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‘JOHN E. GARDNER, OF CHICAGO, JLLINOIS, ASSIGNOR, BY MESNE ASSIGNMENTS, TO
~AUTOMATIC ELEOTRIC INC., OF CHICAGO, ILLINOIS, A CORPORATION OF DELA-

AUTOMATIC TELEPHONE SYSTEM. v

Original application filed August 12, 1921, Serial No. 491,745. Divided and this application filed

ngrqqry 25, 1924, Serial No. 694,821. Renewed June 6, 1927.

The present invention relates in general
to automatic telephone systems, and ﬁa,s for
its principal object the provision of new and
improved circuits for selector switches used

5 in such systems whereby the operations of
these switches are rendered more satisfac-
tory. Certain features shown and described
but not claimed in this application are being
claimed in my pending application Serial

10 No. 24915, filed April 22, 1925. -~

One of the features of the invention re-
lates to the provision of an improved selec-
tor switch which is of the same general
mechanical construction as that of the well

18 known rotary line switches. This selector,
instead of being restored to normal after
completion of ‘each connection, maintains
its wipers in engagement with the trunk line
last used, and on'the next call, should the

20 same group be the one selected, the selector-

will not rotate unless the associated trunk
1s busy. If this trunk be busy, the selector
will operate in the usual manner to select an
idle ‘trunk in- the selected group. If the
25 digit corresponding to another group of
trunks is called, the switch operates to select
an‘idle trunk in'that group. = ‘
Another feature of this selector circuit is
an arrangement whereby, if all the trunks
80 in a group are busy, the selector will con-
tinuously test' the trunks until one becomes
idle whereupon the selector will immediately
connect with ‘it. - Should the calling sub-
scriber dial another digit while this testing
35 operation is going on, the rotation of the
switch will be stopped and a busy tone given
to the calling subseriber. :
There are other objects of the invention
not now specifically mentioned which to-
40 gether with the foregoing will be described
hereinafter reference being had to the ac-
companying drawings, in which Fig. 1 shows
a calling station A, the individual line switch
C, and the selector E, while Fig. 2 shows
45 the connector H and a called station A*,"
" In the drawings the invention has been
shown applied to a small system of 300 lines
capacity and therefore the selectors in the
; system need only have access to three groups

(-3

It will, however, be evident that this system
may be readily enlarged to any desired size

of trunk lines leading to connector switches.

by providing more bank contacts in the
selectors of the system. =

Referring now to the drawings, in Fig. 1
is shown a substation A of the usual auto-
matic type, the associated line of which ter-
minates at the exchange in indjvidual line or
trunk selecting switch C. D
~The line switch C is of the well known
rotary type which does not restore to nor-
mal, but maintains its wipers in engagement
with the trunk line last used. The. line
swittch C in common with a plurality of
other line switches has access to selector
SWi]E]CheS’ one of these selectors being shown
at E. ‘ S
As before mentioned, the selector switches

60

are similar in mechanical construction to the

rotary line switches. However, these selec-
tors have thirty contacts in their banks, in-
stead of the ‘usual twenty-five as have the
ordinary line switches. These thirty con-
tacts are then divided. into three groups of
ten contacts each, thus providing ten trunlks
in each group in accordance with the usual
Fractice, The selector E has access to trunk
ines terminating in connector switches in
the various groups, one of these connectors
being shown at H, Fig. 2. ‘

The connector switch H is of the usnal
Strowger vertical and rotary type and has
access to called subscribers’ lines, one of
these being shown at A, L

The substation A* is similar to the sub-

~station A already described, and its associ-

individual line switch Ct,

Having briefly . described - the apparatus
shown in the drawings, a detailed explana-
tion of its operation will now be given.
For this purpose it will be assumed  that
the subscriber at substation A desires to
call the subscriber at substation AL In
order to do this, the subsecriber at substa-
tion A will remove his receiver and operate
his calling device .in accordance with the
three digits of the number which, is assigned
to the substation A'. When the receiver is
removed at the substation A,.a circuit is
completed for the line relay 16 of the in-
dividual line switch C over the line con-
ductors 11 and 12 in series. "Relay 16, upon
energizing, at its armaturc 25 completes a

ated line terminates at the exchange in the
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cirenit which includes the switching relay 15
and the motor magnet 17 in series, and at its
armature 26 connects the test wiper 81 to
the above circuit at a point midway between
the switching relay and the motor magnet.
The operation of the line switch C now de-
pends upon whether or not its wipers are
associated with an idle trunk line. If the
associated trunk line is busy, there will be a
eground potential present upon the contact
engaged by the test wiper 31, switching relay
15 will be short cirenited, and the motor
magnet 17, being supplied with direct
eround via said test wiper, will operate as
a buzzer to advance the switch wipers
30—32. inclusive, step by step until they are
rotated into engagement with a set of bank
contacts associated with an idle trunk line.
However, in the present case it will be as-
sumed that the trunk line with which the
line switch wipers are associated when the
receiver is removed at substation A is idle,
and it will be assumed further that this
trunk line is the one shown in the drawings
terminating in bank contacts 33—35, in-
clusive. Under these conditions there will
be no ground potential present upon the
test contact 34 engaged by the test wiper
31, motor magnet 17 will not operate, and
the switching relay 15, not being short cir-
cuited, will immediately energize in series
with the said motor magnet. Relay 15,
upon energizing, disconnects the line con-
ductors 11 and 12 of the substation A from
the winding of the line relay 16 and from
ground, respectively, and extends them by
way of armatures 20 and 22, wipers 30 and
32, bank contacts 33 and 35, to the winding
of the line relay 52 of the selector I and to
ground, respectively.

