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PANY, OF KANSAS CITY, MISSOURI, A CORPORATICH OF DELAWARE

TOLL SWITCHING SYSTEM

Application filed September 8, 1927, Serlal

This invention appertains to telephone sys-
tems in general, but more particularly to toll
switching systems in which connections with-
in a certain community may be completed

* 5 either manually or automatically.

It frequently happens that within a cer-
tain community there is a town served by an
automatic telephone system, and a number
of nearby towns served by manual systems,

10 and the automatic telephone exchange serves
as a switching center for the community in
the establishment of toll and interexchange
connections, each of the manual exchanges
being connected to the automatic exchange by

15 toll trunks. In a telephone system of this
kind, it is often desirable to equip the trunk
lines between the manual exchanges and the
automatic exchange so that the manual oper-
ator at the manual exchange may set up con-

20 nections to the automatic exchange over the
trunk lines automatically to complete the in-
terexchange connections, or may call the toll
operator at the automatic exchange exclusive
of any automatic switches when a toll con-

25 nection to a distant point is desired. The
more usual method of controlling automatic
switches over a trunk line is by the inter-
mittent interruptions of the circuit of a line
relay bridged across the two trunk con-

80 cluctors; while the usual way to signal an op-
erator over a trunk line is by applying ring-

ing current to the trunk conductors to operate
a ringing current responsive relay bridged
across the trunk conductors. If a line relay

85 were bridged directly across the trunk con-
ductors, and ringing current were applied to
the trunk conductors to signal an operator,
part of the ringing current would be shunted

o through the line relay causing it to vibrate
and falsely operate automatic switches under
its control. :

The patent to L. L. Ruggles, No. 1,698,962,
Dec. 4, 1928, discloses and describes a sys-

45 tem of the type being discussed in which
the antomatic switches at the antomatic ex-
change are controlled from the manual ex-
change over a circuit including the two trunk
conductors in parallel. Under certain con-

50 ditions, however, it is preferable to control

No. 218,172, Renewed December 11, 1929,
automatic switches over a loop circuit includ-
ing the two trunk conductors in series.

The main object of this invention, there-
fore, is the provision ¢f a system as described
above wherein automatic switches at an auto-
matic exchange may be controlled from a
manual exchange over the two conductors of
an interconnecting trunk line in series, and
the operator at the manual exchange may
signal the toll operator at the automatic ex-
change by applying ringing current to the
two trunk conductors without causing false
switch operations at the automatic exchange.
According to the main feature of this inven-
tion, a line relay for controlling the automatic
switches at the automatic exchange is bridges¢
across the trunk conductors in sevies with an
impedance coil which prevents all but a very
small amount of ringing current from being
shunted through the Iine relay windings
when it is applied to the trunk conductors
to signal the toll operator at the automatic
exchange, and thus prevents any false oper-
ations of the line relay due to the ringing
current.

Another feature of this invention is that
means are provided for excluding the imped-
ance from the circuit of the line relay during
the time that the line relay is being oper-
ated to set up an automatic connection.

The features of the invention, those men-
tioned and others not specifically mentioned,

-will become apparent from the accompanying

specification and the two figures of drawings
forming a part therecf. The drawings illus-
trate one preferred embodiment of the inven-
tion. It is understood, of course, that the
precise construction shown is for illustrative
purpeses only to which the inventor does not
wish to be limited. The principles of the in-
vention lend themselves very readily to many
modifications and adaptations all of which
come within the general scope of this inven-
tion.

The drawings, which should be placed with
the Fig. 2 to the right of Fig. 1, show by
means of the usual circuit diagrams a sche-
matic layout of a telephone system embedy-
ing the principles of the invention.

The apparatus shown in Fig. 1 is located
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in one of the manual exchanges in a cerfain
community, designated exchange F. The
operator’s cord O7 shown only in p‘ut termi-

nating in.the plug P and equip ped with a
ringing key K is one of the cords provided
for the manual operator at
toll trunk comprising conductors 1 and 12
is one of the toll trunks extending from ex-
change F to the antomatic ex chanwe shown
in Fl(" 2 and designated exclnngn B.. At
exchzmoe T the toll trunk compnsmo con-

ductors 11 and 12 terminates in two jacks,

jack J7, a dialing and answering jack for

answering calls “from the automatic ex-
“change - and for ex ctending calls to sub-

seribers in the automatic exchange, and
jack- J2, a ringing jack: for ringing the
toll operator at tne automatic exchange. A
drop signal D and a visual busy signal Y are

- also pronded A calling device CD commeon

to the operator’s posmon is pr ovided which
may be associated with the trunk comprising
conductors 11 and 12 by oper atno the dial-

Cling key K.

