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This- invention relates to carrier .wave
transmission, and is a division of applica-
tion, Serial No. 653,629, filed July 25, 1923,
patented December 21, 1926, No. 1,611,350.

An object of the invention is to provide
in a multiplex carrier signaling system efli-
cient intercommunicating means between the
terminal and vepeater stations. ;

Another object of the invention is to pro-
vide intercommunicating means between the
terminal and repeater stations of a trans-
mission system which will in no wise be
affected by or affect the operation of the
repeaters. S ; : v

According to the invention, the terminai
and repeater stations of a carrier wave sig-
naling system ave provided with sending ana
receiving apparatus-for affording intercom-
munication between any two or all of said
stations. Such’ intercommunicating appara-
tus operates with carrier current of a-fre-
quency different from that employed in the
usual signaling channels and entirely in-
dependently of the repeaters and the car-
rier wave transmission apparatus of the
usual channels of the system.. Other fea-
tures and.aspects of the invention are de-

scribed hereinafter. ~ .

The invention will be described as applied
to a multiplex carrier  wave transmission
system, although it will be understood that
it is not limited to such a system since some
of the features thereof may find application
in other forms of signaling systems and in
other fields. o

The drawing is a diagrammatic illustra-
tion of a multiplex: carrier telephone and
telegraph system embodying the invention.

The system shown in the drawing com-
prises in general a- main high frequency
transmission ling ML extending between the
west terminal and one or more repeater sta-
tions R.- The usual-east terminal, which is
identical to the west terminal shown in the
drawing, is omitted for the sake of simpli-

carriér. frequencies, ‘those. used ;for trans-
Jnission in one direction being: grouped in’a

different frequency range from:those em-.

ployed for transwissionin the opposite diree-

-manuer- disclosed and claimed:in'my
pending application, Serial No. 149,779, filed

tion. 'The-telegraph channels are: superim-
posed upon ‘the telephone channels'in the
co-

November 20, 1926, the telegraph channels
employing the same carrier frequencies.:
An intercommunicating chanmnel. . IC: for

communication between the repeater and

terminal -stations - is . associated = with~ the

‘multiplex carrier telephone-and' telegraph

system. -This intercommunicating: system
employs but one carrier frequéndy, which is
different from that on any of the telephone.
and . telegraph -channel  frequericies. = Pref-
erably, the intercommunicating channel fre-
guency is higher than that ofany of the tele=
phone and telegraph: channel freqiencies.”
There are provided at the terminal station,
three telephone channels, 1, 2 and 8 and an
intercommunicating channel IC, all'6f which

_are connected to the main line M. +Tele-

phone channel No. 1 includes a transmitting
channel TC, and a receiving -channel: RC,

“which are conjugately. related to a low fre--
quency line L, by means of a transformer 5

and ‘'a balancing network N. The telephone
line Ly usually extends to and :terminates.
at a telephone switchboard (not shown).
The transmitting channel TC; includes-a
modulator “M, and -a trapsmitting band
filter B, Carrier current - of the - fre-

quency. assigned ‘to.this channel is supplied’
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to the:medulator M, from a high frequency - k

source O, Band filter TBF, is designed to
pass currents of -the carrier frequency-as-
signed 'to this channel-and currents ot fre-.
quencies: within: either the upper or lower
side band. thereof and: to- suppress currents
of all other frequencies. .= -7 Toni
In order that the telegraph channel may
nel, there i associated - therewith - a' tele-
graph transmitting key 6-which, ‘during the

-operation: thereof; isadapted ‘tointermit-
tently shunt an’ impedance element 7,:which

may take the form.of a non-inductive resist-
ance, across-the leads from' the source of

G0 -

_be superimposed upon' this telephone chan-

high “frequency:current: Q,. Thus; during -~

the ‘intermittent operation of the transmit-
ting key 6, the amplitude of the carrier: cur-

100

rent supplied to the modulator M, is alter-
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nals are concerned is well knowz

cuit of the sonndex 9 closed.

2

nately reduced from and restored to its
normal value. Consequently, the telephone 2
signal modulated carrier current output
from the modulator M, Is intermittently
changed in amplitude during the trans-
niission of telegraph signals.