The line relay 52 is immediately energized
over the calling subscriber’s line loop and,
upon operating, at armature 65 completes
a circuit for the slow acting relay 53. The
Iatter relay, upon energizing, at armature
68 prepares certain impulsing circuits in the
selector E and at armature 66 places ground
upon the release trunk conductor 49 thereby
establishing a holding circuit for line switch
C. This holding circuit extends from
ground on release trunk conductor 49, test
contact 34, test wiper 31, armature 21 and
its front contact, through the winding of
the switching relay 15, and thence through

the winding of the motor magnet 17 to
battery. It will be understood that the

above traced holding circuit is completed
before the slow acting line relay 16 has had
time to deenergize. A branch of this hold-
ing circuit extends by way of the private
normal conductor 28, to multiply connected
test contacts in the banks of connector
switches which have access to the line of the
substation A whereby the said line is pro-
tected from intrusion in the usual manner.
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The calling subscriber at substation A
may now operate his calling device in ac-
cordance with the first digit of his desired
number. By this operation a series of in-
terruptions is produced in the circuit of the
line relay 52 of the selector I& which retracts
its armature a corresponding number of
times. At the first retraction of its arma-
ture 65 an impulse of current is sent over a
circuit extending from ground by way of
back contact and armature 62, armiture 65
and its back contact, armature 68 and its
front contact, armature 71 and its back con-
tact, armature 79 and its back contact, and
through the lower winding of the first count-
ing relay 55 to battery. The lower winding
of relay 55 is of high resistance and has a
low number of turns; thus it is only strong
enough to attract the armature 78 thereby
completing a circuit which extends from
ground by way of armature 67 and its front
contact, armature 70 and its back contact,
armature 78 and its front contact, through
the upper and lower windings of relay 55 to
battery. However, as long as the armature
65 of the line relay 52 is in a retracted posi-
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tion the upper winding of relay 55 is chort .

circuited and the above traced cireuit is inef-
fective. When the line relay attracts the
armature 65, the two windings of the first
counting relay 55 are immediately energized
in series and all the armatures on the relay
are operated. Relay 55, npon operating, at
its armature 77 prepares a point in the test-
ing circuit, at armature 79 transfers the im-
pulsing lead to the second counting relay 56,
at armature 81 prepares a point in the cir-
cuit of the switching relay 50, and at armna-
ture 82 places ground upon the conductors
100 and 101, whereby the second and third
common sections of the bank corresponding
to all the trunk lines in the second and third
groups and adapted to be engaged by the
wiper 94 are grounded. The. slow acting
relay 58 is energized in multiple with the
counting relay 55 and at its armature 76
maintsins the previously mentioned test cir-
cuit and also the circuit of the relay 50 open.

At this point it will be well to describe
how the trunk lines accessible from the selec-
tor E are divided into groups. In this case
it 1s necessary that the selectors have access
to three groups of trunk lines. In addition
to the usnal line and test banks provided
for switches of -this rotary construction
there is an extra set of bank contacts and an
extra wiper to engage them. This extra set
nf bank contacts is divided into three groups
of ten trunks each, all the contacts of each
group being multiply connected. Thus it
will be seen that as soon as ground is placed
upon the conductors 100 and 101 all the
contacts asscciated with the trunk lines in
the recond and third groups in this exutra
bank adapted to be engaged by the wiper 94
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are ‘grounded. The purpose of this will
appear fully hereinafter. :
Returning now to the operation of the line
relay 52, upon the mext retraction and at-
traction of 1ts armature 65 the second count:
ing relay 56 is energized in a mahner similar
to relay 55. Relay 56, upon energizing, at
armature 85 extends the impulsing lead to
the third counting relay; at armature 86 dis-
connects ground from' the conductor 101
whereby ground is: removed from all - the
contacts in the second group in ‘the bank
adapted to be engaged by wiper 94. At the
front contact of armature 86, relay 56 places
ground upon conductor 102 thereby ground-
ing all the contacts associated with the first
group of trunk lines in the contact bank
adapted to be engaged by wiper 94. Assum-
ing that digit 2 has been dialed by the call-
ing subscriber, the line relay 52" will now
maintain  its . armatures  attracted. The
slow acting relay 58 is maintained energized
throughout the series of impulses which con-
stitute the first digit of the desired number
and shortly after the termination thereof de-
energizes. It will be apparent that when
ground.is placed upon the various groups of
contacts adapted to be engaged by the wiper
94, as the switch wipers have no normal
position, the said wiper will- be grounded.
The stepping relay 51 is thereby energized
and, upon operating, at armature 69 pre-
pares a point in the circuit- of the. rotary
magnet 59; and at armature 64 opens a
point in the testing circuit of test wiper 93.
It the switch wipers are standing in a group
other than that which is called by the' call
ing subscriber, there will be a ground poten-
tial present upon the contact engaged by the
wiper 94, and the stepping relay 51 will be
energized- as previously mentioned. - Then,
relay 58, upon deenergizing, at its arma-
ture 76 completes the cireuit of the motor
magnet 59. Magnet 59 operates to rotate
the switch wipers inte engagement with the
next set of bank contacts, thus epening the
circuit of the stepping relay 51 As the
switch wipers have Dbeen -assumed to be
standing in a group other than that desired.
there will be B ground potential upon this
test. contact, provided, of course, that the
switch wipers have not been rotated into
engagement with the trunk lines of the sec-
ond group, and stepping relay 51 will be
again energized to complete the circuit of
the rotary magnet 50. The slternate oper-
ation of the stepping relny 51 and the rotary

magnet 59 will continue until the switch.

wipers are rotated into - selective relation

- with the group of tranks which. terminate in

the counnector -switches. that have access to
the desired sabscriber’s line. - As the digit
2 was dialed by & calling subscriber, the first
and third groups of bank contacts adapted
to be engaged by the test wiper 94 will be

