which upon operating épens the initial operat--
ing circuit of relay #89 at its right normal con-
tacts and locks over its right alternate contacts’
to ground at the. inner lower front contact.of re-
lay 8%3. . Relay 785 also closes a holding circuit
for relay. 183 extending from -battery, winding
of relay 769, left front contact of relay 183 to
ground at the hack contact of relay T12.

With pulse help relay 797 now operated a cir-’

cuit is esbtablished for the stepping magnet 855
of finder 858 which -may be traced from battery,:
‘winding of magnet 855, lower contact of relay

833, conductor 85% to ground at-the contacts of:
Magnet 855 now operates opening at--

relay- 187,
its. contacts the circuit of relay 707 which re-
leases in turn releasing magnet 855 to.advance
the wipers of finder 850 one step. If; as assumed,”
the next trunk to which this finder has access.

is also in a non-calling condition, relay 185 will

remain . operated again causing the . operation
of relay 181 and magnet &85 to step the finder:
another. step. In this manner the finder will
be advanced until-the test wiper 8852 engages-a

40- -

45
507 -
65 ..
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test :terminal of its arc which is ‘ungrounded:

denoting a trunk which isin a calling condition.
Thus when wiper 853 engages the test’ terminal

to which conductor 287 of the calling trunk is"
connected ne circuit will be effective to reoperate-
relay 787 and t¢ hold relay 168.operated and re-"

lay 705 will therefore release in turn releasing.
relay T88. With relays 18% and 109 both released
and relay 715 operated.a circuit. is now closed
for relay: 718 extending from battery, winding

of relay 713, left back contact of relay 783, back: - »
contact of relay 189, outer left-front contact:

65
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of:-relay 118, back contact of felay 185 to ground

at the back contact of relay 112, Relay 713 op--

erates, locks over its inner left contact, back con-
tact of relay 709, thence as just traced to ground

at the back contact of relay 712 and establishes

a cireuit from ground through the low resistance
left: winding of relay 7{4,  left back contact of
relay -T15, outer left contact of relay 113, con-
ductor. 716, middle lower contact of relay 852,

wiper 857 of finder 858 and the terminal of arc:

858 upon which it is resting, conductor 214, inner
left front contact of ‘relay 283, right contacts
of cam. 210 to battery through resistance 209
and the winding of relay 208 in parallel.

Relay 208 cof the first test trunk and relay 714 -

of the sender both operate over this circuit due to

the low resistance. of the left winding of relay -
T14. Relay Ti4 upon operating in furn . causes

the operation of relay 717 -over an obvicus circuit.
Relay TIT at-its ‘left contact closes. an obvious
operating circuit for relay 783 arid a holding cir-
cuit for relay 853. The holding circuit of relay
853 may be traced from bhattery, winding and
inner upper front contact of relay 853, conductor
718 to ground. at the left contacts of relay T17.

Relay 783 upon operating connects ground over:

its inner. left front contact to the sender off-
normal conductor. 704, connects battery over its

outer right front contact to conductor 1868 for.

furnishing operating battery to the counting re-
lays:of the sender, bridges the outer left contact
of relay Ti3 at its inner right contact to. main-
tain the cireuit previously traced for relays 208
and Ti4 after the release of relay 713, opens at
its left back contact the initial operating circuit
of relay 143 which, however, does not release at
this time since it is held operated over its own

front contact, and at its right back contact opens .

the circuit of start relay 79!. Relay 78{ now
releases opening the initial operating circuit of
relay 853, disconnecting the winding of relay 703
from the test wiper 852 and establishing a circuit
from ground through resistance 119, both wind-
ings of relay 712, right back contact of relay 791,
conductor 854, middle upper contact of relay 853,
test wiper 852 and the terminal of-ifs arc 85i
upon which it is resting, conductor 287, front con-
tact of relay 208, winding of relay 285 to battery.
Relay 112 operates in this circuit but due to the
resistance of the windings of relay 7{2 relay 295
does not operate at this time. Relay 712 upon
operating opens the holding circuit of relay 113
which now releases, and short-circuits resistance
719 and its-own right winding, allowing sufiicient

" current to flow over the previocusly traced circuit

through the winding of relay. 205 to permit its
operation. Relay 2385 upon operating connects
direct ground over its outer left front contact to

conductor 207 thus shunting the left winding of -

relay T#2 and causing relay 712 to release.. With
relay T12 released, relay 7838 operated, and relay
113 released a circuit is closed from battery, wind-

ing of relay 859, upper front contact of relay 883,

conductor 728 and in parallel therewith from
battery through the left winding of sender make-
busy relay 708, thence over the right back con-
tact of relay 113, outer left front contact of relay

183, back contact of relay 768, outer left front

contact of relay 748, left back contact of relay
165 to ground at the back contact of relay 1!2
Relays 858 .and 100 both operate. ’

Relay 859 upon operating extends the t1p con-
ductor 213, ring conductor 214, fundamental tip
conductor 215 and fundamental ring conductor

-+ 216 from the test trunk over the terminals of arcs

1,997,195

860, 861, 862 and 853 and the associated wipers
864, 865, 866 and 867 to the sender, and relay 700
upon operating extends conductor 608 over
its left front contacts in parallel to conductor
620 which is the start conductor extending from
the start and sequience circuit to the intermediate
sender -which is the normal preference for serv-
ing any calling trunk in the first three subgroups
of trunks. . Should any trunk in the fourth, fifth
or sixth subgroups of trunks be in a calling con-
dition, the operation of any one of relays 614, 615

or- 86 will now apply ground to conductor 600.

and thence as traced to conductor 629, or if any
trunk in the first, second or third subgroups of
trunks be'in a calling condition the operation of
any one of relays 611, 612 or 613 will apply ground
directly to conductor 620. If the intermediate
sender, portions of which are schematically illus-
trated by the dot-dash rectangle in the lower
right portion of Fig. 8, is at the time idle the
start conductor 628 will be extended over the left

back contacts of make-busy relay 730 of that.

sender to the winding of start relay 101" thereby
starting such sender for serving the calling trunk.
The trunk finders of this sender are schematically
illustrated at 750/, 800’ and 850’.
sender be busy and its make-busy relay 700’ be

operated then conductor- 280 would be further:

extended over the left front contacts of relay 701’
to conductor 638 which is the start conductor ex-
tending from the start and sequence circuit to
the last sender -which is the normal preference for
serving any calling trunk in the seventh, eighth
and ninth subgroups of trunks. Should any
trunk in the fourth, fifth or sixth subgroups of
trunks ‘be in a calling condition the operation of
any one of relays 614, 615 or 616 will now apply
ground to conductor 608 and thence as traced over
conductor 628 to conductor 630, or if any trunk in

the first three subgroups be in a calling condition

the operation of any one of relays 611 to 613, in-
clusive, will apply ground to conductor 620 and
thence as traced.to conductor 638, or if any trunk
in the last three subgroups be in a calling con-
dition, the operation of any one of relays 617 to
619, inclusive, will apply ground directly to con-
ductor 630. If the last sender, portions of which
are schematically illustrated by the dot-dash rec-
tangle in the lower left portion of Fig. § is at the
time idie; the start conductor €30 will he extended

Should this’
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over the outer left back contacts of make-busy

relay 7682 of that sender to the winding of start
relay 1812 thereby starting such sender for serv-

Cing the calling trunk. The trunk finders of this

sender are schematlcally illustrated at 7502, 8002
and 8592,

As g further example, it will be assumed that a
trunk in one of the first three subgroups of trunks
is in a calling condition and that one of relays
6¢{ to 6!3 has grounded start conductor 620 and
the intermediate sender which is the normal pref-

-erence for serving trunks of these subgroups is

busy and  the make-busy relay: 180’ thereof is
operated.  Conductor 620 will now be extended
to conductor 638 over the left front contacts of
relay 188°.  If it now be assumed that the last
sender which is second choice preference to these
subgroups of trunks is also busy, conductor 629

60

will be further extended over conductor §35, the

left front contacts of make-busy relay 7082 of the
last sender to conductor €88 and thence over the
cuter left back contacts of make-busy relay 1808
of the.first sender which is in this case third

choice preference to that subgroup of trunks, to

start relay 701, 'Thus it will be apparent that al-
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+though e@c(hj_,st’fﬁe‘ normal preference for

i€ In ceitain subgroups it may be em-
s a later preference for serving other sub-
ps.of trunks. : ) :

of the test trunk with the sender through: the op-
eration of finder 858, rélay 205 of the trunk -op+-
erated and placed ground on conductor:207: "This
ground; in addition to shunting down :Telay. 142

-of the sender, also marks the trunk unselectable
to the trunk finders of other senders -and loeks

relay 205 under the control: of relay 208.. Relay
205 also at its right back contact removes ground
from start conductor 286 théreby causing the re-
lesse of relays 604 and 614 of the start and.se-
quience circuit and-at its outer right front contact
establishes -a. cifcuit for .advancing -Sequence

switch 200 out of position 1 T-into position 4.  This .

circuit-may be traced fromi.battery, winding of
+the magnet of sequence switch 200, upper contact
of cam 2t71, upper right contact of cami 218, outer
right front contact of relay 205, inner right front
contact of relay. 203, right contacts of ‘cam 204
to.ground.. . : ST A o T

With the sequence $witch 209 in position- I, the
winding of relay ! 13 and ground are disconnected
from the trunk condpctors 165 and 164 and relay
112 releases in turn teleasing relay 114, -Relay
{14 upon releasing opens the civcuit .of telay 121
at its alternate contacts but: velay 121 remains

operated over a circiiit extending: from battery.

through its winding, right back contact .of relay

122, conductor 123 to-ground oveér the upper right

and lower left contacts of cam 212 until after se-
guence switch 200 has passed beyond position 8.
A dialing circuitis now ¢losed from the tegt cord

circuit loop over'the tip:of jack. 488; trunk con--

ductor 184, outer right back contact. of-relay. (08,
outer left front contact cf ‘relay. 120,  conductor-
{26, upper contacts of cam. 261, conductor 244,
wiper 865 of finder 859, cuter left contact of relay
859, conductor 121:t0 pattery through the winding
of -impulse relay 858 and ‘over the. ring.of jdck
188, trunk conductor 05, outer-left: hack-contact
of ‘relay 109, right front contact of relay 126,
eonductor 127, upper right and lower. left contacts
of cam 202, conduetor 213, wiper 864, to ground
at the inner right contact of relay 859 The cur-
rent flowing over this circult is now in such.a

i direction as to operate the polarized relay in the

cord circuit loop:to extinguish the dialing lamp.
Relay 4§08 operates over the dialing loop in turn
closing an operating circuit for relay 801 extend-

ing from off-normal - ground -on conductor - 184,
s front contact of relay

clay 900 to battery through the
winding of relay 901. At its right front contact
relay 981 establishes an cbvious circuit for slow-
to-release relay 892 which upon operating causes
the operation of relay 993. Relay 803 upon op-
erating establishes a circuit extending from bat-

fery, winding of relay 904, back contact of relay

g05, 1eft front contact of relay 903 to ground on
conductor 104.and relay 994 opérates. The sendér
is iow preparéd to receive digl impuilses. T
Digit-registration

Tt will be assumed that the directory number of
the line 550 which the test man wishes to-test is
1370. The test ,
nuhber; When he dials relay. 808 réleases mo-
mentarily on each impulse. Between successive
digits and after the last digit, relay 900 Temains
steadily operated. When rélay 900 releases on'the
first impulse of a digit relay 901 also releases
Buif not beinig’ fast to operate it may not follow

Tt will be recalled that following the .c‘oimécti'on—

man will then procgéd {o dial this.

5

all of the operations of relay 980 but will _sta&
released or buzz slightly during the returnh of the

remains operated until relays 990 and 881 finglly

operated either over the front contact of relay
98§ or over the right back contact of relay 80!
and the front contact of relay 900 and maintding

relay 903 opéfdted. -On the first impulse of each

digit which releases. relays 900 and 801, the reg-

“dial.  After the last impuilse of the digit; however, R
¥elay 991 will temain operated. Relay- 902 being - -
slow to: release does not follow the impulses butb

-release when dialing is completed and the dialing
160p s opened... During dialing relay 902 is held -

10-

ister advance reldy 966 operatesin.a circuit from - -

battéry: through its winding, inner- left back
contact of relay 90i, left front contdct of relay
943, to ground on conductor 704 and being slow

‘t6 relesse holds during the impulses of each digit

series althotigh relay: 901 may intermittently
bredk-its cireuit. After the-last impulse of each

20

digit series when relay 981 operates and stays op~ .

ersted until the first impulse of the next digit
series, relay 806 releases and closes the-circuit of

~relay 991, This - circuit - extends from. battery,
“winding of relay 907, back contact of relay 906,
1eft:front contact of relay 903 to:ground on coir-

25

ductor 104. Rélay §07 upon operating locks over -

its outér left front contact, inner left front con-

taét of relay 961, left front contact of relay 903 -

to ground on conductor 704, thus preventing relay

30

607 from following vibrations-of the contacts of

" relay 205 wheén it réléases.. Relay 801 upon -op-

erating first closés the. registér advance. cireuit
which also serves as an initidl lo¢king cireuit for
operated fegister relays, to be traced later over
eonductor - 1118, and thereafter = disconnects
ground 4t its inner normal.contacts from conduc-
tor 915 to release operated impulse recording re=
lays. - Thus any register relays which aré operated
by thesé recording relays at the'time rélay 907 op-

erates will become locked before the recording

relays are released. . ‘ ‘

-/ Considering thie assumption that the test man
dials the fiumbeér 1370; relay 900 will release: mo-
mentarily once in response to. the first. digit 1,
relessing ‘Telay 901 -and. operating relay 906.
Upon the release of relay 800 a circuitis’ mow

¢16sed from ground on conductor 104, back con-

a6t of relay 900, right contact of relay. 903, left

back contact of impulse recording reldy 908; left
back contact of recording relay 909, -left back
contact of recording relay 918, left back ‘contact

35

40

45

of récording relay 911, right back contact of re= . k

¢ording telay 912 to battery through the wind-
ing of recording relay 913. . Relay 913 operates
and locks in 4 cireuit through its winding and
thé winding of relay 912 in series, front contact

of relay 813, right back contact of relay "9,
coriductor 815, iriner normal contacts of relay
907, left front contact of relay 908 to' ground on
conductor 104; but relay- 912 being shunted does
tiot operaté. ‘el K

the end of ‘the digit impulse, relay 912 ‘operates
and sinceé this is the Tast impulse of the first, digit
sevies and relay 900 remains operated for an ap-

When' reldy '800-again operates at

55
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preciable interval, slow=to-rélease relay 906 also

relésses and causes the operation of relay 801
which opens the Tocking ciréuit of relays 812 and
813. ‘However, relay 912 upon operating has ex-
ténded a-eireuit from ground at its left contact
ovér conductor ‘814, middle lower front contact
of transfer rélay 1106, which operated im a ¢ir:

. euit. éver -the back contact of ‘relay f {01 when

off-normsal ground was first applied to conductor,
104, theénce through the upper winding -of .relay

10
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1181 of the thousands digit register 1100 to bat-
tery.. Relay {101 operates and as soon as relay

© 907 operates -closes a locking. circuit for itself
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- extending from battery through. its lower wind-
ing ‘and inner lower front contact, winding of

relay |17, back contact of transfer relay 1126,

‘conductor (108, inner right front contact of re-

lay 7117, conductor 1109, back contact of transfer
relay 12086, back contact of transfer relay 12286,
conductor . 1110, right front contact of relay 907,

left front contact of relay 903 to ground on con-

ductor- 184." Thus before relay 987 operates to

‘such-an. extent as to release recording. relays
-912°and 913, and in turn open the initial operat-
ing cireuit 'of register relay {181, relay 1101 has

become-locked.

