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- To all whom it may concern.:

Be it known that we, Tarsor G. MaArTIN
and EwmiL Jacossew, both citizens of the
United States of America, and residents, re-

“spectively, of Chicago, Cook county, Illi-

nois, and Evanston, Cook county, Illinois,
have invented certain new and useful Im-
provements in Automatic ‘Telephone Sys-

-tems, of which the following is a specifica-

tion,

matic telephone systems, but is particularly
well adapted for use in small exchanges of
this character which are commonly known
as private branch exchanges. Where the
number of subscribers is small, the expense
of providing the usual alternating current

" ringing apparatus is out of proportion to
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the cost of the remainder of the exchange
equipment, and we have designed, there-
fore,’a ringing system in which each connec-
tor is provided with a pole changing or re-
versing relay in lieu of the usual ringing
and ring cut-off relays. When connection
is established with a called line, the pole
changing relay of the connector in use re-
sponds to an extra digit in the called tele-
phone number to rapidly reverse the con-
nections of the called line to the battery sup-
ply relay, whereby an alternating current is
produced in the called line to actuate the
signal in bridge thereof. Additional novelty
is believed to exist in certain other features
of the connector cirenit, including a new
method of accomplishing the “change over?,
from primary to secondary movement, all
of which will be described and explained
fully hereinafter, reference being had to the
accompanying drawing. .

In the drawing we have shown diagram-

matically private branch exchange equip-
‘ment embodying our invention, through the

medium of which a complete connection has
been established between a calling substa-
tion A and a calléd substation A’. The ap-
paratus included in the connection comprises
the individual line switch C and-the connce-
tor switch E.. The line switch ¢’ is asso-
ciated with the line of the called substation
‘A’ while the master switch D is provided
for the purpose of controlling the trunlk se-
leeting operations of the line switches C and
C’ and other similar line switches,

The substation A may beof any approved

’

- Our invention relates in general to auto-

rtion A and the line switeh (.

automatic type such, for example, as the sub-
station shown in DBritish patent to Martin,
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No. 1,419 of 1910. - As represented herein it .

comprises essentially the receiver 2, trans-
mitter 8, switch-hook 4, ringer 5, and-con-
denser 6. "Deing an automatic substation, it
is also provided with a pair of impulse

springs 7 and 8 controlled by an.impulse’

wheel 9 through the medium of a finger hole
dial -(not shown), ‘

The line conductors 12 and 13 of the sub-
station A are connected at the exchange to
the individual line switch C which is of the
general type of line switch disclosed in the
British patent to James, No. 26,301 of 1906;
being, however, of the particular type shown
in U. 8. Letters Patent No. 1,078,690, grant-
ed Jan. 17, 1912, to Frank Newforth.
Through the medium of line switch C the
line of substation A when calling is given ac-
cess to a plurality of trunk lines extending
to connector switches.

The line switches shown and « plurality
of similar switches are controlled in their
trunk selecting operations by means of the
master switch D. This litter is of the gen-
eral type of master switch disclosed in the
above mentioned British- patent to James,
No. 26,301 of 1906; being, however, more
nearly of the particular type disclosed in the
British natent to Martin, No, 1,419 of 1910,
alsc previously referred to, As is well
known, the function of the master switch is
to maintain the plungers of all idle line
switches which it controls in position before
the terminals of an idle trunk line.

One of the trunk lines to which the line
switch € has.access is shown in the drawing
as extending to the connector switch K, The
connector K is in general similar in construc-
tion to the switeh shown in" U. 8. Lotters
Patent*No. 815,176, granted Mareh 13, 1906,
to Keith, Erickson, and Erickson, except
that the side switch and private magnet are
omitted, and the cireuits are revised in ac-
cordance with the two-wire system of con-

trol.  Further modifications in the cireuits,

provided in accordance with our invention,
will be deseribed in detail hereinafter,
The substation A’ and the line switeh (
may be in all respects similar to the substa-
There has been shown throughont the
drawing a plurality of batteries, B, B2, etc.,
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bat it is to be understood that. there is pref-
erably ‘but one battery having its positive
pole grounded. The réference character S
indicates .a busy signaling machine, which
may be of the usual type common in other
automatic systems. - _
The operation of the system is as follows:

