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HENRY W. O'NEILL, OF ELMHURST, NEW YORXK, vAvSSIGN OR TO WESTERN ELECTRIGV

COMPANY, INCORPORATED, CF NEW YORXK, H. Y., A CORPORATION OF NEW YORK.

. COMMUNICATION SYSTED.

Application filed December 17, 1924, Serial No. 756,403,

_This invention relates to communication
systems and.- more particularly to systems
of radio-wire communication.

‘The object of this invention is to provide

a system whereby land lines or wire circuits
may be joined to radio systems for the op-
tional handling of either telephone or tele-
graph messages. B v : »
A feature of the invention is the employ-
ment of an improved system involving a
‘plurality of switching equipments - respec-
tively located at separate points relative to
radio transmitting and receiving sets and
arranged in such a manner that the estab-

lishment and control of radis-wire connee-:

tions may rest either with a single switch-
ing point or the control may be divided be-
tween a plurality of such points, and fur-
ther, that such joint confrol may be on
either of several different plans, as a paral-
lel relation or a series relation or a combi-
‘nation of parallel and series relations rela-
tive to the circuits of the switching facili-
ties at the different points. -

. Anotherfeature is the provision for re-
ciprocal control of the call and supervisory
signals relative to radi
circuits or channels. : ,

" Another feature is the provision of an ar-

rangement for the wire side of a connection

whereby- either two-wire or.four-wire work-

ing may be-resorted to, while equipment

automatically responsive to the handling of
traffic may render receiving and sending

devices of an attendant’s equipment effec-
tive with circuits ancillary to and differing

from the main channels of a connection. -
Another feature is the provision of an
arrangement whereby any switching point
may cerve either as a terminating station
or as a repeater station relative to the han-
dling of communications over wire or radio
channels or on-mixed connections relative
to wire and radio working or on wire-to-
wire communications. : ' :
Another feature is the provision of im-
proved means for supplying sc-called side
tone relative to a transmitter and receiver
of a telephone set when these instruments
may be respectively associated with electri-
cally isolated circuits  usually present in
four-wire working. - :
Another feature is the provision of an
improved - signaling  arrangement whereby

o channels and . wire

a_single visual signaling device is employed
both as a calling signal and as a’ clearing-
out signal. o o
Another feature is the provision of a cir-
cuit arrangement wherein an.incoming line

s provided with a visual sighal device at

each -of two operator’s boards and means
actuated when the call 18 - answered from

one board for retiring both -signals, and

means for reoperating only the signal at
the board where the call is answered when
the calling party disconnects.

Another feature is the provision of an

-arrangement whereby the receiver, may be

applied to either side of a four-wire circuit
for communication purposes, the- impedance

of the circuit being increased when the re-
ceiver 1s employed for monitoring purposes..

Another feature is the provision of a cir-
cuit arrangement involving compensating'
means in, the operator’s set which renders
the voice currents impressed on the amp l1-

fiers by . the ‘operator of substantially .the
same Intensity as those which would be im- .

pressed from the transmitting end, that is,
‘this resistance in effect sets the operator
back to the transmitting end and makes it
unnecessary to adjust the gain device be-
fore and after the operator calls.

nection from the low frequency oscillator
used for telegraphing to the operator’s set
so that the operator may hear in the re-
ceiver the'code of low frequency oscillations
which' are impressed on the carrier wave.

improved system to prevent false signals

Another feature is the provision of an
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Another feature is the provision of a con- -
85
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from the land lines from operating the call- -

ing signals. ‘ o

Another feature is the provision of a cir-
cuit arrangement whereby low frequency
oscillations are impressed. on high fre-
quency ‘oscillations from either one of two
points connected in a direct current civeuit.

Another feature is the provision of two

alternating current relays in the signaling

circuit tuned to respond to different fre-
quencies, preferably within the voice range,
and a signal operated only on the simulta-
neous response of both relays. -
Another feature is the provision of a
monitoring set including an induction coil
having a high impedance. primary winding
connected across the cord being monitored,
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an amplifier being connected to the second-
ary winding, whereby transmission is not
impaired. '

Another feature is the provision of an
arrangement whereby the operator 1nay
modulate the carvier waves by voice cur-
rents ot low frequency telegraph waves
without changing the transmitting cireuit,
the circuits being so arranged that when
the telegraph key is in the operated posi-
tion, the talking transmitting circuit is 1
operative relation with the radio trans-
mitter. : :

Another feature is the provision of a cir-
wit for eliminating the ringing key in the
cord circuit and consists in providing a com-
mon relay associated with the signaling
generator, and a relay in each line circuit,
the common relay being actuated upon the
operation of the generator, and the relay
in the line taken for use being operated due
to the conjoint actuation of the common
relay and the talking key of the cord used.
A related feature is the provision of a cir-
cuit arrangement for applying signaling
current to the line over a path independent
of the cord used and at a point beyond the
terminating equipment of said line, said
equipment being of a character opaque to
such low frequency signaling currents.’

Another feature is the provision of a cir-
cuit arrangement involving the application
of a substantially zero resistance ground,
to the high frequency currents used in radio
transmission, to one of the strands of the
cord circuits to prevent interference.

Another feature is the provision of a cir-
cuit arrangement for communicating sys-
tems using four-wire cireunits, the receiver
and transmitter being connected respec-
tively to the two sides of the circuit for
affording side tone without physically con-
pecting the two sides of the four-wire cir-
cuit, consisting in providing means for di-
recting a portion of the energy from the
transmitter to the receiver without estab-
lishing a path hereby an appreciable
amount of energy is transferred between
the two sides of the four-wire circuit.

Another feature relates to communicating
ystems using four-wire circuits wherein
{wo of the wires are used for {ransmitting
and two for receiving, consisting in the pro-
vision of manually controlled switches for
utilizing either of said pairs for local tele-
phone conversations.

Other features of the invention will ap-
pear from the following description to-
gether with the appended drawings in
which :— '

Fig. 1 shows the terminating equipment
T, line 1., equipment OT of and in connec-
tion with an operator’s telephone set, 2
cord circuit C of the two wire type, Fig.
1> shows line circuits L—1 and L—2

1,624,672

four wire working which may be used in
place of the two wire line Li of Fig. L

Tig. 2 shows a four wire circull c—1,
telephone signaling equipment, telegraph
signaling equipment S—1, and a system
for measuring the strength of voice and
telegraphic currents.

Fig. 3 shows equipment RT of a radio
transmitting system with cireuit facilities
corresponding to a radio receiving system
RR and a trunk and line equipment TL
while equipments T.—3, T—1, OT—1, C—2,
$—9, 8—3 and M—1 may be considered,
respectively, as corresponding with equip-
ments L, T, OT, C, 8, 5—1 and M of Figs.
1 and 2.

Fig. 4 shows the radio equipment for a
ship; while »

Fig. 5 shows the equipment for a second

radio station with the equipments of either ™

Figs. 1, 2 and 3 or other stations having
equipment similar to the system of Fig. 4.
Tn describing this system the equipments
of Fig. 1 and Fig. 2 and that portion of
equipment of the radio system to the left
of line D (Fig. 3) may be considered pres-
ent at a radio wire station at which radio
transmitting equipment RT is present while
the equipment at the right side of line D
may be considered as located at a radio
wire recelving station. :
The line circuit I (Fig. 1) may be con-
sidered as extending to a distant toll or
long distance telephone switchboard and

through which connections may be estab-

lished with other land lines. ‘This two wire
circuit terminates in a repeating coil 1 of

_the hybrid type having a secondary wind-

ing 2 joined to a jack 3 while the bridge
points of the coil 1 are connected to an auto-
transformer 4, which in turn is connected
to a jack 5. The purpose of the auto-
transformer is to increase the impedance of
the circuit from the bridge points of coil
1 to correspond with the impedance of the
secondary or output winding 2. The arti-
ficial line 6 serves as a balancing network
for the line L. The relay 10 is controlled
from a cord circuit as will be presently de-
seribed, and serves for disconnecting the
hyhrid coil and for applying signaling cur-
rent oubward over the line cirenit. Dur-
ing such operations, this relay also connects
a resistance or network 1, corresponding
to the network 6 to maintain a balanced
condition at the hvbrid coil, whereby the
transfer of energy between the radio trans-
mitting system and the radio receiving sys-
tem is prevented when the line is discon-
nected from the hybrid coil, during a ring-
ing period. -

Called signals from the line I are re-
ceived as. follows. Ringing current incom-
ing from the line L flows through the relay

for 15, which being energized, pulls up its arma-
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ture to thereby open the circuit including
the normally energized relay 16.. The arma-
ture of relay 16 therefore falls off and com-
pletes a circuit including grounded battery,
the winding of relay 17, resistance 19 and

relay 201 (Fig. 2) which is'connected to-

ground. The relay 17, being energized, ac-
tuates the two armatures associated with it.

The left hand armature opens the cireuit of -

the grounded battery previously closed and
completes a locking circuit through a second
grounded battery. The right hand arma-
ture of relay 17 completes a circuit includ-
ing a third grounded battery, the signal
lamp 18 and relay 201. ' '

One side of the four wire cord circnit C-—1
comprises main conductors 203 and 204 while
the other side is formed by conductors 205
and '206. - In this cord circuit, although sep-

= arately shown, keys 210—211 may be consid-

ered  as units forming a single key, while
units  215—216, 220—921, 225996 and
230—231° may be considered as similarly
constituting single keys. The units 210—9211

serve as a so-called splitting key for discon-

necting the left-hand end of the cord cir-
cuit, while units 215216 form a key to dis-
connect the right hand end or radio side of
the cord circuit. Units 220—9221 permit the
operator’s telephone set to be connected for
talking on a circuit which may be used to
establish a connection between the line and
radio equipment. Units 225—9296 form a

_ key for monitoring and units 230—231 form

? a key whereby the operator’s transmitter and

- recelver may be reversed or transposed rel-
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ative to the two sides of the four wire cord
circuit. ' . LT
“At the splitting key unit 210, the trans-
former 217 may be connected to a radio re-
ceiving system. During the period of a con-
nection -this key may be operated for the

~purpose of including a device M—2 which

corresponds with the current indicating sys-
tem M whereby when the radio side of a
connection is disconnected, incoming voice
or signaling current will be indicated in the
system M—2. ' The resistance units or net-
works 212 and 213 will be connected to the
respective sides of the four wire circuits con-
nected to the line L when the key 210—211
is operated to disconnect the circuits in that
direction. The purpose of these resistances
Is to maintain a balanced condition relative
to the terminating equipment T of the line

"L during such periods.” The jacks 222 and
223 are provided to permit. the speech meter

M to be connected by the plug 224 with either
side of the four wire connection. e
Key units 20—21 (Fig. 1) are also me-

chanically connected to form a single key

which is used to control the connection of the -

transmission loss networks 25 and 26 with
respect to the circuits at a point intermediate

hetween an operator’s telephone receiver 93 -

“toll operator at the assumed distans

a

and the transmitters 22 or 81 and the re-

spective sides of the cord circuit G—1, These
networks' permit a simulation of s condition
whereby an associated operator’s telephone-

circuit may, from a transmission’standpoint, *

be positioned equivalent to the distant toll
switchboard, assumed as preésent on the line

circuit L. Therefore, following the estab-

lishment of a cennection with a distant radio
station or ship, gain controls 227 and 228 of
the cord circuit C—1 may be set by the oper-
ator to determine .a speech energy - level
which will be satisfactory when the connec-

tion is extended through or linked to the .

» point.
~In establishing a connection between \ne
and the radio. link, pluge 7 and 8 are -

£0

serted in jacks 3 and 5 of the toll line L while

plugs 207 and 208 are inserted in- jacks 308

and 305 of the equipment of T ig. 8. Incom-

ing radio waves incident upon the antenna .