- ~Transfer relay 1107 operates in the locking cir-

cuit: of relay 1101 and locks itself in series with

‘register relay 101 over its upper front: contact

to ground on conductor 704, opens at its back
contact the circuit of transfer relay {196- which

now releases and at its inner upper front con-.

tact .establishes a circuit. from: ground on: con-

ductor 104, back contact of relay 1121, winding

of ‘transfer relay 1§26 to battery:: The release
of transfer relay-1198 disconnects the circuits ex-
tending from the contacts:-of the impulse re-

‘cording relays from the operating windings of

the relays of the thousands register 1100 and the
cperation .of -transfer relay 1126 connects these
circuits to-the operating windings of the relays
of the hundreds.register §120. At its upper back
contact relay 1126 also opens the initial operat-
ing cireuit of relay 1107. :

In response o the first impuise of the second
digit '3, relays 900 and 901 release; reoperating
relay 996 and releasing relay 907 and operating
recording relay 913 over the previously traced
circuit. - Relay 912 operates in the locking cir-
cuit relay 913 upon. the next energization of re-
lay 809 and closes a circuit from ground over con-

ductor 9{4, the middle lower contact .of trans-

ferrelay {126, to battery through the lower wind-
ing of relay ' 1i21 of the hundreds register 1129,
but since relay 807 is not at the time operated,
1121 does not close an: effective  locking' circuit
for itself. . - - o i
- On the'next release of relay 900 with relay 912

 operated;. the impulsing circuit from thé back

coritact of relay 900 is extended as previously
traced  to the left back contact of ‘relay 91t
hence over the right front contact of relay 912
to battery: through the winding of impulse re-
cording relay 916. Relay 818 operates and locks
in g-circuit: through its winding and the wind-
ing of relay 91t in series, front contact of relay
816, right back contact of relay 809, thence over

- conductor 815" to'.ground on.conductor- 704 as

60
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traced, and relay 911 operates in this locking cir-
cuit upon the next energization of relay $00.  Re-

lay 911 upon operating:opens the holding circuits-

of relays 912 and 913 at its right back contact

and these relays now release. “Relay 912 upon

releasing -opens -the . previously traced - circuit
through the winding of register relay 1421 which
also releases. On the'next release of relay 909,
the impulsing circuit-from the ‘back contact of

relay 900 is extended as previously traced to fth_e

left back contact of relay 810; thence over the
left front contact of relay 911, to battery through
the 'winding of -impulse recording relay 9i7.
Relay 817 operates and locks in a circuit through
its ‘winding and.the winding of relay 918 in ge-
ries, front contact of relay 9i7, right back con-
tact of relay 909 to ground on-conductor 915. Re-

1,997,195

‘next energization of relay 900. \ =
remains operated for an appreciable interva; and
relay 906 releases in turn causing the operation

lay 818 operates in this locking o

of relay-907 to open-at its inner contact the hold-
ing -circuit over conductor 915 for the operated
recording relays 941, 9(6, 910 and 917.

- Before the release of the recording relays, how-
ever, relay 911 upon operating closed a circuit
from ground at its right front contact, conductor
918, inner lower contact of relay 126, lower wind-
ing of relay 1122 of the hundreds register 1120 to
battery and relay 910 upon opérating closed a
circuit from ground at its right front contact,
conductor 914, middle lower contact of relay 1126,
to battery through the lower winding of relay

‘1121, Relays (121 and 1122 both operate and

close: locking circuits for themselves in parallel
from battery through their upper windings and
front contacts, thence through the winding of
relay 1127, conductor '1108, and as previously
traced: to conductor 1110, thence over the right
front contact:of relay 807, left front contact

of relay 983 to ground on conductor 764. ‘Relay

1427 operates in.this locking circuit, locking in
series with relays 1121 and 1122 directly to
ground on conductor T04..gver its upper front
contact, opening the operating circuit of transfer
relay 1126 at its lower back contact, and closing
a circuit extending from ground on conductor
184 over its inner upper front contact, conductor
1111, the outer contact of relay T17, conductor
releasing disconnects the operating windings of
transfer relay 1206 to battery. Relay (126 upon
releasing disconnects the operating windings of
the relays of the hundreds register ({20 from

~the. contacts.of the recording relays and the

operation of transfer relay 1296 connects the
operating windings of the relays of the tens regis-
ter 1200 to the contacts of the recording relays.

~-In’ response to the first impulse of the third

Relay offiigea
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digit 7, relays 930 and 901 release, reoperating

relay 906 and releasing relay 861. Relay 960
upon releasing also operates recording relay 813
over the previously traced circuit. Relay §12
then operates as previously described upon the

- next energization of relay 900. In response to

the next two impulses dialed, Tecording relays

9f1, 916, 910 ‘and 917 operate and-relays 912
and 913 release as previously described; relays »Y

810,-811 and 912 closing operating circuits over
conductors 914 and 918 and the middle and inner

Jlower front contacts of transfer relay 1205 for

relays 1201 and 1202 of the tens register 1200,
Since, however, relay 907 is not at this time oper-
ated, these register relays do not close effective

‘locking circuits for themselves,

In response to the fourth impulse of this digit,
relay 800 again releases and with relay §i0 oper-
ated closes the impulsing circuit from its back
contact, as traced to the left back contact of
relay 808, left front contact of relay 910 to bat-
tery through the winding .of recording relay 919,
Relay 919 operates and locks in a circuit through
its. winding and ‘the winding of -relay 908 in
series, front contact of relay 918, outer right back
contact of relay 988 to ground over conductor
915. . Relay 989 operates in this locking circuit

‘upon-the next energization of relay 900. Relay

§89 upon operating opens the holding circuit of
relays 811, 916, 910 and 947 at its right back con-
tact whereupon these '_rela,ys release, relays 911
and 916 in turn releasing register relays 1201 and
[202. At its right front contact relay 909 also
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closes w¢"Trom ground over conductor 228,
e <‘contact of transfer relay 1288, lower
ig of relay 1283 of tens register 1280 to bat-
Since, however, relay 987 isnot at this time

'operated relay 1283 does not. close an effectlve

locking circuit for itself.:

In response to the fifth lmpulse, relay 900 a,galn
reléases and with relay 909 operated, closes the
impulsing eircuit from its ‘back contact as traced,
to the Ieft back contact of relay 908, left front
¢ontact of relay 929 to battery through the wind-
ing of ‘impulse recording relay 92f. Relay 82t
operates and locks'in a circuit through its wind-
ing and the winding of relay 908 in series, front
contact of relay 921, right back contact of relay
911 to ground on cOnductOr 815. 'Relay 908 oper-
ates in this locking circuit upon the next ener-
gization of relay 986 opening at its outer right
back contact the locking mrcult of relays 989
and 819 whieh now ‘release.” Relay 988 upoen re-
leasing in- turn releases the operated register
relay 1293. Relay- 928 also closes a circuit ex-
tending from ground on conductor: 815, outer
right contacts of relay 998, right back_contact
of relay 922, to battery through the winding-of
relay 924, Relay 924 operates and closes a lock-
ing - circuit for itself ‘éxtending from’ battery
through its windihg and-the-winding of rélay
922 in'series, front contact of relay 924 to ground
on: conductor-§15, but-relay 922 does not operate
in " this lockmg cireuit so long as relay 998 re-
mains éperated. Relay 8§08 also eloses a circuit
extending from: ground at -its inner “1ght front
contaet, left back contact of relay-922; conductor
923, lower contact of transfer relay 1298, lower
winding of relay-1204 of the tens reglster 1200
to battery. Relay 1284 Gpon operating-prepares
a-locking circuit fm 1tsmf which W111 be tlaced
hereinafter.

In response to the s1xth uneulse 1*e19y 000 again

releases and with relay 828 operated, closes the
impulsing circuit from its back contact as traced
to the léft front contact of relay 908, left back
contact of relay 910, left back:contact of -relay
§11, risht back contact of relay 812 to battery
through the winding of relay 8i3. Relay 913 op-
erates and locks in a circuit through its winding
and the winding of relay 912 in series, front con-
tact of relay 913, right back contact-of relay 9i1i
to sround on conductor 819, and relay 912 op-

_erates in this'locking circuit upon the next ener-

gization of relay 999. Relay 9i2 also connects
ground to conductor 914 thereby closing the pre-
viously traced circuit through the lower winding
of relay 1201 of tens register 1200 to battery
Since, however, relay 987 is'not at this time-op-
erated, relay 1281 does not close an effectlve

_ loeking cireuit for itself.

In response to the seventh and last impulse of
this digit series, rélay 909 again releases and with
relays 928 and 912 operated, closes the nnpuls;ng
¢ireuit from- its left back contact as traced to
the left back contact of relay @i, thence over
the right front contact of relay 912 to hattery

. through the winding of relay 916. Relay 816 op-

erates and closes a locking circuit for itself
throdgh its winding and the winding of relay 941
in series, front contact of relay 9186, right back
contact of relay 989, to ground on conductor 915
4hd relay 9ii operates in-this 16cking -circuit

upon the next energization of relay 990.- Relay

811 upon operating .opens at its right back con-
tact, the locking circuit of ‘relays-912, 913, 908
and 921 which now release. Relay 908 upon re-
leasing permits relay 922:to operate.- Relay 942

1 997 195
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upon releasing. opens the opelatmg circuit of
register ‘relay 1201 which also releases. At its
right front contact, relay 811 closes. the circuit
previously traced over conductor 9i8 to battery
through the winding of register relay 1202 which
operates and prepares a locking circuit for itself.
Relay 988 upon releasing opens the previously
traced circuit over conductor: 923 for the register
relay 1204, but with relay 922 now operated, the
circuit ‘is reclosed. from. conductor 923 over the
left front contact.of relay §22 to ground at-the
inner right and. back contact of relay 808 and
register relay 1204 reoperates. . Thus at:the end

of the third digit series, relays 1202 and (204 are-

the only relays of the tens register 12060 whlch
remain operated.
‘Relay 898 now remains opemted for an- ap-

‘preciable interval whereupon relay 906 releases

and relay 907 operates to open at its inner con-
tacts the holding circuit over conductor 815 for
the ‘operated recording relays 9ii; 916, 922 and
024, Before the release of these relays and the
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consequent opening of the operating circuits of

register relays 1202 and 1204 controlled thereby,
relays 1202 and 1264 close locking circuits for
themselves extending from battery through their
upper- windings and upper .contacts in parallel,
winding of relay 1207, back contact of transfer
relay 1228, conductor {119, outer right front con-
tact of ‘relay 907, left front contact of relay 903
to ground on conductor 164. Relay 1207 operates
in -this locking circuit, locking itself and relays
1202 and 1204 over its upper front contact, con-
ductor {112; outer. right contact of relay-Ti1,
conductor {111, upper front contacts of relay
{127, to ground on conductor 794, opening the op-
erating circuit of transfer relay (20§ at its lower
back contact, and closing a circuit from ground

-‘on conductor (112 over its inner upper front con-

tact, the lower back contact of relay 1227 to.hat-
tery through the winding of transfer relay 1225,

‘Relay. 1206 upon releasing-disconnects the op-
erating windings of the relays of the tens regis--

ter 1208 from the contacts of the recording re=
lays and the operation’ of transfer relay. 1226
connects the operating windings of the relays of

units register 1228 to the conta.cts of the record-

ing relays.
In.response to the ﬁrst 1mpulse of the fouroh
dxglt zero, relays 808.and 901 release, reoperating

relay. 588, releasing relay 861 and operating re-

cording relay 913.  Relay 812 then operates as
previcusly described  upon the next energization
of relay 989. In response to the next six -im-
pulses, the recording relays operate and release
as previously described, so that when relay 900
reoperates at the end of the seventh impulse,
recording relays 941, §18, 922 and 924 are op-
erated and circuits are closed by-relays 911 and
922 over conductors 918 and 923, the inner lower
and ‘lowermost contacts of transfer relay (226
and the lower windings of relays {222 and 1224
of the units register 1228 to battery. Relays
1222 and 1224 will therefore be operated to pre-
pare - locklng civcuits for themselves.

In response to the eighth 1mpulse relay 900'

again releases and with relay 941 operated closes:
the impulse circuit from its back contact, thence
as traced to the left back contact of relay 908,
1eft back contact of relay 909, left back contact
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of relay 8186, left front contact of relay 811 tobat-

tery through the winding of relay 811. ‘Relay 917
operates and locks in a circuit through its wind-

ing and the winding of relay 910 in series, front

contact of relay 917, nght back contact ‘of relay
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809 to glound on conductor 915. Relay 810 op-
erates in this locking circuit on the next energi-
zation of relay 900 and closes a cireuit from
ground at its right contact over conductor 814,
the middle lower front contact. of -transfer relay
1226, to battery through the lower winding of
register. relay 1221 of the units register 1220.

Relay. 1221 operates and plepares a locklng cir- - .

cuit for itself.

In response to the mnth impulse, relay 900'
releases and with relay 910 operated closes the-

impulsing circuit from its-back contact thence as
traced to the left back contact of relay 9§98, left
back contact of relay 999, left front contact of

"~ relay 910 to battery through the winding of relay

919. Relay 919 operates and locks in a circuit
through its winding and the winding of relay. 939
in series, front contact of relay 819, outer right
back contact of relay 908, to ground on conductor
915.  Relay 909 operates on the next energization
of relay 968, closes the circuit over conductor 929
and the inner upper contact of transfer relay
1226, to battery through the lower winding of
relay 1223 of the units register 1220 and opens
the locking circuit of relays 811, 916, 918 and 911
at its right back contact. Relays 8if, 916, 3{0
and 911 now release 1n turn releasing register
velays 1221 and 1222, )

In response to the tenth and last impulse, relay
900 releases and with relay 999 operated, closes
the impulsing circuit from its back contact,
thence as traced over the left back contact of re-
lay 608, left front.contact of relay 909, winding
of relay 924 to batiery. Relay 921 operates and
locks in a circuit through its winding and the
winding of relay 908 in series, front contact of re-
lay 921, right back confact of relay 911 to ground
on conductor §15. Relay 988 operates in this
locking circuit upon the next energization of re-

lay 980 and opens at its right back contact the-
These re-

locking cireuit of relays 809 and 919.
lays now release, rélay 909 in turn opening the
cperating circuit. of register relay  (223. With
relay 822 operated, relay 968 upon operating
opens the circuit previously traced over conductor
923 through the operating winding. of register
relay 1224, whereupon relay 1224 releases. - Relay

908 also closes a circuit from ground at its-inner

right front contact, over the inner right front
contact of relay 922, conductor 925, upper front
register-relay 1225 to battery, thus at the end of
the fourth digit series, relay 1225 .is-the only
relay of the units register 1220 which is operated.

Relay 960 now remains operated for an -ap-

5. preciable time, whereupon relay 906 reledses and-

relay 807 operates to open at its inner contacts

the holding circuit over conductor 945 for the

operated recording relays 908, 821, 922 and 924.
Before the release of these relays and the conse-
quent opening. of the operating circuit of register
relay 1225, relay 1225 closes a locking .circuit for
itself, extending from battery through-its upper
winding and contact, winding of relay 1221, con-
ductor {10, outer right front contact of relay
801, left front contact of relay 983 to ground on
conductor 794, "Relay §227 operates in this eir-
cuit, locking itself and. register relay 1225 over
its upper front contact, conductor 1112, outer
right contact of relay 711, conductor Iit1, upper
front contacts of relay 1127 to. ground. on con-
ductor 704, opening the operating cireuit of trans-
fer relay 1226 at its lower back contact and clos-
ing a circuit from ground on conductor 1112 over
its: inner. upper front contact, conductor {13

1,997,195
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to battery through the winding oz »o.7 G
lay 1226 upon releasing disconnects t\¥%-  Re
ing windings: of the relays of the units regﬂ.‘!"‘
1226 from the contacts of the recording relays and
relay 905 upon operating opens the circuit of re-~
lay 904 which now releases.