., When the subscriber at _substation " A re-
" _noves his receiver ito initiate theicall an

10

energizing cireuit is compléted over the line
conductors ‘12 and 13 for the line relay 14

- of ‘the line switch C. Upon attracting its
. tarmature,-the-line velay 14 cldses a cifeuit
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for ithe puII—jl}f ‘winding 18.-. Upon energiz-
ing, the pulliin° winding energizes its core

sufficiently to operate both the plunger arm.

15‘-apd the cut-off armature 16; the former

At%u'o'ugh the meflium of its plunger (not

shown) forcing the bank springs 22—25, in-
clusive, into ‘engagement, respectively, with
'[contac?‘ts 26—29, inclusive; and the latter
disconlnecting ‘the line conductors 12 and 13
from ground ‘and. battery, respectively. By

- the engagement. of bank springs 22 and 25

with their associated bank contacts 26 and

. 29, the line conductors 12 and 13 are ex-

tended to the double wound line' relay 40 of
the connector E. o ‘

The line relay 40 is accordingly energized
over the ‘calling line circuit and upon atr
tracting its armature 51 closes a circuit.for
the slow acting release relay 41.. Upon ener-
gizing in turn, the relay 41 completes a hold-
g circuit for the line switch C whicly may
be traced as follows: Ground at G2, working
contact of armature 57 and the said arma-

ture, conductor 58, contact 27, bank spring .

. 23, and the holding winding 17 to battery
" B’,  Since.the line relay 14 is slow acting 1t

40

retains its armature to maintain the pull-in
winding energized until after the above hold-
ing circuit has been established:. A branch
of the holding circuit extends byway of con-

-.ductor 19 to multiple “test ‘contacts in the

45
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- .vance the plungers of all the remaining idle -
line switches inté position‘ before the - ter-
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banks of “connector switches having access
to the line of substation A, where by a ground
potential on these test contacts the said line
1s made busy. By the engagement of bank
spring 24 with contact 28 the master switch
is .operated 'in well known manner to ad-

minal of the next idle trunk line.

The foregoing operations have occuired
in response to’the removal of the receiver
at substation A. The calling subscriber may
now proceed to manipulate his calling de-
vice in accordance : with the first digit of the
‘desired number, thereby" producing in . the
usual-and well known manner a series of in-
terruptions in the line circuit. At each in-
terruption the line relay 40 deénergizes mo-
mentarily and sends an impulse of current
to the vertical magnet 49 over the following

path: Ground-at G®, armature 51 and’its’
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resting contact, armature 52 and its working
contact, off normal springs 54 -and 56, wind-
ing of low resistance slow acting relay 42,
and winding of vertical magnet 49 to bat-
tery B*. In response to these impulses the
vértical magnet operates to raise the switch
shaft step by step until the wipers 90, 91,
and 92 arrive at the horizontal level of bank
contacts in which are located the terminals
of the line of substation A’. Relay 42 is
energized in series with the vertical magnet
and retains its armature during the series
of impulses, thereby preventing the opening
of the vertical magnet circuit by the shifting
of the off normal springs, which operation
occurs as soon as the shaft leaves normal
position. _ Lo ‘

The calling subseriber may now call thie
units or final digit in the desired number,
thereby producing as before @ series of in-
terruptions in the line cireuit. Now, how-
ever, the off normal springs'being in the po-

sition shown in the drawing, and the relay .