At the automatic exchange I, Fio. 9, the
trunk comprising conductors i1 and 19 ter-
minates via the repeater R in the rotary line-
switch LS. The lineswitch LS has access to
selectors, such as selectcr 8, which in turn
have -access to groups of local connectors
such as connector €, in certain levels and to
a group of rotary connectors such as rotary

connector C’, in one particular level. In the

banks of the local connectors access is had to
subscribers’ lines, such as the line of station

A. The line of station A terminates in the.

individual lineswitchi 1.8’ which also has
access to the selectors.. The trunks from the
various manual exchanges are accessibie via
branches in the banks of the rctary connee-
tors, the trunks from sach exchange
accessible in a separate level The ‘trunk
line comprising connectors 11 and 12 from ex-
change ¥ is accessible to rota wry connector CF
via the branch comprising conductors 11%
123 -and 182

At repeater R, a branch of the trnnk line
comprising conductors 117 and 12 terminates
at the toll operator’s switchboard inthe jack
J3. Assocmted with this jack is the-call lam»n
L2 and the busy visnal V2. One of the toll
operator’s cords O° terminating in the plug
P3 and having the ringing L(,y K* is shown
in part.

The lineswitches IS and L& may be of the

wsual rotary type. The selector &, the local

connector O, and the rotary connector C'
may be of the well known Sfr owger vertical
and rotary type. The connector (‘ is to be
of the kind which releases when the calling
p‘u’ty replaces hig receiver. The repeater B
forms a parhcuhr part of the invention and
will be deseribed in detail slﬂ*s&qucnﬂy ’

All the toll lines from distant points termi-
nate at the toll operator’s switchboard at ex-

ter for the whole commumty

exchange F. The-

heing
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change E, exchan% E bemg a switching cen-
Therefore all
toll calls to and from distant points are com-
pleted by the toll operator at exchange E,

over. branches such as. the one compmsmp

conductors 117 and 19/ of the trunks e\tend-'

ing to the different manual exchanges; or via
automatic toll switches (not shown) to the

‘subscribers in the automatic exchange E.

T'o describe the operation of the: invention
in detail, it will first be assumed that the op-

erator at exchange F has received a call for

a subscriber in exchanne E, the subscriber st
station A, for exampley. The operator at ex-

‘change F thereupon inserts the plug of the

cord used to answer the calling. subsecriber,
the plug P, for example into the jack of an
idle trunk extencun(r to exchanoe E, such as
jack J7. Imserting the plug' P into- ‘the jack
J disconnects the drop D from the trunk

conductors by separating contacts 4, and

closes a bridge 1ndudln0r polam?ed relay 3
across the trunk conductors 11 and 12 at con-
tacts 5. The placement of the bridge across
the trunk conductors 11 and 1" closes the cir-
cuit for line relay 24 of repeater R -at the
automatic exchange, this c1rcmt including the
left hand Wmdan_s of the repeating coil RC’

the windings of 1mpedance 22 and the nor-

mally closed contacts 30 and 31. Line relay
24 operates and closes a bridge including the
upper winding of relay 23 across trunk con-
ductors 112 and 122 and closes the energizing
circuit of release relay 26 at contacts 34 thlS'
cireuit including contacts 46. ‘Relay 26 op-
erates and closes a locking circuit: for itself
at contacts 89 independent of contacts 46, pre-
pares a circuit for relay 25 at conta‘cts 40,
closes the circuit of the polarizing winding
of relay 23 and also the circuit of reversing
relay 21 at contacts 41, and closes the circuit
for the upper winding of relay 61 at contacts
42. Reversing 1'e1ay 21, in operating, closes
the circuit for busy visual V*.at the toll op-
erator’s switchboard at contact 28 and re-
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verses the connections of the Wlndan‘S of line

relay 24 to the trunk conductors 11 and 12
independent of the impedance 22 and the léft
hand windings of the repeating coil RC’ by

closing contacts 29 and 32 and separating.con- .
The direction of the current

tacts 30 and 31.
flow over the trunk conductors 11 and 12 and
through the polarized relay 3 at the exchange
F is now in the proper direction to cause the

operation of the polarized relay 3, this relay

not having operated previous to this time.’

Polarized relay 3, in operating, removes the
short circuit from the visual V so the visual
V now operates in series with relay 3.