301 will be supplied to the radio receiving
equipment RRin which they will be detected
to reproduce  speech .currents. The detected
speech currents will traverse the main con-
ductors of the trunk 304, the main members
of jack 803 and plug 207, main conductors
208 and 204 of the cord circuit, main mem-
bers of jack 7 and plug 8 and the termi-
nating equipment T of the toll line L.
Speech currents from the line L will trav-
erse the main contact members of jack 5
and plug 8, main conductors 205 and 206 of
the cord circuit, main contact meémbers of
plug 208 and jack 305, thence to the radio
transmitting equipment RT. A speech
modulated radio frequency wave will be sup-
plied to and radiated -from the transmitting
antenna 302, L e
During ‘the period of the connection Just
described, it may be desirable for the over-
ator at the radio receiving station to be able
to talk, monitor, signal, ete.

cord circuit C—2, including equipment simi--
lar to that of cord ecircuit C—1, with the
rad®o transmitting and receiving appara-
tuses. The cord circuit C—2 may be con-

86
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This may be .
-accomplished by associating a four-wire

nected either in parallel, in series, or in -

serles multiple with the cord cirenit C—1.
For a parallel connection of the receiving
operator’s set OT—1, with the cord circuit
C—1; the plugs 307 and 809 of the cord cir-
cuit C—2 are inserted in the corresponding
jacks 306 and 310. . - :
To provide for four wire working on the
land line side of a cord connection, the plugs
7 and 8 of the cord circuit C—1 should be
inserted in jacks 13 and 14, Fig. 1, respec-
tively, of the lines L—1 and L—2 which
form a four wire circuit. Equipment corre-
sponding with signal receiving equipment,
constituted by relays 15, 16 and 17 and sig-
nal 18 of the line L, is provided at RE on
line T.—1, while'CS on line T.—2 represents .
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equipment similar to the signaling relay 10
and associated apparatus of line L.

The arrangement of a connection, where-
by the switching equipment at the first or
transmitting station may be in series or tan-
dem with the switching equipment at the
second or receiving station, is accomplished
by inserting the plugs 207 and 208 of cord
civenit C—1 in jacks 813 and 315 of trunk
circuits 814 and 818, respectively. At the
second station plugs
four-wire cord circuit G—2 are inserted in
jacks 316 and 317 of the trunk circuits 314
and 818, while the opposite plugs 307 and
309 are inserted in the jacks 310 and 306,
respectively, of the trunk circuits 304 and
308 associated with the radio receiving and
transmitting systems. ~Under such an as-
sumed connection, the matter of setting the
gain control devices rests with either station.
‘At the station to which such operations may
be assigned, a key 229 (Fig. 2) may be op-
erated for connecting the gain control de-
vices 927 and 2928 in circuit with the two
sides of the four wire cord cireuit.

Tor a connection, which may be referred
to as a series multiple combination, the plug
907 is inserted in jack 313 of the trunk 314
while plug 208 is inserted in jack 805 of
trunk 308. At the other station, plug 320 of
the cord circuit C2 is inserted into jack 316
of the trunk 814 and plug 307 is inserted
into jack 310 of trunk 304. When this con-
nection is made, incoming voice currents
from line L, will traverse the lower side of
the cord civcuit C1 and the connection of
the trunk 308 to the radio transmitting an-
tenna 302, while voice currents arriving over
the receiving antenna 301 will traverse the
upper conductors of the four-wire cord cir-
cuit- €2, trunk 314, thence over the upper
ide of the cord circuit C1 to the line L.
Thus speech currents resulting from detect-
ing the incoming radio waves will be trans-
mitted in tandem through the cord circuits
(2 and C1 to the toll line L, while currents
from . this line to the radio transmitting
equipment will traverse only the circuits of
the cord C1. The radio transmitting equip-
ment however, will be accessible to the lower
half or side of the cord cirenit C2 at the
second station, if desired, by inserting plug
309 into jack 306 of the trunk 308 connected
to the radio transmitter. '

In a converse manner, the transmitting
equipment may be placed in ceries with one
ide of the cord cireuits C1 and O2 at the
respective stations, while the radio receiving
cirouits will be connected directly through
the upper side of the cord cireuit C1 to the
line L. Bridged supervision on the incom-
ing radio channel will be cavried ont daving
such periods at the second station by insert-
ing plug 307 into jack 810 of the trunk 804.

Referring to the equipment of the oper-

320 and 821 of the

1,624,672

ator’s telephone set (OT, Fig. 1) the tele-
phone transmitter 22, which may be of.the
so-called switchboard type, will be energized
by inserting plug 24 of the  telephone re-

ceiver 28 into jack 12. This energizing cir-

cuit extends from grounded battery, through

the winding of retardation coil 9; normal
contacts of jack 27, transmitter 22, forward
contacts of jack 12, lower normal contacts
of relay 28, primary winding of induction
coil 29, conductor 30, thence to ground
through the normal contacts of relay 235
(Fig. 2). : :

When it is desired to use a breast trans-
mitter 81, in place of the switchboard trans-
mitter 22, plug 32 of the transmitter 31 may
be inserted in jack 27.  The separated con-
tacts of jack 27 will then disconnect trans-
mitter 22 and the energizing circuit for 81
may be traced from grounded battery;
through retardation coil 9, lower main mem-
bers of jack 27 and plug 32, transmitter 81,
upper main members of this plug and jack,
thence to ground throvigh the circuit already
traced by way of the lower normal contacts
of relay 28.

The circuit for the operator’s receiver 23
may be traced from the lower terminal of
the winding 34 of transformer 33, upper
normal contacts ¢d of relay 28, lower main
members of jack 12 and plug 24, receiver
93, upper main members ot plug 24 and jack

70
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12, upper normal contacts ab of relay 28 to

the upper terminal of winding 34. A

A ‘monitoring system, which when em-
ployed will inappreciably effect. the trans-
mission relative to the operator’s receiver 23,
may be obtained by inserting plug 35 into
jack 36, plug 87 into jack 88, and plug 39
into jack 41. Current from grounded bat-
tery will traverse a circuit over the lower
main members of jack 36 and plug 35 to
flament 43 of a three clement vacuum tube
amplifier 42 to ground over the sleeve mem-~
bers of plug 85 and jack 36. Grounded bat-
tery also applies current through the upper
members of jack 36, plug 35 and primary
winding of transformer 45 to the plate ele-
ment 44 of the tube 42. The telephone re-
ceiver 40 is connected by way of plug 39
and jacl 41 to the secondary or output wind-
ing of transformer 45. The main members
of jack 38 are connected in parallel to the
leads of jack 12 which connect to receiver
03. Therefore, voice currents over the plug
97 will traverse a circuit through the pri-
mary winding of transformer 46, the second-
ary winding of this transformer is included
in the input circuit of tube 492, which in-
cludes a grid element 51. When desired, the
operator’s receiver 23 may be disconnected
from jack 12 and connected to jack 41 and
used with the transmitter 31 in the regular
handling of telephone connections, in place
of the monitoring receiver 40. TUnder these
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conditions, it is immaterial whether- plug

24 1s in jack 19, since the circuit for the

transmitter 81, as already traced, is inde-
pendent of the lower contacts. of jack 19.
These contacts merely serve. to complete the
circuit for the transmitter 22. :

To connect the operator’s receiver 23 and
transmitter 31, with the respective sides at
the cord circuit C1, the key formed of units
220—221 is operated.  For the receiver,. a
circuit may be traced from the main conduc-
tor 203 of the cord, the upper normal con-
tacts 4g of key 210, the upper forward con-
tacts gf of key 220, the upper normal con-
tacts g/ of key 230, conductor 236, the upper

normal contacts fe of key 20, winding 48 of

iransformer 33, lower normal contacts de

ot key. 20, conductor 237, lower normal con-

~tacts ef of key 230, the lower alternate con-

tacts de of key 220, the lower normal con-
tacts de of key 210 to the opposite . main
conductor 204 of the cord circuit. For the
transmitter 81, the circuit is traced from the

main conductor 205, the upper normal con-

tacts ¢f of key 211, the upper forward con-

‘tacts Ag of key 221, the upper normal con-

tacts de of key 281, conductor 238, the up-

per normal contacts of relay 49, upper nor-
‘mal contacts de of key 21, secondary wind-.
‘ing.of the induction coil 29; the lower nor-

mal contacts ba of key 21 and lower normal

contacts of relay 49, conductor 239, the lower

- normal contacts be of key 231, the lower

40
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alternate contacts -ed of key 221 and the

lower normal contacts ab of key 211 to the

main conductor 206, With the circuits just
traced, the receiver 23 will be connected in
bridge on- the upper side of the four-wire

-cord circuit, while the transmitter 81 will-be

similarly connected to the lower side of the
four wire cord -circuit. o

In case the splitting key 210211 is op-
erated at this time, the operator’s set will be
connected to plugs 207 and 208 and may be

‘used: for communication over the radio’ cir-
cuits. If the splitting key is in its position -
to operate units 215—216, the radio side will

~be disconnected and the operator’s set will
sertion of plug 7 into jack 8 will separate

be connected for use with the line SL2
‘Operation of the key formed of units 20—
21 opens obvious connections which normally

-short cireuit the series resistance units, while
the forward contacts of the shunt resistance .

units are connected together to form a bridge

‘path for the loss networks, which is of the

conventional H type. , c

When it is desired to reverse the relation
of the transmitter and receiver of the oper-
ator’s ‘set with respect to the sides of the
four-wire cord circuit, the key formed of
units 230—231 is operated, the key 220991
being actuated. The civcuit for the transmit-

- ter may now be traced from conductor 208,

.85

upper normal contacts Ag of key 210, the

upper forward contacts gf of key 220, upper

S

alternate contacts fe of key 281, conductor

238, and as already ‘traced through the sec-

ondary winding ‘of the induction coil 29,
thence returning over: conductor 259, the
lower alternate contacts ba of key 231 and
the lower alternate contacts de of key 220
and the lower normal contacts dé of key 210
to the opposite conductor 204; The circuit
for the receiver may be traced from con-
ductor 205 over the upper normal contacts
fe of key 211, upper alternate contacts hg
of key 221, upper alternate contacts ¢4 of
key 230, conductor 236, thence -as -traced

through the winding 48 of the transformer
83 returning over-conductor 237, the lower

alternate contacts ed of key 230, the iower
alternate contacts. ed of key 221, and the
lower normal contacts ba of key 211 to the

opposite main conductor 208,
~'The control described above, increases the

flexibility of the connecting circuit, since it

permits the transmitter and receiver of an
operator’s set to be interchanged with re-

spect to the sides of ‘the cord circuit C—1,

whereby a‘single operator’s set. may be prop-
erly connected to talk, monitor or signal -in
either direction, whether the communication
takes place from line to radio or from radio
to line.. This is adistinct advantage, espe-
cially when repeaters
cord circuit and the distant radio system, or

between the cord circuit and the four-wire

terminating equipment of the two-wire line
“L” or the circuits of the four-wire line

formeéd of circuits L1 and L2, When using

a connecting circuit of this type it will be
obvious' that the repeaters render the re-
spective sides of the four-wire circuit opaque
to currents in one direction.

such a connecting circuit, the reversing key

- 230—231 will be in one position, while in

order to talk in the opposite. direction, it will
be necessary ‘to throw the reversing key to
the opposite position. : E o
Upon receiving a call signal from the line
L, as indicated by the lighting of lamp 18
due to the locked position of relay. 17, in-

the normal contacts of this jack to discon-

nect ground and thereby effect the release

of relay 17 to extinguish the signal 18.

The structure of the jack 3 and plug 7
are such that the normal contacts of the jack
will separate prior to closure of the upper

meiber of the plug 7 with the sleeve mem-

are used between the

In- talking

rom the operator’s set in one direction over

0
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ber of the jack, thereby permitting the re- -

lease of relay 17. TFollowing complete in-

sertion of plug 7 into jack 3, a circuit; in

substitution of the. first path, is completed
over the sleeve conductor of plug 7, the
lower normal contacts of key 220 to ground

through the winding of relay 201 (Fig. 2). -

This provides that during the period of a -

connection, an incoming call signal locks up

130
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- relay 10 to supply

3

the relay 17 over the sleeve conductor of the
connection and the lower normal contacts of
key 220, so as to maintain the signal lamp
18 lighted. When the talking key 220221
is operated in responding to such a signal,
separation of the lower normal contacts of
the unit 220 will open the locking circuit of
the relay 17, thereby extinguishing signal 18.

To insure that the signal 18 will not be
displayed due to inductive or surge effects
in the conductors of line L, a slow release
relay 16 is inserted between the alternating
current relay 15 and the signal control re-
lay 17. Relay 16 is normally energized over
am obvious circuit which cireuit is opened
upon the operation of relay 15. Signaling
current incoming over line L must hold re-
lay 15 energized for a sufficient period to
allow the contacts of relay 16 to assume the
fully released position, in order to remove a
chowt circuit about the winding of relay 17.

