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Patented Dec. 22, 1931

~ mission systems, and more particularly to
- transmission systems 1nvolvmg a, long sectlon _-

|...

‘5 seotlon of subma,rme cable, for example, be- -
tween Newfoundland and Ireland must  be:
used for two-way transmission. Tt 1s, how-
“ever, quite feasible to operate on a four-—wwe
besm those portions of the circuit which ex-
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ThlS mventlon rehtes to telephone trans-

ot stbmarine cable. .
In order that wire telephone transmlssmn

mey take place between points separated by
a large body of water, as, for example, is

the case 1n telephonmg between New York,

~and London, it 1s necessary that at-least one':;_-f
."long section of submarine cable be incorpo-
‘Because of

rated in the transmission circuit.
~ the expense of constructing such a cable, it

is impractical to provide two cables for four-

wire operation, and therefore the one long

I .""'H tend between the ends of the cable and the

"‘terminal switching stations at say New York
and London, even thouo*h parts of the four-:
“wire circuit ‘must be oarrled in shorter sec-:
tions of: submarine cable as, for example;

‘or-1n the Irish: Sea and in the short stretch of

..f“"ir1

. mous and- e.lthou h such a cable is relative- _
1y free from externel disturbing influences
- 1o cause noise, it will at least have a- noise -

.;-"'

“water between Nova Scotia and: Newfound-

‘land. - These relatively short cables may be.
“worked on the two-way plan or the trans-
‘mission paths for opposite directions may be
- separated by using carrier transmission. In
any case substantial echoes in the four-wire
 circuits may be caused by the intervening:

lencrths of submarine cable.

VVlth reference to the long section of Sllb—.""
marine cable, which is operated on atwo-way:

bELSlS howerer theattenuationis at best enor-

- level determined by the resistance noise (or-
- of the cable.
~ Inorder, therefore that the currents received
~after transmission over the cable have suffi-
“cient volume to be above this noise level, the
“yoice energy must be ‘applied at the sendmg-

- end of the cable at a very high volume level,
“so that the difference in Jevel between the;_--:
sending energy and the received energy at a

‘noise due to therma,r agitation)

_given end of the cable is very much greater

than 18 the case Wlth eny type of telephone?

system heretofore employed Thls 81tuetlon -
~introduces. transmission - problems of an or-i;-._.
“der never heretofore encountered.. '

“With this great disparity between: apphed

end‘ received energy at the ends of a cabley it
is obviously necessary that. voice operated °°
-switching arrangements be provided for pre-
venting smgmg in the four-wire circuit: and;;_;i o
“Furthermore, 1t is -
‘necessary to locate the voice. operated ar-:;-;.ﬁé" S
rangement adjacent the ends of the: cable. ™ =

'ThlS is. for the reason:that the receiving am- -
er must be very sensitive in.order tostep
the very weak attenuated: currents-incoming
from the eable. up to a: normal: volume for .
transmission over the: receiving line of the ™

or suppressing: echoes.’

plif

four-wire cireuit,. and: it is therefore. neces--
sary to protect such sensitive. recelving ap-
paratus - from: the relatively enormous echo

currents.coming in from the cable in response 5

0

to transmission- going into:the cable from: the. =~
other side of the four-wire circuit, Itis-also; -

necessary. to. protect the receiver from:the
- enormous transmitting currents which might
~ enter the receiving: cireuit from:the transmlt- _
ting: path of the four-—mre 01reu1t due to 11:1- B

oomplete balance.

1

On the other hand ' to locete a.t the ends :".' |
of the eable all of the apparatus for: sup-

sion of singing at the terminal stations, for

cable termiinals need not: require continuous

inspection and: adjustment. - For this reason 95

the volce-operated: deweee at: the: cable ends

will be referred toas “auxiliary” devices,even

.....

though they may-consist et more: eomplex eir-
- enats: than the: main “devices.

| -thls result the Volce opereted equlpment at

To accomplishi

~ pressing- smgmg and echoes:1n: the: four-W1rer~':m S
circuit is: inadvisable, as: it is impracticable.
to-'maintain-at the: relatwely 1solated: points
~at which: the cable terminates the: technical
- operating, supervisory and maintenance: sta,ﬁ. ST
-necessary-to-control apparatus - for the:vari- g5
~ous conditions obtained: by different: tele-
‘phone: extensions at the switching terminal.
It is therefore proposed to arrange the main::
~Voice operated equipment for the suppres--if._;; .
90
example, New York and London, and to.so '
arrange the equlpment at: the cable: terminals-

that the voice operated mechanisms: at the

100



for disabling the transmission path at the
switching terminal in response to voice cur- -
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the switching terminals is arranged so as to
normally disable the transmitting side of the
circuit to prevent singing, the disabling
means being removed in response to the voice
currents. Arrangements are also provided

