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This invention pertains to signaling circuits for
use in conjunction with radio or carrier current
circuits of automatic telephone systems employ-
ing dialing pulses for effecting station selection.
A primary object of the invention is to provide
novel and relatively simple and economical cir-
cuits and apparatus for effecting two-way- dial-
ing, supervision and circuit control over radio
or carrier current links or channels interconnect-
ing automatic telephone exchanges or central
offices. :

The invention is grounded on the concepts of
switching the carrier current on and off, of inter-
tupting the same in accordance with dialing
pulses, and of modulating the same with special
tones or frequencies as means for extending the
dialing, supervision and circuit control functions
over the radio or carrier current links aforesaid.

The invention will be described with particular

reference to a two-way radio link interconhecting *

a pair of automatic central office exchanges, al-
though it will be understood that identical sig-
naling circuit arrangements are applicable to
carrier current telephone line circuits, since a
two-way radio link is the substantial equivalent
of a two-way carrier telephone line circuit, as
regards principles of operation and ‘terminal
equipment employed, so that the signaling prob-
lems are the same. That is to say, in each in-
stance, and at the terminals of the radio or car-
rier link, a two-wire, two-way, voice frequency
telephone circuit extends to a hybrid coil, one
pranch of which connects to the input of the
radio transmitter or carrier current oscillator,

whereby the 'speech input modulates the ‘outgo- 3

ing carrier; while the other branch of the hybrid
coil connects to the cutput of the radio receiver or
carrier current demodulator, whereby the speech-
modulated incoming carrier is, after demodula-
tion, transmitted to the two-wire, voice frequency
circuit. It will be evident, therefore, that the
same types of circuits and apparatus will be re-
quired for effecting two-way dialing, supervision
and circuit control over a carrier current tele-
phone line as is required in the case of'a radio
link, :

Since the radio stations or carrier telephone
circuit terminals, as the case may be, are in gen-
eral located at greater or lesser distances from
the automatic telephone exchanges which they
serve, I propose, in accordance with the preferred
modification of my invention, to connect each
radio station or carrier telephone line terminal to
its associated automatic exchange, over a pair of
two-conductor lines, one an “outgoing line” to
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handle calls outgoing from the central office to
the radio link or carrier line, and the other an
“incoming line” to handle calls incoming to the
central office from the radio link or carrier cir-
cuit, '

When the system is idle, as well as on out-
going calls, the outgoing line is connected through
back contacts of a normally deenergized sequence
relay and through a two-winding isolating trans-
former to the two-wire, speech frequency line ex-
tending to the hybrid coil of the radio station or
carrier terminal equipment. On incoming calls,
however, the sequence relay is energized to trans-
fer the two-wire connection from the hybrid coil
to the inecoming line, the sequence relay remain-
ing thus operated until the call is completed.

The carrier current of the radio or carrier cur-

. rent transmitter is under contro] of a transmitter
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. Dialing pulses are transmitted to the
by interruption of the direct current.
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relay which, when energized, switches on the out-
going carrier, this relay being sufficiently rapid in
operation to follow dialing pulses. On outgoing
calls, the transmitter relay is under control of a

‘fast-operating line relay which responds to dial-

ing pulses received from the central office over
the outgoing line, and thus, by correspondingly
actuating the transmitter relay, transmits the
outgoing dialing pulses over the radio or carrier
link by interruption of the outgoing carrier.

The line relay is connected o a battery of re-
versible polarity at the radio station or carrier
terminal, and is normally connected to the out-
going line through back contacts of the sequence
relay, so that when a call is placed on ‘the out-
going line, a direct current loop circuit is com-
pleted at the central office on this line to energize
the line relay, in turn to energize the transmitter
relay and thus switch on the outgoing carrier.
line relay

Energization of the line relay energizes a slow-
acting transmitter follower relay, which is un-
responsive to dialing pulses and which prevents
the sequence relay from operating to disconnect
the line relay, in the event an attempt is made
to place an incoming. call while an outgoing call
is in progress.

