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NATIONWAL ‘COMMUNICATIONS LABORATORIES IWCORTPORATED

‘SUBMARINE -CABLE SYSTEM

" Application ‘filed March 6,

"This invention relates to an improvement
in-submarine cable telephony and telegraphy
and has particular reference to the systems
whereby ‘télephone and telegraph messages
are transmitted over the same cable simul-
taneously in both -directions.

" The object of this'invention isthe produc-

tion of a submarine cable for thesimultaneous

‘transmission of ‘telephone and telegraph sig-
o hals® which  will substantially reduce the
-amount oF interference to the telephone sig-
nals caused by the large ‘D. C. telegraph cur-
rents impressed on the cable at the sending
end. ‘ :

Another object of -this invention is 'the
production of a cable system for the simul-
taneous transmission of “telephione and tele-
graph signals which will eliminate interfer-
ence caused by transmitted telephone and
g0 telegraph currents passing into their respec-

tive local receiving circuits,

Amnother object of this invention is the sim-
plification of the filter equipment normally
required in the usual form of cable circuit,

‘95 and the consequent reduction in the amount
of filter equipment necessary and in the cost

‘of this-equipnient.

TIn -accordance with the objects of ‘the in-
vention, special shore end sections of the cable

g0 ‘are ‘provided, each containing two or more
special conductors which merge with ‘the
main deep sea cable at junction points remote
from shore, and whose shore ends are respec-
tively joined to the local telephone and tele-
-g5 graph transmitting circuits and to the local

‘telephone and telegraph receiving circuits,

and intermediate the local transmitting and
receiving circuits is interposed a-delay net-
work circuit. ,

Tn the drawings, Fig. 1 represents one end
of the cable and a portion of the local tele-
phone and telegraph transmitting and receiv-
ing circuits, and a delay networl cireuit in-

terposed between the local transmitting and
45 receiving cireuits. i

Fig. 2 is similar to Fig. 1 but shows induc-
tive coupling of the local transmitting
and recelving circuits and their respective
branches of the shore end cable -section in

50 “place of the-conductive coupling-of Fig. 1.

15

‘40

‘of maintaining a substantially -perfect arti- 4

‘the loading material.
fe)

1930. Berial No. -432,648.

Tig. 3 is similar-to Wig. 1, with'the'excep-
tion that the dslay nebwerk conneetions are
differently arranged and one-way deviees are
shown inthelocal transmitting and delay net-
Wworle circuits. L5

Fig. 4 is'similar to Fig. 8 but illustrates a
modification of the connections between ‘the
delay network circult and the locel reesiving
circuits shown in Fig. 8.

In order ‘to operate a -foaded submnarine
cable designed to carry telephone frequencies
economically, it is necessary that advaniage
be taken of the ability:of the individual cen-
ductors, not only to operate in duplex, but to
transmit several ‘telegraph channels simul-
tancously with-the telephone channels.

‘One of the major difficulties usually en-
countered in composite operation of the grdi-
nary duplex submarine cable is the problem

ficial line balance so as to prevent Jocally
transmitted - signals-of either telephone or

“telegraph ‘frequencies from reaching their

=}

-respective-associated local recelving circuits.

[

A second difficulty results from the tend-
ency of the large D. (. telegraph currents at
the sending end of the cable to cause partial
saturation of the cable loading niaterial-and

theréby introduce harmonicsiot thetelegraph

signals into the cable circuit by reason of the
non-linear magnetization characteristic of
The portions of these
spurious frequencies so introduced which
fall within the voice frequency range are
able 'to pass ‘back into the local telephone
channel, and may thus decrease seriously the
intelligibility of any speech currents that
may be received simultaneously.