rents received over the receiving side of the
four-wire circuit. Since the transmitting
side of the circuit is disabled except when used
tor talking, the voice-operated equipment at
the cable terminal is protected from noise
currents arising in the connecting circuits be-
yond the switching terminal, and, as the fous-
wire circult to the cable terminal will be laid
1n telephone cable, the four-wire circuit itself

should -be relatively free from noise.. By

providing volume adjusting means at the
switching terminal to keep the voice cur-
rents applied to the-transmitting path at a

normal level well above noise, the voice op-

erated apparatus at the cable terminal may

be made very sensitive and need not be care-

fully adjusted to discriminate between sig-
nals and noise.- -~ |

By making the voice operated apparatus

at the. cable terminals highly sensitive, such
apparatus will respond to the initial part of
the voice wave before such -wave approaches

its peak value. Therefore, the delay circuit

ordinarily used to prevent clipping, when the
sensitivity 1s held to a lower value due to
noise in the connections, may be made very

small or even omitted. This is important
from the standpoint of the time of trans-
mission between the voice operated appara-

tus at one terminal of the cable and that at

the other, as the delay circuit time is added -

to the time of ftransmission over the cable.

- It 1s desirable to keep down the time of
transmission between the two: sets of echo
suppressing apparatus which ultimately de-

termine which subscriber has control of the
circuit in order to reduce the possibility of

‘a “lock-out”. “When two full echo suppressor-

equipments are associated with a circuit at
the same point, the ypossibility of the sub-
scribers mutually locking each other out is
limited to the .case where the voice currents,

from both subscribers arrive at the echo sup-

pressors at the same instant. - If, however,
the two full echo suppressor equipments are
moved toward the terminals of the circuit so
that a definite time is required for transmis-

s1on between the two sets of equipment, mu--
tual lock-out can take place when the voice

currents of the two subscribers arrive at the

corresponding ‘echo suppressors within a
period equal to the time of transmission be-
°.tween the two sets of suppressors. =

In the case of the submarine cable, it is
evident that the lock-out time cannot be re-
duced to a period less than the time of trans-
mission over the cable, for the reason that
the two sets of echo suppressor equipment

1,837,316

cannot be closer together than the ends of
the cable, and to the time of transmission
over the cable the delay time of the delay cir-
cuits must be added in determining the lock-
out time. Hence, the reduction of the delay
due to the delay circuits is important.

As already stated, voice operated devices
for the suppression of singing are to be lo-
cated at the switching terminals. If these
arrangements were so designed that the talk-
Ing subscriber’s voice currents in passing over

‘the transmitting path of the four-wire cir-

cutt could disable the receiving path at the
switching terminal, the lock-out time would
be the time of transmission from one switch-

1ng terminal to the other, and, as the four-

wire circuits leading from the cable termi-
nals to the switching terminals might be of
consicerable length, and noise conditicns are
such that delay circuits are necessary for
proper operation of the transmitting relay,
the increase in lock-out time might be so con-
siderable as to make the cireuit very unsatis-
tactory from the subscriber’s standpoint.

~Accordingly, it is proposed to arrange the

voice-operated apparatus at the switching
terminals so that only the transmitting path
of the four-wire circuit is controlled, and no
means 1s provided at the switching terminals
to disable the receiving path. This will give
control of the circuit from the standpoint of

lock-out to the voice-operated devices at the

cable terminal and thus reduce the lock-out
time accordingly.

Another factor which must be considered in
the telephone system involving a long sub-
marine cable is the so-called relaxinocurrent.
The characteristic impedance of the cable will
involve a considerable reactance component.
When voice currents of large cnergv are ap-
plied to one end of the circuit for transmis-
c10n to the other end, energy is stored un in
the reactance of the cable, and, when the
volce potential ceases, a unidirectional gradu-
ally decaying current flows out of the cable
because of the energy stored up in its re-
actance. Since the reactance is large, and
the applied energy must necessarily be large.
(because of the oreat attenuation of the
cable), this relaxing current will, at the in-

stant when the applied, energy ceases, be

large and may require o considerahle time
before it decavz to a valne small enough to
cause no disturbance in the sensitive receiv-
g apparatus assoctated with the cable at
1ts terminal. This relaxing current mav
therefore be for a considerable period of
time very much greater in magnitude than

the signaling currents which are to be re-

celved over the cable, and, if nothing is done

to reduce its effect, the voice-operated relays

tor disabling the receiving path of the four-
wire circuit at the cable terminal might have
to be provided with a hang-over much longer

~than that necessary to take care of the echoes
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returned from me cable...
.peeed 1n accordance wnh the present inven-
tion, to reduce the effect

‘ing a hybrid coil with t

 ponent simulating that of the cable. Conse-

- quently, stmilar rela Mnﬂ*-eurrente will flow
. out of both the cable md its balancing net-
work,