For signaling outward over the line cir-
enit L, the plug 8 is incerted in jack b and
the talking key 220—221 operated. Key 240
is then operated to apply signaling current
from a source 241 to operate relay 242 which
has a high impedance to signaling currents.
Relay 242 causes the energization of relay
943 over an obvious circuit clogure of the
contacts of relay 243, connects_ground to a
civcuit. which extends through the lower
alternate contacts b of unit 221, the upper
dleeve member of plug 8, shell of jack 5,
and the winding of relay 10 to grounded
battery. The upper armature of relay 10
connects ground to the upper main conduc-
tor of lime L, while the lower armature -con-

nects the lower main conductor of the line

to conductor 50 now connected over the
lower alternate contacts ab of key 240
through the source 241 and the upper alter-
nate contacts ef -of the key 240 to ground,
whereby current is supplied to line L from
the source 241.

Where a continually operating source of
alternating current, as the source 241, may
not be available, the key 240 may remain in
its normal position, and the hand generator
944 operated. One side of this generator is
normally grounded through the upper nor-
mal contacts de of key 240, while the oppo-
site side of the generator is connected over
the Tower normal contacts ¢b of this key to
the conductor 50. Under these conditions
the telay 242, connected from the condue-

‘tor 50 to ground, will respond to current

from thie hand generator and effect the oper-
ation of relay 242, which in turn causes re-
lay 243 to operate; whereby ground poten-
tial will be applied over the sleeve of the
connection to energize relay 10, while energy
from the hand ‘generator over conductor 50
will be effective over the lower armature of
ringing current to line L.

The operation of the current indicating

1,624,672

system M may be described as follows. Let
it now be assumed that, during the period
of the connection or while in preparation for
a connection, the plug 207 of the cord Clis

connected to the trunk 304 of the radio re- 7

ceiving equipment RR. Insertion of the
plug 224 into jack 222 establishes a circuit
which may be traced from main conductor
908 over the normal contacts hg of key 210,

upper main members of the jack 222 and ¥

plug 224, the primary winding of trams-
former 286, thence over the lower members
of plug 224 and jack 222 and the lower nor-
mal contacts de of key 210 to the opposite

main conductor 204. The sleeve members of ¢

this jack and plug supply current from ‘a
grounded battery through filament 281 of a
rectifier tube 280 to ground. The secondary
winding of the transformer 286 is divided
into two sections, the outer terminals of
which are respectively connected to plate
clements 982 and 283 of the tube, while 2
common midpoint of the secondary winding
is connected through a counter potential cell
984 and a direct current meter 285, to ene
side of the filament circuit. Opposite half-
waves of the incoming signal or voice cur-

rents will be respectively rectified in this

tube to set up uni-directional -currents
through the meter 285.
battery 284 is to neutralize residual current
offects commonly referred to as “Edison ef-
fect” currents, and retain the needle of the
instrument 285 normally at zero or at any

‘other predetermined point or pesition on its

associated scale. Therefore, with this sta-
bilizing arrangement amy Tresponse of the
needle will be due only fo such alternating
currents as may arrive from the connected
circuit. By transferring the plug 224 to the
jack 223 similar readings of voice or other
signaling currents may be made relative to
the opposite side of the four-wire circuits.
The current measuring system M is de-
soribed more in detail in my Patent No.
1,404,311 dated January 24, 1922.

During the period of a connection, the
operator may monitor by operating the
monitoring key formed of units 295—226.

A circuit for this purpose may be traced °

from the main conductor 203, upper normal
contacts kg of key 210, upper forward -con-
tacts fe of key 225, upper normal contacts
gh of key 230, conductor 236, normal upper
contacts fe of key 20, winding 48 of trans-
former 33, lower normal contacts de¢ of key
20, conductor 237, lower normal contacts ef
of key 230, lower normal contacts de ot key

The purpose-of the &

ga
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110
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990, lower normal contacts ¢b of key 230,

conductor 52, lower normal contacts of relay
53, winding 54 of transformer 33, upper nor-
mal contacts of relay 53, conductor 55, wp-
per normal contacts ki of key 230, lower
£orward contacts de of key 225, lower nor-
mal contacts de of key 210 to the opposite
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main conductor 204 of the cord circuit. The
lower forward contacts of key 225 connect
the winding 56 of the transformer 33, in
parallel with -the ‘winding 84 as already
traced.. The latter: winding is connected to
the telephone receiver 23 of the operator’s

telephone set which will now be in a posi-

tion. to monitor on the upper side of .the
four-wire cord cireuit, which may be. as-
sumed as connected to the trunk circuit 304

for the reception of voice currents transiait-

ted from the radio-equipment to the line L.

When desired, receiver 40 may be employed

for monitoring opérations over the circuits

-already traced through amplifier 42 to the-

output windings 34 and 56 of the trans-

former: 33. o Qo o
During the monitoring period the trans-

mitter of the operator’s set will be rendered

inoperative.  For this purpose a circuit may.

be traced from ground through the upper
forward contacts ef of the key 226 to ground-
ed battery through the winding of relay 49.
In responding, .this relay opens the circuit
of the secondary winding of .the induction
coil 29 of the operator’s transmitter.

Tor monitoring on the opposite side of the

four-wire cord circuit, the key units 225—296
are continued in the operated or monitoring

position, while key units 230—981 are also’

operated. The circuit may now be traced
from the main conductor 205 through  the
upper normal contacts ef of relay 211, the
forward upper. contacts de of key 296, the
upper alternate contacts ¢4 of key 230, con-
ductor. 236, normal contacts fe of key 20,
winding 48 of transformer 83, lower normal
contacts de of key 20, conductor 237, lower
alternate contacts ed of key 230, lower nor-
mal contacts e¢f of key 221, lower alternate
contacts. ab of key 230, conductor 52, lower
normal contacts of relay 53, winding 54 of
transformer 33, upper normal contacts of
relay 58, conductor 55, upper alternate con-
tacts %l of key. 230, lower forward contacts
ba of key 226, lower normal contacts ab of

- key 211-to the opposite main conductor 206

50

60

of ‘the cord circuit. 'With the.circuits -con-

nected “as described above, the - operator’s.

telephone receiver will be coupled by the
transformer 33 for monitoring on the oppo-
site, 1. e. lower, side of the cord circnit;
while the circuit of the operator’s transmit-

ter, although associated with the upper side.

of this cord. circuit, will continue to stand
open: at the separated contacts of relay 49,
which- continues operated over the civeuit
already- described. :
Where repeater .equipments are not pres-
ent intermediate the cord circuit and the line
L, transmission currents from the line 1., as
well as from the radio receiving equipment,
will become effective in the operator’s re-
ceiver when it is connected to the conduc-

< tors 208 ‘and 204 of the cord cireuit for

monitoring - purposes. These —conductors, -

while forming the path proper- for the cur-
rents to the wire side of the connection, may
also be common to the voice currents from
the line L, the proper or “through” path
for which, however, is by way of the lower
conductors 205 and 206 of the cord circuit

to the radio transmitting equipment. At

the hybrid coil the voice currents may di-
vide, a portion flowing into the upper side.

70

of the four-wire circuit which includes con-,

ductors 208 and 204 of the cord cireuit.

In cdse repeater equipments are present
between the cord and the line L, the unper.
side of the four wire cord circuit will not.
be common to voice currents incoming from
the line L, due to the repeaters being opaqtie
to currents in that direction. Therefore, in
order to monitor such currents, it-is neces-.
sary to operate the reversing key 230—231
to transfer the operator’s receiver to the
lower side, formed by the conductors 205
and 206 of the cord circuit. In a converse
manner, the presence of the repeaters serves
to completely isolate these conductors with
respect to transmission -currents arriving
from the radio: receiving equipment, which

currents in the main may be excluded by a

sufficiently accurate condition of balince be-
tween the real line L and the artificial line 6,
- When the operator’s telephone set is in
position for talking over the cord cireuit
Cl1, key units 220221 being in their oper-
ated positions as already described, it is de-
sirable that currents corresponding with the
so-called side tone effects be present in the
operator’s receiver by currents produced by
the operator’s transmitter. These effects are
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produced in the present system by means of -

transformer 33 as will now be described.

In the talking position of the cireuits,
winding 34 of the transformer will be con-
nected ‘to receiver 23, while winding 48. will
be connected-in bridge on the conductors 203
and 204 of the cord circuit. A circuit may

now- be traced in half tapped relation from

grounded battery, through retardation coil
9, condenser 58, upper- alternate contacts of
relay 58, winding 54 of transformer 33 and

the lower alternate contacts of the relay to !

ground. S ,

During the talking period, relay 53 is-ener-
gized by ocurrent from grounded battery
through the winding of this relay over lead
59, upper alternate contacts ji of unit 220
to ground through relay 201, as previously
traced. Relay 201 is of the marginal type
and does not respond at this time. ‘

+ With the circuits traced above. it will be
seen that condenser 58 and winding 54 of
transformer 83; form a series path connected
in - parallel with condenser 60. This con-
denser is connected in'shunt across the pri-
mary circuit of the operator’s telephone set,
and. constitutes a path traversed by such
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voice currents as may be set up when the
transmitter is in use. Therefore, by em-
ploying a suitable capacity value for con-
denser 58, a predetermined amount of the
voice currents, to serve as side tone may be
set up in transformer 33 and will be sup-
plied to the receiver 23 over the circuits al-
veady traced. Side tone effects are recog-
nized requirements for proper transmission,
as a speaker may thereby cauge the ampli-
tude or energy of the voice.

On the four-wire circuit, where a relative-
ly perfect balance obtains at the terminat-
ing equipment T of the line I with respect
to the artificial line 6, no currents from con-
ductors 205 and 206 will reach conductors
903 and 204 of the cord circuit. In like
manner, in case plugs 7 and 8§ of the cord
circuit are employed with the four-wire, cir-
cuit formed of lines L1 and L2, voice cur-
rents from the operator’s transmitter, when
connected to conductors 205 and 208, will
not reach the upper side of the cord circuit
formed by conductors 203 and 204. There-
fore. the necessity for providing the side
tone feature will be evident. ’

Cord cireuit C (Fig. 1) may also be em-
ployed with the toll line L. Plug 72 may
be inserted in jack 61 and a connection estab-
lished by plug 73 either to a trunk circuit
325, a line circuit 326 or a tandem circuit
397. The cord circuit C which is of the two-
wire type may also be employed in estab-
lishing the connections between the circuits
395 and 327 or between other two-wire cir-
cuits not shown but present in the system.

In describing the two-wire circuits, it will
be understood, as already mentioned, that
the cord circuit equipment C3 (Fig. 3) may
be a duplicate of the cord circuit C. As-
suming that a call has originated over the
trunk circuit 825 by the insertion of plug
73 of the cord circuit C into jack 330 of
trunk 825, a circuit may be traced from
grounded battery, lower right hand wind-
ing of repeating coil 62, lower normal con-
tacts ¢b of ringing key 63, center or ring
members of plug 78 and jack 830, relay 331
znd thence to ground through the upper nor-
mal contacts of jack 382 at the opposite end
of the trunk circuit.

The response of relay 331 completes a cir-
cnit from grounded battery over resistance
333, signal 334, contacts of relay 331 to
eround through the lower normal contacts
of jack 332. Plug 73 in jack 330 effects
separation of the normal contacts of the jack
and by closure of the lower contacts, current
from grounded battery traverses a resistance
339, signal 338 and thence over the local or
sleeve members of jack 330 and plug 73 to
ground. At this time signal 338 serves as a
guard or supervisory signal. ‘

In response to this call, a plug 335 of
the cord circuit C3 may be inserted into

1,624,672

jack 332. This effects separation of the nor-
mal contacts of jack 832 and closure of the
lower alternate contacts, thereby connecting
a resistance unit 836 in parallel with and
shunting signal 834. Ground "over the
sleeve members of the jack 332 and plug
335 being provided by the cord circuit, in
substitution of the ground at the lower
normal contacts of jack 832.