~ To eliminate the above difficulties it is
proposed to use a ‘cable with split shore end

sections merging with the:main cable at-a

&
<l

=]

0

point remote from shore, one branch of each

shore end section to be used as a .common
transmitting branch and the cther as a com-
mon receiving branch, these branches to ‘be
connec’ed with the local:transmitting and:re-
ceiving circuits respectively, and the local
transmitting and Teceiving circuitsto be con-
nected by a circiit containing a delay :net-

“work. 100
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While this form of cable constmc‘ 1on ln
one disadvi mt 1ge 1n that an | mpeuum 11~

regularity sists n the s junction points

where the shore v end sections merge with the

main cable, such as to calse an appxecmu
transmission loss, it is believed that this fac-
tor is of \x,nﬂ importance in u‘mpalison
with the advantages to be gained by the nse
of this type of cable.
In Fig. 1 the invention is shown as fipn]ied
to a two-way simulianeous telephone and
tele'"m;m cabile system, one end of the main
cable and the u)rreﬂmn(uno snecial shore
end co b1 section and local circnits only, be-
ing shown, as the construction at the two
ends of Lhe C“Lb?e isidentical. The telephone
signal current is pq%e d frem the telephone
tra msmang station 1 to the local telephone
transmitting civeult w hm\, 1t is impressed on
co udm.,o 9 and passed ihi ough a hmh pass
filter 3 to junction peint 4 where the local
telephone transmitting civeuit merges with
the commeon transmitting branch of the spe-

c-_zu shave endl section of the cable. The tele-
sraph signal current is passed from the tele-
<>ﬁ‘)h station 5 to the local telegraph tians-

nuttmo circuit where it is nnplessed on con-
ductors 6 and passed through a low pass filter
7 and junction point 8 to junction point 4
Whore the local telegraph transmitting circuit
merges with the common tv mqnnttms: branch
of the special shore end section of the cable.
When the telephone signal curvents reach
]nncmop point 4 and the teloomph signal
currents reavh j 31(11&10*1 point 8 each current
is divided and approximately one-half of
exch current Is 'npra\q&r? on the common
transmitting branch of the shore end cable
section 9 and passes to the sea junction poing
10 where a portion of each ol"lla]. current
is passed to (*O‘f‘ucbolu 11 of the deep sea
cable and thus to the distant receiving ter-
minals. By reason of the impedance irre-
gulavities presented by the sea junction point
10, a portion of each transt Med current 1s
reflected back over commen receiving branch
conductors 12 to junction point 13 where
these conducters connect with the local tele-
phone and telegraph receiving circuits. The
component part of each signal current
passed into the common transmitting branch
conductors 9 from junction poi‘ﬂ’rq 4 or 8 1s
passed into a delay network 14, a deviee well
lnown in the art and which has a time con-
stant and attenuntion constant em’m to that
ot the loop ‘mme by the common transmit-
ting branch of the shore end cable section 9,
sea junction P"mu 10 and the commwon re-
ceiving branch of the shore end cable section
12 so that the si;;v‘ml currents reaching junc-
tion point 15 after ,aem ing the delay network
14 are identical \V‘ h thelr compenent signal
currents reficcted back from the sea junction
point 10, except that signal currents
passing through the delay network are re-

uh
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versed in polarity either in the delay net-
work itself or at some other point in the de-

lay network civcuit, with the result that the

two components of each signal curvent can-

cel each other and the reflected currents are
thereby eliminated before they pass filters
16 or 1( and so are prevented from reaching
receiving station 18 or 19 over local receiving
conductors 20 or 21 respectively.

Incoming signal currents of both telephone
and tekorftp] frequencies, arriving over

main cable conductors 11, will obvmusly di-
vide on reaching sea junction point 10, ap-
proximately on e-half of each signal current
passing over conductors 12 to ]unctlon point
13 where the signal currents of the two fre-

uencies will be separated by filters 16 and
17 and will be passed to their respective re-
ceiving stations 18 or 19 over conductors 20
or 21 reqpectwely The component part of
the received signal currents will pass from
sea ]unctmn pomt 10 over conductors 9 to
Junction point 4 where each signal current
will again be split and a portlon of the cur-
rent will pass into the delay network 14 and
consequently into the local receiving circuits

at junction poi mt 15. By reason of the fact
Lh‘u the poruons of the signal currents flow-
ing through the delay networh circuit will be

attenuated and retarded in phase and will

also be reversed in polarity, they may tend
to interfere with the directly received signal
components under certain conditions. If,
howevel. the attenuation of the delay ﬂef-
work is of the order of 20 decibels or higher.
corresponding approximately to a special
shore end cable section of at least 100 nautical
miles in length, it is probable that any inter-
ference produced will not be objectionable.
TFor this reason the special shore end cable
section used in this system should be between
100 and 500 nautical miles in length, although
under certain circumstances a shore end sec-
tion of even 50 nautical miles in length might
be satisfactory. The exact determlnatlon of
the length of this section is, however, not
made a p‘ut of this invention.