The outgoing carrier transmitted to the distant
radio station or carrier terminal, operates a car-
rier current actuated relay thereat. This carrier
relay, which is sufficiently fast-acting to follow
dialing pulses, in turn operates a slow-acting car-
rier follower relay which is unresponsive to dial-
ing. pulses. .The carrier follower relay in-turn
energizes the sequence relay at the distant station
through contacts of the normally deenergized
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transmitter follower relay thereat., Operation of
the sequence relay in turn operates the trans-
mitter relay at the distant station to switch on
the radic transmitter carrier thereat, and also
connects the two-wire connection from the hy-

‘brid ceil thereat to the Incoming line extending

to the distant central office. .It also.disconmects
the line relay thereat and substitutes therefor a
two-winding polarized relay, the windings :of
which éxtend at their inner terminals to normally
open contacts. of the carrier .relay. “Therefore,
cperation of the carrier relay in response to digl-
ing pulses received over the radio or carrier link,

completes through its contacts:and the-polarized -
relay windings, a loop over -*uher‘d;ist,a_ntivil_nqpnﬂng B
line for transmitting the dialing-pulses theréover

to the distant telephone -exchanges serving the
called station. The polar relay provides reverse
battery supervision on the connection. “So long
as this relay receives:normal battery current or
‘o current from the :central office, its armature
switlthe on the spacing-contact. In'this poesition,
dt prepares .a - circuit, which is .completed .upon
ienergization of the sequence relay -as-above ex-
plained, to modulate the carrier incoming :from

. the distant radio.station or-carrier terminal, with

2 supervising frequencyor tone. “Thissupervision
‘frequency remains on until the distant -or-called
ssubscriber lifts. his:receiver from:the switch-hook

sand-thereby reverses the battery from the-distant -

-dial ‘exchange. "This hattery reversal operates

‘the polarrelay:dt the distantradio:station:or.car-
Lorier terminal, from its spacing wbo 'its -marking

weontact, and thereby disconnects or removes-the

rsupervision-frequency from the carrierineoming -

tothe calling :station.

‘The supervision frequency is, -as .ghove ex-
:plained, ‘transmitted to:the radio station or.car-
irier ‘terminal ‘originating:the -cdll, whence -upon
demodulation, it energizes a :supervising relay
‘thereat, which “in rturn -controls the ‘polarity -of
the “battery .applied -to the line relay ‘thereat.
"Thus, the ‘supervising relay -will apply reverse
“battery :through the line -relay 4o the ‘outgoing
‘line ‘originating -the :call, until the- called station

‘hassanswered. “When this.aceurs, the-supervision:

“frequency-will be removed from the incoming car-

rier, .as:above explained, thereby causing the: su-:

‘pervision relay to release:at theoriginating end of

- the .call, :and . thus -apply mnormal ‘battery o the

“outgoing line :connected :to the scalling - station.

- This “advises- the .calling station that -the -called .
subscriber has -answered.

The :above describes the operation of the:sig-

- imaling circuits of my-invention in general terms,
| during the ‘progress of ‘establishing = telephone

‘connection’frem-one-automatic -central office-ex-

. ithange over the radio.or carrier link to a distant

automatic exchange. ‘The iestablishment .of such

gt “oneend ofthe ‘radio :or carrier ‘link-and re-

ceiving -equipment -at the “other end ‘thereof. It
“will’be understood,.of course, that since this trans-

; -Initting and receiving equipment is: duplicated at
teach ‘end -of the'link, the above generalized -de-

scription covers the operation of :the ~transmit-

iting: equipment..on outgoing calls, as .well as the
. -operation-of the receiving equipraent.on incom-

- ing -calls,

It will “be-evident from ‘the above .generalized

‘description -that ‘the -signaling circuits of this :
. :invention:are characterized by the following novel
- “features.of.operation. ‘An’incoming call will.oper-
| ~ateza ‘Sequence’ relay and: keep it operated until
- :the.icall-is .completed. ' Also, -on:incoming .calls,
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the sequence relay will energize the transmitter
to transmit the outgoing carrier.. When the cir-
cuit is being utilized for an outgoing call, the line
relay controlling the transmitter follower relay
5 prevents the sequence relay from operating, to
sestablish:a-connection for:an-incoming call. On
saniineoming-call, a supervision tone is put on the
line until the called subscriber remocves his re-
cceiver from the switch hook. On an outgoing

10 call, reception of the supervision frequency from

:thgldishant;sba;tmn-will control the battery polar-
ity .applied ;to the line relay. Fast and slow-
operating relays are employed to transmit dial-
{ing.pulses onsthewone hand, and to hold circuits
-during-dialing :on the other hand. At the con-
~clusion -of -an- outgoing call, a delay relay, pro-
-¥ided.in.the .circuit and to be described herein-
‘after, will, by interrupting the circuits until all
relaysthave been cleared, prevent an incoming call
20 from “locking up” the: system. :

Referring mow to-the drawings:

Hig. l:shows-a gomplete cireuit diagram. of the
ssignaling:system of the-invention. as applied-to a
iradiodran ting-and receiving station connect~