- to cancel each other to “he extent that the

~cable and networh, balance each other, so

that the resultant component of relaxing cur-

- rent in the. 1eeewm g path Wlﬂ be eecordmo'ly-

- reduced.

clear from the following detailed description
thereof when read in eennectm*q with the ec— '

‘companying drawings,; in which Figure 1 is

~ link long submarine ‘cable; Figs. 2 and 3 are
.Cl"l'!ﬁ,-e‘ﬂ S].LOWJ.I}W the "»;?'01'{_ Ine 1@'&7(11% rlb he -‘Ta“

o5 eTIOUS pemts of the cireult 1n _Jhe two d1ree—-'. |
‘tions of transmission, respectively; Fig. 4isa

chematic diagram. of the- qppfwetus at the -
cable terminal,
5 shows a series of curves

- gwite mrwu ‘ie“mmel and ab tﬁﬂ
respectively; Fig.
' :;ef-*-ﬂhisz,retmﬂ' eertmn teatures of the invention.

- -1‘*1{1: the

LI I
LR

be borne in mind that transmission paths

cComprising. two' erem ,ene aetmﬂ qe_e retur

for the other, or one wire mth 2 ground"‘_-

- return, are Symboheaﬂy reereeentﬂd by a

1 single line and that ampllﬁers ‘are repre-
* sented by rectangles with arrows to indicate

- the direction of trensmlesmn

- trolled elrcmt is indicated by seperated ar-
-5 rowheads-in the case of a nornmll disabled:
- clrcuit, and by errowheeds whmh touch in
~ the caseofa n01*melly operative cireuit con-

-.chtwn ]elaw ClI‘CU.ltS eeeocmted with the

ShE zw:?e,cr lmes |
In order to mmphfy

end Ireland., and with the terminals o

- prising’ a ‘one-way transmitting circuit for

43 talkmo‘ in- the one: d1reet10n and a one—way-

It is. therefore pro-f

of the relaxing cur-
| rent. r‘”e 1 ay be &CCOﬂl’DhShef‘l by associat-
the ends of the cable

and Lelenemn the  cable with a ‘network
“whose impedance will have a reactance com-

‘between Nova Scotia and Newfoundlend
~should also be understood that the layout of

a symbolic cdiagram eaeﬁr’mﬁ* the ﬂeneml L:l v- Fig. 1 'merely typifies the

~outof a teiephe?e system - emphymﬂ as one

“The echo sup-
pressing devices are symbolically represented-
by a line attached directly to the voice cir-
5 eult which operates the echo suppressor, with
an arrow at the: other end adjacent the cir-

i‘he deeemptm}n the-:
_”eu*mut will be described for a hvpot}‘etmeli*
“case of a telephone system having its switch--
1110' terminals at New York and Lendonq with'
9 submarine cable between Newfoundlend
| £ the
~ submarine - cable connected to. the SW1teh1nfrl
~terminals by four-wire circuits each” com-

'opemtw

receiving circuit for talking in the. opposﬂze‘-

- direction. The principal-unit of the sys stem
1s the transetla,ntlc submarine cable indicated
at X in Fig. 1. Each end of the cable is

“balanced by networks symbohcelly indicated
at J, and J’,; and the ends of the cable are
also connected to the four-wire circuits com-
prising paths TL and RL. extending from
- Newfoundland to New York, and 7 athe TL,

~and RL/ eztendmg from Ireland te London.
and these relaxing currents wﬂl tend The dotted lines used in the four-wire cir-
“cuits indicate that the conductors are of the .
land line type, of standard form-equipped

with repeaters and all necessary. ‘Lppa,ratuev |
“although it will be understood that parts of

' ~ the f0ur~‘w1re circuit will pass thrmmh under-:
Other f@‘ltﬂfeS eE the 111ve11t1011 Wlll be |

||||||

80

sea cables in order to span the Trish- Sea’"'

and that portion.of the Atlantic Ocean lying
Tt

geneval principle - .
,-_and that the particular locations of appa-

- ratus will in practice be varied eecordmﬂ to .

the submarine conditions that exist bet‘ween

circuit.

the two- swﬁehmfr termmels of eny given 80

At the New York swmchmw termmel the’*;“

transmitting line TL is normally disabled at

E, and a voice operated meeh-"mlsm operating

In response to voice currents epphed to the
and Hig. Gisa a simplified cireuit for es plem*-

eiffect of resistance aenee in the cix euit.