The preceding discussions and figures relate
to methods wherein the cables are conductive-
Iy connected to the terminal telephoune and
telegraph equipment. Under conditions
where 1t is desired to protect the cable frem
dangerous potentials to which the terminal
apparatus or associated land lines may be ex-
posed, or alternatively to keep out of the ter-
minal receiving apparatus certain types of
interference currents which may be induced
in the cable conductors. the conductive form
of coupling may be replaced advantageously
by inductive conphno utilizing transformers
as shown in Fig. 2. While the transformers
shown in Fig. 2 apply to both the telephone

nd telegr aph signal currents it will be ob-
vious to those skilled in the art that alterna-
tive arrangements may be readily substituted
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“wherein-transformers are introduced :only in
ithe telephone branches;leavingithetelegraph
Jbranches .connected metallically 'where loeal
.conditions indicate “that :this is the more
advantageous method. _

With the above exception the system ghown
in Fig. 2 is.identical in construetionand op-
-eration with thatset:forth.in Fig.l:and:there-
fore only so much of the system as has been
medified will be described. In:this system,
-instead of connecting the delay network cir-
-ouit metatlically with the local transmitting
and local ‘recelving circuits,:the local tele-
phone and telegraph transmitting:circuits are

5 ‘extended from junction:point 22:to winding

23-of transformer 24, the. alternate windings
25 and 26 of which are-electrically balanced
-and are connected to the common transmit-
ting branch of the special shore end cable
-section and to the input end of the delay net-
swork circuit respectively. Tikewise'the local
itelephone and telegraph receiving cireuits are
extended from junction point 27 to winding
28 of 2 second:transformer 29, the-alternsate
windings 30 and 81 of which-are electrically
‘balanced and .ares-connected to the common
receiving ‘branch of the special shore end
icable section and 1o the output end of :the
delay nebwork cireuit respectively.

In Fig. 8 .isshown.a-system designed for
‘uge with special shore end cable :sections of
shorter tength than avill .operate advanta-
geously with thesystems previously illus-
Arated. This:system isidentical in ‘censtruc-
tion and operation with that shewn in'Fig.
d.exeept thau certain .one-way devieces have
‘been added to'the circuit-andithe connections
riodified accordingly, anditherefore only wo
much of the system as has been modified
will be.described. ‘ '

In this figure the input side of ithe .delay
metwork .circuit, instead ‘of being -connected
to the lecal telephone and telegraph trans-
mitting circuits at junstion peints 4 and 8
respectively, as in Fig. 1, is:connected ‘to
soid circuibs at junction points 182 :and 33
regpectively. 1In the cireuit eonhecting the
-delay ‘network 34 with junction point 32 -a
one-way device 35, consisting.of vacuumitibe
amplifiers or relays, and o high ppass filter 85
‘have been inserted; similarly inithe:cireuit
connecting the delay network 34 with june-

ion point.38-a one-way device 37 and. alow
-pass filter 38 have been inserted.  One-wiy
devices of the type just described have also
been inserted in'the local telephone-and tele-
graph transmitting civcuits, wiz. 89 and 40.
~ These - modifications :do mnot materially
1Iter the operation -of the system in regard
o transmitted signal currents. ‘Fhe trans-
mitted tslephone signal currents:impresseld
on conductors 41 divide at junction - point®32,
approximately one-half ‘of the current pass-
ing through one-way device 39 and ‘through
high pass filter 42 to the common ‘transmit-

)
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tingibranch of the :special :shore -end cable
:section, ‘the remaining component :of each
-signal .current -passing over conductors 43
through one-way device 35 and high pass
Ailter:86 to the delay network 84. The trans-
itted telegraph signal currents impressed
o conductors 44 divide.at junction point.33,
approximately one-half of the:signal current
‘passing through one-way device 40 and low

'pass filter 45 'to the common transmitting .