Setting the test trunk ﬁrsi selector for the -
two thousands selection

As soon as the first digit dialed has been reg-
1stered in the case assumed by the operation and
locking of relay 1101 of the thousands register
1100 and relay {107 has operated as previously
described, a circuit is closed for relay 1003 which
may be traced from battery, front contact of relay
1001, which operated over the back contact of
counting relay 1002 when ground was applied
to conductor 704 upon the seizure of the sender,

* thence over the lower back contact of relay 1004,

conductor 1005, lower front contact of relay
1107 to ground on conductor .104. Relay 1003
operates and closes a circuit from ground on con-
ductor 104, inner upper front contact of relay
1103, upper back contact of relay 1004, con-
ductor 1006, winding of transfer relay {114 to
battery. Relay 1114 operates and closes a circuit
from-ground over its lower front contact, con-
ductor 1007 to ba,ttery through the winding of
relay 1008. Relay 1008 operates and with relay
1003 operated closes an operating circuit for re-
lay 1009, extending from battery, winding of re-
lay 1009, upper contact of relay 1008, upper con-
tact of relay-1803; to ground on conductor 104.
A holding circuit for relay 1114 is now closed from
battery, winding of relay 1f14, conductor 1006,
upper winding of relay 1884, conductor 1010, inner
lower front contact of relay 1114, conductor 1011,
lower contact of relay 1099 to ground on conductor
704, but- relay 1364 being shunted so long as re-
‘lay 1003 remains operated does not operate at
this time.

With relay l008 operated ground is connected
to conductor 1012 to afford locking ground for
certain of the counting relays and ground is

connected over the upper contact of relay (114’

to conductor 1013 to afford locking ground for
the remainder of the counting relays. A funda-
mental . selectlon control circuit is now closed
from battery, winding of selection control re-
lay 301 of the first or two thousands selector of
Fig. 3, conductor 302, left contacts of cam 219,
fundamental tip conductor 215, wipers 866 of
trunk finder 850, outer right contact of relay
859, conductor 122, upper contact of relay 1009,
resistance 1014, winding of stepping relay 1615,
conductor 1016, back contact of counting relay
011, conductor 1018, right back contact of relay
115, conductor 723, inner left contact of relay
859, wiper 887 of finder 850, fundamental ring
conductor 216, upper left contact of cam 220 to
ground at the lower right contact of cam 221. -
Control relay 301 and stepping relay 1815 both
operate .over this circuit, relay 301 upon operat-
ing -closing a circuit extending from ground at
its left- contact, over conductor 303, the upper
right and lower left contacts of cam 222, con-
ductor 223 to battery through the winding of re-
lay 304. Relay 304 operates and locks over its
inner right confact directly to ground at the
left contact of relay 301 and closes a circuit
for advancing sequence switch 200 out of posi-
tion I into position 2 which may be traced from
battery, magnet winding of sequence switch 200,
upper contact of cam 2171, lower left contact of
cam 224, conductor 225 to ground at the outer
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right front contact of relay 304, With sequence
switch 206 in position 2 and relays 301 and 304
operated, a circuit .is-established from battery
through resistances 225 ‘and 221 in parallel, low-
er and upper right contacts of cam 228, conduc-
tor 228, inner left front contact of relay 304,
right front contact of relay 381, conductor- 230,
upper contacts of cam 231, conductor 232, lower
contacts of cam 365 to ground through the wind-
ing of relay 335. Relay 306 operates and locks
over conductor 232, independently of the con-
tacts of cam 385, closes at its right -front-con-
tact an obvious circuit through theé right wind-
ing of relay 807 thereby operating relay 307 and
closes & circuit from battery, winding of relay
388, outer left .contact of relay 306, left con-
tact of cam 388 to ground at the lower left con-
tact of cam 3i0. Relay 307 now. closes a cir=-
cuit for advancing sequence switch 300 which
may be traced from. battery, winding of the
magnet of sequence switch -330, upper contact
of cam 314, left contact of cam 312, ocuter: left
contact of relay 387, conductor 3i3 to ground
at the lower contacts of cam 233.

At the sender stepping relay 015 upon op-

erating, with the thousands register relay (101"

operated as assumed to register the thousands
digit f,
tor 184, back contact of relay 10i9, lower back
contact of relay 10820, front contact of stepping
relay (815, conductor 1855, inner upper. front
contact of transfer relay (1i4, lower back con-
tact of thousands register relay. 1104, upper back
contact of thousands register relay 1103, lower
back contact of thousands register relay 1102,
conductor

lay $117, conductor 118, winding of the No. 0
counting relay 1021, conductor 1000 to. battery
at the cuter right contact of relay.103.. Relay
1621 operatés in this circuit and locks through

its Wmdvng, and the windings of counting re-

lays {022 and {817 in parallel, the front con-
tact of relay 1821 to ground on. conductor 1012,
but relays 1002 and i9{1 being shunted do not
operate so long as steppmg relay Ial5 remains
operated.

As sequence switch 303 advances out of p051-
tion f and enters position 1%, ground. is ap-
plied to the fundamental tip conductor 215 over
the right contact of cam €8, conductor 234,
the outer left-front contact of relay 304, con-~
ductor 314, the upper contacts of cam 235, con-
ductor 23§, the inner left front contact of re-
lay 308, upper right contact of cam. 309, fo
ground at- the lower left contact of cam 310.
Relay 884 is held operated from this ground over
the upper left -contact of .cam 219, conductor
392, to- battery through the winding of relay
381, but the sender stepping relay 1915 is shunted
and réleased thereby. permitting the operatmn
of counting relays 1982 and 1811. With relays
1882 and 1847 ‘both operated, a holding circuit
over the tip of the fundamental circuit for re-
lay {891 is established from ground at the up-
per right contact of cam 309, thence as traced
to the contacts of cam 219, thence as traced to
conductor 1618, the front contact of relay 1011,
lower front contact of relay 1803, front contact
of relay {002, to battery through the winding of
relay {831, When sequence switch 300 advances
out of position 194, however, relay 1884 releases
in turn-releasing relay 1008, The fundamental
civeuit being now opened both at the back con-
tact of relay 1847 and at the upper right con-

1, 997 195

closes a circuit from ground onh conducs

conductor 1611,

“does not operate at this time.

9

,tact of cam 309 after sequence sw1tch 300 leaves

position 153, relay 301 then releases. Relay 1003

upon releasing in turn-releases relay 1009 and
removes the shunt from the ‘upper winding. of
relay 1804. Relay 10664 now operates in the lock-
ing circuit -of -relay. 1114, "and upon ‘operating
closes & locking circuit’ for itself extending from
battery through its lower winding-and lower front
contact, conductor 10865, lower front contact of
relay 1187, to ground on conductor 704, opens
‘at its lower back contact the operating circuit
of relay -{003, and prepares at its upper front
contact an opera,tmg circuit for transfer relay
{115: Relay -1329 which is slow-to release re-
mains operated long enough after its circuit is
cpened by the release of relay 1003 to insure that
relay 1084 will operate and lock. -When relay
i288 finally releases, the previcusly traced op-

‘erating circuit of relay fii4 is opened and re-

lay tii4 releases, removing ground from con-

“ductor 1843 and releasing relay 1983. Relay 1008

upon releasing removes ground from conductor
1612, thus releasing the operated countlng re-
lays 1021,i082 and 01T,

Relay. 1817 upon releasing again closes the. pre-

viously traced fundamental circuit and relay 1002

upon releasing closes the operating’ circuit - of
relay 1001 which reoperates. As soon as the
hundreds digit has been dialed and registered, as
indicated by the operation of relay 1427, a circuit
for reoperating relay 1883 is established from bat-
tery, winding of relay {803, front contact of relay
1001, lower back contact of relay 1822, conductor
1023, lower front contact of relay § {27, upper con-

_tacts of relay 1467, to ground on conductor 704,
1{15, lower back contact of transfer .
relay 1116, lower back contact of fransfer re--

Rela,y 1283 upon operating closes a circuit extend-
ing from ground on conductor 704, over its upper
front contacts, the upper front. contact of relay

1094, the upper back contact of relay 1622, con-

ductor - 1024, wmdmg ‘of transfer relay 1119 to
battery. Relay {119 operates and closes a- cir-
cuit from ground over.its-lower front contact,
conductor 1097 to battery through the winding of
relay 1008, Relay {008 reope rates and with relay
1003 operated closes & cu‘cmt for reoperating relay

1809. This circuit may be traced from battery,-

winding of relay 1089, upper contact of relay 1008,
upper contact of relay {883 to ground on conduc-
tor 704. . A holding circuit for relay 1119 is now
closed from battery, winding of relay 1119, con-~
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ductor 1023, upper winding of relay 1922, conduc-.

tor 1025, inner lower {ront contact of relay 1119,

shunted so long as relay {893 remains operated
With relay 1008
operated, ground is reconneeted to conductor 1012
to afford locking ground for certain of the count-
ing relays and. ground is reconnected over the
upper contact of relay {18 to conductor 1013 to
afford locking. ground for the 1ema1nder of the
counting relays.’
closed at the sender and the sender is prepared
to control the next selection.

At the first test selector- upon the opemng of
the fundameéntal circuit followmg the completion
of the first: selection control, relay 301 releases
in turn releasing relay 304.. Relay 304 upon.re-
leasing closes a circuit for advancing sequence

switeh 200 out of position 2 into position. 3. This

cireuit may -be traced from hattery, winding: of
the magnet of switch 269, upper contact of cam
21T, upper right contact of cam 224 conductor 231

The fundamental mrcmt is now:

lower contact of relay 1689 to-.
‘ground on conductor T84, but relay 1822 being
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right: back contact of relay 394 to ground. When -
‘sequence switch 280 leaves position 2, the holding
ccircuit of relay 386 is opened and. this relay re-

leases opening the previously traced operating

circuits-of relays 307 -and-328.  Relay 308, how-
ever, remains locked over its inher
ccontact, the lower .contact of cam 309 to ground

-at:the left contact of cam 318 until after sequence

switch 300 leaves position 2%, and relay 387 re-
mains locked over its right winding and right
front contact, the outer right contact. of relay
308 and the upper right and lower left contacts
of cam 318 until sequence switch 202 leaves posi-
tion 134, When sequence switch 280 reaches

‘position 2, -a 'new holding circuit is effective for

relay 307 extending through its right winding and
inner right front contact, over conductor 315, the
contacts of cam 238, conductor 239 to ground over
the lower contacts of cam 310. When the sequence
switch 369 leaves position 2, this holding circuit
is.opened. Upon leaving postlon 2%, the holding
circuit of relay 308 is opened and relay 208 re-

‘leases. The first test trunk selector has now been

positioned to extend the connection to the line
group having access tolines 8 to 1999 and proceeds
to hunt for a trunk ter mmatlng in an 1dle second
test selector.

As a sequence switch 280 passes through posi-
tion 2%, to 234, a circuit is established from bat-
tery through the left winding and inner left
front contact of test relay .387, -conductor 318,
-outer right back contact of relay 128, right back
-contact of relay 129, conductor 130, upper left
and lower right contacts of cam 317, to the sleeve
conductor 348 of the first test trunk terminating
in a second test selector. If this test trunk is
busy, there will be ground on conductor 348 and
relay 387 will therefore not release as the sequence
switch 308 leaves position 2. With relay 337
operated, the circuit previously traced for- ad-
vancing sequence switch- 300 is maintained -and
it continues to -advance through position 234.
When. it reaches position 3, the holding circuit
for relay 387 previously traced over the lower
contacts of cam. 210 is again established and the
sequence. switch continues to advance through
position 3% to 834, closing a circuit from hattery

through the left winding and inner left front
contact of test relay 397, ‘conductor 316, inner.

right back contact of relay 128, left back contact
of relay 128, conductor {3f, upper contacts of
cam 319 to the sleeve conductor 220 of the second
test trunk terminating in a second test. selector.
If this fest trunk is'also busy there will be ground
on conductor 328 and relay 367 will therefore not
release after sequence switch 388 leaves position
3. With relay 327 operated the circuit previously
traced for advancing sequence switch 200 is main-
tained.and it continues to advance through posi-
tion -33%4.  “When-it reaches position 4, the holding
circuit for relay 801, previously traced over the
lower contacts of cam 21 0, is again established and
the sequence switch continues to-advance through
position 4% to 434, closing a circuit. from battery
through the left winding and inner left front
contact of test relay 307, conductor 316, outfer
right back contact of relay 128, right back con-
tact of relay 29, conductor !30 ‘uper contacts
of cam 317, to the sleeve conductor 321 of the
third test trunk. It will be assumed that this
trunk’is idle and that therefore thereis no ground
on conductor 321. - Relay 397 now has no holding
circuit and releases opening the circuit ‘through
the sequence switch magnet to arrest the sequence

- switch 360 in position 5.

conducto;
conductor. 138, right hack contact of relay 129,
-outer right back contact of relay-128, conductor
346, inner left back contact of relay 2
right-front

“ductor 321,
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37T upon re’easmg 1mmed1ate1y connects
324 over the upper contacts of cam 311,

~Relay 2

313, tosground at the lower contacts of cam 233 to
mark theselected test trunk as busy and closes an
operating ‘circuit for. relay 322 extending from
battery, winding of relay 522, outer left back con-
tact of relay 307 to ground on conductor 2i3.
Relay: 322 upon operating connects permanent
busy ground to sleeve conductor 32i over a cir-
cuit extending through the upper right and lower
left contacts of cam 217, outer right contact of

relay 322, inner left back contact of relay 287 to :

ground on conductor 313 and closes an operating

circuit for relay: 128 extending from battery,

winding of relay 128, left back contact of relay
128, conductor 132, left contact of relay 322, right
back-contact of relay 307, conductor 3¢5, contacts

of cam 238, conductor 239, to ground over the

lower. contacts of cam: 310.
" Five hundreds selection

As soon as the fundamental circuit is reclosed
at the sender following the completion of the two
thousands selection with sequence switch 200 in
position 3, the. previously traced circuit through
the winding of relay 381 and the winding of
sender stepping relay (015 is reestablished and
these relays operate. Relay 36t in turn operates
relay 304 which locks under the control of relay
281, Relay 304 upon cperating closes the previ-
ously traced circuit for advancing sequence switch
200 info position 4, With sequence switch 260 in
position 4 and relays 301 and 3064 operated, a cir-
cuit. is_established from battery through resist-
ances 226 and 227 in parallel, lower and upper
right. contacts of cam"228, conductor 228, inner
left front contact of relay 2304, right front con-
tact of relay 381, conductor 280, upper left and
lower right contacts of cam 231, conductor 240,
outer right front contact of relay 129, conductor
133, left contacts of cam 323, conductor 324, con-
ductor 491, lower contacts of cam 462 to
ground throuﬂh the winding of relay 484. Re-
lay 404 operates, at its inner left front con-
tact closes an operating circiiit through the right
winding of relay 485 to battery, and c¢loses an op-
erating circuit for relay 486 extending from bat-
tery, winding of relay 406, right contact of relay

404 to ground at the right contacts of cam 497.