~ The' general layout of a typical system in
'aeeordanee with the invention is shown in
-Fig. 1. In mterpretnw this ﬁﬂrm“eﬂr it should:

TT. becomes operetwe

A ‘voie

05:

circuit from the terminal lirie L. defeats the
“disabling means so that the transmission line L
A delay circuit C;+
18 prowded to enable the voice operated de-_
- vice E; to operate before the voice currente dog
arrive at the: disabling’ points. -
- erated device A, is &ssoelated with- the re—f’:.; .
ceiving line RL and operates in response to -
2 volce currents received over the line RI, to

‘disable the treesmlttmg path. A volume
- regulator VR, is also provided at the New
'._YorL terminal to bring the epeeeh currents -
to a definite strength for transmission over
‘the system.  The eppqre‘tus at the London-
terminal is similar fo that at New York, cor- 3¢

T {%Spondmﬂ' elements being designated b*,f the
cuit which is to-be controlled. Tﬂe onen or

105

~ same reference characters prlmed Tt W1 111 he
closed condition of ‘the entaete 1in the con-

noted that no voice operated device is pro--

vided at either termmal for dlsablmo the?'. o
_ L 1L

- Similar voice operated devices are preV1d-- '
-'--ed at the Newfoundland and Treland termi-
“nals of the submarine cable X. At New-
r foundland, the. transmitting line TL of the =
g .LTﬂﬂmfﬂTttlﬂﬂ en*emt 1s po**mally disabled and 1%
a volce epemtﬂd cevice I0, 1s associated with .
the transmitting ‘path to make the elremtf- .
in-response to transmitted voice
Another voice operated device H,

receiving ]’)‘lth thereat.

currents..

controlled from the trfmsmlttlnﬂ* path is ar-’-_'i"'

[t -
il

ranged to dlsable the recelving eth RL. A

_deley cireuit Cs is provided to en "lb]e the de-
vices B, and H, to perform their functions
before the voice currents arrive at the point
- where' the tmnsmlttuw* 111‘1e TL is dlsebled
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Another voice operated device A 1S 2SSOCI-
ated with the receiving path Rl for dis-
abling the transmitti path TLi In response
to the voice uurlents mcewed over the sub-
marine cable. An amplifier D, 1s assacmtad
with the tra.ngmitting line T1, for bringing
the voice currents up to a very high volume
before applying them to the cable, whose at-
tenuation i1s very great. The voice currents
received over the cable are, of course, greatly
attenuated during transmission and are
stepped up to a desired level by means oi an
amplifier (i, In order to operate the voice
operated device A,. An additional amplifier

M, may be pr ovided where desired. The : ap-

paratus at the Ireland end of the cable is sim-
ilar to that at Newfoundland. -
Flﬂlll““ 2 1s a volume level diagram to indi-

cate the volume levels at the difierent points
of the circuit in transn 11tm"10 from New York
3 shows a symilar vol- i

to London, while Kig
ume level dnﬂ;mm fm transmission 1n tne
opposite direction. Since volume control ar-
rangements VR, and VR’ are used qt the

New York and London terminals, sc that the
transmitting volume applied to ‘the. qystem

1s always qub%aﬂntmhy constant, the dia-
orams of Figs. 2 and 3 are so drawn as to
show the voice volume, I‘C.l.“f‘"‘:‘d to zero ref-
erence voiume, at each point of the systen

In consulermo Figs. 2 and 3., it should be
borne in mind that *he Zero refereme volume
does not represent zero energy, but, on the
contrary, repr esents an arbitrarily chosen

volume level which may be roughly dﬂsm 1}‘~ed

ns the average amount of clectrical energy
produced by ‘the average subscriber in talk-
1ng over a long distance circult into an ordi-
nary telephone system using a standard
transmitter. The unit of volume used in
plotting. the diagram is the decibel, and the
number of dembels mdicated at any point i
the diagram is a function of the ratio of the
volce energy at the 1"01nt 1ncdicated to the
amount of energy arbitrar
zero level.

recelved at the receiving end, the number of
decibels representing the paln 1n transmis-
31071 OVer fmch ormmt will be equ: al to 20 log:,

1
I,

. If, therefore, the ratio of the received current

to the applied current 1s unity, so that there
is no change in enhergy, the chamre 1 trans-

e
mission will be zero decibels. T the received

current is ten times as great as the applied |

Cl'lfl(-‘/llt the ﬂ"'1111 J.Il tl"ﬂflql ']1"*“;11011 wiil be 20

deczbelﬂ. If, on the other hand, the received
current 1s -f‘-u of the applied current, the
chanoe in transmission will be —20 decibels.

The folTowmf} table gives the number of de-
cibels corresy ondmw to certain current ratios,

0

and balapcmo networks, as w:
later.