25 -edover-incoming:.and -outgoing lines to:an auto-
smatictielephone-exchange, thelatter being shown
wdiagrammafically; -while : S

:Figs. 2 #07 -ine, are-cireuit- diagrams of the

-signaling: system of Fig. 1, wherein, however, the

30 -oRerating and .control cirquits for -various of the
individual relays are separately illustrated. Fig.2
:showsthe ragiotransmitting-and receiving station
:dn ;simplified «form, -fogether -with connections
stherefrom - to :the :incoming -and outgoing lines,
gure also:including-the-operating windings
for: , Polar, carrier and-supervising relays
:and :also the »source of -supervision frequency.
g, :3 .shows the overating circuits for sthe -se-
noe relay; Fig. 4 those for the -transmitter

6 that for:the carrier-follower relay:
t:forthe delay relay. - o
Tring to the.drawings, and:particularly to
Fig:-1, thereds shown a radio station A and a por-
Sionrof-a radie:station 1B, comprising a-two-way
iodink. -Station A.comprises a radio telephone
‘receiver | ;and-a xadio telephone-transmitter 2.
“The wolee frequeney output of -she receiver-and
‘he-voice frequency input of the transmitter are
50 connected :respectively over conductors 3, 4 .and
threugh sa -hybrid -cofl 5 40-a two-wire line 6.
ines6, is.connected through-a two-winding audio-
Hreguency transtormer: ¥, and-over-a pair of .con-
cducters 8, o -the .armatures 82, -S—3 -of - the

‘55 - pormatly deenengized:sequence relay:S, the front

~and back contacts -of iwhieh armatures -are con-
;nectetbrespectively: 6 “incoming” and “outgoing,”
wwo=wire ines 8, I0 extending to-an.automatic
sbelephene:exchange:F,.at which the incoming line
60 1terminates jon sincoming sterminal iequipment [H,
wwhile ithe coutgoing dine :terminates .on soutgoing
“ferminal equipment 2. Fheterminals {, 12 are
-linked rfo .the sdial-actuated -selecting equipment
43 of the-automatic exchange; to swhich the sub-
65 -seribers’ sstations, such -as «14, ‘are connected.
The two-winding transformer 7T serves to. sep~
-aratesthe voice frequencycircuit from the. direct
seurrent wdialing . and - signaling .circuits. “T'o this
-end, ‘bhere iis interpesed . atthe midpoint of ‘the
70 transformer.winding 15, a condenser £6, the oppo-
s siteterminals.of which: arerespectively connected
xt0 armatures:S-=4,.iS—=5 0f the sequence relay S,
the ‘back .contacts .of ‘which .armatures are re-
-spectively .connected  to -winding terminals of a
76 twoswindingline relay:L, while the front contbacts




2,457,434

5

of said armatures are respectively connected to
winding terminals of a two-winding polar relay P.
Thus, when relay S is deenergized, the speech
cireuit 6, 7, 8 is connected to the outgoing central
office trunk line {0, the direct current signaling
circuit of which includes, at the radio station,
the line relay L. Contrarywise, when relay S is
energized, the speech circuit 6, 7, 8 is connected
to the incoming trunk line 8, the direct current
signaling circuit of which includes the polar re-
lay P. The functions of these relays have been
touched upon in the foregoing general description
of the invention and will be explained more in
detail hereinafter. :
The remaining portions of the circuit, together
with the operation thereof, will now ke described,
first, with reference to “incoming calls,” i. e., calls
incoming to radio station A from radio station B,
and then with reference to “outgoing calls,” 1. e.,

calls outgoing from radic station A to radio sta-.

tion B.
Incoming calls

On incoming calls, the carrier current actuated

relay C, connected to the radio receiver I, is ener-..

gized by cerrier current transmitted from the
radio transmitter of station B. Relay C is a
quick-acting relay which follows the dialing pulse
interruptions of said carrier current. Operation
of relay C connects ground at its grounded arma-
ture C—1 to the carrier foilower relay CF to ener-
gize the same from battery {71. The CF relay
is of the slow-release type, such that it will re-
main operated during reception of dialing pulses,
actuating relay C.