Relay 61 at exchange E operates when the
circuit for its upper winding is established,
and closes the circuit for rchy 27 at contacts

63 and disconnects the rmgmo relay 62 from

the conductors 11” and 12’ at contacts 64 and
65. Relay 27 operates and closes another cir-
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euit for visual V? at contacts 45, operis 4 point
in the energizing circuit of relay 26 at con-
tacts 46, and at its contacts 44 and 47 closes
normally open points in conductors 112 and
127 thereby initiating the operation-of the
lineswitch LS, , :
“Lineswitch. IS operates and extends the
connection to an idle selector, such as the se-
lector S, and also grounds the private normal
conductor 18% to which the test contacts of
this trunk in the rotary connector banks are
connected via conductor 182, S

All the operations thus far described after
the operator at exchange F inserted the plug
P into the jack J” have taken place automati-
cally responsive to that operation. After in-
serting the plug P into the jack J’ the op-
erator at exchange F operates the dialling
key K’ which disconnects the repeating coil
RC and the polarized relay 3 and visual V
from the trunk conductors 11 and 12 and
bridges the calling device CD across the
trunk conductors. Incidentally the polarized
relay 8 and the visual V deenergize. The
operator then dials the number of the called
subscriber in the usual manner, after which
she again restores the key X’.

The dialing of each digit interrupts the
circuit of line relay 24 a corresponding num-
ber of times, which in turn interrupts the
bridge across conductors 112 and 19? at con-
tacts 85 a lilte number of times. Upon each
deenergization of line relay 24 the circuit of
relay 25 is closed at contacts 36. Relay 25
being slow-acting remains operated during
the dialing of each digit and by short-circuit-
ing the upper right hand winding of repeat-
ing coil RC’ improves the repeating of im-
pulses to the automatic switches. The closure
of contacts 38 has no utility at this time.

The first digit dialed operates the selector
S which extends the connection to an idle con-
nector in the proper group, such as the con-
nector C. Responsive to the last two digits
of the called number, connector C operates
to extend the connection to the called sub-
seriber’s line and signal the called subscriber.
When the called subscriber answers, the sig-
nalling is interrupted and the direction of
current flow over the conductors 11% and 12°
and through the upper winding of relay 23
1s reversed by the operation of the back-
bridge relay (not shown) of connector C in
the: regular manner. This reversal of cur-
rent through its upper winding causes the
operation of relay 23. Relay 23, in opérating,
opens the circuit of the reversing relay 21

by separating contacts 33. Relay 21 there-
‘upon deenergizes and again‘causes the wind-

ings of the line relay 24 to be connected to

ings of impedance 22 and the left hand wind-
ings of the repeating coil RC’, the direction
of current over conductors 11 and 12 again
being reversed back to normal.

3

The restoration of key I’ after dialling
again bridged polarized relay 8 across trunk
conductors 11 and 12 and after operating
caused visual V to operate in series there-
with. The reversal of current over conduct-
ors 11 and 12 resulting when the called sub-
scriber answers causes polarized relay 8 to
restore and again short-circuit the visual V.
Visual V restores which indicates to the op-
erator al exchange F that the called sub-
scriber has answered. '

The two subscribers may now. hold conver-
sation. At the termination of the conversa-
tion both subscribers will replace their re-
ceivers. The operator at exchange I is noti-
fied that the calling subscriber has replaced
his receiver by the lighting of a lamp (not
shown) associated with the cord O in the
usual way. The replacement of the receiver
at station A again causes the direction of the
flow of current over the conductors 112 and
127 to be restored to normal. This causes the
release of the relay 23. Relay 23, in releas-
ihg, again closes the cireuit for the reversing
relay 21. Relay 21, in operating, again re-
verses the direction of current over the trunk
conductors 11 and 12 which causes the opera-
tion of polarized relay 3. Polarized relay 3,
in operating, again removes the short circuit
from the visual V permitting the visual V
to operate in series with relay 8. The opera-
tion of the visual V at this time indicates to
the operator in exchange F that the called
subscriber has replaced his receiver.

The operator thereupon removes the plugs
of the cord O from the calling jack and jack
J*.  Removing the plug P from jack J’ opens
the bridge across the trunk conductors 11 and
12 which causes the deenergization of line
relay 24 at the automatic exchange B. Line
relay 24, in deenergizing, opens the bridge
across the trunk conductors 11 and 122 at
contacts 35, thereby causing the release oif
the lineswitch LS, the selector S, and the
connector C in the well known manner. Re-
lay 24, in releasing, opens the circuit of relay
26 at contacts 34 and closes the circuit of re-
lay 25 at contacts 36, for the interval that
relay 26, being slow-acting, maintains its
armature attracted after its civenit is opened.

