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UNITED STATES

PATENT OFF]

.

TAMES L. McQUARRIE OF NEW TORE,

PANY, INCORPORATED, OF NZW YURE,

., :
5. CORPORATION OF WEW YORK.

o Y.,

GNOR TO WESTERN BELECTRIC COM-

TRLEPEONE-EXCHANGE SYSTEM.

Application filed February

To all awhom i may CoOncern’

Be it known that T, Jarns T. McQUarniE,

a citizen of the United States, residing at

New York, in the county of New York, State
5 of New York, have invented certain new

and useful Tmprovements in Telephone-Ex-

change Systems, of which the following is a

full, clear, concise, and exact description.

This invention relates to telephone ex-
19 change systems and more particularly to
systems employing antomatic switching
equipment for setting up connections.
The object of the invention is to control
the selective opérations of switches of the
5 coordinate type by means of currents of dif-
ferent characteristics.

A feature of the invention reletes to a
system in which a plurality of sources of
currents of differing frequencies are utilized
for recording designations which serve to
govern the selective operation of coordinate
awitches to establish connections.

These and other advantages of the inven-
tion will become more apparent from the
following detailed description and also from
the appended claims.

Considering the drawing, Figs. 1 to 8, in-
clusive, when arranged in the order shown in
Fig. 9, disclose a telephone system embody-
ing the principles of the invention and in
cuch detail as to enable £ull understanding
thereof. . :

Fig. 1 shows cne of a number of subscrib-
ers’ lines terminating in a line switch of the
25 coordinate type together with trunks out-
going from the line awitch. Tig. 2 shows
the details of ope of these trunks. Fig. 3
ilustrates a sender selector of the coordinate
type employed for associating the different
srunks with the common senders. Fig. 4
shows one of the common registering and
conirolling senders. ¥ig. 5 illustrates & first
eroup selector of the coordinate type In
which terminate the trunks incoming from
the line switches. Fig. 6 shows controlling
and testing equipment whereby the senders
are ascociated with the group selectors and
idle trunks selected. Tig. 7 shows a coordi-
nate connector switch for completing con-
nections to subscribers’ lines. - Tig. 8 shows
a+ controlling and testing equipment 2sso-
ciable with the connector. switches for test-
ing the condition of called lines.

The preliminary or line switch 125 com:
prises a plurality of horizontal link circuits

i
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28, 1523. Serial Wo. 621,7905.

155, 156, 157, arranged in groups to inter-
connect the inceming subscribers’ lines with
outgoing trunks 130, 131 by means of con-
tacts operated by clectromagnets. The sub-
seribers’ lines occupy vertical rows ot con-
La(]’tq 126, 127, each row comprising a plu-
ralit

v of lines and each line having access to
a. group, of horizental links.

Tach of the
outgoing trunks occuples complete verti-
cal Tow 128, 129 having access 1o

a
@

all hori-
zontal links in the switch. The group selec-
tor switch 500 is of the same type compris-
ing vertical rows of contacts 501, 502, 503,
504 and 505 and horizontal links 506, 507
and 508, there being as many links and ver-
+ical Tows as is necessary for the given traf-
fic conditions. The incoming trunks appear
in vertical rows 501, 502, etc., each having
access to all horizontal links. The outgoing
trunks arve divided into groups each group
cecupying a vertical row 503, 504, 505 and
each trunk having access to a limited num-
ber of horizontal links. . ,

The connector switch 700, also of the co-
ordinate type, consists of vertical rows o
incoming trunk contacts 701, 702, each trunk
having access to all horizontal links 705,
706, ete. The subseribers’ lines appearing mn
the switch may be divided into groups of
ten, each group comprising a vertical row
in the switch, such as Tows 703 and 704.
Fach line has access to a group of horizon-
tallinks. For example, the gubscriber’s line
790 appears in the row 704 and is accessible
to the horizontal links 705, 706 and T0T.
Similarly, line 721 lying in the same group
is accessible to another group of horizontal
links of which two, 708 and 709, are 1llus-
trated. . '

The sender selector switch 300 is arranged
similar to the line switch 125. The incom-
ing circuits individual to trunks appear n
vortical rows 301, 302, each having access to
a group of links 317, 318, 819, while the out-
going circuits which lead to senders appear
i vertical rows 303, 304, each having access
to all of the links In the switch. For exam-
ple, the trunk cirenit shown in full in Fig. 2
is represented in the sender selector switch
500 in the vertical row 301 and has access to
the two links 318 and 319 and the sender
chown in Fig. 4 is represented in the ver-
tical row 804 having access to all links.

These switches are of the same general
construction and operation as the switch
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shown in the British Patent No. 183,438,
issued to Western Electric Company, Lim-
ited, accepted September 6, 1923.