Since the cord circuit C3 is a duplicate
of the cord circuit C, current will be sup-
plied from grounded battery of cord C—3
over the center or ring conductors of the
plug 835 and jack 832 to the winding of
relay 387, the upper or tip members of jack

330 and plug 73 through the upper right-

hand winding of repeating coil 62 to ground.
The corresponding grounded battery, pres-
ent in the cord C, will cause current to
traverse relay 331 to ground through the
repeating coil of the cord C3 to maintain
relay 331 energized. Resistance 340 will
now be connected by the forward contacts of
jack 330 and contacts of relay 337 to ground
over the sleeve members of the connection
to the cord C, thereby extinguishing signal

In establishing the operator’s telephone
set with the two-wire cord circuit C, key
65 will be operated. The upper contacts ef of
this key provide a ground connection for
the circuit through relay 28 to grounded
battery, thereby effecting response of the
relay 98. A circuit is established which
may be traced as follows from the upper
wain conductor 66 of the cord C by way
of the second upper forward contacts cd of

key 65, left hand winding of repeating coil’

68, condenser 69 and lower forward con-
tacts ab of key 65 to the opposite conductor
67 of the cord. :

When the relay 28 operates, a circuit is
established which may be traced as follows.
From ground over the primary winding of
repeating coil 68, lower alternate contacts
of relay 28, transmitter 81 and retardation
coil 9 to grounded battery, while another
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circuit extends in half tap relation from the

upper terminal of the secondary winding of
induction coil 68 by way of the upper

alternate contacts of relay 28, receiver 23

and next upper alternate contacts of relay
28 to an intermediate half tap point on the
secondary winding of induction coil 68.
The separated contacts of relay 28 discon-
nect the transformer 33 and also induction
coil 29 employed for four-wire working, as
already described. For the circuits Just
traced, the forward contacts of relay 28 con-
nect transmitter 22 and receiver 23 to op-
erate by way of induction coil 68 in two-
wire relation to the circuits of the cord
circuit C. : :

"The signal at either end of the trunk cir-
cuit 325 may be flashed by the removal and

115

120

125

130



10

C 20

w
<

30

40

al

it

14

1,624,672

re-insertion of the plug at the opposite end
of the trunk, while removal of a plug will
cause the signals at each end of the circuit
to be energized. To render this clear, re-
nmoval of plug 73 fromn thejack 380 effects the
release of relay 331, thereby disconnecting
the shunting resistance 836 to permit the
illumination of signal 834 by current from
grounded battery through - resistance 833,
signal 334, sleeve members of jack 332 and
plug 335 te ground on the cord circuit C8.
In case the plug 73 isnow re-inserted in jack
330, re-operation of relay 331 will re-apply
rvesistance unit 386 in parallel with the cir-

cuit just traced for the signal 334, thereby. e
- of relay 381 removes the shunt path around

causing this signal to be extinguished.

- From the description just given, it will
be apparent that a single relay having a
single forward contact, as the relay 831, in

assoclation with jack 332 and cord circuit

C—3 will serve either as a line or super-

visory signal control relay in the handling

of telephone traffic over the trunk circuit
325, In a reciprocal manner, a coriespond-
ing relay 337 may serve as a line or super-
visory signal control relay for calls originat-
ing. at jack 830. I S
. Mssume now that a call has originated
at a station such as 378, on. tandem circuit
327. In initiating the call, Temoval of the
receiver from its switchhook at station 378
completes a - circuit which' may. be traced
from grounded battery 725 over resistance
unit 379, first lower noimal contacts of jack
380, relay 381, first lower normal contacts

of jack 382, thence through the instrument-

at station 378, through relay 383, upper nor-
mal contacts of jack 882, marginal relay 384,
upper normal contacts . of jack 380 and
resistance unit 385 to ground.

cireuit just traced, the marginal relay 384
will not respond. “However, relays 381 and
383 will respond to complete circuits similar
to those described  for trunk circuit 325,
whereby signals 886 and 887 will. be
energized. . '
- This call may be answeerd either at the
switchboard of the radio transmitting equip-
ment or at the switchboard which is as-
sociated with the radio receiving equipment.
Assuming that the call is answered at the

transmitting station, plug 78 of cord circuit
™ M Pt ) h

C will be inserted into jack 380. The lower
group of contacts of jack 380 effect discon-
nection of grounded battery through the
winding of relay 201 (Fig. 2) and estab-
lish o shunt on signal 386 as already de-
scribed for the call over trunk circuit 325.
Separation- of the first lower normal con-
tacts of jack 380 opens the circuit over which

~current is supplied through résistance units

879 and 385, current and ground being now

substituted by way of repeating coil 62 of -

23, to effect

] Due to the
presence of resistances 379 and 885 in the

the cord eircuit to the main conductors of

the tandem trunk 827, ~

The direct current resistance of the wind-
ings.of repeating coil 62 is relatively low
compared. with resistances 379 .and 385.
Hence, under an increased flow of current
from the cord circuit C through the distant

o
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station 378, the marginal relay 884 will re-

spond. The contacts.of this relay establish

a shunt path around relay 383 which will
now release and disconnect signal 387.
When the receiver is restored to its switch-
hook at station 878, cessation of current

through the main conductors of the line will -

effect release of relays 884 and 381. Release

signal 386 and connects grounded battery
therethrough to the sleeve conductor of plug

this time is a disconnect indication. .
Assuming now that the call received from
station 878 is to be answered at the switch-
board of the radio receiving station, lamps
386 and 387 will be lighted, as explained
above and the call will be answered by in-
serting plug 835 of the cord circuit C3 into
jack 382, The upper and first upper normal
contacts of this jack now disconnect the cir-
cuit from the distant jack 380, thereby ef-
fecting the release of relay 881 to extinguish
signal 886 at the latter point, while bat-
tery over the -ring conductor of the. cord
circuit C8 will traverse the -circuit, through
the instrument at station 878, returning

‘through relay 383 over the tip members of

the connection to ground on ‘the repeating
coil ‘of cord C8. Circuit changes, due to
the presence of plug 835 in jack 882 and

the operated position of relay 383, serve to -

shunt the lamp 887. On disconnection at
station 378, relay 883 will be released, there-
Ly effecting removal of the shunt path and
permitting signal 887 to be displayed. =

Lt it now be assumed that an operator
at ' OT (Fig. 1) desires to call station 388

-of line 826. Plug 73 will be inserted into

jack 389 thereby disconnecting ground.and
battery from the main conductors of -this
line due. to separation of the normal con-
tacts of the jack. A signal 390 will be
lighted at ‘this time by current: from the
grounded battery through the associated re-

sistance unit, signal 390 and sleeve .mem-

bers of the plug and jack to ground on'the

ringing current over conductor 50, lower

alternate contacts of key 68, ring members

of the connection, thence over line 826
through the instrument which may be simi-
lar to the instrument shown at station 378,
thence returning over the tip side of this
connection to ground through the upper al-
ternate contacts of key 63. Upon response

display of the signal which at’
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ccord circuit. C.  Operation of ringing key
63 and hand generator 244, serve to apply’
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at station 388, flow of direct current through
the repeating coil of the cord circuit will
effect the response of relay 891 to effect
shunting of signal 390. Under flashing or
disconnect operations as station 888, velay
391 will be alternately energized and de-
energized to respectively display or extin-
guish the signal 390 in a manner similar
to that already described for flashing and
disconnect operations in the trunk cireutt
ags. .

When. desired, the jack 61 of the line L
may be employed for so-called patching of
this line to come primarily under the con-
trol of the switching equipment at the dis-
tant radio station, or this line may be
patched directly to the circuits 325—327 for
service therewith. A patching cord, not
shown, but well known in the art, may be
associated with jack 61 of the toll line and
with jack 815 of the trunik civcuit 318. In
turn, a second patching cord may be associ-
ated from jack 317 to the jack adjacent the
plug 821 thereby providing that the line
L may terminate at the duplicate equip-
ament T—1 at the radio receiving station.
This prepares circuits so that the four-wire
cord circuit C—2 may be employed for es-
tablishing connections between the Jand line
L and the radio transmitting and receiving
equipment in the manner already described
for connections established at the other
switchboard. Similar combinations relative
to parallel, series or tandem or combinations
of parallel and series connections may be
carried out relative to the two switchboards
in a similar but inverse manner to the ar-
rangements already described.

In connection with the radio transmitting
system, a coil 392 may be positioned adjacent
the electromagnetic equipment of the trans-
mitting cireults, or of an inductive turn, as
shown in the antenna lead. As shown, the
coil 392 may connect to suitable amplifier-
rectifier equipment 393 for causing the relay
394 to respond during the periods that
energy is supplied to the antenna. This re-

- sults in the application of current from
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grounded battery over an obvious circuit
through relays 895 and 896 to energize the
respective signals 397 and 898 at the two
switching points. The display of these sig-
nals indicates to operators at the respective
stations that the radio transmitting system
is energized for use.

‘A call signal, incoming over the radio side.
may comprise two alternating currents of
different frequencies as modulations of the
carrier wave. Upon detection of the In-
coming wave by the radio recelving equip-
ment, an impulse of current. comprising the
two different frequemcy currents will be-

“come effective to cause two correspondingly

tuned relays 399 and 399—A to respond.

1,624,672

Simultaneous separation of the normally
closed contacts of these relays releases relay
701 which is normally energized over an ob-
vious circuit. Relay 701 in releasing applies
current from grounded battery through relay
702, relay 703, normal contacts of jack 310,
relay 704 to ground through the normal con-
tacts of jack 303. Response of relays 703
and 704 apply grounded hattery through ob-
vious paths to respectively energize signals
705 and 706.

The call may be answered at either switch-
ing equipment and, assuming that response
ie made at the first switchboard, insertion of
plug 207 of the cord C—1 into the jack 303
effects the separation of the normal contacts
of this jack to disconnect the circuit through
relays 702, 708 and 704 However, these
relays were held energized, following the re-
sponse of the relay 702, by current from a

grounded battery connected over the alter-

nate contacts of the relay 702. This battery
having been thereby substituted for the bat-
tery initially connected over the contacts
of velay 701. When the plug 207 is fully
seated in jack 303, a circuit will be prepared
from ground through relay 201, upper nor-
mal contacts of key 220, upper sleeve mem-
bers of plug 207 and jack 303, thence over
the now closed alternating contacts of jack
308 to the cireuit already traced through
relays 704, 703 and 702. Therefore, during
the period of a connection, a subsequent call
signal will effect the response of the relays
399 and 899—A to cause the re-operation of
the relays 702, 703 and 704 to display sig-
nals 705 and 706 as already described. ’

Tn responding to such a-signal, operation
of the talking key formed of units 220--221
disconnects the circuit to ground through
relay 201 at the upper normal contacts of
the key 220, effecting release of relays 702,
708 and 704 thereby restoring the signals
705 and 706 to normal, or non-operated posi-
tion.

For c¢all signaling over the radio link, the
plug 208 is inserted in jack 305, key 215—216
ot cord circuit C—1 is now operated, fol-
lowed by the operation of a master signaling
key 245. Current from sources 246 and 247
will flow over the main conductors of the
plug 208, jack 305, to the radio transmitting
equipments TR and a carrier wave modu-
lated by the current from the sources 246 and
247 will be supplied to and radiated from
the antenna 302.

At a distant point, such as at a station
equipped as shown in Fig. 4, the called signal
modulated wave will be received by an an-
tenna 400, detected by the receiving equip-
ment 401, and the detected currents will be
supplied to the two correspondingly tuned
alternating current relays 402 and 403.
Simultaneous operation of these relays opens
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the connection to ground of a circuit includ-
ing the relay 404 which is normally ener-
gized ‘over an obvious circuit. - On release,
the latter relay connects grounded battery to
a circuit through relay 403, resistance 406

and the normal contacts of jack 408 to

ground. When the relay 405 responds, its
contacts connect a second grounded battery,
m substitution of the first mentioned battery,

* over the contacts of relay 404 to retain relay

405 energized and also to supply current
through signal 407 and the normal contacts
of the jack 408 to ground.

For telegraph cperation, key 271 of the
equipment S—1 (Fig. 2) may be momenta-
rily operated, thereby applying cuirent from
grounded battery through relays 235 and
232 to' ground. In responding, separation
of the upper contacts of relay 235 discon-
nects. a mormally closed path in shunt to
the output winding of transformer 248.
On closure of the lower contacts of relay
235, grounded battery is applied through
normal contacts of key 249, signal 250 and
relays 235 and 232 to rvetain. these relays
energized. - The contacts of relay 232 con-
nect the secondary winding of ‘the trans-
former 251 to energize the cathode or fila-

- ment 252 of a three-element vacuum tube

258, the primary winding of this trans-

former being energized from a source 254.