branch of the special shore end-cable section,
-the component part .of each ‘signal current
;passing over conductors 46 through one-way
«cevice 37 and low pass filter 38 to the deélay
network 34. The operation whereby signal
currents passing through the  delay net-
work ~cancel such part of their respective
.ccomponent signal currents as rare -reflected
4rom the sea junction point into the local
telephone and telegraph receiving circuits
‘has been described under Fig. 1. The oper-

ation of the system shown in Fig. 8 is ma-

terially different from that of the previously
-described: systems in regard to-the incoming
signal ‘currents. -The mcoming signal cur-
rents-are-divided at the sea junction :poeint,
approximately -one-half-of each signal:cur-
rent passing dirvectly over the ecommon “re-
ceiving branch of the special shore end cable
section to one of the receiving stations. The
remaining component of the signal current
passes over the common transmitting branch
of-the special shore end cable seéction to junc-
tion point 47, antd through either filter 492
-or-45 to one-way device 39 -or 40, where the
-currents will be stopped and thus prevented
frompassing through the delay network 34
:intorthe local veceiving cireunits and: so.inter-
dfering-with the received: signals. By reason

-.of the fact .that ‘the component parts-of the :,

-signal currents are so stopped before reach-
‘ingthe delay network there is no need for a
‘gpecial shore.end .cable section of such length

-that it will attenuate and delay the signals

passing through the delay network toa:point
shere there can-be no-interference with-the
directly received -signals, and the special
-shore end cable section may, in this case, be
dess-than 100 nautical miles in length, al-
though.the exact determination of the length
of this section is not made part of this inven-

tiomn. :

The system shown in Fig. 4 is identical in
construction and operation with that illus-
trated in Fig. 8 except that it shows an alter-
native method of connecting the delay net-
work circnit with the local telephone and
telegraph receiving circuits. Only so much
of theé system ‘as has been modified will be
described. Under this modification the delay
network cirenit is not connected directly to
the ‘local telephone and telegraph reeeiving
circuits as at point 48 of Tig. 8, but the tele-
‘phone ‘sigrial currents passing through- the
“delay network -circuit are passed through
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junction point 49 to high pass filter 50 and
from there to junction point 51 where said
currents meet and cancel the locally trans-
mitted telephone currents reflected back from
the sea junction point and thus prevent such
currents from reaching telephone receiving
station 52. Likewise the telegraph signal
currents passing through the delay network
circuit are passed through conductors 53 to
low pass filter 54 and from there to junction
point 55 where said currents meet and can-
cel the locally transmitted telegraph cur-
rents reflected back from the sea junction
point and thus prevent such currents from
reaching telegraph receiving station 56.

What is claimed is:

1. The method of transmitting telephone
and -telegraph currents simultaneously in
both directions over a submarine cable hav-
ing special shore end sections merging with
the main cable at points remote from shore
and containing transmitting and receiving
conductors, comprising impressing a portion
of each curlent on the transmitting conduc-
tors and passing the component p‘u't of the
current through a delay network circuit
which so affects the current that on passing
into the local receiving circuit jt cancels the
current from the local transmitter which re-
turns by way of the sea junction point and
local receiving conductors to the local re-
ceiving cireuit.

2. The method of receiving telephone and
telegraph currents simultaneously over a
submarine cable having special shore end sec-
tions joined to the main cable at points re-
mote from shore and containing transmit-
ting and receiving conductors, Whereby the
signal currents on 1eachmo the sea junction
pmnt at the receiving end of the cable divide,
a part of each cur rent passing over the com-
mon receiving conductors to the terminal
receiving apparatus the component part of
the current passing over the common trans-
mitting conductors from which a portion of
it passes through the delay network where
it 1s so attenuated and delayed that it offers
negligible interference to ‘the directly re-
ceived signals, when it enters the local receiv-
ing cirenit from the delay network circuit.