1y chosen as the
Suppme.. for e:mmp}.e, a current

T, is applied to a circuit, and a current I, is will be seen from the curves of Figs. 2 and 3,

1,837,316

the current ratios bemg oiven 1n the first

column :
Decibels  FRTEY
104 40 10*
10 20 102
3 16 10 10
| 6 4
1/ 2 | 3 2
| 0 1
= 71 — 3 L
w/ 2 2
1 1
5 0 1
- .316 —10 1071
1071 — 20 1072
10“2 | — 40 10™4

The corresponding energy ratios are given
in the third column. 1t will be noted that
the energy ratio corresponding to any num-
her of decibeis will be the square of the corre-
sponding current ratio. From this table it
will be seen that doubling the energy repre-
sents a gain of 3 decibels, “while reducing the
received energy by one-half represents a loss
of 3 decibels. Doubling the current, on the
other hand, represents 2 oain of 6 dembcm,
while halvmn the current, represents a loss oi
6 decibels. These particular values should
be noted, as they are of some importance in
Jl’ld@l"Siﬁl]diJ(} the effect of the hybrid coils

111 be descrlbed

Owing to the necessary use of voice oper-
ated swiching apparatus, the system is ar-
ranged to deliver a substanti ally constant vol-
uie of spﬁech to the connecting line at either
end, regardiess of the volume 1mpre<a-sed upon
the ﬂther end of the system. This is accom-
plished by providing the volume regulating
apparatus at the switching terminals so that,
regardiess of the 1011{111@;5 of the speech ap-
pued to the system from the colmef;,tmﬂ line,
the volume ‘qulled to the transmitting [ine of
the four-wire circuit will be constant. As

the velume delivered at the receiving end of
the system 1s 20 db. weaker than the zero or
reference volume. Under normal conditions

with reference volume applied to either end
of the system, and —20 db. delivered at the
other end, the transmission loss between ter-
minal offices is 20 db. When stronger or

weaker volumes are applied at either end of

tie system, the gain will be adjusted by the
volume recrulator at the switching termainals,
and, 1f necessary, by the volume 1‘@0111:11301"
t the cable termin 1.1 o bring the volume
to the normal value at the voice operated
apparatus, 1n the submarine cable, and at the
tar end of the system. The rann‘e of applied

volume to be provided for is from +10 to
to reference volume at

—30 db. with respect

the switching terminal. This is shown, for
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example, by the two branches {}f the Volume:

~ level curves at the extreme left in Fig. 2

and at the extreme right in Fig. 3
tem will give an over- Sall loss of 30 db.in the

dlrectwn of tmnsmlssm‘l when +10db. 1s
t the sending end and a cram of 10.

a,ppheJ

db. i —30 db. 1s apphed

10
drou to +7 db. upon passing through the
--rhyblld cotl, and, sunﬂarly when —30 db. 18
-applied to the S}fstem 1t ¢
upon passing through the hybrid coil. This
13 because the apreﬂ energy divides at the
ssween the transmitting line and
the 1*@0@1‘57‘!11& line, due to the con}uwate ar-
rangement of the. connection, and only half

~of the energy is u%lmatel
tx ansmltumo lme In

s
hybrid coil b

20

Referring more partlcularly to the curve

of Hig, 2, 12 will be seen that when +10 db.

s a :mhed to the system, the volume level

drops to .—33 db.

delivered to the
the table above given,
halving the ener oy

decz_bcls thch Iaccou*lts for the condltlon

just, debcmbed

a5

- By means of: the 'Volame rewulator VRl, the:f

volume level finally applied to the transmit-

ting line at the switching terminal may be
-reduﬁed {or raised) to +5 db. This value is
chosen as the maximum constant volume

~which may be- umnsmltted over the system_
ad

without producing excesswe cross-talk i ad-—'

. "_]@ceu‘t land lines.

' eaample at Newfoundland, is again brought;
up to +5 db.. by means of the hnﬂ repeaters
a¢ that point, the volume adjuster VR, be-
ing operated, if necessary, to correct for any
duaaman“nom the desired level.
ume ievel actually lmpressed upon the sub-
marine cable should be made as high as pos--
“aible with due regard to the llmlta,tlons im-
posed by the 1oad ng material, in order that
- the cost of th e cablﬂ may be: kept down by
- designing it for alarge transmission loss
- without peimita,mn the Teceived signal to
~fall too near the noise level in the cable _
. “'-cordwgly ‘the amplifier D, may raise the
The energy, upon passing

. L‘.j; o
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“level to +85 db.

loses 3
ergy goes to the cable:
distribu :
- cordingly, 30 decibels are a,pphed to the ca-
. ble.

o .‘LE .L._.a.'.L‘ G”O O{ ‘5.) (} Uimb1

yoluine thus rebewe& is. aﬂam 1‘&186d to +5H
db. by the repeaters M’, mc‘ G/, and then
“transmitted over the 1"waﬂng path RL’ of

~the four-wire

The volume level at the cable termmal :EOI

the h‘;rbr d' coil at the terminal of the cable,
decibels because only half of the en-
ited to the bm.;mcma network J. Ac