From an intermediate half-tap point con-
necting units 255 and 256 connected in series
to form a bridge across the filament 252, 4
circuit may be traced through “B” battery
257, retardation coil 258, the primary wind-
ing of an output transformer 259 to the
plate elerient 260 of the tube253. The cori-
densers shown connected from the retarda-

tion coil to points of the plate circuit serve

to establish a condition of resonance rela-
tive to a certain frequency, which in the
present case may be assumed as one thou-
sand cycles per second. :

Upon. closure of key 261, grounded bat-
tery is connected- through relay 263, retarda-
tion coil 262, key 261 to ground.  The re:
sponse of relay 263 closes a circuit. which
may be traced from the filament 252 by
way of resistances 255 and 256, through the
secondary winding of transformer 259 and
contacts of relay 2063 to the grid element 264
of tube 253. The latter circuit forms a s0-
called “feed back” to produce and maintain
the production  of oscillations in the
circuit. These oscillations are supplied to
transformer 248 by way of an intermediate
transformer 265. ‘

Assuming now that the plug 208 is pres-
ent in jack 305 with the talking key units
220—221 in their operated positions, alter-

nating current of one thousand cycles per-

second  will be supplied from ground
through the right hand winding of trans-
former 248, conductor 30, the primary wind-

205 and 206,

te the antenna 309,

ployed for talking,

tube

1L

ing of repeating coil 29, lower normal con-
tacts of relay 28, thence through transmitter

51 to ground" through the ' condenser 60.

As already described, the operated position

of key 221 connects the secondary winding

of induction “coil 29 “and with ~conductors
It therefore follows that each
closure of the telegraph key 261 will result
in an impulse of alternating current, which
traverses the connection over the plug 208
and jack - 305, to-the radio transmitting
equipment RT from which it will be sup-
plied as a modulation of the carrier wave
The right hand wind-
ing of transformer 248 is of low ohmic or

direct current resistance, therefore, it is sub-

stantially immaterial whether this winding
is in series with the battery supply ‘of trans-
mitter 81, as already. traced through the
winding ‘of induction coil 29. Accordingly,
during the periods when relays 235 and 232
are energized as indicated Dy the display-
of signal 250, the operator may either talk
or telegraph over the radio "transmitter;
1.-e., during periods when the telegraph key
261 1s at rest the transmitter 31 may be em-

telegraphing. :
Sunilar equipment at a distant radio sta-
tion may be operated for
ling, the signals being received by way of
the antenna 801 .and radio receiving equip-
ment RR." After detection in the receiver

RR the signal impulses will be transmitted

by way of jack 303 and plug 207 to the con-
ductors 205 and 204 of the cord civeuit C—1,
through the key 220 which connects: the ve-.

ceiver 23 for reception of such incoming tele- |

graphic signals, without other manipula-
tion on the part of the operator. A key
76 may be operated if desired to apply
ground to the transmitter circuit and there-
by shunt the transmitter 31 for thie alternat-
ing  telegraph signal currents. 'This key
may also be employed as a transmitter cut-
out key at any time in the handling of tele-
phone traffic. R

‘The system of direct current ‘telegraph,
employed with the present systein, will now
be described. “A pole changer or telegraph
key 707, line ‘relay 708, and a vibrator
sounder 709, controlled by the line relay and
energized from an -alternating’ current
source 710 by way of a transformer 11, may

form one station” on a line conductor 712,
while a similar key 266, line relay 267 and
sounder 268 may be present at a second sta-

tion on the line 712." Operation of ‘the ‘key

707 applies grounded battery over the line ?

712 to ground through the normal contacts
of key 266 to cause the line relays 708 and

267 to respond to respectively operate the

sounders 709 and 268 when signals are trans-
mitted from the right hand to the left hand

while upon cessation of
talking the key 261 may be operated for

telegraph signal-.
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station. Jn a reciprocal manner, operation
of the key 266 serves to transmit signals
from the left hand to the right hand station.
The sounder 268 is supplied with energy
from the alternating current source 275 by
way of a transformer 276, which also sup-
plies energy for the sounder 277.

When desired the Morse line 712 may be
connected to control the system for trams-

mitting telegraph signals over the radio
channel. This may be effected by operation

of key 269. Assuming the latter key is in
its operated position and sending under
way from key 707, each closure of the con-
tacts of the line relay 267 establishes a cir-
cuit from ground by way of key 269, retar-
dation coil 262 and the winding of relay
963 to grounded battery, causing the latter
relay to rvespond and control the feed-back
circuit of the oscillator 253 in the same man-
ner as that already described for controlling
it from the telegraph key 261, Further, as-
suming that plug 208 is present in. jack 305,
divect current signals from the Morse line
712 will be translated into alternating cur-
rent impulses at 1000 cycles per second
which will be supplied by way of the trans-
former’ 248, induction coil 29, talking key
991 and the connection previously described
to the radio transmitting apparatus and an-
tenna 302.

The arrangement whereby busy test opera-
tions may be carried out by means of the
cord cirenit C may be described by assuni-
ing that the talking key 65 of this cord is
in its operated position. TRelay 28 will now
operate due to grounded battery through the
relay to ground through the upper forward
confacts of the key 65 as already described
in. transferring the operator’s receiver 23
and transmitter 81, respectively, from the
transformer 33 and induction coil 29, to con-
trol through the induction coil 68.

Assume now that the upper or tip mem-
ber of plug 72 is applied to the sleeve of the
jack 380 in performing a busy test operation.
Current from grounded battery, through the
resistance 339 and signal 338 to the shell or
sleeve member of the jack 830, will traverse
the tip strand of the cord circuit as con-
nected by way of the upper normal contacts
of the ringing key 71 to ground through the
upper left hand winding of repeating coil
¢2. This current effccts a change of poten-
tinl level between the main cenductors 66
and 67 of the cord circuit, which becomes
effective through the condenser 69 and the
secondary winding of the repeating coil 68
to cauge a click in the telephone receiver 23.
Tn the present instance this click may be
taken as an indication that the line 825 is
idle. :

In the event that a cord, similar to the
cord circuit C, is connected to a jack asso-
ciated with the jack 830 on the line 325,

4,678

ground potential from the sleeve conductor
of such cord cireuit to the shell of the jack,
will prevent flow of current from grounded
Lattery, as described when the tip of the
plug 792 is inserted into jack 330. In such a
case, absence of a click in the telephone re-
ceiver is an indication that the line 325 is
busy.

Where it may be desirable, the order of
the busy test indications may be reversed,
that is, for an idle condition of a circuit no
click will he present, while for a busy line,
2 click will be heard in the operator’s tele-
phone receiver when the tip of a plug is
touched to the shell of a jack on a line or
trunk which is busy. This may be done by
reversing battery and ground for the sleeve
or local circuit of a cord and jack. Tor ex-
ample, on the trunk 325 the resistance 339
may be connected to ground instead of to a
battery, while the sleeve strand of the cord
C may be connected to battery instead of to
ground. Again the winding of the auxiliary
signal relay 201 may be connected to battery
instead of being grounded, as shown.

The equipment for a ship or similar sta-
tion (Fig.4) may comprise an antenna 400
connected to a receiving equipment 401 and
also to a transmitting equipment 411, In
establishing connection of a telephone set to
the radio transmitting and receiving ap-
apparatuses a cord 412 is used to connect jacks
413 and 414, and similarly a cord 415 1s used
to comnect conductors 408 and 416. Over
the main jacks of the respective cords and
the main contacts of the jacks, with which
they arve associated, the output and input
windings of transformers 417 and 418 will
be respectively connected to the radio trans-
mitting and radio receiving equipments. To
connect an operator’s telephone equipment
O'12, comprising a transmitter 419 and re-
ceiver 420, with the radio equipment a talk-
ing key, formed of units 421 and 422, is
operated. ~

For the transmitter a circuit may now
be traced from the upper terminal of the
right hand or primary winding of the trans-
former 417, lower normal contacts bc of a
key 423, upper normal contacts gh of this
key, lower normal contacts bd of key 424,
conductor 466, upper norual contacts ¢gh of
key 425, lower. forward contacts ab of the
key 421, the secondary winding of induction
coil 426, upper forward contacts ¢f of key
491, upper normal contacts &j of the key
495, conductor 465, upper normal contacts ey
of the key 424, the upper normal contacts
i of the key 423, the lower normal con-
tacls fe of this key to the lower terminal of
the primary winding of trausformer 417.

Tor the receiver a circuit may be traced
from the upper terminal of the secondary
winding of the transformer 418 over the
upper normal contacts kg of key 427, lower
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normal contacts ¢b of this key, upper normal
contacts fe of key 4928, lower mormal con-
tacts fe of key 425, upper forward contacts
ed of key 422, winding 429 of transformer
480, lower forward contacts ba of key 492,
lower normal contacts be of key 425, Tower
normal contacts de¢ of key 428, lower normal
contacts ef of key 427, the upper normal
contacts j& of this key to the lower terminal
of the secondary winding of the transformer
418, , |

Voice currents from the transmitter
will be suppllied through the repeating coil
426, over the circuits traced above, to' the
radio transmitting equipment 411 and voice
modulated carrier waves will be supplied to
the antenna 400. Voice or signaling modu-

419

lated .carrier waves incident upon the an-

tenna 400 will be supplied to and translated
in the radio receiving equipment 401 to pro-
duce voice or signal currents which will be
supplied over the circuits traced above, in-
cluding the transformer 430, to the receiver
420. \ ,
Communication, by means of the ship
equipment described above, may be cffectéd
with another ship having a similar equip-
ment, or conununication with a land station

“similar to the station shown on Fig. 3, or

with stations including equipment similar to
that shown in Fig. 5, to be hereinafter de-
scribed. - ‘

A connection for a communication over

~ the radio channel may be made to different

40
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telephone stations aboard ship. To illus-
trate how this may be done, an extension
of the econnection to station TS will be
traced.
431 when operated complete a cireuit which
may be traced as follows. From the upper
terminal - of the secondary winding of in-

duction coil 432 uat the station TS over the

upper forward contacts ¢d of key 410, upper
normal -contacts of key 433, upper normal

contacts eg of the key 424, thence over the

civcuit- already traced through the contacts
kj and fe.of key 423 to the lower terminal
of the primary winding of the transformer
417, The: connection. from the lower termi-
nal of the secondary winding of the induc-
tion coil 432 extends over the lower for-
ward contacts 04 of key 410, lower normal
contacts of key 433, lower normal contacts
db through the key 424 thence to contacts Ag
and ¢b of the key 423 already traced to the
upper terminal of the primary winding of
the transformer 417. : .

From the right hand terminal of the tele-
phone receiver 434 a path extends. over the
upper forward- contacts. of key 431, upper
forward contacts of the key 435, upper nor-
mal contaets’ ef of the key 428, thence
through: contacts he and gk of the key 427
already - traced to the upper terminal of the

‘secondary winding ‘of the transformer 418,

A key formed of groups 410 and-

From the left hand terminal of receiver 434

a path extends over the lower forward con-
tacts of key 431, lower normal contacts of

‘key 435, lower normal contacts de¢ of the

key 428 ‘thence through contacts ¢f and ik

of key 427 to the lower terminal of the

secondary winding of the transformer 418.
When the receiver 434 is removed from the
switchhook at the station TS, the transmit-
ter 436 will be connected to such speech cur-

rents to. the radio transmitter 411, from -

which a-speech modulated carrier wave is
supplied to the antenna 400, the receiver 434
will be connected to receive speech currents
to the radio receiver, which is- connected
to the antenna. 400. = ' :

When ' the receiver  is ‘replaced on the
switchhook at the station TS, during a per-
lod of a_communication, a circuit will be
completed as follows. - From grounded bat-

tery through a signal device or lamp 437, the

upper.normal contacts fe of key 438, upper
alternate contacts f¢ of key 410, normal con-

tacts 439 under control of the switch-hook

thence to ground through an audible signal
device 440. Signal 437 indicates to the op-

erator that disconnect has taken place at the
station 'T'S and therefore, the key 410—431

may be restored to noirmal. :

Assuming that the circuit is in normal
condition and a call is initiated at the sta-
tion TS. TRemoval of the receiver 434 from
che switchhook establishes a circuit from
ground through a signal 440, contacts 441
of the switchhook nechanism, the upper
normal contacts ef ot key 410, the upper

through signal 437 to grounded battery.
Display of the signal 437 serves as a line
signal forthis call, while the signal 440 may
be continuously energized until response to

is
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‘normal . contacts e¢f - of key 438, thence -

105

the call has been made by the operation of -

key 410—431.

celver 434 is replaced, the path for the lamp

487 will: be transferred by the upper con-

tacts of the key 410 for control through the
contacts 439 of the switchhook mechanism.
This again gives the disconnect signal and
key 410-—431 is returned to normal position.
The equipment at the station TS1 is a dupli-

When the circuits are in .
normal  condition ‘already traced and re-

110

115

cate of the equipment at the station TS and -

is under the control of a key formed of units
442 and 443. The instrument at . this sta-
tion may be connected for service through
the radio equipments.