3

grounded and the switch wipers: will ‘be ro-
tated by the operation of the stepping relay
51 until they are brought into selective rela-
tion with the first trunk line in the second
group. - This second group of bank: con-
tacts adapted to be engaged by the test wiper
94 will not be grounded; there will be no
circuit completed for the stepping relay 51;
and the test wiper 93 will now come into
operation. If :the first trunk line. in . the
second group is busy, there will be a ground
potential present upon the test contact en-
gaged by the test wiper 93, and a circuit will
be completed which extends from the said
grounded test contact by way of test wiper
93, armature 61 and its back contact, front
contact and armature 77, armature 64 and its
back contact, back contact and armature 88,
armature 76 and its back contact, and thence
through the winding of the motor magnet
59 to battery. The motor magnet 59 is
thereupon. operated to advance the switch
wipers into engagement with the next set of
bank contacts in the selected group and at
the same time breaking its own circuit ‘at
armature 83. If this next trunk line is busy,
the associated test contact will be grounded
and the motor magnet 59.will operate as
before. . The operation of magnet 59 will
continue until the switch wipers are rotated
into engagement with an idle trunk line.
However, it will be assumed in the present
case that the first trunk line in the second
group s idle, and it will be assumed further
that this is the trunk line shown in the
drawings and terminating in bank. contacts

96—98, inclusive. . It will be noted that the

switching -relay 50, whose circuit ‘is com-
pleted by the deenergization of ‘slow acting
relay 58, is short circuited by ground from
the various test contacts during the trunk
selecting . operation of the switch. When
this idle trunk is found, there will be no
ground potential present upon the test con-
tact 97.  Accordingly, motor ‘magnet 59 ‘is

not operated, and the 'switching relay 50-
‘being no longer short circuited is immedi-

ately energized in series with the said motor
magnet. . Relay 50, npon energizing, at ar-
mature 62 disconnects ground from: the front

contact of armature:69 and opens the circuit.

of the slow acting relay 53, at-armature 61
opens the testing cireuit, at the front contact
of this arinature closes & locking cireuit for
itself, and for switching relay 15 of the

line switch-C, and at armatures 60 and 63

disconnects the incoming trunk conductors
from the winding of the line relay 52 and
from ground, respectively, and extends them
by way of the said armatures, wipers 92 and
95, bank- contacts 96 and 98, trunk conduc-
tors 105 and 107, and thence through the

upper and lower winhdings of the line relay’

126 of the connector H. -

Line. relay 126 is immediately ‘energized.
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over the calling subscriber’s line loop and,
upon operating, at its armature 142 com-
pletes the circuit of the slow acting relay
127. The latter relay, upon energizing, at
armature 143 prepares the operating circuits
of the connector H and at armature 144
places ground upon the release trunk con-
ductor 106 thereby. completing a holding
circuit for switching relays 50 and 15. This
holding circuit extends from ground on re-
lease trunk conductor 106. test contact 97,
test wiper 93, armature 61 and its front
contacts, through the winding of the switch-
ing relay 50, back contact and armature 83,
armature 76 and its back contact, and thence
through the winding of the motor magnet
59 to battery. A branch of this holding cir-
cuit joins the previously traced holding cir-
cuit of the line switch C. It will be under-
stood that the above traced holding circuit
is completed before the slow acting relay 53
has had time to deenergize. It will be seen
that relay 53, upon deenergizing, opens the
locking circuits of the various counting re-
lays which have been energized in response
to the digits sent by the calling subscriber,
and these relays then deenergize to remove
ground from the various groups of contacts
in the bank adapted to be engaged by the
wiper 94 and to restore certain other circuits
in the selector I to normal.

The calling subscriber may now operate
his calling device in accordance with the
second digit of the desired number. By this
operation a series of interruptions is pro-
duced in the circuit of the line relay 126
of the connector H, and this relay deener-
gizes a plurality of times in response thereto.
At the first retraction of its armature a
circuit is completed which extends from
ground by way of armature 142 and its back
contact, armature 143 and its front contact,
off normal springs 148 and 150, through the
winding of the.low resistance slow acting
relay 128, and thence through the winding
of the stepping magnet 186 to battery. The
above is the circuit over which the first ver-
tical impulse is transmitted. However,
upon the first vertical step of the shaft, the
off normal springs are shifted and the re-
maining impulses to the vertical magnet
traverse a new circuit which is the same as
the one previously traced except that it in-
cludes the off normal springs 148 and 149
and armature 124 and its front contact, re-
lay 128 being now in a operated position.
The vertical magnet 186 operates to raise the
switch wipers 190-192, inclusive, step by
step until they are placed opposite the de-

“sired level of bank contacts in which is

located the contact set associated with the
substation A'. The slow acting relay 128
is energized in series with the vertical mag-
net and maintains its armature attracted

- throughout the vertical movement of the

1,681,034

switch and, at the termination thereof, de-
energizes and transfers the impulsing cir-
cuit to the rotary magnet 187.