If radio station A is not in use when incom-
ing carrier current is received from station B,
the CF relay, upon operating, will energize the
sequence relay S, over a circuit traced from the
grounded armature CF—I{ and front contact of
the CF relay, thence through the upper arma-
ture D—2 and back contact of the normally re-~
leased delay relay D, thence through the arma-
ture TF—i and back contact of the normally
released, transmitter follower relay TP, and
thence through the winding of the S relay to the
negatively grounded battery {8. The operation
of the S relay over the circuit traced, will com-
plete a holding circuit for thereafter ho’ding the
S relay operated under control of the CF relay,
this holding circuit being traced from battery 18
through the winding of the S relay and thence
through its front contact and armature S—I.
over connection 18 to ground through the front
contact and grounded armature CP—1{ of the
CF relay. As explained below, the S relay can
not be operated over the circuit above traced,
if radio station A is busy when an incoming call
is received from station B, because, in that event,
the transmitter follower relay TF will be oper-
ated, and will thus open at its TF—I{ contacts,
the operating circuit of the S relay above traced.

The operation of the sequence relay S com-
pletes an operating circuit for the normally de-
energized, transmitter relay T, energization of
which in turn completes, through its armature
T—I and front contact, a connection 20 which
switches on the carrier of radio transmitter 2, and
thereby transmits outgoing carrier to the radio
receiver at station B.  The operating circuit for
the T relay is traced from the negatively grounded
battery 22, thence through the T relay winding
and over connections 23, 24, through the lower
back contact and armature D—I{ of the normally
deenergized delay relay D, and thence over con-
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nection 25 to the front contact
armature S—=&8 of the S relay.

Relay S in operating also transfers at its S—2,
S—3 contacts, the speech circuit 8, 1, 8 from the
oufgoing central office trunk line i8 to the in-
coming line 9; and concurrently disconnects at
its contacts S—4, S—5, the line relay L from the
direct current signaling circuit, and substitutes
therefor the polarized relay P. It will be noted
that the inner terminals of the polar relay wind-
ings are connected respectively to the C—2 arma-
ture and associated front contact of the carrier
relay C. )

The polar relay P provides reverse battery su-
pervision of the connection over the incoming
line to the telephone exchange E, while the con-
tacts C—2 of the carrier relay C, busies the line
and transmits the dialing pulses to the exchange
in response to dialing pulse interruptions of the
carrier transmitted from radio station B to radio
station A. So long as the polar relay P receives
normal battery current or no current, its arma-
ture P—I will make contact with its upper or
spacing contact. This prepares a circuit, com-
pleted upon operation of the S relay, for applying
a supervision frequency f—S from one oscillator
2% to the input of radio transmitier 2, for trans-
mission to the distant radio station B. This cir-
cuit is traced from the upper terminal of oscil-
lator 26 over conductor 27 through the S—7 arma-
ture and front contact of the S relay, thence
through the spacing contact and P—I{ armature
of the P relay, thence over conductor 28 and
through a resistance 29 to one side of the radio
transmitter input circuit 4, the opposite side of
which is connecied through a similar resistance
30 to the opposite terminal of oscillator 20.

This supervision frequency remains on the line
until the called subscriber, such as {4, removes
his receiver from the switch hook and, by so
doing, reverses the battery applied over the in-
coming line 9 from the dial telephone exchange
E. This battery reversal operates the polar relay
P from its upper or spacing contact to its lower
or marking contact, thereby to disconnect the
f—S oscillator 286.

Energization of the C relay by the incoming
carrier from station B has, by closing its C—2
contacts, prepared for dialing, the locop which
includes the polar relay, the upper and lower
halves of winding i5 of transformer 1, and the
incoming line 9 extending into the central office.
In addition, dialing tone is now received from
telephone exchange B over line 9, which is trans-
mitted over the speech circuit §, 17, -8, through
hybrid coil 5, and over line 4 to the input of radio
transmitter 2, for radio transmission to the radio
receiver of station B, and thence over the asso-
ciated outgoing trunk line to the automatic ex-
change at the calling end and thence to the call-
ing subscriber. Upon receipt of the dial tone
transmitted in this way, the calling station re-

and grounded

. ceives a signal that the connection is ready for

65

70.
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dialing, so that the calling station may now pro-
ceed to dial. This operates the C relay at sta-
tion A according to the digits dialed. As stated,
the CF relay is sufficiently slow in operation to
remain operated during this dialing process.
Upon completion of the call, when the calling
subscriber hangs up, the carrier current trans-
mitted from station B to station A is switched
off (as will be explained below in connection with
calls outgoing from station ‘A), resulting in the
release of the C relay at station A, the release of
which in turn releases relays CF, S and T, thereby
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‘restoring ‘the signaling system :af ‘station A to
normal.