3. The method of transmitting telephone
and telegraph currents simultaneously over
a submarine cable having special shore end
sections containing transmitting and receiv-
ing conductors merging with the main cable
conductors at ]unctlon points remote from
shore, comprising impressing a portion of
each signal current on the transmitting con-
ductors and passing the remaining compo—
nent of each current through a dehy network
circuit which so controls its ma gnitude, phase
and polarity that on passing into the local re-
ceiving cireuit it cancels the current from the
local transmitter which returns by way of the

1,815,657

sea junction point and the local receiving
conductors to the local receiving circuit and
comprises dividing the signal currents at the
gea junction point at the receiving end of
the cable, one part of each current passing
over the common receiving conductors to the
terminal receiving apparatus, the component
part of each current passing over the com-
mon transmitting conductors from which a
portion of it passes through the delay net-
worls which so attenuates and delays the cur-
rent that on entering the local receiving cir-
cuit it offers negligible interference to the
directly received signal current,

4. The method of transmitting telephone
and telegraph currents simultaneously over a
single submarine cable which comprises im-
pressing a part of each signal carrent at the
tr ‘msmlt‘um station upon common trans-
mitting conducvms extending from said sta-
tion and merging with the main cable con-
ductors at a ]unctlon point remote from
shore, and passing the component part of
each swnql current thr ough a delay network
circuit interposed between the local trans-
mitting and receiving circuits, which so
affects the magnitude, phase and polarity of
each current that on ifs passage into the local
receiving cireuit it cancels the component

current from the local transmitter which is
reflected from the sea junction point to the
local receiving circuit over the common re-
ceiving conductors, and comprises dividing
the signal currents at the sea junction point
at the receiving end of the cable, one part
of each current passing directly over the
common receiving conductors to the terminal
recelving apparatus, the component part of
each current passing over the common trans-
mitting conductors from which a portion of
it passes through the delay network which so
attenuates and delays the current that on
entering the receiving circuit it offers negli-
gible interference to the directly received
signal currents.

5. The method of transmitting telephone
and telegraph currents smlultaneously over
a single submarine cable which compm%es
passing the transmitted currents into a trans-
former where a part of each signal current
is impressed upon common tr‘tnsml‘tmw con-
ductors extending from said station and
merging with main cable conductors at a
Junc‘mon point remote from shore, and pass-
ing the component part of each signal cur-
rent through a delay network circuit con-
nected to the local tr ansmitting circuits
through said transformer, and “connectad
with the local receiving cncmt% through «
second transformer smnlarly placed, said de-
lay network circuit so affecting the magni-
tude, phase and polarity of each current that
on its passage into the local receiving circuit
it cancels the current from the locai trans-
mitter which returns by way of the sea junc-
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tion point, local receiving conductors and sec-
ond . transformer to the local receiving ecir-
cuit o ‘ R TES I '

6. The method of transmitting telephone
and telegraph currents simultaneously over
a single submarine cable which comprises
passing a-part of the telephone signal cur-
rent through a one-way device .and a high
pass filter and passing -a part of the tele-
graph signal current through a one-way: de-

vice and a low pass filter and thereafter im-

pressing said portions of both currents upon
common transmitting conductors extending
from the transmitting station.and merging
with the main cable conductors at a junction
point remote ifrom shore, and passing” the
component part:-of the telephone current
through a separate one-way device and high
pass filter and passing the component part
of the telegraph -current through a separate

one-way device and low pass filter and there-

after -passing said parts of both currents
through a delay metwork “circuit interposed
between the local transmitting and receiving
circuits which so affects the magnitude, phase
and polarity of each eurrent that on its pas-
sage into the local receiving circuit it can-
cels ‘the component. current. from the local
transmitter which is reflected from: the sea
junction point to the local receiving circuit
-over the ‘common receiving conductors, and
comprises dividing the signal currents at the
sea junction point 4t the receiving end of the
cable, one part of each current passing di-

rectly over the common receiving: conductors-

to the terminal receiving apparatus, the com-
ponent part-of each current passing dver the
common- - transmitting conductors - to the
transmitting circuit where it.is stopped by
said ‘one-way devices inserted in the local
transmitting circuit before it passes into the
delay network circuit. -« ... :
©T. A submarine cable system comprising in
combination, a local telephone transmitting

. cireuit, a local telegraph transmitting cireuit,

loaded transmitting conductors, loaded re-
ceiving conductors, said transmitting and re-
ceiving conductors merging with loaded deep
sea cable conductors-at a séa junction point
remote from shore, and.a delay network cir-

cuit joining said local transmitting and re.’