The calling subscriber may now operate
his calling device in accordance with the
third and final digit of his desired number.
As before, a series of interruptions is pro-
duced in the circuit of the line relay 126
which retracts its armature a corresponding
number of times. At each retraction of its
armature 142 an impulse of current is sent
over the following circuit: ground, armature
142 and its back contact, armature 143 and
its front contact, off normal springs 148 and
149, armature 124 and its back contact, back
contact and armature 168, armature 179 and
its back contact, and thence through the
winding of the rotary magnet 187 to battery.
Magnet 187 operates to rotate the switch
wipers into engagement with the set of bank
contacts associated with the desired line
which, we will assume, are the hank con-
tacts 193-195, inclusive, in which is termi-
nated the line of the subscriber A* The
slow acting relay 133 is energized in multiple
with the rotary magnet and operates at its
armature 170 to connect the test wiper 191
to the test relay 132,

Assuming that the desired line is busy at
the present time, there will be a ground po-
tential present upon the test contact 194, and
a circuit will be completed extending from
the said grounded test contact, test wiper
191, resistance R, armature 170 and its front
contact, normally closed springs controlled
by armature 177, and thence through the
winding of the test relay 132 to battery.
Relay 132, upon energizing, prepares a point
in its locking circuit at armature 167 which
is completed immediately upon the deener-
gization of the slow acting relay 133, and at
armature 169 places a busy tone upon the
lower heavy talking conductor. In this
manner the usual audible signal is returned
to the calling subscriber in order to inform
him that the desired line is busy. He will
replace his receiver thereby releasing the
operated switches in a manner which will be
described hereinafter.

It will now be assumed that when the
switch wipers 190-192, inclusive, of the con-
nector H are rotated into engagement with
the bank contacts 193-195, inclusive, the line
of the substation A*® is idle. Under these
conditions there will be no ground potential
present upon the test contact engaged by the
test wiper 191 and there will be no circuit
completed for the test relay 132. Then, im-
mediately following the deenergization of
the slow acting relay 133, a circuit is com-
pleted which extends from ground on re-
lease trunk conductor 106, armature 167 and
its back contact, upper winding of switching
relay 134, back contact and armature 170,
resistance R, test wiper 191, test contact 194,
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 through the winding of the ‘ciit-off relay 200
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of the'line switch C* and thencé through the
winding of ‘the motor magnet 202 to battery.
The switching relay 134 and the cut-off re-
lay 200 are energized “over'this ' circuit.
However, due to & mechanical interlocking
device controlled by the armature of the line
relay 201 which is now"at normal, the relay
200 omnly" partially attracts its armatures,

that is, enough to disconnect the line of the

substation A* from 'its normal battery and
ground connections in the line switch C*
- In the connector H, relay 134, upon oper-

ating, establishes a locking circuit for itself

to ground on release trunk conductor 106 at
armature 180, at armature 181 places direct
ground: upon the test 'wiper 191, at arma-

ture 177 opens the testing circuit of the

test relay 132, at armature 176 opens a point
in the: circuit” of " the - release magmet, at

armature 184 places: an additional’ ground

upon the release trunk conductor 106, and
at armatures 175_and 183 completes the
ringing circuit. - Ringing ' current is now

‘intermittently projected out on the called

line until the subscriber at substation A!
answers. - Another result of the energiza-
tion of ‘relay 134 is that a circuit is com-
pleted which extends from ground by way

‘of back contact and ‘armature 162, front

contact ‘and ~armature ‘182, ‘conductor 197,
through the lamp 198; and thence through
the winding of relay 205 to battery. Relay
205 is enérgized over- this circuit ‘and, upon

‘operating, at its armature 220 closes the cir-

cuit of ‘the solenoid ‘S. If the ringing cir-
cuit is completed for the substation A the
ring-up relay 131 will be immediately ener-
gized, - Relay ' 131, upon ‘operating, estab-

‘lishes” a locking circuit for itself at arma- -
ture 161, at-armature 162 opens the pre-

viously ‘traced circuit’ of the relay 205, at
armature 158 closeés a point in ‘the' release
circuit, and’ at armature 157 short circuits
its upper winding: U e

If for any reason: the called line were
open, the ring-up relay 131 would not be
energizéd ‘and the circuit of the relay 205
would be maintained closed. " As was men-
tioned previously, the relay 205, upon oper-
ating, closes the circuit of the solenoid S.
The solenoid 'S, upon- energizing, immedi-
ately begins to pull up its plunger  210.
The plunger arm 210 is not completely oper-

ated for a considerable time on' account of

the dash pot 215 which, though it does not

allow the plunger 210 to pull up’ quickly,

does not retard its restoration. However,
as the relay 131 in:the connector switch is
not operated, the' circuit of the relay 205
will be maintained closed-and the solenoid
S will “finally “pull” the plunger 210 into
its operated position' thereby ecausing the
cam 214 thereon to force the spring 213
into engagement with its working® contact.

Ground is thereby placed on the conductor

207 and a signal is given to the attendant.
1t should’be ‘mentioned at this point ‘that

thelamp 198 is common to a group of con-

nector switches which have access to a group
of called lines and lights in'series with the
relay 205. The attendant, upon hearing the

alarm, will look to see what lamp such as”

198, is ‘lighted in- order ‘to 'determine  in
what group - the connettor ' switch giving
trouble is located.- The attendant will" be
ablé to’ascertain what connector switch : is
in*itrouble ‘by listening in ‘on-the operated

conmnector switches and after finding the con-

nector in.trouble; he will inform the calling
subscriber to call thie desired number at some
later time. : :

‘When the calling subscriber replaces his
receiver, which may occur shortly after the
operation  of ‘the “cdonnector ‘switch, as"”he
will - hear no ringing induction or in com-
pliance with' the réquest of the attendant,
the line relay 126 deenergizes and opens the

circuit of the'slow acting relay 127. After

the deenergization of the line relay 126 and

80

90

before the deenergization of the slow acting -

relay 127, an impulse of current is sent to
the slow acting relay 133.  Relay 133 ener-
gizes at this time and removes one ground
from the release trunk conductor 106 at ar-
mature 170 "and ‘at armature ‘173, ‘and at
armature 172 transfers ‘the locking circuit
of the relay 134 from the release trunk 106
to ‘grounded armature 163. Upon the ‘de-
energization. of the slow acting relay 127
ground is removed from the release trunk
conductor 106 The conductor switch ismnot
released at this time as the release: magnet
circuit is opened at-armature -176. -'When
ground is removed from.release trunk con-
ductor '106 " the . holding::circuit = for - the
switching. relay 50 of ‘the .selector E "and