If the subscriber at the called end, such as 4,
should-hang up before the calling subscriber-does,
this will again reverse the battery applied at the
telephone exchange ‘E.fo the incoming line. 9, the
resulting ‘current reversal of ‘which in the polar
relay P will return-its-armature from its marking
to its spacing contact. This in turn will put
supervision frequency f-—S from the oscillator 26
bhack on the line.

It is to be noted that the supervision frequency
can be transmitted from station A only:on calls
incoming thereto from station B, since it is-only
on such calls that the S relay is energized to con-
nect -the 7/—8 oscillator 26 to the transmitter 2.
As will -be explained below, in connection with
-calls outgoing from station A, the S relay thereat
-will remain deenergized during the entire call.

Outgoing -calls

On outgoing calls, the dial telephone -exchange
E is connected, as .above explained, to radio sta-
tion A .over the outgeing trunk {0, and thence
through the armatures and back confacts S—2,
S—3 of the normally released S relay, to line 6,
1, 8. Thus, the voice frequency circuit from ex-
change E is connected directly to the hybrid coil
5 of the radio station. .Also, the direct current
signaling circuits of line {0 are connected to.the
line relay L via the armatures and back confacts
5—2, 8—3, 5—4, 8—F of the sequence relay S.

The line relay is energized over this circuit from
battery .31, connected across the inner terminals
of the line relay windings, through contacts and
armatures SR—i, SR—2 of the supervision relay
SR. Battery 3! is connected in one polarity
through the back contacts of these armatures,
and is connected in the opposite polarity through
the front contacts thereof. Thus, operation of
the SR relay reverses the battery applied to the
cutgoing line. The SR relay is energized by the
supervision frequency fs transmitted from radio
‘station B,in the manner above explained in con-
nection with calls incoming to station A, and to

‘this end is connected to the output of radio re- -

ceiver | through g filter and detector circuit 32,
which transmits only the supervision frequency.
The SR relzy is thus normally deenergized to
impress battery of normal polarity on the out-
going line I8, but operates upon receipt of the
‘supervision frequency to reverse the battery po-
larity until the called subscriber answers. How-
ever, these battery reversals do not release the L
relay, which remains continuously energized until
the ‘called subscriber hangs up.

‘When the line relay L is thus energized upon
receipt of a call incoming from exchange E, if
energizes the transmitter follower relay TF over
‘a circuit-extending from the negatively grounded
battery 33 through the TF relay winding, and
‘thence te ground through the front contact and
grounded armature I——2 of the L relay. This
relay TF is of the ‘slow-release type which re-
mains energized -during reception of dialing
pulses.  Energization of the TP relay opens, ab
its back contact TF~1f, the operating circuit for
the S relay, as above traced for incoming calls,
and since the 'TF relay remains thus operated
during the entire outgoing call, i. e.,, until the
calling subscriber hangs up, the S relay can not
be energized by incoming carrier received from
station B for the duration of the outgoing call.
. Arsecond contact of the L relay closes a circuit
for the transmitter relay 'T, traced from the T
relay winding, over connection 23, and through
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line from source-34.

‘thie D 'reldy upon release. .of the 1. relay. .
‘additionial purpose for ‘thus delaying the release

8

the front -contact -and-armature L—{ .of the L
relay, -and thence :to -ground ‘through the ‘back
contact and grounded armgture .S—§ of the now

‘deenergized S relay. The resulting operation.of

the T relay switches on the carrier of .the radio
transmitter 2, as above explained, to provide out-

-going - carrier -to station B.

When-the outgoing-dial pulses are:now received

‘from -telephone -exchange E, they will be frans-

mitted through relays Lnand T. That-is to say,
relay L. will respond to -the dial .pulses and will
in turn, by opening and closing its L—{ contacts,

-correspondingly -operate the T relay. Operation

of the T relay in response to these dialing:pulses

-thus interrupts the carrier transmitted to station
‘B, ‘which -in turn causes the C relay thereat to

correspondingly operate -and release, the trans-

‘mission -of the dial pulses thence to the cilling

station -being the same as that a,bove described
for ealls incoming to station A.

Throughout the call ocutgoing from station A
the S relay is, as above explained, continuously
deenergized, and therefore ‘the supervision fre-

‘quency. of .oscillator 26 will not  be transmitted

to-station B on outgoing calls. On the other
hand, station B operates-as above .described in
connection ‘with calls incoming 1o .station A.
That is to say, it will transmit supervision fre-
quency to station A until-the called subscriber -has
answered, thus operating the SR relay-at station
A to reverse .the battery applied to the outgoing
In addition, the.central office
connected o station B will .return dial tone fo

the subscriber originating the call, and connected

to exchange E.