In order that the subscriber may control
the selective operations of the coordinate
switches to establish a connection with a
wanted line, a number of register senders
are provided at the central office available
for the subscriber’s use in making a call.

These senders comprise a plurality of sets
of relay registers 401, 402 and 405. Rach
of these sets represents a digit in the wanted
number and while only three sets are shown,
it will be understood that more may be em-
ployed for larger systems. Furthermore,
the sender includes a plurality of tuned re-
lays 400 together with a number of sources
of alternating current for different fre.
quencies. Five of these sources 420, 421,
422, 423 and 424 are shown connected to
the primary windings of a transformer.
The first five relays 404, 405, 4086, etc., of
the set 400 are each arranged to operate on
alternating current of a particular value

5 and of a particular frequency. Similarly,

each of the remaining five relays 410, 411,
412, ete., operate on alternating current of
a particular frequency. The values of these
relays are so taken that when alternating
current of a particular trequency is flowing
over the line, only one relay will respond
thereto while the rest of the relays remain
mactive. In this manner the relays may
be selectively operated to register a digit of
any value upon the register relays of the
sender,
- At the.substation of the subscriber’s line
there is provided -an operating set of keys
to 110, inclusive. Mozeover,
there are provided five inductance coils 113
to 117, inclusive, and five condensers 118
to 122, inclusive. The ‘keys are so wired
that by depression of the proper keys any
one of the five sets of inductance coils and
condensers may be connected either to the
tip or ring side of the subscriber’s line.
This gives ten different alternating current
circuits each selected to produce the reso-
nant condition necessary for the operation
of each of the ten different alternating cur-
rent relays 400.
he sources of alternating current being

of the same potential but of different fre-
quencies are inductively connected to the
two secondary windings 430 and 431 of
the transformer. Tach of these different
sources of current induce -electromotive
force of the same frequency in each of the
windings 430 and 431. These windings,
however, are differentially arranged and
being substantially equal, the result is that
the mduced electromotive forceg neutralize
each other normally. :

A description will now be given of the
detailed operation of the system in the es-

1,541,367

tablishment of a call between two sub-
scribers’ lines. When the subscriber at sta.
ion 100 removes his receiver from the
switchhook, a circuit is closed from bat.
tery through the winding of line relay 136,
through the inner contact of cub-off relay
187, conductor 124, conductor 158, through
the closed contacts’ of keys 105, 104, etc.,
thence through the switchhook to conductor
159, through the closed contacts of keys
106, 107, 108, ete., conductor 160, conductor
123, to ground at the outer contact of relay
137. Relay 136 operates and closes a cir-
cuit for the relay 138. Relay 138 completes
a circnit for relay 140, which is individual
to the vertical group of lines appearing in
the row 126 of the switch. This circuit
may be traced from battery through the,
left-hand winding of relay 140, contact of
relay 138, innermost back contact of relay
141, outer right contact of relay 144, to
ground. Relay 140 operates and closes g
holding circuit for itself from battery
through its right-hand winding and innex
right contact, winding of relay 141 to
ground at the outer right contact of relay
144. Relay 141 operates, opens the left-
hand winding of relay 140 and closes g cir-
cuit from battery through the winding of
slow-to-release relay 143, middle contact of
relay 141, inner right back contact of re~
lay 144, to ground. Relay 148 operates and
closes a substitute holding circuit for re-
lays 140 and 141.

As relays 140 and 141 operate g circuit is
closed from battery through the winding of
vertical magnet 132, outer right front con-
tact of relay 140, inner right front contact
of relay 141 to ground at the contact of re-
lay 143. Magnet 132 prepares the contacts
in the vertical row 126 and also closes a,
circnit from ground through its contact,
conductor 162, left contact of relay 142,
left contact of relay 140, right contact of

relay 136, right-hand winding of relay 139 1

to battery. Relay 139 operates and locks in,
a circuit from battery through its left-hand
winding and left front contact, winding of
velay 142 to ground over conductor 162.
The relay 139 is individual to the group of
horizontal links containing links 156 and
157 to which the calling subseriber’s line
has access.