‘relay 15 of the line switch “C is opened
and. these relays deenergize. It will be:
“noted that the wipers of the selector switch

are maintained in engagement with the con-
tacts 96-98, inclusive, which are the bank:
contacts associated with the trunk line last
used. and that these same wipers of the

“gelector' E have no mormal position.  The
‘deenergization of relay 50 serves.to:restore

the circuits of. the selector ‘E’ to-normal.

energizing, -again - connects - the - line .con-
ductors of the substation A’ to the winding
of the line relay 16 and to' ground.
Returning now to -the -operation: of the
connector switch H, when the slow acting re-
lay 127 deenergizes, the circuit of the slow
acting relay 133 is opened. Relay 133, upon
deenergizing, at armature 173 ‘again ' con-

‘nects ground to the release trunk conductor

100
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“Relay 15, in the liné switch C, upon de--

120

106 over the following circuit: ground by -

way of front contact and armature 184, back
contact and armature 173 back contact and
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armature 188, to release trunk conductor 106.
Another result of the deenergization of relay
133 is that the locking circuit of the switch-
ing relay 134 is transferred to the release
trunk conductor 106 at the normally closed
springs controlled by armature 172. The
replacement of ground upon release trunk
conductor 106 serves to prevent the connector
switch H from being seized and used in an-
other call. 'When the attendant has cleared
the trouble he will operate the armature of
the release magnet thereby restoring the
switch shaft to normal. The springs 139
are a kind of off normal springs but they
are adapted to be controlled directly by the
vertical and release magnets; that is, ag soon
as the vertical magnet operates, the spring
139 engages its working contact and as soon
as the armature of the release magnet is op-
erated, the spring 139 disengages its work-
ing contact. This spring 139, may be mount-
ed gn the double dog of any Strowger switch.
By the operation of spring 139 the locking
cireuit of the relay 134 is opened, and this
velay deenergizes, thus restoring the circuits
of the connector H to normal, at the same
time removing ground from the release trunk
conductor 106 and again rendering the con-
nector H accessible to the selector switches.
Another result of the deenergization of relay
134 is that the cireuit of relay 205 is opened,
and this relay deenergizes, opening the cir-
cuit of the solenoid S which immediately
restores to normal, as the dash pot 215 has
no appreciable effect upon the downward op-
eration of the plunger 210.

The above described operations take place
and an alarm signal is given to the attend-
ant under various conditions. some of which
will be briefly pointed out. In case the gen-
erator lead is open, the relay 131 will not
energize and the attendant will be signalled
as before described. If the line wipers of
the connector H are open, or out of align-
ment, or if the line wiper cords are open, the
relay 131 will not energize and the attend-
ant will be signalled. This also happens in
case the private wiper is out of alignment
with the line wipers far enough so that when
the switch is operated the private wiper and
the line wipers become associated with dif-
ferent lines. That is, the private wiper may
be incorrectly positioned on the shaft so that
it stands a step ahead or one or more steps
behind the line wipers. In this case the cut-
off relay 200 in the called line switch, the
one engaged by the line wipers, is not oper-
ated and the ringing circuit is short circuited
by the ground connection in the line switch.
It will be seen that there are a number of
other times when this alarm will be given
to the attendant, such as when the called line
is grounded outside the central office, and
so on. However, as these conditions are per-
fectly obvious they will not be mentioned.
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Should the ealling subseriber veplace his
receiver before the connector I has estab-
lished connection with the desired line, the
line relay 126 will be deenergized and oper-
ate to open the circuit of the slow acting re-
lay 127, The latter relay, upon deepergizing,
removyes ground from the release trunk con-
ductor 106 and. also closes the release mag-
nef circuit over g path extending from
ground by way of armature 142 and its back
contact, armature 143 and its back contact,
armature 1385 and its back contact, back con-
tact and armature 176, working contact of
off normal spring 145 and said spring, and
thence through the winding of the release
magnet 185 to battery. s

1t will now be assumed that the connection
was completely established and that the line
of the substgtion A* was not in trouble.
Under these conditions the relay 131 will be
energized and operate in the same manner
as was before deseribed. When the called
subscriber answers, the ring cut-off relay
130 will be energized over the called subscrib-
er’s line loop. Relay 130, ypon operating,
at armature 152 establishes a locking cir-
cuit for itself, at armature 154 removes the
direct ground connectipon from the private
wiper 191, at armatures 156 and 155 opens
the ringing cireyit, and at the front con-
tacts of these armatures finally completes
the talking connection: The back bridge
relay 125 is immediately energized over the
called line and, upon operating, at armature
187 closes the circujt of the slow acting
relay 129, at armature 135 opens a point in
the circuit of the release magnet, and at
armatnre 141 again places direct ground
upon the test wiper 191. During the in-
terval that direct ground is removed from
the test wiper 191, the cut-off relay 200 in
the line switch C' is maintained operated,
and the called line protected over a circuit
extepding from ground on -release trunk
conductor 106, armature 167 and its back
contact, upper winding of the switching
relay 134, back contact and armature 170,
resistance R, test wiper 191, test contact 194,
through the winding of the cut-off relay 200,
and thence through the winding of the motor
magnet 202 to battery, During the interval
Letween the energization of relay 130 and
the energization of relay 125, a cireuit in
multiple with that of the cut-off relay 200
may be traced extending from ground on
release trunk conductor 106, armature 167
and its back contact. upper winding of the
switching relay 134, back contact and arma-
ture 170, resistance R, front contact and
armature 181, armature 154 and its front
contact, armature 141 and its back contact,
working contact of off normal spring 145
and the said spring, and thence through
the release magnet 185 to battery. Owing
to the combined resistance of the upper
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winding of the switching relay 134 and the

resistance R, the release maghet 185 does

not operate "t this- tithe. The ‘connection
has now been completed and conversation
may tike place between the ¢alling subserib-

ef apd called subscriber, talking battery'
beintg suppliéd to the calling subscriber from:

the windings of the lirie relay 126 and to the
called subscriber from the wmdmgs of the

s back bridge relay 125

‘When the coniversation is terminated, both
subscribers will replace their- receivers.
order: to describe this reléasing operation, it
will first be assumed that the calling sub-