42 having de€nergized, the line relay trans-
mits a series of impulses to the rotary mag-
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net 50 over the following path: Ground at

G?®, armature 51 and its resting contact, arm-
ature 52 and its working contact, off nor-
mal springs 54 and 55, armature 53 and. its
resting contact, armature 60 and ‘its resting
contact, armature 67 and its resting contact,

and the winding of rotary magnet 50 to bat- -

tery B% The rotary magnet responds to
the impulses of current in the circuit to ro-
tate the wipers 90, 91, and 92 until they ar-
rive at bank contacts 93, 94, and 95, which
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form the terminal of the line of substation -

A’ in the bank of the connector E: - It will

be noted that a branch of the rotary magnet

cireuit extends through the winding of the
slow acting relay 44 to battery Bt It fol-
lows that relay 41 will be energized in paral-
lel with the rotary magnet during the ro-

tation of the switch, and since it is slow act-.-

ing, it retains its armatures attracted con-
tinuously. By the attraction of the upper
armature G4 the test wiper 91 is connectéd to

the winding of relay 43 as follows: Test -
wiper 91, armature 64 and it-s_Wo‘rking con-

tact, armature 68 and its resting contact,
and the winding of* relay 43 ‘to battery BS.
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Momentary energizations of relay 43 due to

wiper 91 passing over busy" contacts. : (if
there be any such in its path) are of no
consequence - because of the alternative cir-
cuit for the rotary magnet by way of darma-
ture 62 of relay 44 and its working contact.

The switch “wipers having ‘been’ rotated

into connection with the desired line, the line
of substation. A’,

the operations now - de-

pend on: whether -or not that line is busy, "
the test contact

Assuming the line to be idle,
94 will be clear of ground; the relay 43 will

‘remain inoperative, and upon the deénergi- .

zation of relay 44 the, fpllowi_ng circuit will
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be closed: Grounded conductor 38, arma-
ture 59 of relay 43 and its resting contact,
winding 46 of relay 43, resting contact of

Sarmature 64 and the sald armature, test
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wiper 91. test contact 94 and the holding
winding 17/ of line switch (” to battery B'.
Relay 45 and the holding winding 17% are en-
ergized in sevies, the ﬁltter operating the
cut-off armature 16" to clear the line of sub-
station - A’ from battery and ground con-
nections in the line switch. Relay 45, up-
on -energizing, closes a locking cireuit for
itself by way of its armature 66, inner work-
ing contact, and winding 47 to battery B®.
At the same time at the outer working con-
tact of armature 66, the conductor 58 1s con-
nected direct to the test wiper 91. Further
results of the energization of relay 45 are
the closure of the line conductors at arma-
tures 65 and 69, the shifting of the control
circuit at armature 67 from the rotary mag-
net to the pole changing relay T2, and the
breaking of the previously described test cir-
cuit at armature 68.

The 'required -coninection has now heew

established. The signaling of the called
subscriber is accomplished in the following
manner: Each telephone number may have
an extra_final digit, preferably the digit 0,
in addition to the ones necessary to control
the line selection. When the calling sub-

‘seriber dials this last digit; the line relay 10

transmits a series of fen impulses to the re-
lay 72 over the following path: Ground at
(3%, armature 51 and its resting contact,
armature 52 and its working contact. off
normal springs 34 and 53, armature 53 and
its resting contact, resting contact of arma-
ture 60 and the said armature, armature 67
and its working contact. armature 74 and its
resting contact, and the winding of relay 72
to battery B'. The effect of the rapid en-
ergizations and deénergizations of relay 72
responsive to the impulses is obvions. At
each energization the called line conductors
are reversed. as regards their connections to
the windings of the bridged battery supply

“rblay 733 and as a result-of these reversals

the condenser 106 at the called substation is
rapidly charged and discharged, first in one
direction wnd then in the other, whereby a
flow of -alternating current is produced
which actuates the ringer 105,

the relay 73 is given a stiff adjustment so
that it will not respond to the comparatively
small quantities of current intermittently
supplied to the called line during the signal-
ing operation. '

When the subscriber at substation A’ re-
moves his receiver to answer the call,a direct

“eurrent -circuit is completed over the heavy

line"conductors for the two windings of re-
lay 73 in series with battery B, and the

said relay is energized. . At the rear contact

v

Ringer 105
_is preferably of rather high resistance and

a8

of armature T4 the cirvenit of relay T2 is
broken so that it cannot be energized by an-
other operation of the dial. The two sub-
seribers are now connected for conversation.