Relay 141 also completes a cireuit from
ground through its outermost contact, lefl
contact of relay 144, contact of slow 1o-
leasing relay 145, brush 148 (assuming the
trunk allotter switch 147 to be standing in
its second position), winding of the vertical
trunk magnet 133 to battery. - The magnet
133 operates and Prepares the contacts in
the row 129 for operation and closes a lock-
ing cireuit from battery through its wind-
ing and left contact, conductor 163, wind-
ing of relay 144 to ground at the outer
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contact of relay 141. Relay 144, however,
being shunted by the above traced circuit
does not operate at this time. Magnet 133
also establishes a  cirewit from ground
through its right contact, winding of relay
150 to battery. Relay 150 then operates and
ground is extended through 1its contact
through the brush 149 of switeh 147, con-
tact and winding of stepping magnet 144,
winding of relay 145 to battery. The step-
ping magnet 146 operates in this cireuit and
advances the switeh 147 to the terminals
representing the next idle trunk owtgoelng
from the switch 125. When brush 148 dis-
engages its second terminal the shunt is re-
moved from relay 144 and this relay op-
erates in series with the magnet 1383. Re-
lay 144 opens the circuit of relay 143 and
this latter relay commences to deenergize.
While the relay 148 is maintaining its
armature, however, a circuit is completed
from ground through the inner right front
contact of relay 144, right contact of relay
142, right front contact of relay 139, back
contact of relay 184, horizontal magnet 135
to battery. The magnet 135 which is in-
dividual to the link 157 effects connection
between said link and the incoming line
and also between said link and the idle out-
going trunk 131. Immediately that the con-
nection is effected a circuit is closed from
battery through the winding of magnet 135,
winding of relay 184, test conductor of link
157 over the test conductor 154 to ground
at the contact of magnet 133.- Relay 134

operates and extends the start cireuit”

through to the mext herizontal magnet in
the group. Another cirenit is closed from
battery through the winding of cut-off re-
lay 137 to the test conductor of link 157
and thence to ground as described. Relay

187 opens the circuit of relay 1386 which

Lt

deenergizes and releases relay 138.

At the time relay 150 operates a circuit
is established from ground through the right
contact of magnet 133, contact of relay 150,
conductor 153, back contact of slow-to-re-
Jease relay 203, conductor 213, winding of
relay 806 to battery. Relay 306 operates
and locks in a circuit from battery through
its winding and inner left contact, con-
ductor 214 to ground at the uppermost back
contact of relay 201. Relay 306 closes a
circuit from ground through its outer left
contact and the winding of relay 307 to
battery. Relay 307 operates and a cireuit is
completed from battery through the left
winding of relay 308, contact of relay 307,
innermost back contact of relay 3809 to
ground at the outer right contact of relay
312. Relay 308 operates and locks in a cir-
cuit from battery through its right-hand
winding and inner right contact, winding
of relay 309 to ground at the outer right
contact of rvelay 312. Relay 309 energizes

a

in this eircuit and closes a circuit from
battery through the winding of slow-to-re-
lease relay 311, middle contact of relay 309
to ground at the inner right back contact
of relay 312. '

A circuit is now closed for the vertical
operating magnet 315 controlling the row
of contacts 301. This circuit leads from
battery through the winding of said magnet,
outer right front contact of relay 308, in-
nermost front contact of relay 309 to ground
at the contact of relay 311. Magnet 315
operates and prepares the contacts in the
row 301. Magnet 315 also closes a circuit
from ground through its contact, condue-
tor 823, left contact of velay 310, left con-
tact of relay 808, outer right contact of
relay 808, right-hand winding of relay 320
to battery. Relay 320 operates and locks
in a circuit from battery through its left-
hand winding and left contact, winding of
relay 810 to ground at the contact of mag-
net 315.

Relay 309 also closes a circuit from
ground through its outermost contact, left
contact of relay 812, contact .of slow relay
318, brush 324 (assuming the allotter switch
305 to be standing on its second position ter-
minal), winding of magnet 316 to battery.
Magnet 316 operates and closes a circuit
from battery through its winding and con-
tact, conductor 325, winding of relay 312
to ground. Relay 312 being shunted by the
cireuit above traced does not operate at this
time.

Magnet 316, now operating, prepares the
contacts in the vertical row 304 and also
closes a circuit from ground through its
right confact, conductors 326 and 327, brush
328, contact and winding of stepping mag
net 314, winding of relay 313 to battery.
Magnet 314 steps the brushes 324 and 328
of the allotter switch to the first idle sct
of terminals representing -an- idle register
sender. Relay 313 holds open the circuit
to brush 824 until the switch comes to resi.
When the brush 824 disengages its second
position terminpal, the shunt around the
winding of relay 312 is opened and this re-
lay operates in series with magnet 316.

Relav 812 opens the circuit of relay 311,

~which, being slow, requires an interval of

time to release. During this interval, a cir-
cuit is closed from ground through the in-
ner right front contact of relay 312, right
contact of relay 310, right front contact of
relay 320, back contect of relay 321 (assum-
ing the link 319 to he idle). winding of the
overating magnet 322 o battery. Magnet
392 operates the switeh to connect the trunk
through to the idle vegister sender. Imme-
diately that the switch operates, a tempo-
rary holding circuit is closed from battery
threneh the winding of magnet 322, relay
391, through the link cirenit and contacts in
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row 304, conductor 326 to ground at the
right contact of magnet 816. Relay 321
operates and extends the start wire through
to the next horizontal link.