Equipments represented by 444 and 445
may be used to insure secrecy of the com-
munication over radio channels. Assuming
that a station equipped as shown in Fig. 4
is in communication: with another ship or

station similarly equipped, the devices 444
will operate to mutilate in a predetermined.

manner the voice or signaling currents out-
going over ‘the sending radio.channel. At

136
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the distant vessel an equipment, correspond-
ing with that at 445 will operate to restore
the signals or speech currents to their nor-
mal condition of intelligibility before they
ave supplied to the receiving devices.

The key formed of units 493—497 is used
to connect or disconnect the equipments 444
and 445, for secrecy communications, be-
tween the telephone set and the radio termi-
nal apparatus. Assuming now that these
keys are in their operated positions, a civ-
cuit will be provided from the upper termi-
nal of the secondary winding of the trans-
former 417 over the lower alternate contacts
ba of key 428 through the apparatus 444,
upper alternate contacts I of key 423, the
upper normal contacts ge of the key 424,
thence to the conductor 465 which may lead
to the operator’s transmitter 420 or to the
transmitter of the stations TS or TS1, over
the circuits already traced. The lower tev-
minal of this winding of the transformer

417 is connected through the lower alternate.

contacts ed of key 423, equipment 444, upper
alternate contacts 44 of the key 423, thence
through the lower normal contacts bd of
key 4924 to conductor 466 which may be con-
nected to either the transmitter 490 or the
station TS, TSL _
For the equipment 445 2 path extends
from the upper terminal of the secondary
winding of transformer 418 over the upper
alternate contacts Ai of key 427, equipment
445, lower alternate contacts de of key 427,
lower normal contacts ¢d of key 428 to the
conductor 460, while the lower terminal of
this transformer winding is connected over
the upper alternate contacts %l of key 427,
the equipment
ab of key 497, thence through the upper nor-
mal contacts fe of key 428 to the opposite
conductor 461, whereby either the opera-
tor’s receiver 420 or the receivers of the sta-
tions TS, TS1 may be connected thereto ac-
cording to the positions in which the vari-
ous switches already described may have
been placed. _ '
A key 447 under control of the operator
serves for establishing communication with
the station TS2 at which may be located the
devices 444, 445 of the secrecy system as
well as power and other equipments for the
radio system. In initiating a call from the
station TS2 removal of the receiver from
the switchhool at that point applies ground
over contacts of the switchhook mechanism,
the normal contacts de ot key 447, thence
through signal 448 to grounded battery. In
response to this signal, the key 447 is opet-

“ated. When thig is dene the cireunit of the

signal device 448 will be switched to the
now separated contacts 449 of the switch-
hoolk mechanism where the circuit will stand
open. A circult may now be traced from
the upper terminal of the secondary winding

445, lower alternate contacts:

1,824,672

of the induction coil 426 of the operator’s
set, Tesistance unit 450, upper contacts ih of
key 447, receiver 451 at station 752, second-
ary winding of an induction coil 452, the
lower group of forward contacts b of key
447, vesistance unit 453, the lower terminal
of the secondary winding of the coil 426. A
second circuit may be traced from the up-
per terminal of the winding 429 of trans-
former 430, resistance 454, the lower con-
tacts be of the key 447, thence through the
induction coil 459, receiver 451, the upper
contacts gh of key 44T, resistance unit 455,
{o the lower terminal of the winding 429 of
the transformer 430, With the circuits just
traced the transmitter 419 and receiver 420
of the operator’s equipment will be con-
nected for communication with the equip-
ment at the station TS2. When the yeceiver
is restored to its switchhook at the latter
point, ground is applied through the con-
tacts 449 to supply current to the signal
lamnp 448 which is lighted, thereby indicating
a disconnect condition; whereupon the key
447 will be restored to its normal position.
A key 456 at the operator’s position and a
signal 457 at station T2 serve as a means
for calling from the first to the latter point.

In cage 1t is desired to reverse the relation”

of the operator’s transmitter and receiver
with respect to the outgoing and incoming
radio channels, a key 425 may be operated.
Tn its operated position and assuming that
the key formed of units 421—422 is In its
operated position, a circnit for: the trans-
mitter may be traced as follows. From the
upper terminal of the secondary winding of
the induction coil 426, upper forward con-
tacts ef of the key 421, upper alternate con-
tacts %l of the key 425, upper normal con-
tacts ¢ of the key 428, thence through nor-
mal contacts D¢ and g of the key 427 as
already traced to the upper terminal of the
right hand winding of transformer 418.
From the lower terminal of the secondary
winding of the coil 426 the connection ex-
tends over the lower forward contacts ba
of the key 421, the upper alternate contacts
hi of the key 425, lower normal contacts
de of the key 4928, thence through normal
contacts ef and jk of key 427 to the lower
terminal of the winding of the transformer
418. From the upper terminal of the wind-
ing 429 of the transformer 430, a path ex-
tends through the upper forward contacts
ed of key 422, lower alternate contacts ed
of key 495, upper normal contacts eg of key
494, thence through normal contacts kj and
fe of the key 423 to the lower terminal of
the 1ight hand winding of the transformer
417. The lower terminal of the winding 429
of the transformer 480 is connected over the
lower forward contacts ba of key 422, lower
alternate contacts da of key 425, lower normal
contacts db of key 424, thence through nor-
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mal contacts /g and ¢d of key 423 to the
upper terminal of the winding of the trans-
former '417. ' In this position of the circuits
it will be clear that the transmitter 419
connected -to the lower channel
through the transformer 418 while the re-
ceiver 420 stands connected to the upper
channe] ‘through' the transformer 417.

For monitoring on the connection just de-
seribed, a key formed of units 458459 is
moved to its operated position. - A path from
conductor 461 of the speech circuit connected
to the incoming radio channel may be traced
over the lower normal contacts fe of key 425,
upper alternate contacts ed of key 459, wind-
ing 462 of the transformer 430, lower normal
contacts of the key 422, winding 429 of the
transformer 430, lower forward contacts
ba of key 459, lower normal contacts be of
key 425, to the opposite conductor 460 of the
speech cirenit associated with the incoming
radio channel. The windings 429 and 462 of
the transformer 430 are connected in series
across the incoming radio channel to form a
bridge to which tlie receiver 420 is coupled
for monitoring. The increased impedance
due to addition of the winding 462 at this
time results in-a condition of substantially
zero loss ‘as regards:the incoming trangmis-
sion. S
 When monitoring on the circuit. just de-
scribed the key 458 serves to disconnect a
side tone circuit, in a manner to be described

hereinafter. ' Again, operation of the revers-

ing key 425 serves to transfer the circuits of
the receiver 420 from the’conductors 460 and
461 of the incoming side of the radio chan-
nel to conductors 465 and 466 which, as al-
ready: traced, constitutes part of the speech
circuit - associated with the outgoing radio
channel, thereby permitting the operator to
monitor-on either the incoming or outgoing
channel. - N : : o
During periods when the: operatoi’s tele-
phone set is in the talking position, a side
tone civeuit from the transmitter 419 to the
receiver 420 is provided over a path from
the upper terminal of the transmitter 419 by

way of a.condenser 463, normal contacts of

key 458, winding 462 of the transformer
430; upper normal contacts de of the key
459, and : resistance unit 464 to the lower
terminal - of the transmitter.. The swind-
ing 462 in this instance serves to supply re-

ceiver 420 with u predetermined amount of

voice  current from the transmitter 419.
During the monitoring period, as alveady
described the winding 462 is disconnected
relative to the side tone circuit and connected

with the winding 429 of the transformer to
form a high impedance bridge path across

a speech circuit of the radio channel,

- Call signaling may be effected by operat-
ing a key formed of the units 424—428 and
akey 467, ‘Operation of these keys cowapletes

a circuit which may now be traced as follows.
From the upper terminal of the right hand
winding of the transformer 417 through the
normal contacts be and gk of the key 523,

the lower altermate contacts ba of the key 1

424, secondary winding of a transformer 468,
left hand contacts of the key 467, tlie see-
ondary winding cf. transformer: 469, upper

alternate contacts hg of the key 424, thence

through normal contacts &j and fe of the key
423 to the opposite terminal of the winding
of the transformer 417. 470 and 471 repre-
sent alternating current sources; which for
convenience may be similar to the ozcillator
system S1 (Fig.2). The current supplied by
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sources 470 and 471 will be of respectively -

different frequencies and on arriving at a
distant station, similar to the station shown
in Fig. 3 or the station being described and

illustrated in Fig: 4, are used to energize !
relays -

two relays, corresponding with either
399 and 399« or 402 and 403, to control a
signal device as alveady described in con-
nection with the signal receiving system of
figs. 8 and 4. S A
When' the station TS is connected over
four wire civeunits to the radio transmitting
and receiving equipments, voice currents for
side tone effects  may traverse a relatively
high impedance circuit formed by a con-
denser 483 and resistance unit 484 connected
from the terminals of the transmitter 436 in
bridge on the main leads of the receiver 434.
4 corvesponding resistance and condenser
verve the same purpose for side tone effects
when a four wire is used to connect the
station TS1 to the radio apparatuses. ‘
A group connection betwveen stations Th,
T51 and TS2.may be had by operation of
the keys formed of units 438, 446, 495 and
496 and also 447. When these keys ave op-
erated, the instruments will all be connected
common to the conductors. 479 and 480 for
so-called conference . communication, At
such times the operators’ transmitters 419

-and 420 may also be included in such a con-

nection over circuits alveady traced to con-
ductors 479, 480, 485 and 486, *© .

- The radio-wire system shown in Fig. 5
may be used at.a station which is adapted
for communicating with other land lines for
telephony; or may be used for. communica-
tion by radio® with ship  stations or other
land stations. of the type described above.
A line circuit L4 is connected through a
jack 500, a signaling key 501, one. pair of
terminals of the series. winding of a hybrid
coll transformer 502, the othey pair of the
terminals of the series winding being con-

nected to an artificial ‘line or network 503

which electrically balances the -line L—4.
The upper output winding. of the hybrid
coil 502 is connected through a splitting ey
504 to conductors 505 and 506..: The bridge
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to an auto-transformer 507, the output ter-
minals of which are connected through a
splitting key 508 to conductors 509, 510.

For an incoming call signal from line L4,
alternating current will energize the relay
511 to open the cirveuit of a normally op-
erated relay 512 which in turn completes an
energizing circuit for the relay 518. Upon
operating, relay 513 completes a self-locking
circuit and also an energizing civenit for the
signal lamp 514, the circult of which ex-
tends through upper normal contacts man of
a key 515 to ground.

' In responding to this call a key formed of
units 504—508 and key 513 are operated.
From the upper terminal of receiver 516 of
an attendant’s telephone set, a path extends
over the upper normal contacts gf of key
517, upper normal contacts ih ot key 518,
lower normal contacts de of key 519, wind-
ing 521 of transformer 520, upper normal
contacts hi of key 519, upper normal con-
tacts ef of key 518, lower normal contacts ed
of the key 517, to the lower terminal of the
receiver 516. From the upper terminal of
winding 522 of the transformer 520 a path
may be traced over the upper alternate
contacts jk of key 515, upper normal
contacts 4 of the key 523, the upper normal
contacts jk of the key 524, conductor HUB,
upper normal contacts de of key 504 to one
terminal of the upper output winding of the
coil 502. The opposite terminal of the lat-
ter winding is connected through the lower
normal contacts be of key 504, conductor
506, upper normal contacts hg of key 524,
upper notmal contacts gh of key 523, third
upper forward contacts hg of key 515 to
the lower terminal of winding 522 of the
transforiner 520.