"Talking battery for the transmitter at sub-

station A is supplied from the windings of
the line relay 40, while the transmitter at
substation A’ is supplied from the windings
of relay 73.  The path for voice currents is
indicated by the heavy conductors, and will
be readily understood without further ex-
planation. -

When the conversation is finished both
subseribers will replace their receivers. By
the replacement of the receiver at substation
A the cirenit of the line relay 40 is broken.
Upon deénergizing, line relay 40 breaks the

cirenit of release relay 41 which upon de-

energizing in turn removes ground from the
holding cirenit extending back to line switch

CLand also closes a cirenit for the release

magnet 48. DBy the former operation the
line switeh is allowed to restore to normal

by withdrawing its plunger from the bank,

while the energization of the release magnet
48 results in the restoration of the connector
to normul,  These operations are well un-
derstood and need no further comment. .

“ It will now be deseribed briefly how the
connector I ooperates when it is attempted
to establish connection with a busy line.
For this purpose it will he assumed that the
line of substation A" was busy when ealled,
in which ease the test contact 94 wonld have
a ground potential upon it.  Under these

ciremmstances, when the déonnector wipers

are rotated intojengagement with the con-
tacts 930 94 and 95, the relay 4 heing ener-
gized. during the rotation as previously de-
seribed. as soon as the test wiper 91 arrives
at test contact 94 the relay 13 will be ener-
gized over aeirenit alveady traced with ré-
sults which will now be pomnted out. At the
resting contaet of armature 59 the conductor
58 is disconnected from the winding 46 of
relay 45, and at the working contact of the
same armature a locking cirenit is prepared
which., .ipon the detnergization of rvelay -H,
is completed over the following path:
grounded conductor 58, armature 5 and its
working contact, contact 70 and the contact

spring in engagement therewith, armature

68 and its resting contact, and the winding
of relny 43 to battery B Relay 43 is thus
locked in energized position until the con-
nector is released, and the relay 45 is pre-
vented from energizing to establish connec-
tion with the called line. Further results
of the operation of relay 43 at this time are
the opening of-the rotary magnet circuit at
the resting contact of armature 60, and the
connection of a lead from the busy cignaling
machine S to the lower heavy line conduoetor
at armature 61, By the transmission of a
distinctive tone to the ealling subscriber, he
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is informed that the line with which he is
attempting to connect is busy, whereupon he
will replace his receiver and theline switch
and connector will be released as previously
explained. o '

-Having described our invention' what we

. consider to be new and desire to have pro-

tected by Letters Patent will be

in the appended claims. ' o
. What we claim as our invention is:

pointed out

1. In a ‘telephone system, subscribers’-

~ lines, an dutomatic switch controllable over

15

a calling line to establish connection. with
a called line, a source of direct current; and
a pole changing relay in said connector op-

~erable intermittently to set up a flow of al-
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ternating current from said souice over the
called line for signaling purposes, means
controlled by the response of the called sub-
scriber for rendering said pole changing
relay inoperative. ,

2. In a telephone system, subscribers’
lines, an automatic switch controllable over
a calling line to establish connection with
a called line, a source of direct current, con-
nections from said source to the opposite
sides of a connected called line, including a
battery- supply relay, another relay for re-

“versing, sald connections, and means con-
trolled by the subscriber on the calling line

for ‘rapidly energizing and deénergizing
said other relay..

3. In & telephone system; a calling and a
called line, a source of direct current at the

-exchange, an automatic switch controllable

over -the calling line to connect with the
called line and to bridge said source across
the two conductors thereof, a pole changing
relay insaid connector for reversing the con-
nections of said source to said line, and
means controlled over the calling line for

rapidly energizing and deénergizing said:

relay to set up a flow of altérnating current

over the called line, means centrolled by the
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response of the called subscriber for render-
ing said pole changing relay inoperative.
4. In a telephone system, a calling and a
called line, an automatic connector switch,
means comprising a motor magnet respon-
sive to ‘a series of impulses in the calling
line for operating said switch to connect with
the called line, a pole changer in said switch
responsive to a subsequent serids of impulses

"to set up a flow of altermating current -in

the called line, and means controlled by the

response of the called subseriber for render-

- ing said pole changer inoperative.