Also, upon the operation of the sender
selector 800, a circuit is closed from ground
through the right contact of magnet 316,
conductor 326, throungh contacts of the
switch 300, thence over conductor 329, wind-
ing of relay 201 to battery. Relay 201 oper-
ates and closes a circuit from battery through
the winding of relay 203 to ground at the
uppermost front contact of said relay 201.
Relay 201 also opens the holding circuit of
relay 806, which, in turn, causes the release
of relay 307. Another function of the re-
lay 201 is to extend the tip and ring con-
ductors of the trunk 131 through the sender
selector switech 300 to the selected register
sender shown in Fig. 4. This results in the
closure of a circuit which may be traced
from ground through the transformer wind-
ing 430, through battery, left-hand winding
of relay 419, outer contact of relay 439, con-
ductor 451, through the sender selector
switch, conductor 331, inner lower front con-
tact of relay 201, conductor 152, thence
through the line switch 125 to conductor 124,
conductor 158, through keys 105, 104, 103,
through the substation apparatus, thence to
conductor 159, through keys 106, 107, 108,
etc., conductor 160, conductor 123, thence
through the line switch 125, conductor 151,
through the inner upper contact of relay
201, conductor 330, through the selector
switch 300, conductor 450, inner contact of
relay 439, right-hand winding of relay 419,
winding 431 to ground. Direct current flow-
ing in this circuit causes the energization of
relay 419, which, in turn, causes the energiza-
tion of slow-to-release relay 440.

The aforegoing operations have all taken
place in a brief space of time during which
the slow relays 143 and 311 are still main-
taining their energization. After the neces-
sary interval, relay 143 releases and opens
the holding circuit of relays 140 and 141.
Relay 141 opens the circuit of magnet 132
which releases, causing the release of relays
142 and 139. Relay 141 also causes the re-
lease of magnet 138 and relay 144. 'The
vertical magnets 132 and 1383 are restored
and the connection is now held by the main-
tained energization of magnet 135. This
magnet is held operated in a eireuit from
battery through its winding, winding of re-
lay 134, contacts of the switch 125, conduc-
tor 154, contact of relay 150, conductor 153

_to ground at the contact of relay 203. Relays

187 and 150 are also held energized by the
relay 208. '

Relay 811 releases after an interval and in
a similar manner brings about the release of
relays 309, 308, 310, 312, 320 and the verti-
cal magnets 315 and 316. The sender selec-

1,541,367

tor switch is held operated now by the mag-
net 322 which is energized in a circuit trace-
able by way of conductor 326 to ground at
the contact of relay 440. Relay 201 is also
held energized by ground on conductor 826.

Assume that the number of the called line
720 is 320. The calling subscriber accord-
ingly first depresses the No. 3 key 103. The
normal circuit over the calling line is inter-
rupted and two other circuits are closed.
The first of these circuits may be traced
from ground through the winding 431 of the
transformer, thence through the first five
tuned relays 404, 405, 406 and the associated
condensers, and in parallel through the
right-hand winding of relay 419, inner con-
tact of relay 439 to the conductor 450 over
the line as above traced to conductor 123,
conductor 160, through the keys 110, 109,
108 in series, conductor 159, thence through
the contacts of key 108, coil 115, condenser
120,to ground. The other circuit closed by the
key 103 may be traced from ground through
the winding 430, battery, thence through
the second five tuned relays 410, 411, 412 and
their associated condensers and in parallel
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thereto through the left-hand winding of

relay 419, outer contact of relay 489 to the
conductor 451, thence over the line to con-
ductor 124, impedance coil 112, through the
substation apparatus to conductor 159, con-
tacts of key 103, coil 115 and condenser 120
to ground. The characteristics of the first
one of these circuits are such that the cur-
rent induced in the secondary of the trans-
former by the source 422, for example, is of
such a frequency that only the relay 406 of
the first five relays responds thereto. Due to
the characteristics of the second circuit above
traced, as described in Patent No. 1,387,715,
issued April 20, 1920 to J. L. McQuarrie,
none of the scurces of the current 420, 421,
422, ete. induce a current in the secondary
of the transformer sufficient to operate any
of the relays of the second group of five.
Hence, but a single relay is operated due to
the depression of key 103. This relay 406,
in energizing, completes a circuit from
ground through its left contact, conductor
452, brush 436 (position 1), winding of reg-
ister relay 458 to battery. Relay 453 oper-
ates and locks through its left contact, con-
ductor 454, to grounded conductor 326,

The relay 453 rvepresents the digit 3 in the
register 401.  Although the registers 401,
402 and 403 are only shown with five relays
cach, it is understood that there may be as
many relays for each register as the number
of digits to be recorded requires.