For the operator’s transmitter 525 a cir-
cuit may be traced from the upper terminal
of the secondary winding of a repeating coil
526, third lower forward contacts fe of key
515, second lower normal contacts fe of key
523, normal contacts fe of key 524, con-
ductor 509, upper normal contacts de of key
508, to the right hand terminal of the auto-
transformer 507. The left hand terminal of
this transformer is connected over the lower
normal contacts be of key 508, conductor
510, lower normal contacts be of key 524,
lower normal contacts de of key 523, lower
torward contacts ¢d of key 515 to the lower
terminal of the secondary
induction coil 526. -

“WWith the circnits traced above, the two-
wire line circuit L4 is now transformed
through the hybrid coil 507 into a four-wire
civeuit one side of which is connected with
the operator’s telephone receiver 516 and the
other side to the transmitter 525. There-
fore, assuming that a key formed of units
507598 is in its normal position, this four-
wire circuit will also be connected to radio

winding of the

1,624,672

receiving and transmitting channels 532
and 537,

The connection to the radio receiver may
be traced from the conductor 505, upper nor-
mal contacis f¢ of key 527, 1left; hand winding
of transformer 529, gain control device 530,
lower normal contacts de of the key 527, to
conductor 506. The right hand winding of
the transformer 529 is connected to the out-
put circuits of a radio recelving system,
shown at 531, and which is connected to the
antenna 532,

The radio transmitter is connected over
a path which may be traced from conductor
509, upper normal contacts of key 528, lower
normal contacts gh of key 533, left hand
winding of the transformer 534, upper nor-
mal contacts ef of the key 533, gain control
device 535, lower normal contacts of key
528, to the opposite conductor 510. The
right hand winding of the transformer 534
is connected to radio transmitting equipment
represented by 536 for supplying signal
modulated waves to the antenna 537. :

Key 523 is provided to connect loss net-
works 538 and 539, respectively, into the cir-
cuit of the operator’s receiver 516 and trans-
mitter 525 for the purpose of introducing
a predetermined loss into the cireuit of the
operator’s set during the preparation of a
radio or wire connection. When the key

23 is operated the impedance elements con-
stituting these networks are connected to-
geiher to provide units which are of the
conventional H type.

The key 524 serves as a reversing key for
transposing the velation of the operator’s
telephone transmitter and receiver with re-
spect to the two sides of the four-wirve cir-

3]

cuits, the necessity for doing this being simi- 1

lar to that already discussed in connection
with the systems shown in Figs. 2 and 4.

The key formed of units 504—508 may be
operated for disconnecting the circuits asso-
ciated with the lines L4 from its circnits of
the radio channels, while permitting the lat-
ter to be connected to the operator’s tele-
phone set. Networks 588 and 539 serve to
maintain a normal impedance condition for
the civeuits of the hydrid coil at this time.
Tn a converse manner, when the key formed
of units 527-—528 are operated, the radio
channels will be disconnected, while the cir-
cuits of the line 14 will be available for nse
with the operator’s set.

While the radio channels are disconnected
the radio receiving equipment. 531 will be
connected over the upper and lower alternate
contacts ¢gh and ed of key 527 to the input
winding of transformer 540, the output wind-
ing of this transformer being connected to a
current indicating system which may be
gimilar to the speech level meter shown in
Fig. 2. This is to prevent isolation of the
radio channels, so that voice, signaling or
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telegraphic currents, resulting from a modu-
lated carrier wave received by the antenna
532 which may arrive during the time that
the keys 527 and 528 are in operated posi-
tions, will actuate the instrument 541 of the
receiving system. ‘

In turn, if desired, the secondary winding
of the transformer may also be connected
in substitution of the network .538, to the
upper and lower alternate contacts of the
key 504 to connect the detector system M2
to the line L4 during periods that the key
504 is in its operated position.

To transmit call signals outwardly over
the line L4, the key 501 is operated to estab-
lish a current circuit over obvious paths
from the source 542 to the line, while the in-

ner sets of alternate contacts fe and de of

this key connect a network 543 for preserv-
ing a balanced relation of the circuits
through the hybrid coil 502. This balance
insures that currents over the incoming radio
channel may not be transferred through the
hybred coil and be transmitted outwardly
over the sending radio channel. It may be
mentioned that unless this precautiou rela-
tive to signaling is observed, .the incoming
radio currents may result in operation of the
circuit breakers or otherwise interfere with
the apparatus of the radio transmitting
system. :

For communicating over a second line L5,
routed through a jack 544 and a ringing key
555, the key 518 may be operated. From the
upper conductor of the line L5 a path ex-
tends over the upper normal contacts of the
jack 544, upper normal contacts ed of key
555, upper forward contacts gf of key 518,
lower normal contacts ed of key 517, opera-
tor’s receiver 516 upper normal contacts g7
of key 517, upper alternate contacts #j of
key 518, secondary winding of induction coil
526, lower forward contacts de¢ of key 518,

lower normal contacts ¢b of key 555, lower

normal contacts of the jack 544 to the lower

-conductor of the line L5.

With the circuit connections described
above, the receiver 516 and transmitter 525

are connected by way of the induction coil

526 -on a so-called two-wire basis for service
with the line 5. The four-wire equipment

which includes the transformer 520 having

been disconnected by separation of contacts
of the key 518. The key 555 serves to con-
trol the supply of current from the source
556 for signaling over the line L5, while sig-
naling cuirent incoming over the line will
energize the relay 557 to disconnect a nor-
mally energized relay 558, whereby a relay
559 will respond and thereafter be locked-up
to energize a signal device 560 over a cir-
cuit from ground, the lower normal contacts

ab of the key 518, the signal device, winding

of relay 559 to battery and ground. When
the latter key is operated, in responding to

17

such a call, the ground connection is opened
and the relay 559 is deenergized to open the
circuit through the signal 560.

For communication over a line L6, ex-
tending to a station 561, incoming ringing

70

or signaling’ current from the latter point -

will traverse the normal contacts b¢ and de
of a ringing key 562, and the winding of a
relay 563 bridged on this line. 'Response of
the latter relay closes a circuit from ground-
ed - battery through relay 564 to ground
through the lower normal contacts ab of the
key 519.  When relay 564 responds, it self-
locks independently of relay 563 to eénergize
2 gsignal device 565 through the same ground-
ing contacts of key 519. '

~ In responding to this call the operator ac-

tuates key 519 to open the ground connection
for relay 564 which releases and extinguishes
signal 565. - Operation of relay 519 com-
pletes a talking circuit which may now be
traced as follows: From the upper conductor
of the line L6 over the normal contacts ed
of the key 562, upper alternate contacts ji of
the key 519, the upper normal contacts ef of
the key 518, the lower normal contacts ed of
the key 517, the receiver 516, upper normal
contacts gf of key 517, upper normal con-

tacts ¢4 of key 518, lower alternate contacts -

de of key 519, secondary winding of the in-
duction coil 526, upper forward contacts fg
of key 519, lower normal contacts ¢b of key
562 to the lower conductor of the line L6.
This places the transmitter 525 and receiver
516 by way of the induction coil 526 in two-
wire relation. for talking over circuit L6.
To transmit call signals outwardly over the
latter line, the key 562 is operated to discon-
nect the receiving equipment and to connect .
a source of alternating current 566 to the
line. ‘ .

. For telegraphic or similar signaling com-
munication over the outgoing radio' channel
key 533 is operated.. The lower contacts
ab of this key connect ground to the circuit
including the relay 569 and ‘grounded bat-
tery. Relay 569 responds to connect an
“A” battery to energize the filament 567 of a
vacuum tube oscillator 568. A direct cur-
rent generator 570 is connected from  the
filament 567 of the oscillator by way of re-
tardation coils 571 and 572 and a winding
574 of a transformer 573 to its plate 575 to
supply energizing current to the oscillator.
The frequency of the current supplied by
the oscillator is determined by a tuned cir-
cuit comprising the retardation coils and as-
sociated condensers shown. '

A telegraph key 576 controls a relay 577
over an obvious. circuit. The latter relay
serves to connect a winding 578 of the trans-
former 573 to the grid element 579 of the
tube. The circuit, including the winding
578, constitutes a feed back path over which
oscillating energy is supplied to the grid.
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The output winding 574 of the transformer
573, is coupled to the winding 580 connect-
ed to an output transformer 581. Oscilla-
tions are supplied to the radio transmitting
apparatus 536 through . the secondary of

transformer 581 over a circuit which may be

10

20

60

traced as follows: From the left hand termi-
nal of the secondary winding of the trans-
former 581, over the third lower forward
contacts de of the key 538, left hand winding
of the transformer 534, upper alternate con-
tacts A4 of key 533 to right hand terminal of
the secondary winding of the transformer
581. With the circuits just traced, closures
of the key 576 will cause impulses of cur-
rent to be supplied through the transformer
534, to the radio transmitter, and signal
modulated waves will be supplied to and ra-
diated from the sending antenna 537.

A tone circuit for producing an audible
signal in the receiver 516 during such tele-
graphic sending may be traced from the left
hand terminal of the output winding of
transformer 581, resistance 582, the winding
583 of the transformer 520, thence over 2
path from an intermediate point on the
winding 588 through a resistance unit 584
to the opposite terminal of the winding of
the transformer 581. Since, over the cir-
cuits already traced, the receiver 516 is nor-
mally connected through the winding 521 ot
the transformer 520, the alternating current
impulses supplied to the radio transmitter
will also be supplied to this receiver to pro-
duce a monitoring or side tone effect for the
transmitted telegraphic signaling currents.

To transmit call signals outwardly over
the radio channel, key 585 is operated. The
lower contacts ab of this key grounds one
terminal of the winding of relay 577 the
other terminal of which is connected to
grounded battery, and also grounds one ter-
minal of the winding of relay 569 the other
terminal of which is connected to grounded
battery. Response of the latter relay closes
the flament circuit of the oscillator tube
568 while operation of the relay 577 closes
the feed back or control circuit to the grid
579 of the tube 568. A second oscillator
system 586, similar to the one comprising
the tube 568, is provided. This oscillator
is controlled through the: upper contacts
7g of key 585 to energize relays, correspond-
ing with the relays 577 and 569, whereby
this second systemis caused to generate 0s-
cillations of a frequency different from 568.
An output transformer 587, due to closure of
the upper forward contacts ed of the key
585, is connected across the leads extending
from the secondary winding of the output
transformer 581 of the first oscillator, as
previously traced. Thus the two currents,
which are of different frequencies, traverse
the circuit connécted to the radio transmitter
to modulate the outgoing carrier wave and,

1,624,872

after detection at the distant station, become
effective to operate relays corresponding
with relays 399, 899—A, or relays 402 and
403, of the systems, respectively shown in
Figs. 3 or 4, to actuate associated signal
devices. B

As already described, conductor 505 is ex-
tended to a conductor 589, the conductor 506
is extended to a conductor 590, conductor

509, is extended to conductor 591, and con- 7

ductor 510 is extended to conductor 592.
To monitor on the connection of the type
described above, the key 588 is operated to
provide a circuit which may be traced as
follows: From conductor 589 over the up-
per forward contacts fe of the key 588,
winding 583 of the transformer 520, upper
normal contacts 4 of key 515, winding 522
of the transformer 520, upper forward con-
tacts ed of key 588 to conductor 590. The
lower forward contacts ab of the key 588
connect the lower terminals of the windings
591 and 593 of the transformer 520, to-
gether. The receiver 516 is normally con-
nected across on the winding 521, over the
circuits already traced. Therefore, during a
monitoring period the windings 521 and
593, which serve as secondary windings for
the windings 522 and 583, are connected in
series with each other across the main con-
ductors 505 and 506. The secondary wind-
ing of the induction coil 526 for the trans-
mitter 525 will be disconnected at contacts
of the keys 515, 519, 517 and 518, therefore
the transmitter will be ineffective at this
time. :

Operation of the reversing key 524 will
transfer circuits for the receiver 516 from
the conductors 505 and 506 to conductors
509 and 510 of the outward or opposite side
of the connection for the purpose of mon-
itoring thereon.