. Relay 25 energizes and at contacts 88 short-

circuits the lower winding of impedance 22.
A short time after its circuit is opened, relay
96 deenergizes and opens a point in its lock-
ing circuit at contacts 39, opens the circuit of
relay 25 at contacts 40, opens the circuit of
relay 61 at contacts 42 and also the circuit
of the polarizing winding of relay 28 at con-
tacts 41. Relay 61 and reversing relay 21
restore to normal immediately and relay 25
being slow acting maintains the lower wind-
ing of impedance of 22 short-circuited at con-
tacts 88 while relay 21 is restoring, which, as
found by test, prevents any discharge of the
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conductors 11 and 12

24, and thus false opemi‘.i()fos ‘of the

-answering jack JL.
the polarized relay across the trunk con-

condensers in the circuit of line relay 24 from
causing relay 24 to falsely operate. :
. Relay 61, in deenergizing, reconnects relay
62 across conductors 117 and 12” and opens
the circuit of relay.27. Relay 27 thereupon
restores to normal, opening of the circuit of
the visual V® by separa tmo contacts 45 which
causes the visual V2 to rﬂstore te normal.
The manner in which a subscriber at ex-
change B may call the operator at exchange F
automatically to obtain a connection with a
subscriber at exchange F will now be de-
scribed.  The subscriber at station A, for
example, to initiate a call of this kind, re-
moves his receiver and dials the directory
number-assigned to exchange F. - Responsive
to the removal of the receiver, lineswitch LS’
operates to extend a connection to.an idle
selector such as selector 8.  Selector S-oper-

‘ates vesponsive to the first digit dialed to ex-
tend the connection to an idle rotary ‘connec-.
tor, such as rotary connector C.
to the next two digits dialed rotary connector

Responsive

C’ operates to extend the connection to an

idle trunk extending to exchange ¥, the one

comprising conductors 11 and 12, for ex-
ample, by way of the branch comprising con-
ductors 113, 123 and 13%. Rotary connector
(7, after connecting with this trunk, places
ground potential on conductor 18% in. the
usual way which marks the trunk busy and
also closes. the cireuit for the upper wind-

ing of relay 61 via non}mlly closed contacts

52 and 43.  Relay 61 operates as plnvlonsl y
described and disconnects 1'eldy 2 from the
conductors 11" and 12 at contacts 64 and 65
and closes the circnit for relay 27 ab contacts
Relay 27 operates and as previously de-
seribed closes novnfmy open points in con-
ductors 112 and 122 at contacts 44 and 4;7,
closes the circuit of visual V* at contacts 45
Adfter extending the connection to this Lrunl

rotary copncctor C’ also projects a 1111?11\0
current on conductors 11% and 12 which
passes through the right hand windings of
repeating coil RC’.  As a result ringing cur-
rent is induced in the left hand windings of
the repeating coil RC passing over the trunlk
and through the 11011t
hand windings of repeating coil RC in ex-
change I, and is induced in-the left Kand

windings -of repeating coil RC passing’
through the winding of dr op T), eausing its

operation.  The operation of drop D notifies
the oper: 1t01 at exchange I of the incoming
call,

Due to the 1mpcdqnce 22, phctwﬂlv no-

ringing current passes through the line relay
line re-
prevented.

"
are

lay due to ringing current

The operator at- exchange F, noting the.

operated condition of the drop D, inserts
the plug of an idle cord into the dialing and
This operation bndges

peater R at exchange E.

erated in this connectlon at this time.

ductors 11 and 12 -as previously :described,
causing the operation of line relay 24 of re-
- Relay 24, in oper-
ating, again brldoes the upper Wlndlllo‘ of

relay. 93 across the conductors 112 and 122,

This trips the ring in the rotary connector
C’ in the usual manner.

Relay 21 is not op-
Con-

sequently . the current flow over conductors

11'and 12 is in such a direction as not to cause
the operation-of polamzed relay. 3 at the ex-
change F.

The operator at exchfmoe A may now con-
verse with the subscriber at station ‘A and
complete the desired connection mamnlly in
the usual manner. ,

At the termination of the conversatlon ‘the
operator in exchange F is signalled in the
usual: way -when the.called snbscriber re-
places his receiver.
station A replaces his receiver, rotary con-
nector (', selector S, and the Tineswitch L
restore to normal.
restoring, removes ground potential . from
conductor 13%-and thereby ens the circuit
of relay 61. - Relay 61, in d%eneror’mov re-

connects relay 62 to- conductors 117 -and 12/
and opens the circuit of relay 27. Relay 27
then deenermzes and in restoring t0. normal

closes the" energizing circuit ‘of relay 26 at -

contacts 46. Rehy 08 thereupon enermzm,
performing currént changes as pre viously de-.
scribed, 1ncludmg the closure of the circuit