‘Relay 408 upon operating establishes a circuit
from ground at its outer left contact, over the
lower left upper right contacts of cam 488 to bat-
tery throughi the winding of relay §69. Relay 489
upon operating connects the winding of relay 494
over its inner right front contact, the outer left
contact.of rélay 404 to the tip trunk conductor 324
for holding relay 488 operated after sequence
switch 480 leaves position I, closes at its.outer
1eft front contact an obvious operating circuit for
slow—no-release relay 440 and closes a circuit for
advancing sequence switch 480 out of position |

‘which extends from battery, winding of the mag-

net of sequence switch 480, upper contact of cam
a1, upper contact of cam 412, inner left front
contact ‘of relay 495 to ground at the inner left
contact of relay 488. Relay 489 also locks over its
outer right front contact to ground on sleeve con-
The second test trunk selector is
now in condition to be selectively set from the
sender. ;

At the sender, stepping relay {815 upon opsrat-
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ing, with the thousands reglster relay 1101 oper-
ated as assumed to register the thousands digit |
and the hundreds register relays {121 and- 1122
operated as assumed to register -the hundreds
digit 3, -closes a ecircuit from ground :on. con-
ductor 704, back contact of relay 1018, lower
back contact of relay 1828, contact of stepping
relay 15i5, conductor 1855, inner upper front
contact of transfer relay: 1449, upper front con-
tact of register relay {81, inneér upper back con-
tact of register relay {104, upper back contact of
register relay 1124, conductor {428, back contact

of the No. 2’ counting relay 1626, winding of the

No. 2 counting relay 16217, to battery on conduc-
tor 1068, Relay $627 operates in this circuit and
locks through its winding and the winding -of
counting relay {026 in series, front contact ‘of
relay 1921, to ground on conductor 1612, but re-
lay 1826 being shunted does not operate so 10n<7
as stepping relay {6(5 remains operated. '

As sequence switch 489 of the sécond test selec-
tor advances out of position I and into position
{54 shunting ground is appl*ed to the fundamen-
tal tip conductor 2{5 over the right contact of
cam 219, conductor 234, the outer left front.con-
tact of relay 304, conductor 314, the right contacts
of cam 235, conductor {31, the outer left front
contact of relay 129 conductor {34, the left con-
tacts of cam 325, conductor 328, conductor 413,
middle left front contact of relay £06, and the
upper left and lower right contacts of ‘cam 407.
Relay 281 is held operated from this ground over
the upper left contact of cam 219-and conductor

202 and holds relays 364 and 494 operated but the
aendel stepping relay {015 is shunted and releases
he operation of counting re—
lay 1528 in the locking circuit of relay 1027.
sequence switch 406 advances out of position: I%
the shunting ground is removnd from the funda-

mental tip conductor and sender Sueppmg relayv

{0415 reoperates and, with countlng relay 1026
operated, -the previously. traced circuit over the

front contact of relay 1815 is extended from con-

ductor {128 over the front: ‘contact ‘of counting
relay 1026, the back contact of the No. 17 count~
ing relay 1028 to battery, through the winding of
the No. | counfing relay i828.: Relay 1029 oper-
ates and locks through its winding and the .wind-
ing_of relay 1828 in series, front contact of relay
1926 to ground on conductor 1813 but relay - 1028
heing shunted does not operate so. long as step-
ping relay 1815 remains operated.

As sequence switch 488 advances into posxtlon
£5; a -second shunting ground impulse -is con-
nected to the tip fundamental conductor again
shunting down the sender stepping relay “1015
whereupon ‘ecounting relay 1028 operates in -the
locking cirvcuit of relay 1629. When the sequence
switeh leaves position 5% thé shunting ground
is remcved and relay §815 reoperates.
counting relays 162§ and 1528 now operated the
previously traced circuit over- the contacts of ‘re-
lay 1815 and conductor {128 is'extended over the
front contacts of relays 1825 and {928, conductor
128, lower back contacts. of transfer . relays
1§45 and {141, conductor - i118, winding . of
the No. 0 counting relay - IGZI to battery. Re-
lay 1921 operates and locks in a circuit through
its winding, the windings of counting relays-1002
and {817 in parallel, front contact of relay 1021,
to ground on conductor 1842, but relays 1862 and
1817 being shunted do not operate so long as re-
lay 1015 remains operated: : .

With,

When sequence switch' 40!3 reaches posmon 6'

11

with relay 406 still operated, a circuit is. effective -

to advance it intoposition T which may be traced:

from battery, winding of-the magnet of ‘the se-

quence switch, upper contact of cam 411, lower. -
‘right contact of cam 412, to ground at the outer

left contact of relay €06.: In position T a circuit
is established from battery, winding. of the mag=
net of switch 4089, upper contact of cam 41, upper
contact .of cam 412, inner left contact of relay
405, to ground at the inner-left contact of relay
409, for advancing the sequence switch: out of
position T toward position 10: “As the switch 400
advances through position 954 :a third shunting
ground impulse.is connected to.the tip fundamen-

“tal conductor-again .shunting:down the sender

stepping relay 1815 whereupon counting relays

4002 and 1047 operaté in the locking circuit of

counting relay 1621;  With relays 1902:and 1017

_both operated a holding circuit over the tip fun-.

damental circuit for relay. 1084 is established from
ground -at-the upper left contact -of cam 407,
thence as traced to the contactsof cam*® 219,
thenee as-traced to conductor 1018; the front con-
tact of relay 1817;:lower front contact of relay
1083, frontcontactof relay 1082, 50 battery through
the winding of relay. 1881, When sequence switeh
480 advances ‘out of position . 355, however,
relay - 1081 releases in turn releasing relay
1003.. The fundamental circuit:being now open
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30-

both at theback contact of relay-18fT-and at the -

upper - left contact of ‘cam: 487 after sequence
switch 489 leaves position 8%, relay 301 then re-
leases. Relay 1083 upon releasing. also releases
relay 1089 and removes the shunt from the upper
winding of ‘relay 1022. Relay- 1022 now operates

“in the locking circuit of relay 1149, closes & lock=

ing circuit for itself extending from ‘battery
through its lower winding and lower front con-

tact, conductor 1023, lower front contact of re-

lay 1121, upper front contaCus of relay. 1107 to
ground on conductor 104, opens at its lower back
contact the operating circuit for-relay: 1093, -pre-
pares &t its inner upper front contact an-operating
circuit for relay (130, and at.its upper frout con-
tact closes a circuit for: operating relay i838:if
at this time the tens digit has been dialed. and
registered. -This circuit may be traced from-bat-
tery, winding of relay 1830, upper front. contact
of relay-1822, conductor 1831, lower front contact
of relay IZDT conductor 1112, outer: right front
contact of relay 117, conductor {1!1, upper: front
contacts of relay Il2'i to-ground on conductor
104,

Relay IGGS Wthh is slow to release remalns op-

the release of relay 1608 to insure that relay- {822
will- operate and lock. - 'When relay 1009 finally

40

50

55

-erated long enough after its circuit is’ opened by .

releases the previously traced operating:circuit of

relay 1149 is ‘opened. and relay..il19 releases re-
moving ground from conductor 1813 to release the
operated counting relays (028 and 1829 and to
release relay 1908. Relay 1088 upon releasing re-
moves ground from conductor 1812 thus releasing
the operated counting. relays ll26 IOZ? I@Z [,
1002 and 1017.

Relay 18{7-upon releasing again closes the pre-
viously traced fundamental circuit and relay 1002

upon releasing closes the operating circuit of

relay {1891 which operates. With r clay 1830 op-
erated a circuit for reoperating. relay 1983 is
established from battery, winding ofrelay 1003,
front contact of relay (801, upper back: contact
of relay 1632, lower front contact of relay 1030,

60"
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upper front contact of relay 10822, conductor 18231,
thence as traced to ground on conductor 704.
Relay 1883 upon operating closes a circuit ex-
tending from :ground on :conductor 154, over its
upper front contact, the upper front contact of

relay (004, the inner upper front contact of relay

1022, the upper back contact of relay 1920, con-
ductor 1033, to battery through the ‘winding of
transfer relay 1130, Relay 1i30 operates and
closes a circuit from ground at its inner upper
front contact, conductor 1007, to battery through
the winding of relay 1008. Relay 0328 reoperates
and with relay 1893 operated closes the previously
traced circuit for reoperating relay.1889. A hold-
ing circuit for relay {139_is now closed from bat-
tery, winding of relay (139, conductor 1033, lower
winding of relay 1929, conductor 1834, inner lower
front contact of relay 1189, conductor 1011, low-
er contact of relay. 4909, to'ground on conductor

104, but relay 1828 being shunted so'long as relay

{003 remains operated does not operate at this
time. - With relay 1608 operated ground is recon-
nected to conductor {012 to afford-locking ground
for certain-of the counting relays and ground is
reconnected over the upper front contact of relay
1130 to conductor 1843 to-afford locking ground
for the remainder of the counting relays: The
sender is now prepared for controlling the neyt
selection. .

Upon the opemng of the fundamental: circuit
at the sender following the five hundreds selec-
tion relay 301 at the first test selector rcleases, in
turn releasing relay 304. Relay 264 upon releas-
ing closes a circuit for advancing sequence switch

200 from position 4 to position 5 which may be

traced from battery, winding of the magnet of
switch 280, upper contact of cam 217, upper
right contact of cam 224, conductor 237, to
ground at the outer right back contact of relay
304. - The release of relays 381 and 364 also opens
the circuit. of relay 404 at the second . i{est se-
lector and relay 404 releases opening at its right
contact the operating contact of relay 486 but
relay 406 remains operated over a locking cir-

..cuit through its winding and inner left front con-

tact to ground over the lower contacts of cam 467
until sequence switch 400 passes through position
40%. ~“With relay 406. operated when sequence
switch. 400 reaches position 18 this séquence
switch is advanced into position {f over a circuit
extending from battery, winding of the magnet
of ‘switch 400, upper contact of cam. 4{(, lower
right contact of cam 412, to'ground at the: outer
left contact of relay 406.

inner right front contact, the right froxnt con-
tact of relay 406, the upper right contact of cam
414, to ground at the lower right contact of cam
407. When the sequence switch reaches position
10 relay 405 is held operated over-its right wind-
ing and inner right front.contact, the upper left
contact of cam 414, to ground at the lower right
contact of cam 407. When sequence switch 488
leaves position {8 both of these locking cireuits
for relay 405 are opened and unless the first trunk
of the third group of final selector trunks selected
through the operation of switch 482 under the
control of the sender is busy relay. 485 will re-
lease. The second test selector has now been
positioned to extend the connection to a group of
final selectors which have access to the lines 1289
to 1499 and proceeds to hunt for-an xdle final
selector of this:group.. :

As sequence switch 400 pa&ses througn posi-

In position 834 relay
405 is held operated over-its right winding and - v
- 'which extends from battery, winding of relay 416,

1,997,195

tions 10% to 11 a circuit is established from bat-
tery through the left winding and outer left front
contact of test relay 485, inner left back contact
of relay 415, left back contact of relay £16, upper
left contact of cam 417, lower right contact of
cam 418, to the sleeve conductor 419 of the first
test trunk of the third group of final selector
trunks. If this trunk is busy there will be sround
on conductor 419 and relay 465 will therefore not
release after sequence switch 409 leaves position
10 but will be held operated from ground on test
conductor 419 until after the sequence switch
leaves position 11. With relay 485 operated the
sequence switch will continue to advance cut of
position into position 12 over a circuit from bat-
tery, winding of the magnet of switch 458, upper
contact of cam 411, upper contact of cam §§2, in~
ner left front contact of relay 405, to ground at
the inner left contact of relay 463. As the se-
quence switch enters position I relay 495 is held
operated over-its right winding and inner right
front contact, the upper left contact of cam 414,
to ground at the lower right contact of cam 4907,
When the sequence switch passes through posi-
tions 1% to 1134 a circuit is established from
battery through the left winding and ocuter left
front contact of test relay 405, middle left back
contact of relay 415, right back contact of relay
416, upper left contact -of cam 420, upper right
contact of cam 402 to sleeve conductor £21. It
will ' be assumed that the second trunk is not in
use and that. therefore there is no ground on the
sleeve conductor 421 thereof. Test relay 405 will
now release and open the circuit previously traced
for the sequence switch magnet, arrestlng the se-~
quence switch in position 12,

Relay 405 upon releasing immediately con-
nects sleeve conductor 421 over the upper right
contact of cam 402, the upper left contact of cam

420, the right back contact of relay 26, the mid-

dle left back contact of relay 415, outer left back
contact of relay 405, to ground at the inner left
front contact of relay 409 to mark the selected
test trunk busy and closes an operating circuit
for relay 422 extending from battery, winding of
relay 422, outer right back contact of relay 425,
lower right contact of cam 414, to ground at the
lower right contact of cam 487. Relay 422 upon
operating connects permanent busy ground to
sleeve conductor 421,
from ground at the inner left contact of relay 499,
left back contact of relay 405, outer right contact
of relay 422, lower left contact of cam 428, upper
right contact of cam 402, the sleeve conductor 421,
and. closes .an operating circuit for relay 41§

left contact of relay 422, right contact of relay
410, inner right back contact of relay 485, upper
left contact of cam 414, to ground at the lower
right contact of cam 407.

Final brush selection

.When the fundamental circuit is reclosed at
the sender through the release of counting relay
1017 and the reoperation of relay 1009 following
the completion of the five hundreds selection,
with sequence switch 209 in position 5, the pre-
viously traced fundamental circuit through the
winding of relay 301 and the winding of sender

stepping relay 1015 is reestablished and these 7

relays operate. Relay 301 upon operating in turn
operates relay 304 which locks under the control
of relay 381. Relay 304 upon operating closes
the previously traced. circuit for advancing se-
quence switch 209 into position 6. With se-

over a circuit extending :
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gience switch 260 in position 6 and relays 301
and 304 operated a circuit is closed from battery
through resistance 2271 and the lower right con-
tact of cam 228, and in parallel therewith from
battery through the right winding of- overflow
relay 135, conductor 1236 and. upper left contact
of cam 228, thence over the upper right contact
of eam 228, conductor 228, inner-left front con-
tact of relay 384, right front contact of relay
301, conductor 220, upper left and lower right
contacts of cem 231, conductor 248, outer right
front: contact of relay 128, conductor. 133, leit
contacts of cam 323, conductor 324, right front
contact of relay: 418, lower left contact: of cam
423, lower left contact of cam. 424, conductor
425, left contacts of cam 501, resistance-582, right
contacts of cam 503, left winding of relay 604,
lower right and upper left contacts of cam: 506

to ground. ~ Relay 504 operates in this-circuit but

relay i35 being marginal does not operate at this

time. Relay 504 now closes.a locking eircuit for
itself extending as traced from battery through.
its left winding, lower contacts of cam: 597, right,
front contact of relay 504, left contacts of cam:
508, to ground at.the right contacts of ‘cam 509,

and closes a circuit for relay 518 extending from
battery, winding of relay 518, upper contacts. of

cam 511, to ground at the left front contact of.

relay 504. Relay 510 now operates, locks over
the left contacts of -cam 512, its own left front
contact and the left contacts of cam 513 to ground
on sleeve conductor 421, and closes a circuit for

advancing sequence switch 500 into position 2.