The operation of the line rélay L on-outgoing
calls-also operates the delay relay D, which latter
will remain -operated for some time after com-
pletion of the outgoing call, in a -manner and
for reasons nowto be explained. The D relay is
connected in the plate circuit of an eleetronic
tube 34, and is:energized therein from the nega-
tively -grounded plate battery 35. The cathode

-of tube 34 is-energized over.g circuit extending

from -ground through a low voltage, direct or

-alternating ‘current source 3§, and thence to the

eathode and over conductor -37 through a front
contact of the I relay, the associated :armature
I3 of which is grounded. A resistance 38 is
bridged between this armature and. its associated
front -contaet for normally energizing the cath-

ode of tube 34 to some extent, but. insufficient

to ‘energize the D relay, while the line relay is

‘released. Upon:operation-of the line relay, how-

ever, this resistance is shunted-out by the relay

-contacts, whereupon the -cathode ‘of tube 34 is

energized sufficiently to operate relay D. TUpon
subseguent release of the line relay, however, the
D relay 'will not release for some time thereafter
and until the -cathode of tube 34 has cooled suffi-
ciently to reduee the plate current of the tube

‘below ‘the release :current for the D relay. The
‘purpose -of this delay -in the release of the D

relay following the release of the L relay at the
conclusion of an outgoing call, is ‘to :delay the

-operation ‘of ‘the circuit on subsequent incoming

calls for a sufficient length of time to assure that
all other relays are restoredto their normsl con-

@itions, particularly the T "and S relays, the

opergting circuits of which are under control of
‘An

‘of 'the D relay is to prevent “locking’ of the radio

‘system, i.’e., energization of the'S relays at both

‘stafions A: a,nd B.
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On incoming calls, operation of the S relay, as
sbove explained, completely disconnects the line
relay L at the S—4, S—F5 contacts of the S relay.
This prevents operation of either the delay relay
D or the transmitter follower relay TF for the
duration of an incoming call, since the operating
cireuits for both of these relays are completed
through contacts of the line relay.

The separate wire circuits 9 :and. {0 for han-
dling incoming and outgoing calls, between the
central office and the radio station, may of course
be replaced by a single two-wire circuit, inas-
much as all of the functions of two-way dialing
and supervision are provided by the relay cir-
cuits included in the radio station terminal
equipment, in which event this single two- -wire
circeuit from the central office would become per-
manently connected to line 8, and contacts S—2,
S—3 of the S relay omitted.

I claim:

1. In a two-way dial telephone signaling sys-
tem for relaying signals between a low frequency
wire circuit and a carrier wave circuit: a carrier
wave transmitter and receiver; a carrier relay
responsive to carrier current incoming to said
receiver and to dialing interruptions thereof; a
slow-release relay responsive to said carrier relay
and unresponsive to dialing signals; a sequence
relay energized by said slow-release relay for
connecting said wire circuit to contacts of said
carrier relay for repeating in said circuit the
dialing pulse operation of the carrier relay; a
line relay; means including release contacts se-
quence relay for connecting said line relay to
said wire circuit, said line relay responding to
dialing pulses incoming over said wire circuit;
and means including said line relay for energiz-
ing said carrier wave transmitter, to transmit
outgoing carrier and for interrupting the same
in response to dialing signals incoming over the
wire circuit.

2. In a two-way dial telephone signaling sys-
tem for relaying dialing signals between a low
frequency wire eircuit and a carrier wave circuit:
a carrier wave transmitter and receiver; a car-
rier relay responsive to carrier current incoming
to said receiver and to dialing interruptions
thereof; a slow-release relay responsive to said
carrier relay and unresponsive to dialing signals;
a transmitter relay for energizing said transmit-
ter to transmit outgoing carrier, said relay re-
sponding  to dialing signals; a sequence relay
energized by said slow-release relay for energiz-
ing said transmitter relay and for connecting said
wire circuit to contacts of said carrier relay for
repeating in said circuit the dialing pulse opera-
tion of the carrier relay; a line relay; means
including release contacts of sequence relay for
connecting said line relay to said wire eircuit,
said line relay responding to dialing signals in-

coming over said wire ecircuit; and means includ-

ing said line and transmitter relays, for inter-
rupting the outgoing carrier in response to dial-
ing signals incoming over said wire circuit.