- seriber replaces his receiver before the “called

subscriber. 'When the receiver is replaced
at the calling substation, the circuit of the
line relay 126 is opened; and this relay de-
energizes théreby opening the ¢ircuit of the
slow actinge rélay 127.  After the deénergi-
zation of the line relay 126 and before the
deenergizdtion of the slow deting relay 127,
an impulse of ‘carrent is' sent to the slow
acting’ relay 183. 'Ground is thus momeir-
tarily: removed ‘from thé release trunk con-
ductor 106 4s beforé descéribed; but. the re-
lease of the conneetor H does not take place
as the éircuit of the release magnet is opened
at. armature 135, The selector E and the

Tine switeh C sre releaséd in the saime man- -

ner as was previously described uponi ground

being - removed from the release trunk 106,

When the called subscriber finally hangs up,
the circuit of the slow acting relay 129 is
opened; ground is removed From ‘the test
wiper - 191 and the circuit 6f - the release
magnet 185 is completed. - This circuit ex-
tends from ground by way of armature 142
and. its baek ‘contact, armature 143 and its

" back contaet; back contact and drmature 135,
armature 158 and its front contact; working

contaet of off mermal spring 145 and ‘the

said spring, and thence through the reléase -

magnet 185 to battery. ~It will be noted that

. after the deenergization of relay 125 and
rior to the deenergization of refay 129, an

impulse of ‘current 1s sent to- the. test relay
132.  The operation of relay 132 serves no
particular fonction: at this  time. Other
results ‘of the  deenergization .of relay 125
are that the locking circuits of the relays
130 and 181 'are:opened, and these relays
deenergize. . The operation of the'spring 139

contrelled by the ‘reléase magnet serves to

opent the locking circuit ‘of the relay 134.

In this manmer all the apparatus is released:
It will now be. assumed that the called

subscrtiber replaces his receiver béfore, the
calling subscriber.  When the receiver is te-

" placed at substation ‘AY, the circuit of the

back bridge relay 12) is opened, and this
relay deenermzes
lay 125, at armature 1

In

é)on deenergizing, ‘re- .
7 opens the circuit of
the slow acting telay 129, and before the de-
energization of this latter relay, sends: an’

impulse of etrrent to ‘the test relay 132.

The latter telay, upon ehérgizing, Temoves:

one ground connection from the test” wiper
191 at armatuie 167, at the front contact
of this armdture estabhshes a ‘locking’ cir-

-cttit- for 'itself, and at armature 166 pre-

pares a point in the release magnet circuit.
Another result of the deenergnzahon of re-
lay 125 is that at armature 141 ground is
removed from the test wiper 191, ahd at the
back ‘eontact of this armature a circuit is
prepared for the release magnet 185. When
ground is.removed from the test wiper 191,
the cut-off relay 200 in the line switch Cl
deenergizes and again connects the line of
the substatlon A to the winding of the line
relay 201 and to ground: Now when - the
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calling subscriber h‘mgs up, the release of

the connéc’tio‘n will ‘take place in a manmer
similar to that already described.

However, should the calling subscriber
méintain' his receiver off - the hook, * and
the subscriber at substation A* desire to
make a call, the latter’ subscriber will re-
move his receiver and operate his calling
device in'the usual manner.” When the re-
cetver is removed at sibstation A*, a’ cirenit
is' completed for the line relay 9201 of the

line- switch- C* in multiple with the back

bridge relay 125 of the connector H. Re-
lay 1925, lipon energizing, at armature 137
comipletes “a 'circuit which extends from
ground by way of the said’armature and its
front eontact, armature 166 and its front
contact; WorlunO' contact of off normal

spring" 145 and the said spring, and thence

through ‘the winding of release magnet 185
to battery
the connector H to normal. Another result
of the opération of this magnet is ‘that at
arinattre 188 ground is removed from ‘the

IeIease trunk conductor 106, ‘and the hold- -

ing circuit of the switching rel'my 50 in the

“selector E anid theé relay 151in the Tine switch
“Cisopened.” The seléctor E and line switch

C idre restored to normal in the same man-
ner ‘as’ was previously described. In “the
connector H, sitice ground is removed from
release ti unk ct)nductm 106, the locking cir-
cuits of the relays 132 and 134 are opened
Relay 134 deenergizes and: restores certain
circuits in the connector H to normal and
disconnects” the switch wipers from their

‘ contiéetions in the ‘connector H.  Tmmedi-
gatelv tpon the deenergization of thé relaV'

15 in the line switch C, the line relay 16 is

Maonet 185 operates to restore.
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agaih energized and the Hne switch oper-