This circuit may be traced from battery, winding
of the magnet of ‘switch 500, lower contacts of
cam 514, right front contact of relay 510, to
ground at the left' contacts of cam '35, Upon
leaving position f the initial operating circuits of
relays 504 and 516 are opened but these relays
remain operated over their locking: circuits as
traced. . : : :

At the sender, stepping -rela,y 1015 :u'p'on op- .

erating, with the hundreds register-relays- iH21
and {122 operated as assumed to- register the
hundreds digit 3, closes-a circuit from ground on

conductor 184, back contact of relay. 1019, lower
back contact of relay 1020;.contacts of stepping.

relay 1015, conductor 1055, lower front contact
of transfer: relay 1130, lower front contacts: of
register relays 1121 and 1122, conductor: 1131,
back contact of the No. 8’ counting relay 1835,
winding of the No. 3 counting relay 1036, to bat-

tery on conductor -1098.: Relay 1036 operates in-

this circuit and locks through its winding and

the winding of counting -relay - 1035 in . series,
front contact of relay 1036, to ground on con-

" guctor 1813, bubt relay 1035 being shunted does

GO
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not operate so long as stepping relay 1015 re-
mains operated. . - . el
At the final selector with relay 504 operated
and sequence switch- 500 in position 2 the circuit
of. the high speed up-drive magnet 516 is closed
from battery through the winding of magnet 516,
the right contacts of cam 5f7, .the right front
contact of relay 504, left contacts of cam- 508,

to ground at the right contacts of cam 508, and

the brush shaft -of the final selector is driven
upward in a brush selection movement.. Dud-
ing this movement commutator brush 5(8 en-

gages conducting segments .of commutator strips:
519 intermittently connecting shunting ground-
" to the tip conductor of the fundamental ¢ircult
over a path which may be traced from ground,:

left front contact of relay 504, upper left and

lower right contacts of cam 511, brush 518, com--

1,097,195
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mutator strip 519, lower contacts of cam.520;
conductor - 426, lower. left contact of :cam. 421,

upper left’ contact of cam 428, outer left front
contact of relay 416, conductor 326, left contacts -

of cam 325; conductor 134, left front contact of:

-relay 129, conductor 137, the right contacts' of

cam 235, conductor 314, outer left front contact

of relay 304, conductor 234, contacts of cam 218,

tip’ fundamental conductor 215, and thence as
traced through the winding. of sender stepping
relay 18i5. On each application of this shunt-
ing ground relay 1015 releases but relay 301 of
the first test selector is maintained operated.

On the first -application of shunting ground
and the consequent release of stepping relay 1815,
counting relay 1835 operates in the locking circuit
of relay 1035. As the commutator brush 918 en-’

i

10:

15!

gages the next insulating segment of commutator

strip 519 the shunting ground: is removed: and

sender stepping relay 1015 reoperates and. with-2

the counting relay: 1835 now operated extends
the circuit ‘previously traced to conductor 1131,
Gver.the front contact of relay- 1838, the back:
dontact of the No. 2’ counting relay {628, to bat-
tery through the winding of the No. 2 counting re-
lay 1821 and relay 18271 operates. In @ similar
manner in response.to the further application of

shunting groundto the fundamental circuit count- -

ing. relays 1026, 1029, 1028, 1024, 1802 and (81T
operate in succession. With relays 1302 and 1011
both operated-a holding circuit over a tip funda-
mental conductor is established for. relay 1641,
from ground over commufator brush 5i8 ‘and
commutator’ strip 519, thence as traced: to the

contact of cami 219, thence as.traced to conductor.. 3:

i0i8, the front contact of relay 1617, lower front.
contact of relay 1003, front contact of relay 1002,

to battery through-the winding of relay- 001"
When brush 518 thereafter engages the next in-

sulating  segment of commutator strip 519 .relay-
1001 releases, in turn releasing relay 1083.. The
fundamental circuit being now open both-at the:
back contact of relay 1011-and at commutator:
strip 519 relay 861.releases; and upon releasing
in turn releases relays 304 and 504, ‘Relay 504.

30:

[
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40

45

upon releasing opens the circuit of up-drive mag- -

net 516 to arrest the upward movement of the
final selector brush shaft which has. now been

advanced to.a- position preparatory to tripping-
Relay: ;

the. fourth brush set of the final selector.
304 upon releasing also closes at ifs right back

>t
=

contact the.previously traced ¢ireuit for advanc-..

ing sequerice. switch 200 into position 1.  Relay:
504 upon releasing closes a circuit for advancing

the final selector sequence switch into position. sz

3 which may be traced from battery, winding of
the magnet of switch 580, upper contact.of cam
521, upper left contact of cam 522, to ground at
the left back contact of relay 504. “With sequence
switeh 590 in position 3 the circuit of trip magnet
524 is closed from battery, winding of magnet 524,

lower right contact of cam 525, to ground at.cam:
509 preparatory to tripping.the selected fourth:
set-of brushes upon the subsequent advance of’ -

the final selector brush shaft. R L
~Relay 1003 upon releasing also releases relay:

60

1099 and removes the shunt from the upper winds: '

ing of relay 1020.

its upper winding and inner upper front contact,
conductor 1028, lower front contact of relay I 121,

upper, contacts of relay. #1907, to ground on con~:

ductor 704 and at its upper front contact pre-:
pares an operating circuit for transfer relay 1116,

Relay 1020 now operates:in- -
the locking circuit of relay 1119, closes a locking:
circuit for itself extending from kLattery through 7
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Relay 1098 ‘which is slow to release remains op-
erated long enough after its circuit is opened by
the release of relay (003 to insure that relay 1020
will - operate and lock. When relay {009 finally
releases the previously traced -operating circuit
of transfer relay (130 is opened and relay 1130
releases removing ‘ground from conductor 1013 to
release the operated counting. relays (035, 1036,
1028 and 10829 and releases relay 1568, Relay 1008
upon releasing. removes ground. from conductor
1012, thus releasing the operafed counting 1e1ays
1026,.1027, 1921, 1992 and 10117. i

Relay 1817 upon releasing again closes the pre-
viously traced fundamental circuit and relay (002
upon releasing closes the operating circuit of relay
1001 which operates.  Relay 180! upon operat-
ing with relay 1038.operated closes the previously
traced operating circuit for relay 1053 which op-
erates-and closes a circuit extending from ground
on conductor 124, over its upper front contacts,
the upper front. contact of: relay {904, -the inner
upper front contact of relay 1622, the upper front
contact of relay 1828, the lower back contact of
relay 1032, conductor 1056 to battery through
the winding of relay 1116, Relay {116 operates
and closes: a circuit through the winding of relay
1008, conductor 1007, to ground at its upper front
contact. Relay 1888 now reoperates and with

relay 1003 operated closes the previously traced:

circuit for reoperating relay {909. A holding.cir-
cuit for relay 1116 is now closed from battery;
winding of relay {118, conductor {856, lower wind-
ing of relay 1832, conductor 1837, inner upper
front contact of relay 1118, conductor i@ti, lower
contact of relay 1809, to ground-on conductor 104;
but relay 1932 being shunted so long as relay 1003
remains operated does not operate at this: time.
With relay 1008 operated ground is reconnected
to conductor 13{2 to afford locking ground for
certain of the counting relays and ground is re-
connected over the middle upper front contact

of relay (1i6 to conductor i16!3 to afford locking

ground for the remainder of the countinhg relays.
The sender is now prepaled for controlhntT the
next or tens selection.

Fingl tens Qelectzon

When the fundamental circuit is 1eclosed at the
sender through the release of counting relay 1817
and the reoperaticn of relay 16088 following the
completion of final brush selection, with sequence
switch 200-in position 1, the fundamental circuit
is completed through the winding of relay 881 and
the winding of sender:stepping relay 4315 and
these relays reoperate, relay 38! in turn operat-
ing relay 394. Relay 384 locks under the control
of relay 381 and recloses the’ previously traced
circuit for advancing sequence’ switeh 288 into
position 8. With relays 381 and $24 both operated
and sequence switch 280 in position 8,: the previ-

ously traced circuit through the right winding of:

overflow relay 135 and the left winding of relay
504 of the final selector is established and relay

504 operates, locking ‘itself in a cireuit to ground
at the right contact of cam 542 as previously de~

scribed ‘and closing  a circuit ~extending from
ground at its left front contact, uppsr left con-
tact of .cam §t{; left contact of cam 523, to bat-
tery through +he magnst winding of switch 538 for
advancing sequence switch 5088 :into position 4.

With the sequence switch in pesition 4; the pre-.

viously traced circuit for high speed updrive mag-
net 516 is again closed and the final selector brush
shaft is then advanced 1n a group se’ectlon mo‘ve-
ment. .

-as traced to the sender.

© and-in turn releases relays 854 and 5%4.
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- During the initial portion of this movement with
trip ‘magnet 524 operated, the fourth set of
brushes is tripped. . As the brush shaft continues
to advance the commutator brush 526 engages
the cornmutator strip 527 and intermittently con-
nects shunting ground to the fundamental circuit
for shunting down the sender stepping relay 1815
and for holding relay 38(. operated. Shunting
ground. is applied over a circuit extending from
ground.at the left front contact of relay 594, up-
perleft.and lower right coritacts of cam 541, brush

§28, commutator strip 527, upper right and lower

left contacts of cam:. 529, conductor 426, and thence
Upon.the initial closure
of the fundamental circuit for final tens selec-

tion stepping relay 1015 :upon operating, with:

tens register relays 1202 and 1204 operated as as-
sumed to register the tens digit 1, closes a circuit
frem ‘ground on conductor 194, back contact of
relay 1019, lower front contact.of relay (829, con-
ductor {038, lJower back contact of relay. 1430, con-

“ductor 1055, contacts of stepping relay 1315, con-

ductor 1039, inner lower front.contact of transfer
relay. 1118, conductor 1132, lower back contact of
register relay- 1288, lower front contact of reg-
ister -relay 1202, upper back contact of register
relay. 4201, conductor 1128, back contact of the
No. 2’ counting relay {028, winding of the No. 2
counting relay 1027 to battery on conductor {9903.
Relay 1027 operates and lecks through its wind-
ing and the winding of relay 1§26 in series, front
contact of relay 1921, to ground on conductor
1642, but relay 1027 does not operate so long as
stepping relay 1015 remains operated. :

In response to the first shunting ground from
commutator strip 521 and. commutator brush
526, relay 1015 releases permitting counting re-
lay - 1826 to opsrate. Counting relays 029 and
{028 operate in & similar manner in response to

the next operation and release of stepping relay

1015, Upon the next energization of relay 1945
with counting relays 1826 and (028 operated, the
circuit previously traced over the.contact of re-
lay- 1015 to conductor 1128 is extended over the
front contacts of counting relays {026 and 1428,
conductor 1129, the lower front contact of trans-
fer relay 116, conductor 1133, the lower front
contact - of téns register relay 1284, conductor
{134, hack: contact of the No. 9’ counting relay
1048, winding of the No. 9 counting relay 1241, to
battery on conductor- 1803,
and.locks through its winding and the. winding
of-relay 1048 in series, front contact.of relay 1844,
to ground on conductor {813, -On the next re-

lease of -stepping relay 1045, relay 1060 operates

in. this locking circuit. In a similar manner
counting relays 1642 to {849, inclusive, and count-
ing relays 1921, 1002 and 1817 operate on the sub-
sequent opera,tlons and releases of stepplnff re-
lay 1815,

‘Upon the opﬂra’mon of relays 1002 and 61T a
helding circuit over the tip fundamental conduc-
tor is established for relay 108{ from ground over
commutator brush 526, commutator strip 527,
thence as traced to the contacts of cam 249, thence
as traced to conductor 1618, the front contact of

relay 18171, lower contact of relay 1003, front con-.

tact.of relay 1902, to battery through the winding
of -relay 180f. When brush 528 thereafter en-
gages the next insulating segment of commutator
strip 521, relay 1884 releases, in turn releasing
relay 1003 The fundamental circuit being now
opened both at the back contact-of relay 18i7 and
at the commutator strip 527, relay 381 releases
Relay

Relay (841 operates
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564 upon releasing opefis the circuit of updrive
magnet 516 to arrest the upward movement of
the final selector brush shaft which has now ad-
vanced to position the tripped fourth set of brushes
beneath the first set of line terminals in the-eighth
prush group, and closes a circuit for advancing
the final selector sequence switch info position 5.
This circuit may be traced from battery, magnet

winding of sequence switch 598, upper contact: of.

cam 521, upper left contact of cam 522, to.ground
at the left back contact of relay 584:

previously traced circuit for advancing sequence
switch 208 into position 9. s :

Relay 1692 upon releasing causes the release of:

relay 1009 and removes the shunt from the lower
winding of relay 1032. Relay (832 now operates

in the locking circuit of relay 1116, closes a lock~

ing circuit for itself extending irom- battery
through its upper winding and inner upper front
contact, lower front contact of relay:{839, upper

front contact of relay 1822, conductor 1631, lower:
. front contact of “relay
_outer contact of relay 111, conductor. 1411, upper
contacts of relay 1127 to.ground on conductor 164,

1207, conductor 4142,

and its lower front contact prepares -an operat-

ing circuit for transfer relay 1117. Relay 4009
which is slow to release remains operated long:
- enough after its circuit is opened by the release

of relay 1083 to insure that relay 1032 will operate

and lock. ‘When relay {009 finally releases the:

previcusly traced operating: circuit.of relay {116
is opened and relay {16 releases removing ground
from conductor 1813 to release certain of the op-

5 erated counting relays and releases relay 1688,
“Relgy 1008, upon releasing removes ground from

18i2 thus releasing -the remaining:

_counting relays including relays (817 and 1602.

condiictor

Relay 1817 upon releasing again closes the. pre-

viously traced fundamental circuit and relay 1992.

upon releasing closes the operating circuit of re-

lay 1081 which also operates. Relay {601 upon
~ operating with relay 1022 operated closes an oper-.

ating circuit for relay {003 provided that the units

digit has been registered as indicated by the.op-.

eration of relay 1221, This circuit may be-traced
from battery, winding of relay 1883, contact of
relay 1001, lower back contact of relay 1050, con-
ductor 1051, lower front contact.of relay 1221,
upper front contacts of relay.1207, conductor 1112,
outer contact of relay 117, conductor 1111, upper
contacts of relay 1121 to ground on conductor 104,

Relay {003 upon operating closes.a circuit extend-.

ing from ground on conductor 704, over its upper
contacts, the upper front contact of relay 1004,
inner upper front contact of relay 1022, upper
front contact of relay 1020, lower front contact
of relay 1832, upper back contact of relay 10850,
conductor 10852, winding of transfer relay 1111
to battery. Relay i {17 operates and closes a cir-
cuit through the winding .of relay 1028, conductor
£607 to ground at the upper contact of relay {1 1.
Relay 1008 reoperates and with relay 1003 oper-
ated closes the previously traced circuit for re-
operating relay 1089. A holding circuit for relay
1117 is now closed from battery, winding of relay

t1i1, conductor 1852, upper winding of relay 1859,

conductor {853, inner upper front contact of relay
1411, conductor I814; lower contact of relay 19885
to ground on conductor 134, but relay- 058 being
shunted so long as relay 1883 remains operated
does not operate at this time. - With-relay {068
operated ground is reconnected to conductor 13 2
to afford locking ground for certain of the count-
ing relays and ground is reconnected .over: the

Reldy. 304
upon releasing closes at its right back contact the:

15

middle upper-front contact of relay 11T to cén—.,
ductor 1813 to afford locking ground for the re-.

mainder of ‘the counting relays. .The. sender.is
now prepared for controlling the.next or uhits
selection. . i

Final unils selection

When the fundamental circuit is reclosed atthe

sender through the release of counting relay. 1011

and the reoperation of relay 1099, with sequence

switch 260 in position 9, the fundamental circuib
is completed through the winding of relay 381 and
the winding of sender stepping relay 18i5 and

these relays reoperate.” ‘Relay-301 upon operat--

ing in turn: operates relay 384 which locks under
the. control of relay 381 -and closes the previously

traced circuit for advancing sequence switch-200-

into position 8. - With relays 301 and 304 both
operated. and sequence switch:200.in position 13,
the previcusly traced circuits through the right
winding of overfiow relay 135 and the left winding
of relay 504 of the final selector are reestablished

and relay 584 operates locking itself in a circuit-
to:ground at the right contacts of cam 509 as:
previously traced, and closing a circuit extending -

from ground. at its left front contact, upper left.
contact of cam 514, left contact of cam 523 to bat-
tery through the magnet winding of switeh 560
for advanecing sequence switch 560 into position 6.-
With sequence switch 566 in position 6, the circuit
of slow-speed updrive magnet 528 is closed from:
battery, winding of magnet 528, left contacts. of

10
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cam 54 to ground at the left front contact of re- :

lay: 584.. The final selector brush shaft is then
advanced in a units seiection movement: . .-
As'the brush shaft advances under the control.
of up-drive magnet 528, the commutator brush
518 engages the upper portion of ‘commutator
strip 519 and intermittently connects shunting.
ground to the fundamental eircuit. for shunting

down the sender stepping relay 1015 and for hold-.
ing relay 331 opérated. - This shunting ground is_

applied over a circuit extending from ground at
the lower contact of cam 509, upper right contact

of cam 525, brush 518, commutator strip 519, 45

lower contacts of cam ‘528, -conductor 426 'and,
thence as traced to the sender. - Upon the initial

40.

closure.of the fundamental circuit for final units -

- selection, stepping relay 19815 upon. operating, .

with' units register relay {225 operated, as as-

sumed to register the units digit zero, closes a

5O

cireuit from ground on conductor 194; back con-.

tact of relay 1019, lower front contact of relay .