3. In a two-way dial telephone signaling sys-
tem for relaying signals between a low frequency
wire circuit and a carrier wave circuit; a carrier
wave transmitter and receiver; a. carrier relay
responsive to carrier current incoming to said
receiver. and to dialing interruptions thereof; a
slow-release relay responsive to the carrier relay
and unresponsive to dialing signals; a transmit-
ter relay for energizing said transmitter to trans-
mit outgoing carrier; a sequence relay energized
by said slow-release relay for energizing said
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transmitter relay and for connecting said wire
cireuit to contacts of said carrier relay for re-
peating in said eircuit the dialing pulse opera-
tion of the carrier relay; a line relay and a trans-
mitter follow relay; means including release con-
tacts of said sequence relay for connecting said
line relay to said wire circuit and for energizing
the same; said transmitter follow relay respond-
ing to energization of said line relay to prevent
energization of said sequence relay while the line
relay is actuated; said line and transmitter re-
lays responding to dialing signals incoming over
said wire circuit for correspondingly interrupting
the carrier outgoing from said transmitter.

4. In a two-way dial telephone signaling sys-
tem for relaying signals between a voice fre-
quency wire circuit and a carrier wave circuit:
a carrier wave transmitter and receiver; a car-
rier relay responsive to carrier current incoming
to said receiver and to dialing interruptions
thereof; a slow-release relay responsive to said
carrier relay and unresponsive to dialing signals;
a transmitter relay for energizing said transmit-
ter to transmit outgoing carrier; a sequence relay
energized by said slow-release relay for energiz-
ing said transmitter relay and for connecting said
wire circuit to contacts of said carrier relay for
repeating in said circuit the dialing pulse opera-
tion of the carrier relay; a line relay; means in.
cluding release contacts of said sequence relay
for connecting said line relay to said wire circuit;
a slow-release transmitter follow relay responsive
to said line relay, when energized, for preventing
energization of said sequence relay; means in-
cluding operate contacts of said line relay for
energizing  said transmitter relay, said line and
transmitter relays responding to dialing signals
incoming over said wire circuit for repeating said
signals in the outgoing carrier; a delay relay; and
means including operate contacts of said line re-
lay for energizing said delay relay, said means
thereafter delaying release of said delay relay
for a preselected interval following deenergiza-
tion of said line relay.

5. In a two-way dial telephone signaling system
for relaying signals between a low frequency wire
circuit and a carrier wave circuit: a carrier wave
transmitter and receiver; a carrier relay respon-
sive to carrier current incoming to said receiver
and to dialing interruptions thereof; a slow-re-
lease relay responsive to said carrier relay; a
transmitter relay for energizing said transmitter
to transmit outgoing carrier; a polar relay; a
sequence relay energized by said slow-release re-
lay for energizing said transmitter relay and for
connecting said wire circuit to contacts of the
carrier relay through windings of the polar relay
for repeating in said circuit the dialing pulse
operation of said carrier relay; said polar relay
being unresponsive to voltage of one polarity im-
pressed on said wire circuit, but responding to
voltage of the opposite polarity impressed
thereon; a . source of supervision frequency;
means including release contacts of said polar
relay and operate contacts of said sequence relay
for impressing said supervision frequency on said
transmitter to modulate the outgeing carrier
thereof; a line relay; means including release
contacts of said sequence relay for connecting
said line relay to said wire circuit; a voltage
source for energizing said line relay over said
wire circuit. when so connected; a supervision
relay energized by supervision frequency incom-
ing to said receiver, for impressing said voltage
source in one polarity on said line relay, and for
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reversing said- polarity- upon deenezgxzation of
said supervision relay; and means including op-
erate contacts of said: line relay for energizing
said transmitter relay, said line and transmitter
relays responding to dialing-pulses incoming over
said wire circuit for correspondingly interrupt-
ing the carrier outgoing from said transmitter.

6. In a two-way- dial telephone signaling sys-
tem for relaying signals between-a low-frequency
wire eircuit and a carrier wave circuit: a carrier
wave transmitter and receiver; an incoming and
an outgoing wire circuit; a carrier relay respon-
sive to carrier current incoming to said receiver
and to dialing interruptions thereof; a slow-re-
lease’ relay- responsive to said carrier relay; a
transmitter relay for energizing said transmitter
to transmit outgoing carrier; a sequence relay
energized by said slow-release relay for energiz-
ing-said transmitter relay and for cohnecting said
incoming circuit to contacts of said carrier relay
for repeating in said eircuit the dialing pulse
operation of said: carrier relay; a line relay;
means including release contacts of said sequence
relay, for connecting said line-relay to said-out-
going circuit, and for energizing said: relay;: and
means. 1nclud1ng operate contacts of said- line
relay, for energizing said transmitter relay, said
line and transmitter relays: responding to-dialing
pulses, for interrupting the outgoing carrier in
response to dialing signals.received.over said-out-
going line. :