ceiving «wircuits and having:a time constant
and attenuation constant equal to that of the
loop formed by the transmitting and receiv-
ing conductors and the sea junction point.
8. A'submarine cable system, comprising
in 'combination, alocal telephone transmit-
ting circuit, a local telegraph:transmitting
circuit, transmitting conductors, ‘receiving
conductors, either the transmitting: or re-
céiving comductors -being. . loaded, and. the
others of said conduectors unloaded, and-all
of said conductors merging with loaded deep
sea, ‘cable conductors at a ‘sea junction point
remote from shore, and a delay network cir-

cuit joining the said local transmitting and
receiving circuits, and having a time constant
and attenuation constant equal to that of the
loop formed by the transmitting and receiv-
ing conductors and the sea junction point.

.9.-A. submarine cable ‘system comprising
in combination, a local telephone transmit-
ting circuit, a local telegraph transmitting
circuit, a - local telephone receiving circuit,
a local telegraph. receiving -circuit, taper
loaded transmitting conductors, taper loaded
receiving conductors, said transmitting and
receiving. conductors merging with . taper
loaded deep sea cable conductorsat asea junc-

tion point remote from shore; and a delay net- 3

work cireuit joining said local transmitting
and receiving circuits and having a time con-
stant and ‘attenuation constant equal to that
of the loop formed by the transmitting and

receiving conductors and the sea junction °

point. - o ,

10. A submarine cable system comprising
in combination, a local telephone transmit-
ting circuit; a local telegraph transmitting
circuit, loaded transmitting conductors; said.
local transmitting circuits being: connected
to said conductors through-a transformer, a
local telephone receiving circuit, a local tele:
graph receiving ' circuit, loaded receiving
conductors; said local receiving circuits be-
ing connected to said conductors through a
transformer, both of said conductor groups
being merged with loaded deep sea cable con-’
ductors at a sea junction point remote from
shore, a delay network. circuit joining said
local transmitting  and receiving - circuits
through said transformers and having a
time constant and attenuation constant equal
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to that of the loop formed by the transmit- ..

ting ‘and receiving conductors: and the sea :

junction point. ,

“11. A submarine cable system comprising
in ‘combination, a local telephone transmit-
ting circuit, a high pass filter in said circuit,
a local telegraph transmitting circuit, a low
pass filter in said circuit; a local teleplione
recelving circuit, a high pass filter in said
circuit, alocal telegraph receiving circuit, a
low pass filter in said circuit, loaded trans-

mitting conductors, loaded receiving con-
ducters, said transmitting and receiving con-

ductors merging with loaded deep sea cable
conductors at-a. sea junction point remote
from shore, and a delay- network circuit
joining said local transmitting and receiy-
ing circuits and having a time constant and
attenuation constant equal to:that. of the

loop formed by the transmitting and receiv-
ing cables-and the sea junction point.

12. A submarine cable system comprising
in ‘combination, a local telephone’ transmit-
ting circuit, a one-way device and a high-
pass filter in said circuit, a local telegraph
transmitting -circuit, a one-way ‘device and
a low pass filter in said circuit, a local tele-
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phone receiving circuit, a high pass filter in
said cirveuit, a iocal te]ealaph receiving cir-
cuit, a low pass filter in said cireuit loadeu
transmitting oonducbors, loaded receivi mng
conductors, said transmitting and receiving
conductors merging with loaded deep sea
cable conductors at a sea junction point re-
mote from shore, a dr-hy network circuit
having a time constant and attenuation con-
stant equal to that of the loop formed by
the transmitting and receiving conductors
and the sea junction point, and connected
with the local telepheone transmitting cir-
cuit by a circuit containing a one-way de-
vice and a high pass filter, and connected
with the local telegraph transmitting cir-
cuit by a circuit containing a one-way de-
vice and a low pass filter, and connected with
the local telephone and telegraph receiving
circuits
13. A submarine cable system comprising

in combination, a local telephone transmit-
ting circuit, a one-way device aud a high
pass filter in said circuit, a local telnoraph
transmitting circuit, a one-way device and a
low pass filter in said circuit, a local tele-
phone receiving circuit, a high pass filter in