1928, conductor. {038, lower back contact of relay

{138, conductor 1055, contacts of stepping relay

1015, conductor 1038, inner lower front.contact
of transfer relay 1117, conductor 1135, lower back
contact- of units register relay 1224, conductor
{118, winding of the No. 0 counting relay 1021 to

pattery on conductor {080. ' Relay 1021 operafes

and locks in a circuit through its winding, the

00

windings of relays 1682 and- 1017 in parallel, front
contact of relay 1821 to ground on conductor 1012, -

but relays 1802 and 1017 do not operate so-long: - '

as stepping relay 1815 remains operated.  :
When theé commutator brush 518 engages the

frst. conducting segment. of  commutator -strip. -

519 and thus shunts the winding of stepping relay
1015, this relay releases permitting counting, re-
lays 1062 and 1617 to operate. - These relays upon

operating ‘establish a -holding. circuit .over ‘the’

70

fundamental circuit for relay {001 from-ground

over commutator brush 518 and commutator strip’
519 as previously traced. 'When brush 5{8 there-
after engagesthe next jinsulating segment-of com=

(I
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mutator strip 519, relay 100{ releases in turn re- -

leasing relay {883.. The fundamental circuit be-
ing now open both at the back contact of relay
1017 - and at the commutator strip 519, relay 301
releases and in furn releases relays 304 and 534.
Relay 504 upon releasing opens the.circuit of up-
drive magnet 528 to arrest the upward movement
of the final selector brush shaft which has now
been advanced to position the fourth set of
brushes on the bank terminals conneeted to the
desired line 858, and closes a circuit for advanc-
ing the final selector sequence switch into posi-
tion 1. This circuit may be traced from battery,
magnet winding of sequence switch 589, right
contacts of.cam 514 to ground at the left back
contact of relay 504. Sequence switch 520 °is now
advanced into position 9 over a circuit: extending
from ground on cam 509, upper right contact of

cam 525, lower right contact of cam §ii, left

contact of cam §23 to battery through the magnet
winding of switch 500. : -

- Relay 1698 upon. releasing causes the release
of relay 1008 and removes the shunt from the
upper winding of relay [050. - Relay {050 now op-

erates in the locking circuit of relay L1117, closes

a locking circuit for itself extending from battery
through its lower winding and inner lower front

contact, over: conductor f@5t, thence as traced

to ground on conductor T04. Relay 1068 which is
slow to. release remains operated long enough
after its circuit is opened by the réledse of relay
1003 to insure that relay i858 will .operate and
lock. “When relay 1868 does finally release, the
previously traced operating circtit of relay: H{Tis
opened and relay i117T releases removing groind

~from conductor 1043 and releasing relay 1008.

Relay 10838 upon releasing removes ground from
conductor 1212 thus releasing counting relays
1021, 1017 and 1802. Relay 1002 upon releasing
closes the operating-circuit of relay 1001, but re-
lay 1083 cannot operate now and therefore the
fundamental circuit is'not reestablished., )
It-will be assumed that the test first selector
is wired for making “no test” calls and therefore
immediately after selections are completed and
relays 381 and 304 have released, and as the final
sequence switch 500 passes through position 1, as
previously described, a circuit is completed .from
ground over the right contacts of cam 221, con-
ductor 242, right back contact of relay 301, con-

ductor 230, upper left and lower right contacts’

of cam 231, conductor 240, outer right front con-

tact of relay 128, conductor 138, left contacts

uf cam 323, conductor: 324, right. front contact of
relay 416, lower left contact of cam 423, lower
teft contact of cam 424, conductor 425, left con-

- tacts of cam 521, resistance 502, upper contacts of

60
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cam 503, winding of relay 531, left contacts of

cam 532 to battery through resistance 533. Relay

531 operates. and opens the previously traced
locking cireuit of relay 510 which now releases

and upon _releasing closes a circuit from. ground,

left- contacts: of cam 515, right back contact of

. relay 518, lower left contact of cam 522, upper

contact of cam 521, to battery through the mag-

uct of switch 8500 thus advancing sequence switch

590 into ‘position 12. ‘Thus, relay’ 504- doss. not
operate as .sequence -switch 580 passes through

+ position 7% to 8 since at that time the circuit

through its windings in series is opened at the
back contact of relay 53{ and no test of the called
line is'therefore made.

- The called line is made busy -as soon as se-.

quence switch 500 reaches position 8 and until it

1,997,185

leaves. position F{: by ground connected over the

lower contact of cam 509, upper left contact of -

cam 525, right back contact of relay 534, left
contacts of cam 508, back contact of relay 534, re~
sistance 938, lower contacts of cam 536, left back
contact of relay 510, lower left and right con-
tacts of cam 513 to sleeve brush 537 and thence

to battery through the winding of the cut-off-

relay 846 of thecalled line. The cut-off relay then
operates to perform its usual function. Upon
reaching position I | and until the sequence switch
leaves position 13 ground is applied to sleeve
brush §31 from the lower contact of cam 508, up-
per left contact of cam 525, right back contact
of relay 504, left contacts of cam 508, back con-
tact of relay 534, resistance 535, lower right and
upper left contacts of cam 536 to sleeve brush 537
thus maintaining the cut-off relay 546 of the
called line operated. When the sequence switch
500 reaches position 12 relay 5(0 operates in a
circuit extending from battery, winding or relay
510, upper left contact of cam 512, lower left
contact of cam 538 to ground at the left back

5
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20

contact of relay 504, locks in a circuit through .

its  winding, the left contacts of cam 512, left
front contact of relay. 510, left contacts of cam
613 to ground on conductor 421, and closes a
circuit for advancing sequence switch 500 into the
talking position 13.. This circuit may be traced
from battery, winding of the magnet of switch

530, lower contacts of cam 514, right front con-

tact of relay 510 to ground at the Ieft contacts

‘of cam 515.  From position 13 through position
#1%, the sleeve brush 537 is connected over the.
upper left and-lower right contacts of cam 536,
- resistance 535, back contact of relay 534 to ground

at the right contacts of cam 599,

30

From the time of the release of relay 584 fol-

lowing the completion of units selecticn until
sequence switch 500 leaves position 81, a circuit

“is closed from ground at cam 589, upper left con-

tact of cam 528, left contacts of cam 520, con-
ductor 428, lower left contact of cam 427, upper
left contact of ‘cam 428, outer left front contact
of relay 418, conductor 326, left contacts of cam
325, conductor 134, left front contact of relay
129, conductor 1317, right contacts of cam 235
now 'in position 18, conductor 314, left back con-
tact of relay 304, back contact of relay 327, wind-
ing of relay 328 to battery. Relay 328 operates
and locks through its winding and front con-
tact, winding of relay 327, conductor 329 to
ground over the upper left and lower right con-
tacts of cam 221. Relay 327 operates in this
locking circuit as soon as sequence switch 500
passes beyond position 8%. Relay 321 upon op-
erating closes a circuit from battery through
the magnet winding of sequence switch 209, up-~
per contact of cam 217, lower right contact of
cam 2284, conductor 241 to ground at the front
contact of relay 327 for advancing sequence
switch 200 into position 12. Upon leaving posi-
tion 10 both' relays 327 and 328 release.

-~When sequence switch 200 leaves position 19
the tip. and ring conductors 104 and 105 of the

“first test trunk are disconnected from conductors

214 and 213 extending to the sender at the con-
tacts of cams 201 and 202, and are connected
to ground at the lower left contact of cam 28¢
and to battery through the winding of relay 143
over the right contacts of cam 202. If the dial
key of the test cord circuit is still operated, relay

113 will mow operate in turn operating slow-%o-.
release relay Li4, As the sequence switch leaves.
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position 1 ’éhe previously traced circuit through

the winding of relay 208 and the winding of

relay 114 at the sender is opened. Relay Ti4
will thereupon release in turn releasing .relays
11T .and 103. Relay 117 upon releasing releases
relay 853 which in turn releases relays 859 and
110, With both relays 703 and T10 released.off-

normal ground is removed from conductor 704

and all other operated relays of the sender are
now released restoring the sender to normal.
‘When the dial key of the cord. circuit is re-

stored, the circuit over the sleeve of trunk jack

100 is immediately opened while the dialing cir-
cuit is maintained closed for a moment at the
cord circuit. Relays 115, {16 and 117 now re-
lease, relay {16 causing the releass of relays 203
and 1207in turn. Upon the release of relay 120,
relay 113 releases in turn copening the circuit of
relay [14. Relay ({4 which is slow-to-release
releases after an interval and.closes a -circuit

which may be traced from battery, winding of -

relay 384, conductor 223, lower contacts of cam
222, conductor 243, left back contact of relay
{ 22, conductor 138, left back contact of relay 283,
conductor 139 to ground over the normal con-
tacts- of relay {i{4. Relay 384 upon operating
closes a circuit” from ground at its right front
contact over conductor 225, lower left contact
of cam 224, upper contact of cam 2{T to battery
through the magnet of switch 288 for advancing
sequence switch 289 into position 3. Relay 304
locks in-a circuit through its winding and inner
right front contact, conductor 383, right contacts
of cam 222, thence as traced to ground at the
normal contacts of relay {4 and remains oper-
ated until relay !4 again operates. :
Relay !11 is now reoperated in a circuit -ex-
tending over the slesve of jack 108, inner left

front contact of relay 181, inner left back.con-~"

tact of relay {89, winding of relay- 145; conduc~
tor {88, contacts of cam 244, conductor 245,
windings of relays li€ and {7 to ground. Re-
lay {17 upon reoperating cleses-a cireuit -from
ground at the left contacts of cam 233, conduc-
tor 246, contacts of relay (7, inner left.back
contact of relay 120, winding of relay {4 to
battery. . Relay {14 now coperates opening the
circuit of relay -384- which releases. Relay 304
now closes the previously traced circuit over its
outer right back contact to battery through the
winding of the magnet sequence switeh 288 for

advancing the sequence.switch out of position {3

into position 14, The delay inferval introduced
by relay if4 is to prevent the talking circuit from
being cut through to the called subscriber’s line
while the dial bridge is closed at the test cord
circuit so that conversation which .may be going
on with the called: subscriber if the line is in
use.can not be disturbed or that ringing on the
called line if at the time being conducted W111
not be interfered with.:

Ii the dial key is restored while the sender.is
still attached as will usually be the case, relays
£08, 263, 120 and {i4 will all be normal when
sequence switch 288 reaches position #2 follow-
ing the completion of selections and the se-
quence switch will therefore advance into posi-
tion (4 without the delay interposed by relay 114
as just described. - :

As sequence switchh 288 leaves position I3,
relay #2{ releasss and discontinues-the applica-
tion of steady tone current from the first-test se-
lector frunk to the test cord circuit as a signal
to the test man that he may proceed to test the
cailed line, The tesmnvxpa\un now extends from

the tip of jack 180 over conductor 104, outer
right back contact. of relay 109, outer left back
contact of -rélay 129, conductor- 141, lower con-

17

tacts of cam 231, conductor 240, outer right front -

contact of relay: 129, conductor 133,
traced to conductor 425, upper contacts of cam
501, brush 539 to the tip of the called line, and
from the ring of jack 183 .over conductor 105,

outer.left back contact.of ‘relay 199, right back"
contact -of relay {29, conductor 142, lower con=

tacts of cam 235, conductor 137, left front con-
tact of relay 128, conductor 134, thence as traced

to-conductor 428, lower contacts of cam 540, brush

841 to the'ring of the called line. . Thus, a fest
path from the test desk to the called hne free
from all bridees is provided.

If the test man desires to ring the subscriber S

“béil on the called 1 line, he may do so by the ap-
plication of ringing-current from the test desk,.

or he may test.the functioning of the line circuit
by releasing. the:called lineé cut-off relay. 546 to
establish g bridge-across the tip and ring conduc-
tors of the testing path to cause.a linefinder to
seize the line. In preparation for the test just
mentioned the test man operates a key at the
test -desk which opens the previously traced cir-

thence as:
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cuit through the winding of relay 117 and this

relay releases in. turn releasing relay 1{4. With
sequence switch: 268 in position 4, the release of

relay {i4 closes a circuit from ground over the
-normal contacts of relay 14, conductor 139, left
‘back - contact of . relay ~283, conductor 138, left

hack contact of ‘relay 122, conductor 243, lower
left and right contacts of cam 247, conductor 248,
inner right front contact of relay. 129, conductor

- 143, lower contacts of cam 2330, conductor 331,

inner 1eft front contact of relay 416; lower left
contact ci-cam 428, uppeér right contact of cam
438, conductor 431, left -contacts of cam .517,
winding of relay 534 to battery. Relay. 534 op-
erates and opens the previously traced circuit
from ground at the right contacts of cam 509,
over sleeve brush 837 to battery through the
winding of cut-off relay 548 releasing relay 546.
With . relay 546 released, the line ‘relay: (not
shown)_ of the called line is.reconnected- to the
tip and ring-conductors of the line and when a
bridge is established at the test desk across the
tip and ring conductors of the testing path pre-
viously traced, the line relay of the called line
functions in the well-known manner to: calise a
linefinder to be started to hint for and seize the

-called line and a sender to. bhe associated with
the called line.. Upon the association of a: sender
“the usual dial tone. is transmitted therefrom to:
_the called line and thence over: the testmg path
‘to the test desk )

) Dzscovmectzon .
To dlsconnect the test man may either': remove
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the test cord plug from jack 188 or.if he wishes . -

to use the same first test trunk for other tests
may momentarily’ operate . the non-locking. dis-
connect key (47, The operation of key 147 causes
the operation of rela,y 168 which locks in g circuit
through its winding, the outer- left front contact
of relay (89, inner right front contact of relay
189.to ground at the right front contact of relay

65

{81 and at its inner left front.contact establishes

a -circuit from - battery, resistance 148, winding
of relay 145, conductor {98, contacts of cam 244,
conductor 245, windings of relays (16 and 111
in series to ground. Relays {15,116 and {17 oper-

70

ate,  relay {18 establishing. an: cbvious. circuit -

‘through the left winding of relay 140 to hold ¥
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Telay 140 operated. following .the opening of’ its

Tocking circuit by the operation of relay 108, and
relay 146 causing the operation of relay 208 which
in~turn operates .relay. 120 ‘Relay 128 upon op~-
‘erating opens-the circuit of relay 144 at its left

back. contact and. relay |4 releases. -A circuit
is'now closed for operating relay 22 which may
be traced from batiery, winding of relay 122, con-

‘ductor 144, upper contacts of cam 249, oute1 left

front” contacts of relay 283, conductor 139 to

ground over: the mormal contacts of relay Ii4.