The relay 406, in operating, also closes a
circuit from ground through its right con-
tact, conductor 455, winding of stepping
magnet 441 to battery. Magnet 441 ener-
oizes preparatory to releasing the several
brushes into their next position when the
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circuit of ga agnet is opened. As soom
as the subse cleases the button 103, re-
lay 406 rele and the ste ppmw magnet
4’11 ﬂocne;u e to @Vancu the geveral
IAO\\H in the d y from biéir

i econ ad pc mon co-mucta
Lmb C'H‘L sssos the key 102

‘"h‘llu and ¢ircuits
v B Lwd are com-
1e“3~: in series
ind condenser 121
8 cha‘rauehsﬁcg

‘,tUQ

_p~ﬂ ay éLOD oo*npktev 2 uruut
and through its leis f'(;nt wct, con-

<t111€i‘or’ 4u6 Drash 435 (‘pos » W uﬁdmh
of register relay 457 to ba Relay 457
operates and lodm thwa_J left contact
to the fuounded conductor 454, Tlelay 405
closes the cirenit of stepping magnet
41 Whm, when the subscriber reléases key
102 becomes deenergl advances the
(-m?'m ol switeh in pogition 3. :
" Lastly 7, tm cuuscnke‘ operates the ke ay 110

l‘d A C’lCu]t is now

ans? ozm"1 ery, tm‘mmh th
—11 119 0‘ *hp see onfl five and

NEEYS ‘\-;J also in paralle] thereto
1oh ‘the left-hand winding of relay 419,
contact of relay QUQ LodeCLOL L'«al
o con—

=5

outer
thence over the ring dide of the line t
ducto; 158, contacts of key, 110, reactance

b_nothes clir-
t -e vmd—

d

- 11 ; 8 to UlOUu

-cugh the wird
e fivst ﬁ‘. and bhe 5y conribnsers
thereto through the
1elwy 419, inner coh-
ductor 450, hence over
ne 60 conductm 123, re-
h the substit!on ap-
keys 101 io 105, in-
contacts of key 110
, -to ground. Du
the chare Lezm first circuit men-
tiox Led, as descri! )ed m +he ‘11,0““ ‘mentioned
Hm uarrie P.u— nt No. 1,387,715, a cuirent
;s induced therein by the source 424 of the
necessary noq sency to ¢ause the enérgiza-
tion of re“w 458. I‘T of the other relays
ave overated. Relaj -/158 closes a circuit
from ground t nounh its left contact, con-
ductor 459, prush 438 (*30.,- ion 3), winding
of register relay 460 to attery Relay 460
locks to the grounded conductor 454. Relay
L’OS at its right contact closes a cireuit for

magnet 441 swhich magnet deenergizes wwhen
Ua_ﬂ “cubscriber releases key 110 and advances
the brushes of the control switch into
position 4.

The number now being. recor ded on th
sender, the next opera ation to take placeis t

J.

,uumm in ‘Lhe I

S

sociate this particular sender with the first
up e 1e-...Lor switch 500. The association
the sender takes place by means of the
multi-contact relay deviee 600 comprising a
Lumbe" ot muki- conmct 1‘e1f1yS 601, 602,
cach mcu hml to the different conumon
sende rVing, Whpn energized, to ex-
tend the cvmrol ex@ from the 1e'1sters
through to the operating magnets of the
aelector svwiteh 500, The relay 801 being in-
dividual to the pavticular sender shown a
éirenit therefor 1s completed by way of +he
‘w“uqh 444 when the control switch reaches
sition 4. ith the relay 601 operated a and

A1 ce vegister relay 453 is the only one op-

erate 1 in the register 401, a circuit is now

completed for the vertical opelauno magnet

510 individual to the row 505 in w vhich ap-
pears the gronp of trunks Lepesentmo the
iret digit of Lne wanted number. This cir-
<u]4 sw‘y be traced from ground through the
right contfvct of relay 4.)3 conductor 461,
u\nt;‘\:sﬁ of relay 601, conductor 612, Wmd-
net 510 teo battery. The maonet
pr pqles: the contacts of all
roup. Magnet 510 in op-
erating, completes a éircuit from ground
throngh its contact, winding of the mlll—
COF “ct relay 514 to battery. The group of
fulti-contact mhys 518, of which the relay
514 1§ one, serve to as cobm’re the test velays
803 wi'ﬂi the te st conductors of the réspective
twnhs in the seéveral groups of trunls out-
going from the switch 500. The relay 514
18 mchv*m"nm to the group of trunks in the
row 505 and, oonsequently ‘connécts the
right-hand- W mdmos of the several test re-
1ays GOE, 605, 606, etc., to the test conductors

of the smfeml wmks mdlwdu&l to. the
group. The left-hand windings of these test
relays lead to fronf contacts “of relays 518,
519, 090 individual to the horizontal linikes
5 ’)G 507, 508, If any horizontal link is busy,
(s c orr esnoponm relay will be operated and
a cireuit cloged for thé left- hand winding of
tle ¢o mspovdmo test relay in the group