When the subscriber at,

I{Ouary connector C’, in |

80

90

of re Versmo relay 21. Relay 21 now oper- -

ates reversing the  current “flow .over: con-.
ductors 11 and 12.to cause the opération of -

relay 8 at-exchange F. Relay. 8, in operat-
ing, removes the short-circuit from the visual
V 0 that visual V will operate and give the
operator the disconnect signal. S '
The operator at exchancre F, upon receiv-

100 -

105

ing the disconnect s1gnals removes the: phm :

P from the jack J’ thereby opening the cir-
cuit:of line relay 24 of the repeater R at
exchange I. = Relay 24 deenergizes and in ve-
stormo causes. the 1esorat10n of relay 26,
which in turn causes the restoration of 1‘ehys
21 and 61, as previously described:

- The pro ocedure in establishing a. toll' con-
nection from the exchange ¥ to some distant

point will now be deseribed. To establish

a toll connection, the operator at exchanae F
inserts the plug of an.1die cord, such as pluo
P, into the ringing jack of an 'idle trunk to
e\clmnge K, the lack J* for example, and
then throws the ringing key K o the ring-
ing p081t10n
is 1ndl ced in the right hand windings of
the repeating coil RC, pqssmg over trunk
conductors 11 and 12 and through the left .
hand windings of the repeating coil RC’,
passing over condvctors 117 and. 12’ and
through the ringing relay 62 at the toll oper-
ator’s switchboard. As i in the previous case,

practically no ringing current passes through

110

1

n
w

120

As a: 1esuh, Tinging -current . -
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the line relay 24 due to the impedance 22 con-
nected in series with the windings of line
relay 24. Relay 62 at the toll operator’s
switchboard operates responsive to the in-
duced ringing current and locks mechani-
cally to the armature of relay 61 and closes
a circuit for relay 28 of repeater R. Relay
28 operates and prepares a holding circuit
for itself at contacts 49, places ground po-
tential on the test contacts of this trunk in
the vetary connector banks to mark this truak

busy and at the same time closes the circuit

of visual V° at contacts 48. Relay 62, in
operating, also closes the cirenit of lamp Lé

- at contacts 67. The lighting of lamp L2 noti-

fies: the toll operator of the incoming call.

To answer the call, the toll operator in-
serts the plug of an idle cord (not shown)
into the jack % The closure of contacts 68
further grounds conductor 13%. The cirveuit
is also closed for the lower winding of relay
61 ‘(battery being present on the sleeve of
the cord). Relay 61 operates and unlocks
relay. 62 allowing it to deenergize, discon-
nects this relay from the conductors 117 and
127 at contacts 64 and 65, and closes the hold-
ing circuit for relay 28 at contacts 63.

- The operator at exchange F now converses
with the operator at exchange B, the latter
completing the desired connection in the well
known manner. : '

At the termination of the call the operators
are given the disconnect signals in the usual
manner whereupon the operator at exchange
I removes the plug from the jack J2 and
the toll operator at exchange I removes the
plug from -the jack J*. Removing the piug
from the jack J* opens the circuit of relay
61" which restoves and opens the circuit of
relay 28 which likewise restores:

Toll connections from distant points may
also be. completed to any subscriber in the
commuuity by the toll operator at exchange
K. "Po complete a toll connection to the ex-
change T, the toll operator at exchange 1
inserts the plug of the cord used to answer
the incoming toll calls, the plug P, for in-
stance, into the jack of an idle trunk extend-
ing'to exchange I, the jack J*, for example,
and then applies ringing current to the truni
conductors 117 and 12" by operating key X®.
Tnserting plug P? into jack J° causes the op-
eration of relay 61 which performs cirenit
changes as previously described. Ringing
current applied to  the trunk conductors
causes the operation of the drop D at ex-
change F'in the mauner previously described.
The ‘operator at exchange I then answers
the call by inserting the plug of a cord into
the answering and dialing jack J7 and after
learning the name of the wanted subscriber
completes the connection in the regular man-
ner.: ’

This completes desceription of the operation

5 of this invention. - What is considered new

5

and is desired to have protected by Letters
Patent is specifically pointed out in the ap-
pended claims. .

What is claimed is:

1. In a telephone system, an operator’s
switchboard, an automatic switch, a trunk
line comprising two conductors individual
thereto and terminating in said switchboard
and also in said automatic switch at one end,
neans responsive to the application of alter-
nating current to the other end of said trunk
line for signalling the operator at said
switchboard, means for preventing said
switch from responding to said alternating
current, and means whereby said switch may
be controlled from said other end over two
conductors of said trunk line in series.