The receiving channel RC, includes a re-
ceiving band Tilter RBF,, a demodulator
DM, an amplifier A, a low frequency band
filter LBF, a high frequency band filter
HBT, a rectifier Rl, and a telegraph receiv-
ing relay 8 which controls the usual tele-
ar zph sounder 9. The receiving band filter
RBI‘ is designed to pass currents of the car-
rier ilequcnmy assigned to this channel and
of the frequencies within either the upper or
lower side band thereef and to suppress cur-
rents of all other frequencies.

The low frequency band filter LBT is de-
signed to pass currents within the voice range
hetween. about 200 and 2000 cycles h“equencv
and to suppress currents of higher frequen-
cles as well as the telegraph swmls helow 200
cycles. The high flequonc band filter HPF
1s deswncd to pass cirrents of the cartier fre-
quency assinged to this channel and of fre-
quencies within both or onc of the telegraph
side bands and. to suppress currents of all
other frequencies. Thus, these two filters
separate the received tekphone and telegraph
signals.

The operation of the system in so far as
transmission and reception of td"puone sig-
Thelefou
no deseription thereot will be given. The (m-
eration of the telegraph channel superim-
posed upon the telephone channel, which is
disclosed and claimed in my copending ap-
plication mentioned above, will be referrved
to briefly.

\Vhen the telegraph key 6 is open, the nox-
mal amount of carrier current is ﬁowmo to
the line and the amount of rectified cur: LllL
through the telegraph receiving relay 8 at
the distant station is sufficient to hold its
contact closed, thereby maintaining the cir-
When the tele-
graph key 6 is closed, the amout of carrier
current fed to the line is veduced and the
amount of rectified current through the re-
ceiving relay 8 at the distant station is re-
duced to such an extent that the relay can
no longer hold up its armature. The cireart
of the sounder 9 is therefore opened.  When

the. telegraph key:6 is again opened, the

amount of rectified current through the re-
ceiving velay 8 at the distant terminal in-
creases and it 11910111)011 closes its contact,
‘umng the energization. of the sounder 9.
The mtercommumcatmo channel IC is con-

‘nected to. the main line HL through a se-

lective cireuit ICF, which may be cither an
ordinary tuned cn‘cmt comprising capacity
and- mducmnce ot a.band filter.of the type

5 disclosed in United States patents to Camip-

1,858,339

bell Nos. 1,227,118 and 1,227,114, issued May

22, 1917. If fhe selective circuit is a band‘

filter 1t should be designed to pass currents
of the frequency asswnul to this channel
.md currents of the fr ‘>qu‘mucs within one

v both side bands thereof and to suppress
<-111-rents of all other frequencies.

The intercommunicating channel 10 has
associated therewith at each terminal station
a transmitting channel TIC and a receiving
channel RIC. The transmitting  channel
TIC includes a high frequency source, such
as an oscillator 10, supplying current of the
carrier frequency assigned to this channel.
The output civeuit of the oscillator is con-
nected to the primary of a transformer 10
whose secondary terminates in normally
open contacts. The connection of the oscil-
lator 10 to the main line is controlled by :
relay 11 having in its operating circuit
nrnmullv open transmitting key 12.

The receiving channel RIC includes. an
mput transformer 13, a rectifier IR, and =
receiving relay 14 which controls the opera-
tion of a sounder 15.

Each repeating station R is plo\ided with
a repeater having two asymnet:

channels R and RE for repeating cur-

rents in opposite directions, and the trans-

mitting and receiving apparatus for the in-
iu‘commumcatlntr channel.

The repeater per se, which forms no part
of the present invention, may be of the tvpe
disclosed in United States patent to Raibourn
No 1413357, April 18, 1922, or of the type
(hqclosed in my copending application, Serial
No. 640,643, filed May 22 1923.

Each of the repeating (hmmels ncludes an
mput filter, an amphﬁel ;and an outpunt fil-
for further details of which reference
should be made to either the Raibourn patent
or to my said copendin' application, Serial
No. 640,643, filed May 22, 1623.