A cord circuit C4 is adapted for either
communication or for testing the circuits of
the present system. Plug 594 may be in-
serted in jack 500 of the line 1.4, jack 544
of the line L5, or jack 595 of the line L6.
A key 596 serves for applying signaling cur-
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rent from a source associated with this cord,

while keys 597 and 598 serve to disconnect
one conductor of a connection while ground-

ing the opposite conductors, as may be de--

sired in testing with a distant point or sta-
tion. For talking outwardly over this cord
circuit, key 517 is operated to complete a
cireuit which may Dbe traced as follows.
From the upper conductor of the plug 594
over the upper normal contacts ed of keys
598, 597 and 596, lower forward contacts ab
of key 517, the secondary winding of the
induction coil 526, the upper forward con-
tacts hg of key 517, receiver 516, next lower
forward contacts dc of key 517, thence
through the lower normal contacts ¢b of
key 596, lower contacts of 597 and lower
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_normal contacts.cb of 598 to the lower or
“ring conductor of the ‘
- What is claimed 1is: 8 :

L. In a signaling system, radio transmit- -
ting and receiving stations signal respon-"
_sive means at the.receiving station, a cireuit’
‘including a, pair of relays, one at each of
said stations operated upon “the actuation
of said signal responsive means, a visual
signal at each’ station actuated by the oper-"
“ation of its corresponding relay, means ac-
tuated upon answering a call at either sta-
tion to deenergize both relays, a circuit for .
the.relay at the station where the call is an-
swered prepared upon the answering of the
call; and means for closing said circuit up-
said visual sig-

plug 594.

on disconnection to actnate

2. In a signaling system, radio’ transmii-
ting ‘and receiving stations,. a subscriber’s

line, at each station a switchboard wherein
-said line terminates, a lamp at each switch-

board: for said line lighted by the initiation

‘of a call in said line, means actuated by
7 the answering of the call at either of said

boards for extinguishing both lamps: and

_breparing a circuit at the board where the

b
Tt

“40
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- lanip as a disconnect signal.’

~call 1s answered to light ‘a corresponding

3. In a signaling system, radio transmit-

_ting ‘and  receiving stations, a subscriber’s

line, at each station a switchboard at which

~said line terminates, a relay for said line
. at each of said switchboards, a lamp con-
trolled by each relay, means actuated by the
‘answering of the call ‘at one board for re-
leasing both relays and preparing a circuit

for the relay at the swifchboard where the

‘call' is answered, and means. actuated when
the subscriber disconnects for closing said
prepared circuit to operate said relay to
light said lamp as a disconnect signal.

4. In a signaling system, radio transmit-
ting and receiving stations, a subscriber’s
line, at each station a switchboard at which
said line terminates, a lamp-at each switch-
board for said line lighted by the initiation
of a call in’said line, means actudated by the
answering of. the call at either of said

“boards for extinguishing both  lamps, and

preparing = a circuit at the switchboard

where the call is answered to light a corre--

' sponding lamp as a disconnect signal, a

o

" 60-

talking key, means controlled by said talk-

ing key actuated by the operator in re-
4 , _ ; “for ‘extin--
~_guishing said disconnect signal.” S

sponse to said disconnect signal

5. In 'a communication. 'system,

. tion, equipment common to both types of

cord circuits, and means for automatically
conditioning said common equipment to op-

~radio.
transmitting and  receiving stations, tele-
“phone lines, a- central office. at which said’
+ lines may be connected to said stations, two- °
- wire and four-wire cord circuits at said sta-

‘qéfate' Tith'either type of cord cireuit upon.

‘such’ cord circuit being taken for use.’
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6. In "a communication’ system, radio -

transinitting and receiving stations, tele-
phone lines, a central office ‘at which "said
-lines may be connected to said stations, two-

tion, an induction coil common'to said cora
c¢ircuits, and means automatically actuated

_for adapting said induction-coil to operate
“with such .cord cireuit., - - -
7. In a communication ,
_transmitting and receiving 'stations, tele-
‘phone: lines, a central office, a cord circuit
for connecting said telephone lines to said
stations, ‘an induaction coil in said cord cir-
cuit, monitoring andtalking keys for ‘said
__cord.circuits, means actuated upon the op-
“evation of said talking key for incliding a

“winding -of said induction coil in the cir- -

cuit, and “means actuated upon the opera-
tion .of the monitoring key: for- including
high impedance windings of said coil in the
circuit. - o AT e s

8. In ' a -communication $ystem, radio
~transmitting and * receiving stations, - tele-
phone lines, a- central office, a cord circuit

for connecting said lines to said stations, a

monitoring set including an induction coil,
a high impedaice primary windiig, means
for conmecting said high impedance wind-
ing to said cord circuit, and means agso-
ciated with the secondary winding for am-
plifying- the ‘current in a. receiver of said
set ‘associated with said:amplifying ‘means.

9. In ‘a communication 'system, . radio
transmitting and receiving stations, line cir-

cuits adapted for connection to said stations, - .
‘105

cord circuits, an operator’s telephone equip-
ment, keys for connecting said. equipment
to ‘the cords, a generator comimon to said
cords, a relay in the line circuit and a com-

mon relay associated with the generator, an.

energizing circuit whereby said common re-

“lay may be closed upon-the operation of said -

generator, a circuit whereby said relay in
the line may be closed on the conjoint op-
eration of said generator and said key, said

relay thereupon connecting said generator.to

the line.

cuits adapted for connection to said stations,
‘cord circuits, an operator’s telephone ‘equip-
ment; keys for connecting said equipment to
the cords, a geneirator common: to the cords,

' gizing circuit “whereby said common relay
‘may be closed ipon thie operation of' said

in taking either type of cord circuit’ for use,-

~system, radio’

'10. In- a communication  system; radio
transmittitig and receiving stations, line cir-.

a relay in the line circuit and a common re- .
lay ascocidated with the generator, an ener- .

source, a circuit whereby said relay in the

70

“wire and four-wire-cord circuits at said’ sta
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“line may be closed on'the conjoint operation -

~of said generator and said key, said relay
* thereupon ‘connecting: ‘said “generator to the
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line, said circuit from said generator .to the
line being independent of the cord circuit.

11. In a communication 'system, radio
transmitting and receiving stations, line cir-
cuits adapted for connection to said stations,
cord circuits, an operator’s telephone equip-

~ment, a talking key for each cord circuit for

connecting said operator’s equipment to the
corresponding cord, a constant source of sig-
naling current common to said cord circuits,
a relay in each line circuit, a relay asso-
ciated with said source and common to said
cord circuits, a key for energizing the relay
associated with said source, and:a circuit
for the relay of the line taken for use cloged
by the conjoint operation of the relay asso-
ciated with the source and the talking key
of the cord circuit taken for use.

19. In a communication system, radio
transmitting and receiving stations, line cir-
cuits adapted for connection to said stations,
a terminating equipment for each line
opaque to low frequency currents, cord cir-
cuits, signaling apparatus. associated there-
with, and means for connecting the same to
a line circuit over a path independent of
the cord circuit used and at a point beyond
the terminating equipment.

18. A radio signaling system including a
four-wire communicating circuit, cord cir-
cuits, a receiver and a transmitter, means
for including said instruments in the re-
spective sides of the four-wire cord circuits,
means for directing a portion of the energy
from the transmitter to the receiver without
establishing a path whereby an appreciable
amount of energy 1s transferred between the
two sides of the four-wire circuits.

14, In a signaling system, a radio trans-
mitting station, telephone lines, cord .cireuits

for connecting said telephone lines with the

sending. equipment of said radio transmit-
ting station, at least one of the strands of
said cord circuits being provided with a
substantially zero resistance ground to the
high frequency currents of the radio trans-
mitting equipment. :

15. In a signaling system, a radio trans-
mitting station, a radio recelving station, a
source of low frequency oscillations at one
of said stations, a relay thereat, a direct cur-
rent cirenit including said relay and leading

 to the other of said stations, a key at said
second station for controlling said relay, a

gl
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source of high frequency oscillations adapt-
ed to be modulated by said low frequency
oscillations, and a key at said first station
for alco controlling said relay.

16. In a communication system, an incom-
ing and an outgoing radio circuit each in-
volving two wires, a pair of substations,
meang for interconnecting said stationsover
a circuit including one of said pairs of wires
composing one side of the radio circuit.

17. In a signaling system, a radio trans-
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mitting station and a radio receiving sta-
tion, wire connections between said stations
and between said stations and wire con-
nected subscribers’ stations, means to enable
an operator at either the radio transmitting
station or radio receiving station to make
connections between outlying radio stations
and said wire connected subscribers’ sta-
tions, a second means under the control of
said operator to permit said operator .to
transmit signals to either the outlying radio
stations or the wire stations with the same

strength as the signals from the radio sta-

tion to the wire station or vice versa.

18. In a signaling system, a radio trans-
mitting station and a radio receiving sta-
tion, wire connections between said stations
and between said stations and ~wire con-
nected subscribers’ stations, means to en-
able an operator at either the radio trans-
mitting .station or the radio receiving sta-
tion to make connections Jbetween distant
radio stations and said wire connected sub-
scribers’ stations, a key under the control
of said operator arranged to insert resist-
ance in the circuit of the operator’s trans-
mitter .and receiver to give the same effect
to the operator’s signals as if said operator
were at either the distant radio station -or
at the wire connected subscriber’s station.

19. In a signaling system, a radio trans-
mitting station and a radio .receiving sta-
tion, wire connections between said stations
and between said stations and wire con-

nected subscribers’ stations, means to enable

an operator at either the radio transmitting
station .or the radio receiving station to
make connections between distant radio sta-
tions and said wire connected subscribers’
stations, code signal sending apparatus,
means to produce in said operator’s receiver
andible sounds corresponding to ithe. trans-
mitted code signals. » '
20. In a signaling’ system, a radio trans-
mitting station and a radio receiving sta-
tion, wire connections between said stations
and between said stations and wire connected
subscribers’ stations, means to enable on oper-
ator at either the radio transmitting station
or the radio receiving station to make con-
nections between distant radio stations and
said wire connected subseribers’ stations, code
signal sending apparatus, a low frequency

“oscillator controlled by said code signal to
effect modulation of the carrier wave and con-

nected through the transmitting operator’s
set to produce in said operator’s receiver

audible sounds corresponding to the trans-

mitted code signals.

21. In a signaling system, a radio trans-
mitting station and a radio recéiving sta-
tion, wire connections between said stations
and between said stations and wire con-
nected subscribers’ stations, means ‘to enable

an operator at either the radio trapsmitting
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station or the radio receiving station to
make connections between distant radio sta-
tions and said wire connected subscribers’
stations, -an. operator’s telephone set, - code
signal ‘sending apparatus connected in cir-
cuit with the transmitter of said set; and
means to permit said operator to talk or
transmit radio code signals over the out-

.going radio equipment, without changing

the transmitting circuit. :

22. In a signaling system, a radio trans-
mitting station and a radio receiving sta-
tion, wire connections between said stations
and between said stations and wire connected
subscribers’ stations, means to enable an oper-

ator at either the radio transmitting: station

or the radio receiving station to make con-
nections between distant radio stations and
sald wire. connected subscribers’ stations, an
operator’s telephone set, code signal sending
apparatus including a telegraph key con-
nected in circuit with the transmitter of said
operator’s set' to permit said operator to
transmit radio code-signals, and ‘when said

key is in the unoperated position to permit -

1924,
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said operator to talk over the transmitting
circuit- without further altering the circuit.
23. In a signaling system, a radio trans-

mitting station and a radio receiving sta- -

tion, wire connections between said stations
and between said stations and wire . con-

30

~nected subscribers’ stations, means for re- -

ceiving signals from said wire connected

subscribers’ stations and means for prevent-.

ing temporary surges of alternating current
from operating said signal receiviig means.

24. In a signaling system, a radio trans-
mitting station and a” radio receiving sta-
tion, wire connections between said stations
and between said stations and wire - con-
nected subscribers’ stations, means for re-
ceiving  signals - from said. wire conhected

subseribers’ stations including a slow release

relay which will cause the signal to be given
only after such signal has persisted an ap-
preciable length of time. CERRRNE

In witness whereof, I hereunto
my name this 4th day of December, A. D.

HENRY W. O'NEILL,
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