‘ates m the usual manner to select an idle
¢trunk extending to a selector ‘switch which

in- this case-is the <e1ector E. When the

125

calking sutbseriber’s hne 1s extended to the -

“seléctor E, a circuit is completed for the line
-relay 52 thereof which immediately ener-
gizes to close the circuit of the slow acting

release telay 53.. The latter relay enerrrlzes
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and completes the holding circuit of the
switching relay 15 in the line switch. When
the calling subscriber hangs up, the line
switch C and the selector X are released in
the usual manner. Immediately upon the
deenergization of the switching relay 50 of
the selector E, the circuit of the line relay
126 in the connector H is opened, and this
relay deenergizes to break the circuit of the
slow acting relay 127. Upon the deenergi-
zation of relay 126 and before relay 127 de-
energizes, an impulse of current is sent to
the slow acting relay 133 which operates to
maintain ground removed from the release
trunk conductor 106 for a short interval.
Upon the deenergization of slow acting re-
lay 127, the circuit of the slow acting relay
133 is opened and also the locking circuits
of the relays 130 and 131 are opened. Im-
mediately upon the deenergization of the
relay 134, the circuit of the back bridge re-
lay 125 is opened, and this relay deenergizes,
thus opening the circuit of the slow acting
relay 129 and sending an impulse of cur-

rent to relay 132. The operation of relay

132 serves to maintain the circuit of the
rotary magnet open so that it does not re-
ceive an impulse of current upon the de-
energization of the line relay 126. Another
result of the deenergization of the slow act-
ing relay 127 is that a new circuit for the
release magnet is completed which extends
from ground by way of armature 142 and
its back contact, armature 143 and its back
contact, armature 135 and its back contact,
back contact and armature 176, working
contact of off normal spring 145 and the
said spring, and through the winding of the
release magnet 185 to battery. In this man-
ner all the apparatus in the connector H is
restored to normal. It will be remembered
that when the selector E and line switch C
were released by the removal of ground
from the release trunk conductor 106, the
line switch C immediately operated to again
connect with the selector E whereby this
selector is rendered busy. In the present
system, the release of the selector E serves
to free the connector H so this connector
may be used again.

The above operations take place when the
calling subscriber persists in holding his re-
ceiver off the switchhook after the conver-
sation is terminated with the called party
and that called party desires to establish a
connection for himself. The operation of
the system, when another connection is de-
sired with the called line by another sub-
scriber while the connector H is still in en-
gagement with that line, will now be de-
scribed. As will be remembered, the con-
nector H is standing in operative connec-
tion with the bank contacts 193-195, inclu-
sive, of the called line. However, there is
no ground potential present upon the test
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contact 194, and another connector similar
to H may establish connection with this line.
Upon so doing, ground is placed upon a
multiple test contact accessible to the other
connector switch, and this ground then com-
pletes a circuit which extends by way of
the test contact 194, test wiper 191, front
contact and armature 181, armature 154 and
its front contact, armature 141 and its back
contact, working contact of off normal
spring 145 and the said spring, and through
the winding of the release magnet 183 to
battery. Magnet 185 operates to restore the
connector H to normal and removes ground
from the release trunk conductor 106. The
latter operation causes the release of the
selector I£ and the line switch C in the same
manner as was described above. In the
connector H the various relays are restored
to normal in a manner similar to that al-
ready described.

As was previously mentioned, the selec-
tor If is adapted, if all the trunks in the se-
lected groups are busy, to continuously test
these trunks and to connect with one as
soon as it becomes idle. In order to de-
scribe this operation it will be assumed that
the second group of trunks is the one se-
lected and that all these trunks are husy.
As all the trunks in this group are busy,
there will be a ground potential present
upon all the test contacts in this group en-
gaged by the test wiper 93, and the motor
magnet 59 of the selector E will continue
to operate. When the switch wipers are ro-
tated into the third or first groups the con-
tacts engaged by the wiper 94 having been
grounded by the operation of the counting
relays 55 and 56, the stepping relay 51 will
operate to close a circuit of the motor mag-
net. In this manner the selector E will con-
tinue to test by means of the wiper 93 for
an idle trunk in the second group. As soon
as the trunk in the second group becomes
idle, there will be no ground potential upon
its associated test contact and the selector
E will connect with it and the connection
will proceed in the usual manner.

Should the calling subscriber dial an-
other digit before the selector E has con-
nected with an idle trunk, the fourth and
last counting relay 54 is immediately ener-
gied upon the second retraction and attrac-
tion of the armature 65 of the line relay
52.  Relay 54, upon operating, at armature
70 opens the locking circuits of the count-
ing relays 55, 56 and 57, at the front con-
tact of this armature establishes a clocking
circuit for itself, at armature 71 opens the
impulsing circuits, and at armature 75
places the busy tone from the busy machine
on the upper heavy talking conductor. By
this latter operation the calling subscriber
is notified that he must hang up his receiver
and call his number over again. It will be
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seen that this arrangement prevents the pos-
sibility of the calling subseriber obtaining
a wrong number or not recelving any indi-
cation that he has not been able to obtain his
connection. ‘

Having fully described and- ascertained
tho features of the invention, what is con-
sidered to be new and desired to have pro-
tected by Letters Patent will be pointed out
in the appended claims. ‘ :

What T claim as my invention is:

1. In a telephone system, a trunk hine ter-
minating in an automatic switch, trunk lines
divided into groups accessible thereto, wipers
for said switch normally in electrical en-
gagement with the trunk line used in the
previousty established connection, and means
for causing said switch - to advance said
wipers in response ‘to a digit of a called
pumber to select a particular one of said
groups. I

9. In a telephone system, a trunk line
terminating in an automatic switch, trunk
lines divided into groups accessible thereto,
said switch being responsive to a digit of a
called number to select a particular group,
terminals for said trunk lines, and a pair of
line wipers for said switch having access to
all said trunk lines and always In electrical
engagement with the terminals of some one
of said trunk lines which connected trunk
line is always the one last employed by said
switch: for extending-a call.