The transmlttln«r and receiving apparatus
for the mlu(onmmn)catmn channel is cop-
neded in shunt with the repeating chan-
nels through selective cireuits VT(‘I‘ and
EICE so as not to be affected by or affect
the operation of the vepeater. \pp:u-ﬂ‘ms
is prOVIded for  recelving signals from
cither direction over the line. Thus. sig-
nals travsmitted over the infercommuni-
cnting channel from the west line section are

eceived by a rectifier WR. having a re-
lay 16 in its output cireuit, and the %uma]
incoming from the east line section arc re-
ceived by a rectifier ER which has in its
output cireuit a relay 17.  The rectifier WR
is connected to the main line ML through in-
put tiansformer 18, normally closed contacts
of relay 19 and selective circuit WICT. Like-
wise, rectifier ER is connected to the main
line through input transformer 20, normally
closed contacts of relay 22 and selective ¢ir-
cuit EICF. The seléctive circuits WICF

.\‘
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and EICE are similar to the selective circuit
ICF described in connection with the ter-
minal apparatus and per form the same func-

- tions.
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-~ sounder 23.

The operation of the - receiving relay. 16
causes the operation of relays 91 and 92.
The operation of the relay 21 causes the
operation of the telegraph sounder 23. The
operation of relay 99 disconnects the recti-
fier ER from the east line section, and con-
nects to this line section a source of high
frequency. current 10, of the carrier fre-
quency assigned to the mtercommumcamn(r
channel.

When - the recelving relay 17 operates it
causes the operation “of relays 25 and 19.
Relay 25 controls the operation of the
The operation of relay 19 dis-
connects the rectifier WR from the line, and
connects to the line the high frequency
source 10,.- The load on the oscillator 10,
is always constant due to the provision of
vesistances 24 and 26 connected through
closed -contacts of relays 22 and 19, respec-
tively, to the oscillator. When either relay
operates;, its associated -resistance is discon-
nected from the oscillator and one of the line
sections substituted therefor. :

The apparatus for the intercommunicat-

1ig channel at each 1epcater station includes

also a telegraph key 27 and a 1e1ay 28; whose
actuation causes the energization of relays
19 and. 22 whereby the source of high fre-
quency current 10, is connected to both sec-
tions of the transmission line outgoing from
the repeater station.

The attendant at the west ’rummal station
desiring to communicate with the attendant

“at any or all of the repeater stations or with

the attendant at the distant terminal station
may do so by actuating transmitting key 12
to transmit a carrler. wave modulated in
accordance with a telegraph signal. -Upon
the closure of the- key, relay 11 operates,
connecting the source of high frequency. cur-

rents 10 to the main line throuoh the selec-
tive circuit ICF. = The currents so impressed
upon the line are selected at the first repeater
station by the selective circuit WICF, and
pass through the primary winding of frans-
former 18. The resulting induced currents
in the secondary of thls transformer. are

impressed upon . the rectifier WR and the
rectified current in the output circuit thereof
causes the operation of relay 16. Relay 16,
in operating, causes the energization of 1‘eL1y
91 which operates the sounder 23. Relay 22
also operates, disconnecting rectifier ER
from the line section and connectmg thereto
the source of high frequency currents 10,.

Current: so 1mpressed upon the line section
from the source 10, is selected by the selec-

tive cireuit WICTE at the next repeater sta-
“tion on the line where the apparatus func-

tions in the manner preuously descrlbed

3

Thus, the telegraph swnals are relayed from
station to station and cause the operation of
the sounder at each of the repeater stations
and the sounder at the distant terminal sta-
tion corresponding to the sounder 15 at the
west terminal station shown in the drawing.
Any one of the repeater attendants may like-
wise communicate with the other repeater
attendants and terminal attendants by actu-
ating key 27 to transmit the intercommuni-
*1tm<r channel frequency modulated in ac-
cordance with telegraph signals.

The invention set forth herein i is, of course,
susceptible of wvarious other modifications
and adaptations not specifically shown Dut
included within the scope of the appended
claims..

Vhat 1s claimed is:

L. A carrier wave tu: ansinission systent

‘<01npr1&1no ‘transmission line b(,CLlOllS over

which carrier waves of different frequencies

&3

are transmitted in both directions, a repeater

‘connecting said line sections and including

mdlwdual paths for repeating waves trans-
mitted in each divection, means for impress-
Ing signaling impulses on one of said line

scctlons at'a pomt remote from.said repeater,

a-source of sustained oscillations at said re-
peater, and means at said repeater Tesponsive

‘to signaling: impulses incoming over one of

said line sections to connect said source to
the other line section to repeat said impulses.