2. In a telephone system, a manual ex-
change; an automatic exchange, an intercon-
necting trunk line terminating at each ex-
chavge in an operator’s switchboard, a branch
at the automatic exchange connecting said
trunk to an automatic switch in that ex-
change, means at cach switchboard whereby
the operator thereat may call the other over
sald trunk line, means whereby said auto-
matic switch may be controlled over two con-
ductors of said trunk line in series from the
switchboard at the manual exchange.

3. In a telephone system, an automatic ex-
change, a trunk line terminating at said ex-
change, a signal at said exchange operative
responsive to the application of alternating
current to said trunk line, automatic switches
at said exchange, a line relay bridged across
the conductors of said trunk line and respon-
sive to direct current impulses sent over said
trunk line for controlling the operation of
said automatic switches, and means for sub-
stantially preventing the passage of any al-
ternating current through said line relay
when such current is applied to said trunk
iine to operate said signal.

4. In a telephone system, an automatic ex-
change, a truik line terminating at said ex-
change, a signal at said exchangs operative
responsive to the application of alternating
carrent to said trunk line, automatic switches
at said exchange, a line relay bridged across
the conductors of said trunk line and respon-
sive to direct current impulses sent over said
trunk line for controlling the operation of
saicd switches, an impedance normally in-
clnded in the circuit of said line relay for sub-
stantially preventing the passage of any al-
ternating curvent through said line rvelay
when such current is applied to said trunk
fine to operate said signal, and means for ex-
cluding said impedance from the circuit of
said line relay when direct current impulses
are sent over said trunk line.

5. In a telephone gystem, an automatic ex-
change, a trunk line terminating at said ex-
change, a signal at said exchange operative
responsive to the application of alternating
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- current to said trunk line, automatic switches
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at said exchange, a line relay bridged across
the conductors of said trunk line and respon-
sive to direct current impulses sent over said
trunk line for controlling the operation-of
said switches to extend a call, an impedance
normally included in the circuit of said line
relay for substantially preventing the pass-

age of any alternating current through said

line relay when such current is apphed to
said trunk line to operate said signal, means
for exclnding said impedance from the cir-
cuit of said Tine relay when direct current

impulses are sent over said trunk line, and.

means responsive to the answering of the call
for disabling said last means. -

6. In a telephone system, a manual ex-
change, an automatic exchange, a trun k line

interconuecting said ex chanoes, a signal at

each e:\'change, means at each exdnnge for
appl‘nno alternating current to said trunk to
operate the signal “at the other exchange,
automatic switches at the automatic ex-
change, a line relay bridged across said trunk
line at the automatic e‘zchmnoe and respon-
sive to direct current 1moulsos ent over said
trunk line for Contm‘hn(r the operation of
said automatic switches, and means for sub-
stantially preventing the passage of any al-
ternating current through sald line relay
when such current is wpphed to said trunk
line at either exchange.

7. In a telephone system a trunk line ex-
tending from a first exchange to a second ex-

: chanﬂe a signal at the first exchange g8 means

for esmbh;nmo a current flow over the con-
ductors of said trunk line when the trunk line

.18 se1zed and means at the second exchange

a0
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responswe to said current flow for reversing
the direction of current flow to cause the
operation of said signal.
8. Ina telophono system,
tending from a first e\chdngo to a second ex-
chanoe, a signal at said first. exchange, means

“for eatthshmo an initial current ﬂow over

the conductmb of said trunk line when the
trunk line is seized at said first exchange to

extend a call to s gaid second exchange, current

reversing means at said second exchan ge oper-

ating rasponsweto said initial currentflow for
,controlnn(* said signal, and means operative
when the call is answered for dis abhno

current reversing means.

9. In a tclephone system, a. trunk line ex-
tending from a first exchange to a second ex

change, a signal at said ﬁrsn exchange, ciir-
&V o) o

rent reversing means at said second exchange
for controlling said signal operative. when
said trunk line is connecteq with in the exten-

“sion- of a call to said second ex dnnoe anu

means for-preventing the operation of said
current.reversing means when said trunk line
1s connected Wlth to answer a call from said
second exchange.

10 In a telephonﬂ sy:tem a trunk line

a trunk line ex-.