said cireuit, a Tocal t“lGOI“’Lph receiving cir-
cmt a low pass filter in said circuit, loaded
transmitting conductors, loaded receiving
conductors, said transmitting and receiving
conductors merging with loaded deep sea
cable conductors at a sea junction point re-
mote from shore, a delay network circuit
having a time constant and attenuation con-
stant equal to that of the loop formed by
the transmitting and receiving conductors
and the sea ju netion point, and connected
with the local telephone transmitting cir-
cuit by a circuit containing a one-way device
and a high pass filter, and ‘connected with the
local ‘releor aph transmitting cireuit by a cir-
cuit containing a one-w ay ‘device and a low
pass filter, and conneccted with the local tele-
phone receiving circuit by a circuit contain-
ing a high pass filter, and connected with
the local telegraph receiving circuit by a
circuit containing a low pass filter.

14. A submarine cable system for simul-
taneous two-way cor n.nurlcatlon comprising
in ombnntlon a cable, telephone and tele-
graph cirvcuits connected to said cable, means
for impressing signals upen said circuits,
means for %paratlna the components of the
11nn1e°sed signals, and means for returning
and cancelling a portion of one component
of the cmrent so divided.

15. A submarine cable system for simulta-
neous two-way communication comprising
in combination a cable, telephone and tele-
graph transmitting and receiving circuits
connected to each end of said c‘lble Means
for impressing signals on said transmitting
circuits, means for dividing each impressed
signal into several component parts, and
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means. whereby a portion of one of the un-
used signal components can be returned to
the local receiving circuit and cancelled.

16. A submarine cable system for simul-
taneous two-way communication comprising
in combination a cable, telephone and tele-
graph transmitting -and receiving circuits
connected to said cable, means for impress-
ing signals upon said transmitting circuits,
mmeans for separating the several components
of the signals so implessed means for re-
flecting a poxuon of one of smd signal com-
ponents back to the local receiving circuit,
and means for cancelling the swnal com-
ponent so reflected. :

70

75

80

17. A submarine cable system for simulta- -

neous two-way communication comprising
in combination a cable, telephone and tele-
graph transmitting and receiving circuits
connected to said mble, means for impress-
ing signals upon said transmitting circuits,
means for separating the components of the
signals so impressed, means for delaying one
of said signal components.

18. A submarine cable system for simulta-
neous two-way communication comprising in
combination a cable, telephone and telegraph
transmitting and receiving circuits connect-
ed to said cable, means for impressing sig-
nals upon said transmitting cireuits, means
for separating the components of the signals
so impressed, and means for delaying and
reversing the polarity of one of said signal
components.

19. A submarine cable system for simulta-
neous two-way communication comprising
in-combination a cable, telephone and tele-
graph transmitting and receiving circuits
connected to said cable, means for impress-
ing signals upon said transmitting circuits,
means for separating the components of the
signals so impressed, means for delaying and
reversing the polarity of one of said signal
components, means for reflecting a por’mon
of the remaining signal component back to
the local receiving cireuit and there cancel-
. ling it by means of the delayed signal com-
ponent.

20. In a simultaneous two-way submarine
signalling system wherein each end of the
cable is divided into two branches, one for
transmitting and the other for receiving, the
method of preventing the signals transmit-
ted at one end from interfering with the re-
ceiver thereat, which comprises impressing
a portion of each transmitted signal directly
upon the receiving branch in such magni-
tude, phase and polarity as to balance the
qmnal component impressed on the receiv-
ing branch at the cable junction.

91. In a submarine cable system for simul-
taneous two-way telephone and telegraph
communication wherein each end of the ca-
ble is divided at a point remote from shore
into two branches, one for transmitting and
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the other for receiving, the method of pre-
venting the signals transmitted at one end
from interfering with the receiver thereat,
which comprises impressing a portion of
each transmitted signal directly upon the re-
ceiving branch in such magnitude, phase and

~polarity as to balance the signal component

impressed on the receiving branch at the sea
junction point. S , -
In witness whereof, I hereunto -subscribe
my name this 5th day of March, 1930.
- RALPH E. A. PUTNAM.