5"

Assuming that the trunk 521 is the fivst
one 6 be 1dle Smmlt‘meously with the idle
condition of 1ts correspondmn link 506, re-
lay 605 is accordingly the first relay to. be
deeneiglfed while a‘l preceding relays 606,
GOT, etc., are enbr01 ed either due to the left:
hand winding, thé J‘l')ht hﬂnd winding: or
Both Wmdlnas the1 eot.

When the relfly 514 operates, it completes
o circuit from ground through its contact,
over conductor 593 the Wlndmws of 1e1avs
609 and 608 in p%ml el, to battery Rehy
609 being a quick velay operates at onée and

ompletes a circuit from ground over its
contact, conductor 613, contacts of relay
6OL, conductor 614, t1110110h the sender se-
lector switeh, cond uctor 3‘32 back contact of
v 205, conductor 215, Wmdm(r of the ver-
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tical-operating magnet 509 to battery. The
magnet 509 ‘operates and prepares the con-
tacts of the incoming trunk. Magnet 509
completes a circuit from battery through-the
winding of relay 204, conductor 216, inner
right front contact of magnet 509, conductor
217, lowermost contact of relay 201 to the
grounded conductor 153. Relay 204 oper-
ates and locks through its innermost lower
contact, conductor 217, thence through the
contact of relay 201 to the grounded con-
ductor 153. :
After an interval of time, the slow relay
608 attracts its armabure and. a circuit is
closed from ground, through the contact
thercof, left front contacts of relays 607 and
606, left back contact of relay 605, con-
ductor 615, left-hand winding of the hori-

zontal operating magnet 515 to battery.

Magnet 515 operates and connects the in-
coming trunk through the link 506 to the
idle outgoing -trunk 521 in the desired
group.

fected, a circiit is closed from battery

through the right-hand winding of magnét -

515 and in parallel through the winding of

o
U

-the grounded test conductor 153.

rvelay 518, through contacts of the switch to
The
switch is held operated under the control of
this circuit and relay 518 applies ground po-

- tential to the left-hand winding of the fest
* relay 605 to identify this link as busy when

i
St

40

45

[
[

60

a  subsequent connection is = attempted
through the switch. :
At the time the control switch of the
sender advanced into position 4, a circuit
was closed from battery through the wind-
ing of slow-to-operate relay 445, brush 443
(position 4) to ground. The relay 445 is
so constructed that it requires an interval of
time to operate which is sufficiently long to
permit the aforegoing operations to tran-
spire. At the end of this:interval, the relay
445 attracts its armature against the contact
and a circuit is closed from ground through
the contact of said relay, contact and wind-
ing of the stepping magnet 441 to battery.
The magnet 441 interrupts its own cirenit
and advances the control switch out of po-
sition 4 and into position 5. While the
switch is standing in position 5, a cireuit is
closed from battery through the winding of
relay 449, hrush 448 to ground on conductor
326. Relay 449 operates and locks through
its right contact to the grounded conductor
526. Due to this advance, the relay 445 and
relay 601 become deenergized. This results
in the release of the vertical operating mag-

nets 510 and 509 of the selector switel.

Magnet 509, in veleasing, closes a civeuit
from battery, through the winding of relay
205, middle lower front contact of relay 204,
inner back contact of magnet 509, conductor
217, lower contact of relay 201 to grounded
conductor 153, Relay 205 operates and locks

At the instant the connection is ef-

1,641,367

through its left contact. The magnet 510
causes the release of the multi-contact relay
514, which, in turn, causes the release of ve-
lays 608 and 609.

The next act to take place is the associa-
tion of the sender with the testing and con-
trolling equipment in Fig. 8 whereby the
connector switch 700 may be operated in
accordance with the last two digits of the
called number. - With the control switch in
position 3, a circuit is closed from ground
through the brush 441, conductor 425, wind-
ing of multicontact relay 611 to battery. Re-
lay 611 which is one of a number of relays
comprising the set 610, is individual to the
sendershownand serves to connect that sender
through to the controlling equipment shown
in Fig. 8. With relay 611 operated, a circuit
is closed from ground, through the right
contact of the register relay. 457, conductor
462, contact of relay 611, conductor 616,
winding of the vertical operating magnet
712 to battery. The magnet 712 controls the
vertical row 704 containing the group of
subscribers’ lines in which occurs the called
line 720. Magnet 720 at its contact, com-
pletes a circuit for the multi-contact relay
804 in the group 801 which is individual to
the group of lines containing the called line
and serves to asscciate the test relays 805,
806, 807, ete., with the test conductors of the
lines of such group. ,