ﬂl\l‘
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.extending from a first exchange to a second

xchange, a signal at said first exchange, cur-
rent reversing means at said second e\chanoe

for oontrolhncr said signal operative When

said trunk hne 18 connected with in the ex-
tension of a call to said second exchange,
means for preventing the operation of said
current reversing means when said trunk line
is connected with to answer a call from said
second exchange, and means for disabling
said current reversing means when a call to
said second exchange is answered and when

a call from said socond exchange is aban-

doned.
11: In a telephone system, a two conductor
trunk line having two branches at one end,

‘a relay bridged across one of said branches

in series with a condenser, a second relay
bridged across the other of said branches in
series with a source of current, means includ-
ing the two conductors of the trunk-line in
series for.operating either one of said relaysto

the exclusion of the other, and means respon-
sive to the operation of the second relay for.

disconnecting said first relay. -
12. Ina telephone system, a two conductor

- trunk line having two branches at one end,
. an impulse repeater terminating one of sald
_branches, an operator’s position terminating

the other of said branclies, a signal ‘at said
position operated responsive to alternating

‘current transmitted over the two conductors

of the trunk line in series, and an impulse
relay -for said repeater operated responsive
to the connection of a direct current bridge
across the conductors of said trunk line,

13. In a telephone system, a trunk line ter-

. minating in an impulse repeater, a branch of
iha trunk line extending to an operator’s po-

sition, a.signal at said position, means for
establwhmg a flow of alternating current.over
the talking conductors of the trunk line in
series ‘to operate said signal, a-relay in the
repeater bridged across the talkm(r conduc-

- tors of the trunk line, means for estabhshmg

5 flow of direct current over the trunk line
to operate said relay, and means: responsive
to the operation of said relay for reversing
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the direction of current ﬁow over the trunk, .

line.

14. In a telephone system, a trunk line ter-
minating in dn impulse repeater, a branch of
the trunk line extending to an operator’s po-
" sition, a signal at said position, means for
establishing a flow of alternating current
over the talkin(r conductors of the trunk line

in series to operate said signal, a relay in the-

repeater. bridged. across . the tfdkmo* conduc-
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tors of the trunk line, an nnpedance in the

cireuit of said relay to render the same non-
1c:ponqwe to alternating current flow over
the trunk line, means for establishing a flow
of direct current over the talking coriductors

the trunk line in series to operate said
reiay, and means responsive to the operation
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of said relay for reversing the direction of
current flow over the trunk line and for re-
moving said impedance from the circuit of
said relay.

15. In a telephone system, a trunk line ter-
minating in an automatic switch; a branch of
the trunk line extending to an -operator’s po-
sition, a call signal and a busy signal for the
trunk line at said position, means for estab-
lishing a flow of alternating current over the
talking conductors of the trunk line in series
to operate both of said signals, and means for
establishing a flow.of direct current over the
talking conductors of the trunk line in series
to operate said switch and the busy signal
only at said position.

16. In a telephone system, a trunk line, a
double wound relay bridged across the con-
ductors of said trunk line, an impedance nor-
mally connected in series with each winding
of the relay, a condenser connected in parallel
with said relay, means for establishing a flow
of current over the trunk line to operate said
relay, means responsive to the operation of
said relay for disconnecting said impedances
and for reversing the direction of current
flow over the trunk line whereby said con-
denser becomes charged, means for inter-
rupting the current flow to deenergize said
relay and to re-connect said impedances, and
means controlled by said relay for momen-
tarily short circuiting one of said impedances
to provide a discharge path for said con-
denser.

-17. Inatelephone system, a trank line com-
prising two conductors extending, respec-
tively, to windings of a repeating coil, a con-
denser connecting said windings, a . relay
bridged across the trunk conductors by way
of make-before-break contacts of a reversing
relay and energized responsive to current
flow over the trunk conductors, said current
flow also serving to charge said condenser,
means including said contacts for reversing
the connection of said relay to the trunk con-

" ductors and for inserting an impedance in the

60

circuit of the relay responsive to its deener-
gization when current flow over the trunk
ceases, and means controlled by sald relay
for short circuiting said impedance to pro-
vide a discharge path for said condenser dur-
ing the momentary closure of said contacts.

18. In atelephone system, a trunk line com-

“ prising two conductors terminating, respec-

tively, in windings of a repeating coil, a con-
denser connecting said windings, a double
wound line relay connected across the trunk
conductors and energized responsive to cur-
rent flow thereover, impedances adapted to be
connected in series with the windings of said
relay, means for reversing the connection of
said relay to the trunk conductors and for
connecting up said impedances responsive to
the deenergization of said relay when current
flow over the trunk ceases, and means con-

7

trolled by said relay for short circuiting one
of said impedances to provide a momentary
discharge path for said condenser while said
reversal is taking place.

19. In a telephone system, a manual ex-
change, an automatic exchange, a trunk line
terminating in an operator’s switchboard at
each exchange, a branch at the automatic ex-
change connecting said trunk line with an au-
tomatic switch, other switches accessible to
said first switch, means at either switchboard
for signalling the operator at the other
switchboard over two conductors of the trunk
line in series, and means controlled over the
two conductors of the trunk line in series
from the switchboard at the manual ex-
change for . directively operating said
switches to extend a connection to a called
line.