Relay 122 locks.through its winding and right
fronf contacts, conductor {45, upper right con-

‘tact of cam 228 to ground at cam 221, opens the

circuit of relay 121 to dis_continue the application
of steady. tone current to the test set if sequence

switch “208 has not at the time advanced out of
" position 18, and close

s a circuit for advancing se-

quence switeh 268 intc. position (5 which may

~be traced from batbery, magnet winding of switch:
288, upper contact.of cam 2§71, lower left contact
.of tam 218, conductor 259, lcft front contact of

relay $22, conductor {46.to ground at the lower
contacts of cam 224.
reaches position {8, it is advanced info pesition {6
over a circuit exl,endmor irom its magnet winding
thence as traced to the lower left contact of cam
2064, thence’ over the upper left contact of cam
204, conductor 237, to ground at the right back
contacts of the relay 304.. Upon leaving posi-

tion I3, sequence switch 206 opens the cireuit of
. relays 118 and 117 at the contacts of cam 244

thus releasing ‘these relays and in turn releas-
ing relays 263 and 126, opens the locking circuit

. of relay {22 at the upper right contact of cam

229 thus releaﬂng relay 122, opens the locking
circuit of relay 225 at the lowe1 -left contact of
cam 228 thus releasing relay 205, opens the Cir=-
cuit of relay 822 at the lower contacts of cam

233 thus releasing relay 322, and opens the circuit

of relay 12§ at the contacts of cam 238 thus re-
leasing relay 129,  With sequence switch 200 in

position 16 a cireuit is ciosed from ground over
the lower left and upper right contacts of-cam
281, conductor 332, right contact of cam 312, up~
per contact of cam 31 to battery thlough the
magnet winding of sequence switch 309 for ad-

vancing' this sequence switch into - its normal

position {. When sequence switch 380 reaches
normal, a circuit is-established for advancing se-
quence switch 288 to normal position {1 which
may be traced from kattery, winding of the mag-
net -of switch 280, upper contact of cam 217,
lower right contact of cam 213, ¢onductor 252 fo
ground at the left-contacts of cém 318,

‘When' sequence switch™ 288 advances” ‘beyond
position 18, the previously traced circuit through
the windings of relays 1185, 146 and [#7 is opened
at the contacts of cam 244 and these relays re-
lease, relay 15 upon releasing in turn releasing
relay ~140. - Relay 143 upon releasing releases
relay 109, relays. 101 and {62 remaining operated
s0-long as the test cord plug is.in jack 188. The
return of the test first selector to normal also
removes ground from sleeve conductor 321 thus
releasing relay 488.  Relay 438 upon releasing re-
moves ground at its inner left front contact from
the sleeve conductor 421 of the final test trunk
thus releasing relay 518 in the final selector, and
opens the operating circuit of relay 418, Relay
410 being slow to release maintains its operated
condition for g sufficient period after the release
of relay 405 to close a circuit extending from bab-
tery, right winding of relgy 432, outer left back

contact of relay 415, left front contact of relay

When sequence switch 200.

1,997,195 ‘
410 to ground at the outer left back contact of

relay 409. ' Relay #32 operates closing a holding
circuit for relay 416 extending from battery, wind-
ing of crelay "416, left contacts of relay 422 to
ground at the right front contact of relay 432 for
holding relay 41§ operated following the release
of relay 418, and relay 432 locks over its left wind-
ing in parallel with resistance 433 over ifs left
contact, outer right contacts of relay 422, lower
left contact of cam 428, upper right confact of
cam 442, conductor €21, left contacts of cam 513,
left back contact of relay 518, lower contacts of
cam 532, winding of marginal relay $31, upper
left and lower contgcts of cam: 549 to ground.

Relay 53f now operates in the locking. circuit of :

relay £32,
With relay 518 Lelea,sed and relay 53¢ operated
a circuit is closed for initiating the immediate re-

lease of the final selector without waiting for the

called subseriber..to disconnect.  ‘The relegse of
relay 510 closes a circuit for advancing seguence
switch 598 out of the talking position i3 into posi-
tion {6." This circuit may be traced from battery,
magnet winding -of switch 509, upper contact of
cam 521, lower left contact of cam 522, right back
contact of relay 510 to ground over the left con-
tacts of cam 5!5. As the sequence switch passes
through positions 15 to 15%; with relay 531 operat-
ed; relay 504 can not operate and therefore when

it reaches position- 18, a circuit is closed from :

ground at the left back contact of relay 564, over
the upper left contact of cam 522, the upper con-
tact of cam 521 to battery through the magnet of
switch 83§ for advancing sequence switch 585 into
position 18.
operated in a circuit from battery through its
winding, the lower right contact of cam 525 to
ground at cam 508 to prevent the brushes from
snagging during the return of the brush shaft
to normal and a circuit is closed from battery
through the winding of down-drive magnet 532,
lower contact of cam 523, lower right contact of
cam 51 I, upper right contact of cam 525 to ground
at cam 589. In response to the energization of
magnet 542, the brush shaft is returned to normal.
In its normal position a ecircuit is closed from
ground at cam 589, upper right contact of cam
528, brush 543, normal.commutator segment 544,
lower right contact of cam 522, upper contact of

cam 521 to battery through the magnet of switch &

869 thus advancing the sequence switch to nor-
mal.~ As the seguence switch legves position 18,
the circuit previously traced through the wind-
ing of relay 531 is opened and relay 53¢ releases.
The final selector is now in normal condition.
From positions 16 to i8 of sequence switch 8§

direct ground is maintained on sleeve conductoA
421 over the upper contacts of cam 515 to mark
the final selector trunk as busy and to hold relay
432 in the second test selector operated. As soon
as the final selector reaches normal and its se-
quence switch 588 leaves position 4§, this busy
ground is.removed and relay 422 releases in turn
releasing relay 486, Since at this time relays
4089 and 419 are both released, a circuit is closed
from ground at the left back contaci of relay 4685,
left back: contact of relay 419, right back contact
of relay £32, left contact of cam 442, upper con-
tact of cam A‘H § to battery through the magnet of
sequence switch 488 for advancing the sequence
switch info normal position. Upon leaving posi-
tion 48 the circuit of relay 422 is opened and
relay 422 releases. All apparatus of the second
test selector is now in normal position.

" Ii-the test-man disconnects from jack 180 after

In position {8 the trip magnet 524 is 4
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thie completion of a test connection without first

operatirig the disconnect key (47, relay 10t - re-
leases, but relay 162 remains locked up since re--

lay 140 is at the time operated:’ With relay 10{
released and relay 182 operated, ground is con-
nected over the inner left front contact of relay
102 and-the right back contact of relay 181 to the
tip test path and battery through the winding
of relay 183 is connected over the inner right
front contact of relay #82 and the outer left back
contact of relay 18! to the ring test path and
should the called subscriber now remove his re-
ceiver or an oubside man connect his headset
across the testing path, relay {83 will operate
closing the auxiliary signal circuit at-ifs right
contact and connecting the supervisory lamp. 149
in a flashing circuit over the left contact of relay
193, the outer right contact of relay 140 to bat-
tery through interrupter §50. If the test man
now again plugs into jack 100, relay {01 will re-
operate reléeasing relay 183 and effacing the sig-
nal, Should the .plug of the test cord be re-
moved from jack {88 during the time -that relay
§15is normal; relays 18§ and 148 wiil be operated
and in order to release the connection, it wiil ba
necessary for the test man to operate disconnect
key 187, disconnection then proceedmg as previ-
usly: descmbed

. ‘Abandqnment ‘of a call
If the:'test man abandons a call before the tens

digit has-been registered in the sender, the dial-

ing circuit to the sender will be.opened thus per-
mitting relays 908, 991, 992 and 963 of the sender
to release. Relay 983 upon releasing closes a
circuit from ground on conductor 704, back con~
tact of relay 593, left contact of relay 904, con-
ductor 828, upper back. contact of relay 1030
which operates only after the tens digit has been
registered, conductor 327 to battery through the
winding of sender release relay T15.- Relay Ti5
upon . operating locks ~directly to off-normal
ground on conductor 184, at its left back contact
opens - the short-circuit around the:right high
resistance winding of relay 114, at its right back
contact opens-the fundamental circuit and at its
inner left front contact establishes a holding cir-
cuit for the sender make-busy relay 760. With
the high resistance winding of relay 714 now in
the circuit previously traced through the wind-
ing of relay 298 at the test first selector, relay
208 releases and closes-an operating . circuit for
relay {35 which may be traced from battery, left
winding-of relay i35, conductor {§{, lower con-
tacts of cam 248 to ground -at the back contact
of relay 208. Relay 135 upon operating locks

over its left comtact, conductor 152, to ground:

at the lower contacts of cam 22f and, at ifs
right front confact, closes a circuit for advancing
sequence switch 282 into the overflow position
{2. 'This- circuit- may be traced from  ground
over the lower contacts of cam 251, conductor
253, right contacts of relay 135, conductor 284,
upper left contact of cam 224, upper contact of
cam 217 to battery through the magnet of se-
guence switch 2808, When ‘sequence switch 209
reaches position 12, relay 304 is operated in a
circuit through its winding, conductor 223, lower
contacts of cam 222, conductor-243, left back
contact relay 122, conductor 138, back contact
of relay 208, conductor =429, normal contacts of
relay 114 to ground-and relay 384 advances. se-
quence switch 288 into position- 13 over a circuib

extending from ground at its front contact, con-

ductor 225, lower left contact of cam 224, thence

19

to battery through the magnet Wmdmg of se-.
‘quence switch-290."

“As- soon - as the  sequence
switch leaves position 12, relay 324 releases and
closes a circuit from gr ound over its right back
contact, conductor 237, upper right contact. of
cam 224, thence to battery through the ‘magnet
winding ‘of ‘sequence switch 289-for advancing
the sequence switch into posifion -
position 14 it is advanced into the overflow posi-
tion 15 under the centrol of overflow relay 125.
As the sequence switch 280 passes bevond posi-
tion 11, the circuit previously traced through the
windings of relays 208 and Ti4 is opened and
relay 7i{4.releases in turn releasing relays 707
and- 783. The sender is then-dismissed in thu
manner previously described.

With sequence switch 280 in- position {8 and
overflow relay 135 operated, the circuit of tone
relay 121 which was opened when the sequence

switch passed beyond position I3 is reestablished

and relay 2§ is intermittently operated to. ap-
ply intérmittent tone to the test part as a dis-
connect signal.  The circuit for relay (21 may

‘be.traced from battery, winding of relay 12f,

right back contact of relay 122, conductor- 123,
right contacts of cam 212, conductm 254, rlght
contacts .of relay 138, conductor 253; lower. right
and upper left contacts of cam 25! to ground on
interrupter 255. . The test man then proceeds to

-initiate disconnection as previously described.

If the call is abandoned after the tens digit
has been registered then the release of relay $83
in the sender closes a circuit from ground on con-
ductor 784, back contact of relay 863, left front
contact of relay 904, conductor 826, upper front

contact of relay 1828 which operated upon the:

registration of the tens digit, to battery through
the winding of relay {619.- Relay £619 upon op-
erating ‘opens the circuit previously traced
through - contacts of the sender stepping. velay

1815 so that no further operation of counting re- .

lays is possible.. When, therefore, the final selec-
tor advances-in the selective movement which is
next. initiated thereafter, the. sender will fail to
be satisfied and the final selector .will continue
its movement. until it reaches the tell-tale posi-
tion. . If at that time the final selectfor sequence
switch 588 is: in position 2 .and the selector is
driven-to the tell-tale  position during. its brush

‘selection movement, relay 554 being operated, a
circuit will be elosed from ground, left front con-.

tact of relay 534, upper left and lower right con-
tacts of cam 5!, brush 518, tell-tale segment 54§,

<

{4, From--

'10.

15

20

25

30

35

40

upper . right contact of cam -522; upper: contact -

of -cam E2{ to battery through the magnet of

sequence switch 552, thus advancing the sequence .

switch to position 3. Upon reaching position.3

with relay 510 normal, a circuif is: closed from
the magnet winding of sequerice switch 508, over

the lower left contact of cam 522, the right back
contact of relay.518, to ground at the left contact
of cam 515 for advancing the: seguence switch
into position 4. In position & with relay 584 still
operated the circuit previously traced over the
tell-tale segment 845 and the upper right con-
tact of .cam 522 is effective for advancing the
sequence -switch into position 5. From position
5 sequence switch 580 is advanced fo position
{9 in g circuit extending from battery, winding
of the magnet of switch 588, upper right contact
of cam 522, segment 545, brush 3{§, uppar right

contact of cam 525 {o ground at cam 589, Upon .

60:
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reaching position 18 with relay 510 normal the -

sequence switch is driven info position 12 over a

circuit through the lower left contact of cam

75,
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‘relay 38,
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522, nght back contact of relay 5!& to ground
at the left contacts of cam 518.

-If the final selector is driven fo tell-tale dur-
ing 'its tens selection movement at which- time
sequence switch 824 is in position 4, the sequence
switch is advanced to position 8§ in a circuit from
battery through the magnet winding, upper right
contact of cam 522, tell-tale segment 545, brush
52, lower right and upper left contacts of cam
514 to ground at'the left front contact of relay
884,  From position § it will then be advanced
to position {2 in the manner just described. If
the final sslecter is driven to tell-tale during ifs
units seiection movement, it will be driven from
positiecn £ into position 12 in the manner just
described.
position §2, relay 50 operates as previously de-
scribed in connection with s completed call, locks
itself to ground on - the incoming sleeve conduc-
tor 421, and advances seguence switch 888 into
position. 13, - As scon as-the sequence  switch
reaches position 12, a ‘circuit is closed through
the magnet of sequence switch 538, upper right
contact: of cam 522, tell-tale segment 545, brush
518, upper right contact of cam 525 to ground
at cam 588 for advancing the sequence switch
into position- t4.