-Af‘s ming th::a,s_, the attenuation: of the,

cable is such as to reduce: the ap i:)Thec“t energy

w2150 dec buﬂs,. it will be received at the oppo-

Cgite term 113,13 of the cable at'a level of — 120
- be reduced 3 db. further by rea-
© son of Lhﬁ h}blid coil ﬂmnﬂemem at the
' Tne eXx tmme}y low*

3

::*““cu.t to the Londo‘l SW1 c’q-

ing terminal. The transmission in the op-

_ posmﬂ dsrectmp as ..:.1 10WIL by the curve of,;

The SYs-

resulted in a loss of 3

‘The vol-

| -dmon

Ac-

. the other half being |
~lock-out and breaking difficulties of the ; Sys-

F ig. 3, wﬂl be snmlar to tha,t descrlbed It

rably from those described.

The volume reﬂ‘ulatmo' a,ppamtu's. at the':
~switching terminals may merely consist of

Cwiall be understood of course, that the values '
of volume level anove given are merely illus-
trative and that in any practical design the

volume levels may be changed very cons:td-" ;,':7'0. B

a ‘potentiometer associated with a repeater

which is adjusted by a technical operator

who is guided by a volume indicator; but, if |

desired, it may be an automatic arrang ement

In any event its function is to keep. the vol-

ume- ot speech at all parts of the four-wire

circuit at a normal value except for minor

80 o

variations so that sufficient energy will be

available to operate the voice operated ap-
paratus at the cable termmals

While the .

lines of the four- -wire cireult. will be pro-

vided -with pilot wire: transmission regula,u-",_s_ﬁ. '  

tion, there may be some residual variations

1n Lhe transmission loss of the four-wire cir-
- cuit.. Such variations may be taken care of
by the volume regulating apparatus, such
| 90
‘tion to be expected ‘Lt this pomt will be a
‘slow variation with changes in the trans-

as. VR, at the: cabTe terminal. - The varia-

mission -efficiency of the- four -wire circuit,

and. consequently the volume adjustment at
“the ‘cable terminal need not be fairly con-
~tinuous as.is necessary at the SWltC]J_lIlg ter-

‘minal, where differences between the loudness

the cireult. -

“with: which different subscribers speak, and =~
the effective distances of the subscribers

from. the terminal, must be taken care of.
“The transmission. ]_oss of the submarine ca-
' 'ble is; 0f course, enormous, but since the cable -
1s e:@:posed e} very constant uemperature con-
, it should not be necessary to make
- Br oms*on Tor a,utoma,hc or quick adjustment
of the gains of the receiving amplifiers asso-
clated W1th the cable. If any serious changes =
‘occur, they are likely to take place slowly

and c:sm be compensated for by adjustments
made at the time of the lining-up tests of
Of course automatic devices
'.-mwht be used here if found- necessary. B

100

110

" As has been previously stated, the O‘reat.

trmnsmlssmn loss of the submarine cable and
115 |

the desirability .of reducing the- inherent

tem . to the lowest pos&ble decrree make it

'mmals

| -pared to having'the main voice operated de-
._;'_.wces at the ends of the cable, with the pri-
mary control of volume levels. also exercised = -
“atthe switching terminals.

’:'_rmmlhary voice Opﬁl‘&ted demces at the cable

Lermmals to be opemted at relatwely hlgh

‘necessary to have aux siliary voice operated-_“_ .
f-anﬁ-smgmm and an echo suppressmg appa-
“ratus at the ends of the cable itsef. - Certain
advantages are secured howe‘v’er, by locating
‘the: principal anti-singing voice operated de-

- vices and delay circuits at the switching ter-

(New York and Lendon), as com- o
125

120

~Thisenables the S
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sensitivity. The recelving voice operated
relay at the cable terminal need have a hang-
over only long enough to take care of echoes
due to unbalances between the control station
and the end of the cable. Kchoes from the
connected circuits are Suppressed by the sup-
pressor A; at the terminal office whose hang-
over can be adjusted as required. As no
transmitting echo suppressing relay 1s in-
cluded at the switching terminals to control
the receiving side of the circuit, Incoming
speech from the transatlantic cable takes
control of the circuit even though outgoing
speech is actually traveling through the land
cable. Consequently, while the over-all de-
lay of the circuit is slightly increased by the

use of the additional voice operated devices,

smaller delay circuits are required 1n connec-
tion with the auxiliary voice operated de-
vices at the cable terminals, and, as lock-
outs oceur between the apparatus at the cable
terminals, the probability of mutual lock-out
18 substantially Iimiced to that due to the
time of transmission through the cable. By

locating the principal anti-singing voice op-

erated devices at the switching terminals, the
technical operators at those terminals will be
immediately aware of the necessity for adjust-
ment in relay sensitivity necessitated by chp-—
ping or excessive land line noise, and are In
a position to make decisions and 1ssue 1n-
structions to the switching operators 1n case
troubles are ca,used by faulty connecting Clr-
cuits. -
With this Oeneral idea of the operation of
the system in mmd the details of the appa-
ratus at the SWltCﬁlﬂﬂ‘ terminal and the cable
terminal, as shown in Fig. 4 may be readily
understood. .
It may be assumed that Fig. 4 shows the
apparatus at New York and Newfoundland,
the corresponding Landon and Ireland 1n-

“stallations being in all respects similar.