2. A carrier wave ftransmission system
comprising -transmission line sectlons over
which speech modulated. carrier waves of
different frequencies are transmitted i in both
directions, a repeater connecting said line
sections and including individual paths for
repeating. waves tlansmltted in each direc-

tion, means for impressing telecrraph signals -

on said line sections at points remote. from

~said repeater, means at said repeater: for

receiving said telegraph signals, a source of
sustamcd oscillations ‘at. said repeater; and
means at said repeater responsive to- tele-
graph signals incoming over either of said
line sections to connect said source to the
other line sectlon to 1epeat qzud telegraph
qwnals :

3. A carrier w ave transmission bystem
comprising - transmission line sections over
which cadrrier waves of different frequencies
are transmitted in both directions, a repeater
connecting said line sections and including
1nd1v1dual paths for repeating waves trans-
mitted in each direction; means for impress-

ing signaling impulses on one of: said line

sections at a point remote from said repeater,

repeater, means at smd repeater responswe
to signaling impulses incoming over one of
said line séctions:to- connect said source to

the other line section to repeat said impulses,

a transmitting device at said repeater, and
means - operated by said device to connect .

HiN]

1o

-a- source of sustained oscillations at said
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said source of oscillations to both line
sections.

4. A carrier wave transmission system
comprising transmission line sections over

o which speech modulated carrier waves of

different frequencies are transmitted in both
directions, a repeater connecting said line
sections and including individual paths for
vepeating waves transmitted in each direc-

1 tion, means for impressing telegraph signals

on. said line sections at points remote from
said repeater, a channel at said repeater for
selectively transmitting said telegraph sig-
nals, means associated®with said channel for
receiving said telegraph signals, a source of
sustained oscillations of the frequency of
said telegraph signaling channel at said ve-
peater, means at said repeater responsive to
telegraph signals incoming over either of
said line sections to connect said source to
the other line section to repeat said tele-
graph signals, a transmitting device at said
repeater, and means operated by said device
to connect said source of oscillations to both
line sections.

5. A carrier wave transmission system
comprising a transmission line section,
geographically separated terminal and re-
peater stations connected to said line sec-
tions, two one-way repeating paths at said
repeater station including amplifiers for re-
peating the oppositely directed carrier
waves, and means associated with said line
sections for communicating between  the
terminal and vepeater stations, said means
including a carrier current channel, a source
of high frequency current at each station,
means at each station for connecting said
souree to'an outgoing line section, a signal-
ing device at said terminal station responsive
to current from said source at said repeater

station, a signaling device at said repeater

station responsive to current transmitted
from said terminal station, and means at the
repeater station responsive to current in-
coming over one line section from said ter-
minal station to connect the same source of
high frequency current at said repeater sta-
tion to the other line section.

1,658,339

6. A carrier wave transmission system
comprising a terminal station, transmission
line sectionis over which carrier waves of
different frequencies are transmitted in both
directions, a repeater station connecting said
line sections and including individual paths
for repeating waves transmitted in each
direction, a source of high frequency cur-
rents at said terminal station, means at said
terminal station for connecting said source
to the Jine section extending therefrom, a
source of high frequency current at said
repeater station, a signaling device at each
station, and means at sald repeater station
responsive to current incoming over one line
gection from said terminal station to cause
the operation of the signaling device at said
repeater station and to connect the source of
high frequency current thereat to the other
line section.

7. A carrier wave transmission system
comprising a terminal station, transmission
line sections over which a plurality of car-
rier waves.of different frequencies are trans-
niitted in both directions, a repeater station
connecting such line sections. and inclading
individual paths for repeating waves trans-
mitted in each direction, an intercommuni-
ating channel associated with said system,
a source of high frequency currents for said
channel located at each station, means at
said terminal station to coanect the sounrce
of high frequency currents thereat to the
line section extending therefrom, a signaling
device at each station, means at the repeater
station responsive to current transmitted
over the intercommunicating channel of one
line section from said terminal station for
controlling the operation of the repeater sta-
tion signaling device and the connection of
the repeater station current source to the
other line section, and means at said termi-
nal station responsive to current incoming
from said repeater station for controlling the
operation of the associated signaling device.

In witness whereof, I hereunto subsciibe
my name this 11th day of October A. D,

1926. ,
JACOB S. JAMMER.
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