-20. In a telephone system, a trunk line
comprising two inductively connected sec-
tions, two branches for the second section, one
branch terminating in an automatic switch,
the other branch extending to an operator’s
position, means for transmitting either di-
rect current impulses or alternating current
over said first section, an impulse relay
bridged across the conductors of said first
section for repeating said direct current im-
pulses over said first branch, and a signal re-
lay bridged across the conductors of said sec-
ond branch operated responsive to alternat-
ing current transmitted over said first sec-
tion. ,

21. Inatelephone system, a trunk line com-

prising two inductively connected sections,

two branches for the second section, one
branch terminating in an automatic switch,
the other branch extending to an operator’s
position, means for transmitting direct cur-
rent impulses or alternating current over the
first section, a signal associated with said
second branch operated responsive to said al-
ternating current, a relay bridged across the
conductors of said first section for repeating
said direct currvent impulses over said: first
branch, and means for substantially prevent-
ing the passage of said alternating current
through said relay when such current is
transmitted over the trunk line to operate
said signal.

22, In a telephone system, a trank line
comprising two inductively connected sec-
tions, two branches for the second section,
one branch terminating in an automatic
switch. the other branch extending to an op-
erator’s position, means for applying alter-
nating current to the first section of the trunk

Hine or for transmitting divect current im-

pulses thereover, a signal for the trunk line
at: said position eperated responsive to the
application of alternating current to said
trunk line, a relay bridged across the con-
ductors of said first section for repeating said
direct current impulses over said first branch,
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an impedance in'the circuit of said relay for
substa ntmﬂv preventing the passage of alter-
nating current thereto when such current is
a pphed to the trunk line to operate said sig-

nal, and means for disabling said unpedance ,

during the transmission ot said. direct cur-
rent 1mpulse%

-23. In an impulse repeater, two meoming
talking conductors, a double wound line re-
lay,-circuit connections each including an im-
pedance for connecting the two windings of
said relay, respectively, to the two- taikmcr

‘conductors, other circuit connections e:\:clud-
ing said impedances for connecting the two

windings of said relay, respectlvely, to the
two talking conductors in reverse order, an
initial energizing circuit for said relay in-
cluding said first connections, and a control
circuit for said relay including said second
connections effective responsive to the ener-

gization of the relay.

"4 Tna telephone system; a- trunkline com-

prising two conductors e‘(tendlnﬂ to a’ line

relay via windings of a repeating coﬂ means
tor operating said relay responsive to ‘the ex-
tension of a call over the trunk and means
responsive to the operation of the relay for
connecting the trunk conductors to said relay
mdependent of said repeating coil windings.

25. In a telephone system, a trunkline com-
prising’ two conductors extending to a line
relay via windings-of a repeating coil, means
for operating said relay responsive to a call
over the trunk, and means responsive to the
operation of said relay for reversing the con-
nection of the trunk conductors to the relay

and for e‘{cludlncr said repeatmg coil from}

" the eircuit.
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26. In'g telephone system, a trunk line com-.

prising.two conductors extending to a line
relay via windings of a repeating coil and an

impedance, means for operating said relay”

responsive to a call over the trunk, and means

responsive to the operation of said relay for

reversing the connection of the trunk conduc-
tors to. the relay and for excluding the im-
pedance and the Wlndmgs of the repeatmg
coil from the circuit. =

27. Tn ateléphone system, a trunk line com-

prising’ two_conductors normally extending
to a line relay via windings of a repeating
coil and an impedance, means for operating
the relay responsive to a call over the trunk,
means responsive to the operation of said re.
lay for reversing the connection of the-trunk

conductors to the relay and for disconnecting.

the repeating coil and impedance from the
circuit, and means responsive to the call be-
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establishment of said current flow for revers-
ing the direction thereof, and a signal:at the
near end of the circuit ‘controlled: by said
reversal.

29. The'combination Wlth an- electrical de-
vice adapted to be-controlled from a distant
- point, of a circuit connecting the device and
said point, means for estabhshmg a flow of
current over said -circuit - when the device is
taken into use, means in the device responsive
to said current flow for reversing the direc-

‘tion thereof,and a-signalatsaid dlstant pomt

controlled by said reversal.
In witness whereof, I hereunto subscribe
my name this sixth day of September A. D

1927,
VICTOR S. THARP.
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ing . answered for restoring the normal con- - .

nection of the trunk conductors to said relay.
198, The combination with an electrical cir-
cuit conhecting-two points, of means for es-

tablishing a current flow over the circuit when

the circuit is taken into use, means at the
distant’ end of the circuit responsive to the
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