Referrmﬂ* to Fig. 4, the connectmcr line 1.
at the sw1tehmu~ terminal is balanced by a

network N and is associated by means of a
hybrid coil 10 with the transmitting line TL

and receiving line RL of the four -wire Cir-

cuit. The tmnsmlttmg lIine includes a line
amplifier I; of ordinary construction, a vol-
ume regulator VR, which may be simply an
amphﬁer with an adjustable potentiometer
operated either manually or automatically,

and a second line amplifier D,. The volume

regulator VR, is for the purpose of mam-
taining the volume level of volce currents in
the tmnemlttmrr Ime TL: at a Sllet‘LIltlall

constant value so that variations in the loud-:
ness with which a given speaker talks, or -

differences between the loudnees with which
different. speakers talk, will be compensated

for. The line TL will be normally disabled

by means of a relay E, which is controlled

ler- deteeter set Iy bridged

by an amplif

across the line TL ahead of a delay clrcmt_

currents which operate the

provided to protect the Tow ]evel parts ¢

| reg ul%tor VR, an

1,887,316

C, for the purpose of enabling the relay E,
to cut through the line TL before the voice
amplifier-detec-
tor arrive at the point where the line T is
dlS&ble '

The receiving line RL includes amplifiers
Gry and M, and is provided with a voice oper-
ated arrangemeunt comprising aun ampLﬁeI-
detector B3, and control I‘E}laY A, for disabling
the transmitting line TL when voice currents
are received from the line RL. If necessary,
a delay circuit P; may be provided to enable
the relay A, to operate before echoes from the
received voice currents pass tnrough the hy-
brid coil 10 into the transmitiing circuit.
The relay A; should control the transmitting
line TL:aLhee dd ot the volume regulator VR,
SO ’m at 1f 1t 1s automatically oper ated 1t will
not be adjusted by echoes passing from the
recelving circuit through the hybrid coil inta
the “1'31n_51’111tti_11g circut,

- At the cable terminal, the cable X 1s b ] -
anced by a network J,, an \d , by means ot a hy-
brid coil 1, 1s as ssoclated vth the tr ampnt—
ting Iine T T, and the receiving line RL of the
four-wire circuit. Owing to the enormous
difference in transmission level between the
sending energy from the transmitting circuit

and the receiving energy transtferred from

chielding 1s
of the
recelving circuit from high level transmitting
appar atus. This is indicated by the dotted
line rectangles in the fioure, which surround
certain portlone of the transmitting and re-
celving equipment, respectively.

The transmitting line includes a line ampli-
fier L, an almilifuv volume or transmission
a transmitting amnlifier
D, , for bringing the final volume to be enpl,ef
to the cable up to the desired level indicated
by the diagram of Fig. 2. Nomfml’f}r the
transmitting line is disabled i just ahead of the
hybrid coﬂbymeans ofa relay K, which is con-

1"011e-"1 by an ammnlifier-detector arrangement
K, bridged across the transmitting line ahead
of a delay circuit €, which may be provided
for the purpese of en‘},bhng the relay Ii, to
operate before the voice currents arrive at the
peint where the circuit 1s disabled. Since
the amphﬁer detector F', may be made very
sensitive, due to the fact that noise currents
aye Lept off of the transmitting line at the
switching terminal, except when voice cur-
rents are being 1 ranemltted the delay circuit
C., may be made very small and mﬂeed may
be omitted entirely without causing undue

the cable to the recelving line,

clipping.

Tt will be noted that the eontacuq of the G-
lay K, are bridged across the output cireuit
ot the a'nphﬁer D, rather tlmn ACTOSS ihe 11) -

put circuit. so that any noise arising within

the amplifier will be prevented from reach-
ing the cable and the recerving side of the
system
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The amphﬁer deteotor F also controls a

£ "i_-__rolay H, by means of which the receiving
- line RL may be disabled. Normally, the re-