Moreover, a circuit is closed from ground
through the right contact of relay 460 of the
register 408, conductor 468, contacts of relay
611, conductor 617, winding of multi-contact
relay 803 o battery. Relay 803.is one of a
number of relays in the group 800, each of
which represents a different units digit and
each of which serve to connect the fest re-
lays 809, 810, 811, ete., with the test con-
ductors of the corresponding horizontal
links in the switeh 7C0 which have access to
lines of the different units designations. Re-
lay 803, in operating, closes a circuit from
ground through its outer contact, conductor
618, contacts of relay 611, conductor 619,
hrough the sender selector switch 300, con-
ductor 333, lowermost front contact of relay
204, conductor 207, through contacts of the
first selector switch 500, conductor 526, con-
tact of relay 719, winding of the vertical
operating magnet 710 to battery. Relay
803, in operating, connects the windings of

the test relays 809, 810, 811, ete., to the con-

tacts of relays 717, 716, 722 associated with
the corresponding horizontal links 705, 708,
707 of the group which have access to the
called subscriber’s line 720. If the links 707
and 706 are busy, relays 722 and 716 apply
ground potentials to the windings of relays
811 and 810 and these relays are operated.
Assuming the link 705 is idle, the corre-

sponding test relay 809 remains deener- .

gized.
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o same bime, a test is being made of
1 subseriber’s lime 720. 'The test cir-
cuit for this purpose may be traced from test
conductor oi the line, over conductor 723,
through contacts of relav 804, conductor 815,
comtact of rekxy 805 (relay 805 having oper-
ated in parallel with the relay 808), wind-
ing of relay 813 to battery. Assuming that
the called iine is idde, no ground potential
test conduc

, and, conse-
quently, the relay 318 remains deenergized.
At the time relay 803 operated, it closed
a circuit for the slow operating relay 812.
After an interval hag expired relay 812 at-
tracts its armature and a cireuit is closed
from ground through the back contact of
velay 813, contact of relay 812, front con-
tacts of relay 811 and 810, back contacts of
relay 809, contact of rvelay 803, conductor
816, winding of horizontal operating magnet
715 to battery. The magnet 71d operates
and extends the incoming trunk over the idle
iink 705 to the called subscriber’s line 720,
When the switch 700 operates, & circult is
closed from battery, through the winding
of relay T18, contacts of the switeh 700, con-
ductor 816, contacts of relay 808, ‘
through the contacts of the test vel
ground at the back contact of relay 8
Relay 718 operates and Tocks throug
winding and back contact, conducto
through contacts of the switch 500 to
grounded test conductor 153, The ground
on the tesi conducior 527 iy thus extended
through the right contact of relay 718 to
complete a holding circuit for the link mag-
net 715 -and for the velfay 717. Relay 719
operates through a contact of relay 718,
The connection 1s now held through switches
500 and 700 by means of ground on the con-
ductor 153.

At the time the control switeh of the
sender moves into 5, & eircuit is
closed by way of brush 443 for the slow
operating relay 446. After the necessary in-
terval has expived during which ths switch
700 has been set, relay 446 attracts its avma-
ture and closes a circuit for the stepping
magnet 441. Magnet 441 interrupts its own
civenit and advances the control switch out
of position 5 back into its normal position.

As the control switch moves back into its
normal position, the brush 444 opens the
civeuit of velay 611 which releases and dis-
connects the sender from the controlling
equipment of Hig. 8. This causes the release
of relays 803, 812, 805, 804 and magnets 710
and 712. With the switch in its normal po-
sition, a circuit is closed from ground over
conductor 326, brush 448, left contact of re-
lay 449, winding of relay 439 to battery.
Relay 439 operates and opens the holding
circult of relay 419. Relay 419 releases and
opens the cireuit of velay 440.  After an in-

rablr

terval, relay 440 deenergizes and removing

7

evound from condwetor 326 permits the re-
Iease of refavys 449 and 439 and also of the
rogister relays 453, 457 and 460.

Upon the removal of ground frem the
conductor 326, the holding eircuits of mag-
net 821, relay 822 and relay 201 are opened.
The magnet 322 causes the release of the
sender seloctor switch 300 thereby restoring
the register sender for subsequent use. Re-
lay 201, upon releasing, completes the tip
afid ring - conductors of the trunk 131
through to ‘the left-hand windings of the
repeating eoil 200, thus including the calling
subseriber’s line in serites with the vepeating
coil and battery. Relay 202 being included
m: cireuit-with the calling line operates and
provides a substitute holding circuit for
the slow relay 203. Relay 201, in releasing,
also-opens the circuits of rvelays 204 and 205
whicl becomes deenergized. Relay 204 com-
pletes o circuit for the called subsceriber’s
Hne in seriés with the right-hand windings
of vepeating coil 200.