3. Tn a telephone system, a calling line, an
automatic switch, trunk lines divided into
groups accessible thereto, said switch nor-
mally standing-in selective relation to one
of said trunks, means controlled from a call-
ing line for causing both group and trunk
selecting movements of said switch in re-
sponse to a digit of a called number to select
one of said trunks, both group and trunk
selecting movement of said switch being
omitted, however, if said switch is already
associated with an idle trunk line in the
proper group. '

4. Tn a telephone system, a calling line, an
automatic switch, trunks divided into groups
accessible thereto, said switch normally
standing in selective relation to one of said
trunks, means controlled from a calling line
for causing both group and trunk selecting
movements of said switch in response to a
digit of a called number to select one of
said trunks, both group and trunk selecting
movements of said switch being omitted,
however, if said switch is already associated
with an idle trunk in the proper group.

5. In a telephone system, a trunk line ter-
minating in an automatic switch, trunk lines

divided into groups accessible thereto, said.

switch having a rotary movement only to
select groups and an idle trunk in a group,

means for seizing said trink line and for op-
erating said switch into selective relation

9

with regard to one of said groups, auto-
matic means for then causing said switch
to select an idle trunk in the selected group,
and means operative when all the trunk lines
in the selected group ave busy for causing

70

said switch to continuously test the trunk -

lines in the group selected.

6. In a telephone system; a trunk line ter-
minating in an automatic switch, trunk lines
divided into groups accessible thereto, said
switch having a rotary movement only to
select groups and an idle trunk in a group,
means for seizing said trunk line and for
operating said switch into selective relation
with regard to one of said groups, automatic
means for then causing
an idle trunk in the selected group, means
operative when all the trunk lines in the se-
lected group are busy for causing said switch
to -continuously test the trunk lines in the
group selected, and means operative when
one of said trunk lines becomes idle for caus-
ing said switch to connect therewith. -

. In a telephone system, a trunk line ter-
minating in an automatic switch, groups of
trunk lines accessible thereto, a series of
counting relays in said switch, a motor mag-
net therefor, means for seizing sald trunk
line and for sending impulses thereover to
energize said counting relays successively,
means controlled by the last energized relay
for causing the operation of said motor mag-
net to bring said switch into selective rela-
tion with one of said groups of trunk lines,
and automatic means for then causing said
switeh to select -an idle trunk--line i the
selected group.

8. In a telephone system, a trunk line ter-
minating in an automatic switch, trunk lines
divided into groups accessible to said switch,
an operating magnet for gaid switch, count-
ing relays In said switch corresponding in
number to the number of groups of said
trunk lines, means for sending impulses
over said first trunk line to energize one of
said counting relays, said magnet being non-
responsive to said impulses, means respon-
sive to such energization for causing said
magnet to operate said switch into selective
relation with the group corresponding to
the relay energized, and automatic means
for causing said switch to select an idle
trunk line in the selected group.

9. In a telephone system, a trunk line ter-
minating in an automatic switch, trunk lines
divided into groups accessible to said switch,
an operating magnet for said switch, a cir-
cuit for said operating magnet including a
test wiper of said switch, bank - contacts
adapted to be engaged by said test wiper,
a group of counting relays in said switch,
means for sending impluses over said trunk
line to energize a particular one of said re-
lays and for disabling said magnet duting
the sending of impulsas, means eontrolled by
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said relay for altering the potential on said
bank contacts, whereby said switch is oper-
ated by said magnet into selective relation
with a certain particular group of said
trunks under control of said tost wiper, and
automatic means for causing said switch to
select an idle trunk line in the selected group.

10. In a telephone system, a trunk line ter-
minating in an automatic switch, trunk lines
divided into groups accessible to said switeh,
an operating magnet for said switeh, a eir-
cuit for said operating magnet including a
test wiper of said switch, bank contacts
adapted to be engaged by said test wiper, a
group of counting relays in said switch,
neans for sending impulses over said trunk
line to energize a particular one of said
relays, means for maintaining said cireuit

open until said impulses have been sent,

eans controlled by said rvelay for alter-
ing the potential on said hank contacts,

whereby said switeh is operated by said
magnet into selective relation with a certain
particular group of said trunk lines under
control of said test wiper, a second test
wiper for said switch and means controlled
by said second test wiper for causing said
switch to select an idle trunk in the selected
group.

11. In‘a telephone system, a trunk line ter-
minating in an automatic switch, trunk lines
divided into groups accessible to said switch,
an operating magnet for said switceh, two cir-
cuits for said magnet each including a test
wiper of said switch, bank contacts adapted
to be engaged by said test wipers, a group of
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counting relays in said switch, means for
sending impulses over said trunk line to
energize a particular one of said relays,
means controlled by said relay for altering
the potential on said bank contacts whereby
said switch is brought into selective relation
with a certain group of said trunk lines by
one of said test wipers controlling said
motor magnet, and automatic means con-
trolled by the other of said test wipers for
causing said switch to select an idle trunk in
the selected group.

12. In an automatic switch, counting re-
lays, test contacts normally free from any
test potential, contacts on the first counting
relay for placing a test potential on all but
the first test contact, and contacts on {he see-
ond counting relay for transferring said test
potential from the second test contact to the
first test contact.

13. In an automatic switch. counting re-
lays, test contacts normally free from any
test potential, contacts on the first counting
relay for placing a test potential on all Lut
the first test contact, contacts on the second
counting relay for transferring said test po-
tential from the second test contact to the
first test contact, and contacts on the third
counting relay for transferring said test po-
tential from the third test contact to the
second test contact.

In witness whereof, I hereunto subscribe
my name this 13th day of February, A, D.,
1924.

JOHN E. GARDNER.
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