Since relays 301 and. 384 at the test ﬁlst selec-
tor are now held operated over the fundamental

cirvcuit from the sender; when sequexce switch

508 passes through positions 8 to 8%, a cireuit
is closed from ground at cam 589; upper right
contact of cam 525, lower right and upper left
contacts of cam §il, lower right and upper lefi
contacts of cam 58!, conductor 425, lower left
contact of cam 424, lower left contact of cam
423, inner right front contact of relay 418, con-
ductor 824, left contacts of cam 323, conductor
133, outer right frent contact of relay #29, con-
ductor 249, lower right and upper left- contacts
of cam 231, conductor 239, right front contact of
inner left front contact of relay 384,
conductor 229, upper contacts-of cam 228, con-
ductor 136, to battery through the right wind-
ing of overflow relay 135.. Relay 135 will now
receive sufficient current to operate and will lock
over its left winding and front contact, conductor
152 to ground at the lower contacts of cam 221,
and will advance sequence switch 280 into po-
sition 15 as previously described. As sequence
switch 200 leaves position. {{ the circuit of relay
116 of the sender is opened and the release of
the sender proceeds in the manner previously

- -described.  Upon reaching position. {5, relay 121
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-of the positions 8, {f,

is intermittently operated to transmit an inter-
mittent tone signal to the test desk.  The test man
then proceeds to initiate the release of the con-
nection' as previously described.-

First test selector goes to overflow

If the first test selector (sequence switch 309)
goes to overflow during trunk hunting, test relay
307 will remain operated during the time that the

selector tesis for an idle second test selector in

the selected group, in the case assumed when se-

quence switch 388 reaches position .5, in which -

position a test is made of the condition of tha
last trunk of the first group. . Similarly, had the
selector been set to test tiunks in any of the other
groups and found no.idle trung, relay 387 would
remain operated when the selector reached any
{4 or 17. In any of these
positions with relay 387 operated g circuit ‘is
closed for relay 332 extending from battery, wind-
ing of relay 333, left back contact of relay 208,

When the sequence switch reaches -

1,997,195

‘right’ contacts. of cam 334, outer left front con-

tact of relay 387, conductor 313 to ground at the
lower contacts of cam 233. Relay 333 upon op-
erating closes ‘an obvious circuit over conductor
338 for overflow relay 123 which operates, open-
ing at its back contacts the connections over con-
ducto;s i23 and {21 to the sleeve cams of switch

386, and closing a circuit from battery through
the left winding of overflow relay 133, to ground
at its left front contact. ~ Relay 135 upon operat-
ing locks over ifs left winding and left front
centacy, conductor 152 to ground at the lower
centacts of cam 221 and closes a circuit from
ground over the lower contacts of cam 251, con-
ductor 253, right confacts of relay {25, conductor

84, upper left contact of cam 224, to battery
through the magnet winding of switch 200 for
ddvancing sequence switch 289 into position {2,
Ag soon as the test man restores the dialing key,
sequence - switch 280 is advanced to position 14

-as previously described in connection with a

completed eall, and is then advanced into position
{5 over the-circuit previously traced through the
right contacts of overflow relay {35.. Upon leav-
ing position {{ the circuit through the winding
of relay 298 and the winding of relay 114 of the
sender is opened. - The sender is then dismissed
as previously described. With sequence. switch
289 in position 15, relay 121 is intermittently op-
crated to apply intermittent tone to the test desk
cord circuit as.an overflow signal. . ‘The test man
then proceeds to initiate dlsconnectwn as pre-
vigusly described.

Second iest selector goes to overﬂow or tell-tale

If the second test selector goes to overflow
during trunk hunting, test relay. 285 will remain
operated during the time that the selector tests
for an idle final selector trunk in the selected
group; in the case assumed when sequence switch
460 reaches position {4 in which a test is made of
the condition of the last trunk of the third group.
Similarly, had the selector been set to test trunks
in any of the other groups and found no idle
trunk, relay 465 would remain operated when the
selector reached any of the positionis 6, {3 or 18.

-Inany of these positions with relay 485 operated,

a circuit is established from battery, winding of

‘relay 434, ticht back contact of relay 498, lower

right and upper left contacts of cam 408, inner
left front contact of relay 405, to ground at the
inner left front contact of relay 489. Relay 434
upon operatitig ¢loses an obvious cireuit for relay
418 whichi locks over its inner right front contact

-and the lower right contact of cam 414 to ground

at cam 487, opens the test conductors extending
over back contacts of relay 416 to the sleeve cams
of switch 488, and closes s circuit from ground at
its outer right front contact, conductor 331, lower
contacts of cam 238, conductor {43, inner right
front contact of relay 129, conductor 248, upper
contacts of cam 2417, conductor 1531, to battery
through the left winding of overflow relay 135.
Relay 135 operates and performs the functions
previously-described in connection with the over-
flow condition established at the test first selector.

Should the selector fail to stop in any of its
selection movements through failure of relay 404
to release, relay 404 will hold relay 405 operated
continuously and will hold relay 466 operated un-~
til after sequence switch 488 leaves position (5.
With relays 405 and 486 both operated the selec-
tor will be advanced into position 18. The cir-

-cuit for advancing sequence switch 480 through

positions I to 5,7 t0 9, {f to 13 and {5 to 1
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éxtends over the upper right contact of cam 412,
inner left front contact iof relay 405, to ground at
the.inner left front contact of relay 409, and the
circuit for advancing it.out of positions 6, 10 and
14 extends over the lower right contact of cam
412 to ground at.the outer left contact of relay
406, In position 18 with relay 406 now released,
relay 834 operates.in turn opera,tmg relays 415
and 135. Relay 1§38 now performs the ovev flow
functions previously described.

If the final selector is driven to a tell-tale posi-
t1on during any of its selective movements, the
circuits function in the manner ‘préviously- de-
scribed in connection with'a call abandoned after
the tens dlglt has been registered, =

Sender times out -

‘When the sender is first seized and start relay
101 operates, ground is connected to the off-nor-
mal conductor 704 and the sender time-out cir-
cuit starts to function in the following manner,
With ground -connected to. conductor 184 a cir-
cuit is completed therefrom over the normal con-
tacts of make-busy jack 928, back contacts of
timing relay 828, interrupter - 938, back contact
of timing relay $3{, winding of timing relay 932
to battery. Upon the next closure of the con-
tacts -of interrupter 938, timing relay 832 oper-
ates and ‘locks through the winding -of timing
relay 931, front contact of relay 932, back con-
tact of timing relay 929 to ground on conductor
794, .On the next opening of the interrupler
contacts, relay 93! operates in the locking ‘cir-

cuit of relay 982 and closes a circuit from ground.

on conductor 784, back contact of relay 929, con-
tacts -of interrupter 9238, front contact of relay
931, winding-of relay -933 to battery, as socn as
the contacts of interrupter 930 again close. Re-
lay 933 operates and locks in a- circuit through
its winding in series with the winding of relay
829, left contact of relay 933, to ground on con-
ductor 704. When relay 933 operates, which
cecurs after a period of thirty to sixty seconds
following the seizure of the sender, if the tens
digit has not been registered and relay 1930 has
not operated, a circuit is closed for relay T!6 ex-
tending from battery, winding of relay 745, con-
ductor 927, upper :back contact of relay {839,
conductor 926, right contact of relay 823 ‘to
ground on conductor 184, ‘Relay 745 upon oper-
ating will then cause the release of the sender
and the advance of the test first selector to the

overflow position as previously described in con-

nection with. an “abandoned .call.. If, however,
relay 1839 is operated: indicating that the. tens
digit has been registered, the operation of relay
833 will close a circuit extending from battery,
winding of relay 1818, upper front contact: of
relay ‘1826, conductor. 828, right contact of relay
838, to ground on couductor 7184. Relay (0i8
upon_operating. will close an operating circuit for
relay 1003, extending from battery, winding of
relay 1803; front contact of relay 1601, lower back
contact of relay 1050, lower front contact of
relay 1619, conductor 1054, upper contacts . of
relay 1201, conductor 1112, outer right contacts
of relay 7117, conductor IHI upper contacts: of
relay {127 to ground on conductor 764. Relay
1003 operates in turn operating relay-4989, which
closes the fundamental circuit. With relay 1018
operated, the circuit for operating the counting

relays under the control of sender stepping relay

1045 is opened at the upper back contaét of re-

1ay 1019 and, therefore; when the final-selector

makes its next selection, the sender - will not be
satisfied and the final selector will advance to the
tell-tale position, establishing-the overﬁow con-
dition at the test first selector as prewously de-
seribed. The ‘sender. will then: be restored -and

an intermittent tone sxgnal w111 be transmltted
to the test desk.- .

-After the operation of relﬂy 933 if the sender

“restores to mormal before interrupter §38 again.
breaks its. contacts, ground is removed from off-

normal conductor 704, and the timing relays 929,
831, 832 and 9§32 will restore. “If, however, the
sender fails to reach the normal, then when the
interrupter 938 breaks its contdcts, with relay
8335 operated, both relays 933 and 929 are held
operated in the locking circuit of relay 933 and
relay-929 will light the lamp 934 on the sender
frame; light the aisle pilot: lamp and cause the
opelatmn of an alarm signal.

. Sender’ make-busy

“If it is. desired to remove g sender from serv-
ice, as for example, when the sender has timed
out through-faulty operation, a plug having its
ring and:sleeve. contacts. short circuited -is- in-
serted in make-busy jack 928. With the plug in
jack 928, the timing relays 929 and 933"if oper-
ated are released, the glarm is silenced, and a
circuit is. closed from -battery, left winding- of

“the: sender make-busy relay 780, ring and sleeve

of jack 929, and the make-busy plug to ground.
With relay 180 operated, the start conductor 600
is disconnected from start relay 781 and is ex-
tended to the next sender:which is then used to
serve the subgroup of first test trunks which have
first choice preference to the sender so plugged
out:
battery through itg right winding and right front
contact over right back:contacts of the make-
busy . relays 1808%-and 71002 of ‘the other senders,
if idle, to conductor 621, ~
to conductor 621 indicating that another sender
has been started to hunt for a first test selector
trunk through the operation of one of the se-
quence start relays 611 to 618, and-the plug: is
removed. from .the make-busy jack 928 or the
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Relay 109 also. establishés a circuit from :
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“If ground is connected .- -
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operating circuit for relay 780 is opened due to - . '

the completion of a call; this relay -will be held
operated. over conductor 621 wuntil the  sender-

which is hunting finds a ¢alling’ test trunk or-

until all other ‘senders become: busy, and their
make-busy relays 700" and 1092 opérate, opening
the circuit over conductor:621 through the right
winding of relay 708. Thus, holding the ‘make-
busy relay 189 operated over conductor 621 pre~
vents the opening of start conductor 680 and the
stopping of the sender that may be hunting and
starting another sender huntmg
‘What is claimed is:

“1.'In a-telephone exchange system a plurahty
of subgroups of trunks and trains of selector
switches for extending calls to subscribers’ lifies, 8

register sender common to’ said trunks-for con-. .

trolling the'setting of said switches, a. plurality
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of trunk finders for connecting said sender with -

any one of said trunks, each of said finders ha.v1ng
access to different subgroups of trunks, respec-
tively, and means operatlve upon the initiation of
a call on g trunk of any subgroup for sta,rtmg

70

only that -oné of said finders which ha.s access g

to that particular subgroup of trunks. -

2. In a teléphone exchange system: a plurality
of subgroups of trunks -and trains®of selector
switches for extending calls to subscribers’ lines;

75:
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a register sender common to-sgid trunks for:-con~
trolling the setting of said switches; a plurality of
trunk-finders for connecting said :sender with any
one of said trunks, each of said finders having
access to different subgroups of trunks, respec-
tively, means operative upon the initiation of a
call on a trunk of any subgroup for starting only
that one of said finders which has access to that
particular subgroup of trunks, and means for pre-
venting the starting of more than one ‘of said
finders should calls be initiated -at the same tune
on-trunks of more than one subgroup.

3.In4a telephone exchange system a plurality
of 'subgroups of  trunks and -trains of selector
switches. for extending calls to subscribers’ lines,
a register sender common to said trunks for con-
trolling the setting of said switches, & plurality of
trunk finders for connecting said sender with any
one of said trunks, each of said finders having
access to a different number of said subgroups of
trunks, respectively, a sequence relay for each of
said subgroups of trunks, a corresporiding start
relay for each of said subgroups of trunks, said
sequence relays being so -interrelated with each

other and with said start relays that only one se-.

quence relay and the corresponding start relay
can be operated. at one time in the event that
trunks of more than one subgroup are taken for
use at the same time, and means controlled by
the operated start relay for starting only that one
of said finders which has access to the subgroup of

trunks corresponding to the operated sequence‘

and start relays.

-4, In a telephone exchange systDm a plurahty of

subgroups of trunks-and'trains of selector switches
for extending calls to subscribers’ lines, a register

. sender commaon to said trunks for controlling the

setting of said -switches, a. plurality of trunk
finders for connecting said sender with any one
of said -trunks,; each'of said finders having access

to a different number of said subgroups of trunks,

respectively, a start relay for each of said sub-

- groups of trunks operative when any trunk of

45

the corresponding subgroup is taken for use, and
a start circuit for each of sdid finders, any one
of said start circuits being closéd by the opera-
tion of any one of the start relays of ‘the sub-
groups of trunks to: Wh.wh the partlcular finder

has access.
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5. In a telephone exchange system a plurality-of
subgroups of trunks and trains of selector switches
for extending calls to subscribers’ lines, a plurality
of register senders common to said trunks for con-
trolling the setting of said switches, each of
said senders being the normal preference for serv-

ing particular ones of said subgroups.of trunks,

a plurality of trunk finders for each sender for
connecting said sender with any one of. said
trunks, the corresponding finders of said senders
having access respectively to said subgroups of
trunks, a-main start circuit for each sender, an
auxiliary start circuit for each finder thereof, a,nd
means for closing -the main start circuit of. a
sender, if idle, when .a call is initiated on any
trunk of the subgroups for which. the: sender is
the preference and for closing the auxiliary start
circuit of the finder of that sender which has
access to-the particular subgroup of: trunks- in
which the calling trunk is located.

6..In a telephone exchange system a plura,lity
of groups of trunks each divided into a ‘plurality of
sub-groups and frains-of selector switches for ex-
tending calls: to-subscribers’ lines; a plurality of
register- senders com.mon to said- trunks for con~

1,997,195

trolling the setting-of said:switches, each of said
senders being . the normal.preference for serving a
particular one of said groups- of trunks, a plu-
rality of trunk finders for. each sender for con-

‘“necting said sender with any one of said trunks,

the corresponding finders of said :senders having
access respectively to certain subgroups of said
trunks, a main start-circuit for each sender, aux~
iliary start circuits .common respectively to the
corresponding finders of said senders, and means
for -closing the main start circuit of a sender,.if
idle, when a .call is ‘initiated on -any trunk of a
group for which.the sender is the preference .and
for closing the auxiliary start. circuit of the finder
of that sender which has access to the subgroup
of trunks in which the calling trunk is located.

7. In a telephone exchange system a plurality
of groups of trunks each divided into a plurality
of subgroups and trains of selector switches for
extending calls to subscribers’ lines, & plurality
of register senders common to said trunks for

controlling the setting of said switches, each of

said senders being the normal preference for
serving a particular one of said group of trunks,
a plurality of trunk finders for each sender for
connecting said sender with any one of said
trunks, the corresponding finders of said senders
having access respectively to certain subgroups
of trunks, a main start circuit for each sender,

-auxiliary sbtart eircuits common respectively to

the corresponding finders of said senders, means
for closing the main start circuit of a sender

-when a call is initiated on-any trunk of a group

for which the sender is the normal preference,

means for extending said main start circuit to

ancther.of said senders if the preference sender
is. busy, and means for closing the auxiliary

-start circuit of the finder of the started sender
which has acecess fo the subgroup of trunks in

which the calling trunk is located.

8. In a telephone exchange system a plurality
of groups of trunks each divided into a plurality
of subgroups and trains of selector switches for
extending- calls to subscribers’ lines, a plurality
of - register senders common to said trunks for
controlling the setting .of said switches, each of
said senders- being the .normal preference for
serving g particular one of-s2id groups of trunks,
a.plurality of trunk finders for each sender for
connecting said sender with any one .of said
trunks, the corresponding finders of .said senders
havmg access respectively to .certain- subgroups
of trunks, a main start circuit for each sender,
sald start circuits being connected at different
points in a chain sequence -circuit. common to
all of said senders, auxziliary start circuits com-
mon respectively .to the corresponding finders
of sald senders, means for closing thé main start
circuit of a sender when a call.is initiated on
any trunk of .a group for which the sender is
the normal preference, means including said
chain sequence circuit for extending said main
start cirecuit to another sender if the preference
sender is busy, and means for closing the auxil-

lary start circuit of the finder of the started

sender which has access to the subgroup of
trunks in which the calling trunk is located.

9. In a telephone exchange system a trunk
and a train.of selector switches for extending
calls to subseribers” lines, means for seizing said
trunk, a sender having registers, means for as-
sociating said sender with said trunk, selection

control apparatus in said sender for controlling

the selective movements of ‘said switches in ac-
cordance with the- setting of said reg15ters, a

10

30

35

40

50°

GO

65°

70

™