When the conversation has finished, the
ealling subscriber replacing his reeeiver on
the switchhook opens the. circuit of the
supervisery relay 202 which releases the
slow telay 203. After an interval, relay 203
removes ground potential from the conduc-
tor 158 whereupon the holding circuits of
the line switch 125 and the selector switches
500 and 700 are opened, causing the com-
plete connection to be restored.

“Blrould the called line 720 be busy at the
tinie 1t iy selécted and tested, 2 ground po-
tential existing on the test conductor thereof

wuses  the closure of a circuit by way of
conduetor 723; through the contact of relay
804, contact of relay 805, winding of relay
8§18 to battery. Test relay 813 operates and
when later the slow relay 812 attracts its
armature, the aboeve traced circuit for the
operation of one of the horizontal magnets
ig held openéd due to the energized condi-
tion of relay 818. Thus, if the called line
is busy, s connection is not established
thereto, and the ground potential connected
over the front contact of relay 813 may
serve in any suitable manner to bring about
a busy signal, notifying the calling sub-
seriber of the condition of the called line.

For a more detailed understanding of the
operation and control of switches in a. sys-
tem of this character, reference is made to
the patent to S. B. Williams, No. 1,517,331,
granted December 2, 1924,

What is claimed is:—

1. The combination in a telephone system
of a coordinate selector switch having a plu-
rality of contacts with operable links there-
between for establishing connections, a con-
trolling mechanism for controlling the se-
lective operation of said switch, and a plu-
rality of sources of current of different
character for setting said mechanism.
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2. The combination in a telephone sys-
tem of a plurality of coordinate selector
switches having a plurality of incoming and
outgoing trunk contacts with selectively
operable links therebetween for establishing
connections, a controlling mechanism for
controlling the selective operation of said
switches, and a number of sources of cur-
rent of different character for setting said
mechanism. ’

3. The combination in a telephone system
of a coordinate selector switch having a
plurality of link circuits for establishing
connections, a register controlling mecha-
nism for controlling the selective operation
of said switch and a plurality of sources of
current of different character for setting
said register mechanism.

4, The combination in a telephone system
of a coordinate selector switch having a plu-
rality of links arranged to set up a number
of co-existing connections, a controlling de-
vice for governing the selective operation
of said switch, and a number of sources of
current of different character for setting
said controlling device.

5. In a telephone system, a coordinate
selector switch comprising movable contacts
and immovable links therebetween for es-
tablishing connections, a controlling mecha-
nism for governing the selective operation
of said switch, a plurality of sources of
current of different character, and means
selectively responsive to said currents for
variably setting said controlling mechanism.

6. In a telephone system, coordinate se-
Jector switches having sets. of parallel con-
ductors, sets of movable contacts associated
individually therewith and arranged in
rows coordinate with said conductors, and
means for moving said contatts into engage-
ment with said conductors for establishing

-connections, a controlling mechanism for

governing the selective operation of said
switches, and a plurality of sources of cur-
rent of different frequencies for setting said
mechanism.

1,541,367

7. In a telephone system, a coordinate
selector switch having conductors arranged
in open grid, movable contacts associated
individually therewith and disposed in rows
2t right angles thereto, and means for in-
terengaging said conductors and said con-
tacts for establishing connections -between
incoming and outgoing lines, a controlling
mechanism for governing the operation of
said switch, a plurality of sources of cur-
rent of different frequencies, and tuned
relays responsive to said currents for varia-
bly setting said controlling mechanism.

S. In a telephone system, coordinate se-
lector switches having parallel conductors,
movable contacts, each contact being adja-
cent to each of said conductors but nor-
mally out of engagement therewith, and
means for moving said contacts into en-
gagement with said conductors to establish
connections, a controlling mechanism for
governing the operation of said switches,
and a plurality of sources of current of dif-
ferent frequency controlled by the calling
party for setting said mechanism.

9. In a telephone system, incoming lines,
outgoing lines, a coordinate selector switch
having stationary horizontal links and sets
of movable contacts disposed in vertical
rows, each contact of said sets being in
propinquity to each of said links and each
of said links being arranged to engage two
of said contacts simultaneously when estab-
lishing connections between said incoming
and outgoing lines, a controlling device for
governing the selective -operation of said
switch, a number of sources of current of
different - frequencies, circuits’ for said
sources of current, and means controlled by
the calling party to produce resonance in
said circuits for the purpose of variably
setting said controlling device in accordance
with wanted designations.

In witness whereof, I hereunto subscribe
my name this 27th day of February A. D,

1923,
JAMES L. McQUARRIE.
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