.5. In a telephone system, a calling and a

+ called line, an autewmatic connector switch,
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primary and secondary motor magnets re-

-sponsive to suecessive; series of impulses in

the calling line to operate said switch to
connect with the called line, a source of '_d.l-
rect current, and a pole. changer in .said

switch ‘résponsive to a subsequent series of

1,202,499

impulses to set up a flow of alternatir, cur- -

rent in the called line, means controlled by
" the ‘response of the called subseriber for ren-
dering said pole changer inoperative.

6.-1n a telephone system, a calling and a.

called line, an automatic switch comprising
. talking conductors for connecting said lines,

70.

A battery, a relay bridged. across said. con-,

ductors in series with said battery, and
means . whereby current. is supplied from
said battery through a winding of said re-
lay ‘to the connected called line both for
scriber. > : ‘
7. In a telephone system, a calling and a
“called line, an automatic switch comprising

talking conductors for connecting said lines,
a battery, 2 double wound relay bridged

" acress said conductors in series with -said
battery, and means wherely. current is sup-

plied from said source through the windings .

of said relay to the connected called line
both for talking and for.signaling the called
subscyiber, s
8. In a telephone system, a calling and a
called line, an automatic switch, means con-
trolled by the calling subscriber for operat-
ing said switch to connect with:the called

75

talking and for signaling the called sub-
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line, a relay in the switch' for. supplying:

talking current to the called line, another
relay controlled by the. calling subscriber
~ for -reversing the connection .of said first
relay to the called line to operate a signal
thereat, said first relay controlled by the

subscriber on the called.line to repder said

' .

second relay inoperative.. s
" 9. 1In a telephone system, a calling and a
“called line, an automatic switch, means con-
trolled by the calling subscriber for operat-
ing said switch to conneét with-«the called
line, a relay in the switch for supplying
talking current to the called line, another
relay controlled. by the calling subseriber
for alternately reversing and restoring the
connection of said first relay to the called

line to operatefa signal thereat, said -first’
relay controlléd by the subscriber on the

95
10¢
105

110

called line to vender said second relay in-

operative. ’ ' T
" 10. In a telephone system, a calling and a

called line, an automatic switch, a line relay.

116

for said switch, said re.ay controlled by the .

calling subscriber to operate the switeh to
connect with the called line,.a back bridge
relay in the switch for feeding talking cur-
rent. to the called line, a. relay ‘controlled
by said line relay for reversing the connec-
tidn of said back bridge relay to the called

120

line to operate'a signal:thereat, said back -

bridge relay: controlled by the called sub-
scriber to remove $aid reversing relay from,

the control of the line relay. ‘ .
‘11, In a telephone system. a calling and-a
called line, an asutomatic switch, a line relay

for shid switch, said relay controlled overs13¢

126
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two sides of the line in series to operate the
switeh to connect with the ealled line. a back
bridge relay in the switch for supplyving
signaling and talking current to the called
5+ line, a relay controlled by said line relay for
reversing the connections of said back bridge
relay to the called line to operate a signal
thereat, said back bridge relay coutrotled by
the called subscriber to remove said revers-

10 ing relay from the control of the line relay.
12. In a telephone system, a calling and a-

called line, an automatic switch, a rvelay for
caid switeh in bridge of the calling line. a
back bridge relay in the switeh for supply-

15 ing signaling’ and talking current to the

=

salled line, another relay for reversing the
connections of said back bridge relay, said
first relay controlled over two sides of the
line in series in one instance to operate the
switch to connect with the alled line and
in another instance to operate said other
relay to supply signaling current to “the
called line, said back bridge velay controlled
over the called line to remove said other
relay from the control of said first velay.

Siened by us at Chicago, Cook county,
Tilinois, this 6th day of Teb., 1917,

TALBOT G. MARTIN,
EMIL JACOBSEN. -
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