7..In a two-way dial telephone signaling sys-
tem for relaying signals between a lew-frequency
wire circuit and a carrier: wave circuit: a earrier
wave transmitter and receiver; an incoming and
an outgoing wire circuit; a carner relay respen-
sive to carrier current incoming to said reeeiver
and to. dialing interruptions. thereof; & slow-
release relay responsive:tosaid. earrier relay; a
transmitter relay- for energizing said transmitter
to transmit outgoing carrier; & seguence relay

energized. by said slow-release- relay for ener-:

gizing said. transmitter relay and for connecting
said incoming circuit to contacts of: said carrier
relay for repeating: in said eircuit the dialing
pulse operation of sald carrier relay; a line re-
lay; means including release- contacts: of’ said
sequence relay, for connecting-said line relay to
said line outgoing cireuit, and for 'energizing said
relay;  means including operate- contacts of said
line reiay, for energizing said- transmitter relay,
said line and transmitter relays- responding to
dialing pulses, for interrupting the outgoing
carrier in- response to dialing signals received
over said outgoing line; and a transmitter follow
relay, responsive to said-line-relay; for prevents-
ing operation of said segquence-relay during ener-
gization of the line relay.

8. In a two-way dial telephone signaling sys-
tem for relaying signals between a low-frequency

wire circuit- and a carrier-wave circuit: a carrier

wave transmitter-and receiver; an incoming and
an outgoing wire circuit; a carrier relay respon-
sive to carrier current incoming to said receiver
. and to dialing interruptions thereof:; a slow-
release relay responsive to said carrier relay;-a

transmitter relay for energizing said transrmtter :

. to transmit outgoing carrier; a sequence relay
energized by said slow- release relay- for ener-
| gizing said transmitter relay and for connecting
© sald incoming- circuit to- contacts of said carrier
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lay; means ineluding - release contacts of said
sequence relay, for connecting said: line. relay
to said’ cutgoing circuit; and for energizing said
relay; means-including operate contacts of said
line relay, for energizing said-transmitter relay;
said line and transmitter relays responding to
dialing ‘pulses; for mterruptmg the outgoing
carrier in response- to ‘dialing -signals- received
over said: outgoing Hne; & transmitter follow
relay, responsive to-said-line-relay, for prevent-
ing operation of said séquence relay during ener-
gization- of the line relay; and means including
a delay relay responsive to operation of said line
relay, said means thereafter: delaying release of
said- delay relay for- a preselected interval fol-
lowing release-of said’line relay. -

9. In a two-way dial telephone’ signaling sys-
tem for relaying signals between a low-frequency
wire circuit and a carrier-wave. circuit: a carrier
wave transmitter and receiver; an incoming and
an outgoing wire circuit; & carrier relay respon-
sive to carrier current incoming to said-receiver
and’ to dialing- interruptions- thereof; a slow-

release relay responsive to: sald carrier relay; a
transmitter relay for ‘energizing said transmitter
to transmlt outgoing carrier; a polar relay: a
sequence relay- energized by said slow-release
relay for energizing said transmitter relay and
for connecting said’ incoming circuit to contacts
of said carrier relay through windings of- the
polar'relay for repeating in-said circuit the dial-
ing pulse operation of’ said carrier relay, said
polar-relay being unresponsive to voltage of one
polarity impressed on said incoming cireuit, but
responding: to voltage of the opposite polanty
impressed- thereon; a source of supervision fre-
quency; means inciuding release contacts of said
polar-relay and operate contacts of said sequence
relay, for impressing said' supervision frequency
ot said” transmitter to medulate the outgoing
carrier thereof; a line relay; means including
release contacts of said- sequence relay for con-
necting said line relay. to said outgoing circuit;
a voltage soUrce for energizing ‘said line relay
over said- circuit when so connected; a super-
vision relay energized by supervision- frequency
incoming to said receiver; for impressing said
voltage source in one polarity on said line relay,
and for reversing said polarity upon relesse of
said supervision relay; and means including said
line relay for energizing said transmitter relay,
said line and transmitter relays responding to
dialing pulses, for interrupting the outgoing
carrierin response to d1a11ng signals received
over said outgoing. line.

) EVERHARD H. B. BAR’I‘ELINK
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