- celving cireuit is opemtwoly connected over
_the back contact of the relay Ha, but when
“the relay operates, the cir cuit:of the line RL -
18 broken as soon ‘as uhe armature leaves its
back contact. 'The receiving line includes a.
- low power ampl,.,ﬁer G and - high power
10 amplifier G, for bringin _
- ceived currents in tho cable up to a desired
~value for transmission over the receiving lmo_
"RL.  An attenuation equalizer X, may be
connected between the two ‘mehﬁo‘“s for-
equallzmw the attenuation of the currents
~ transmitted over the cable the cable, of
- course, having the effect of qttonuatmo* the

P o

g the very Woal{ 1e-

- high froquenoles to 2. much greater extent

“than the low frequonoles
tector arrangement B, is asscciated with the .
~receiving. line and controls a relay A, for dis-

An. amphﬁ er-rle-

| '_r:toct controlled by the relay A, is preferably

25

o ":-jbrleﬂy
30
_, -:4111‘1@ L of I‘w‘ -4: an] are. ralsod to the proper
©volume at the terminal office-and operate the

‘anti-singing relay T, at that point, so that g

~associated with the line TL ahead of the vol- p;
ume regulator VR, in order that where an b
”.:jea,utomatmfﬂlv_gﬂ l]ustocl volume regulator is
- used, it will not-be @d]llstocl by echo currents. RS
| clesorlbecl_.ﬁ'
subsorlb :

“The operation . will now loe
- Naveq orwumt*no- a,t

-----

”"f.-they may bo passed throucrh the delay circuit

~ terminal. .
- -minal o{ﬁoe they ooera,te the amplifier-de--
 tector Fy :-md the T'elays E, and H, ancl then -
 pass through the ampli f'or D, to ‘the ‘cable.
The delay appwotas C. gives the relay B,
- time to operate before the wave reaches its
- '._contoots thus avoiding initial clipping. This
voice operated appﬂratos obviously must op-
erate on all voice waves, since failure of the
relay B, to operate would prevent the trans-
 mission of speech, while fa Iure of ‘the re- -y
lay H. to- opotatﬂ Woulcl pormlt pow»ﬂrfulf
o echoes to pass 1nto tho Teceiving. line and op-
- erate the: relay A, thus mterruptnw the-

60
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tel ephone and a

C, and thencs over tho 11116 TL to the cable
Upon arriving at the cable ter-

outgoing Spoeoh SRR T -
r”t. {o]tl singing relav E at the termmal

- ofﬁoe msures thau noise from the subscriber’s
any terminal connecting cir-
--.omts will not reach the ampllﬁer dotectorﬁ;
'F, except when veice waves are. passing.
Smoo the volume regulator VR, will be- Sllb-._ |
R vy oontmoouqu adjusted to main-
- _:-rtam tl1o vélume tr on*&mﬂ ted over. the circw

TL

stantia

oonstantﬁ the ampl

vive: olromt

minal. office.

'-S@HSl Ll

- +€I‘H1111‘Ll
;_:.volume, of the
“the ey

power amphﬁer G

E 1

~operaticn of
echoes. -

B -muormeclmtﬂ
ifler-detector: R, Wlll-_-
;'_'&lWEL}»S have maximum voice volume applied
. to-its terminals. and wll* have to discrimi--
- nate: only against the. o,ols in the transmitéing
e 'c;lfl ot the four-v
in a uolepoone cable, should be- Iolotwely
I‘or tllls reason, tho amphﬁer dotoo--_-.-..-

| -ff-sonsm ve.

Whloll bomO'f

plitier D..

1ecesmr1ly be a volume regulator but may
trancrnnsmon Te frulator oontrolled by a

f“ ¢ce when soeeoh is not passmg

then waves come in over the oable X they .
ass, without omclmnce through the receiv-
1ngy omohﬁef' (e, fm equ‘tllzer K and high -
toward ‘the - termmal_'_
: oﬁioe., pro flcloo the rolay H, is not operated. ‘¢
e waves opomto the. amplifier- -
detector B; oncl the relay As, which latter -
‘ghott circuits the tmnsmlttmg side of the
“circuit and so prevents operation of the anti-
singing relay I, and the echo suppressor 00 -
relay H, either by voice or by echoes during
" Later, the el
“swaves reach the ...ermmols of the am llﬁer—fj_f_;'*:.",. |
“detector B; and operate the rola,}r Ay whloh'_- BT
short-circuits the transmitting: circuits and
.oreve:ﬂts opemtlon of the anti-singing relay
These waves ﬁn lly pass to the conneot-l--' o
ing lmo Lo B

Inpassing, the

the passage of incoming waves.

It 1S not. ossentml tu&b toe Te

7 Ag ope“ato{ |
in response to very weak received speooh

tor I‘ , Ay be mocle as. muoh as 20 db more
sensitive than would be the case if the anti-
singing relay B, were not used at the ter-
Tort iermore, the delay intro-
duced at C, may be made Very small, or, 1n " |
fact, the delay circuit may be. omltted en-
tire ly, as the amplifier-detector;: being very
will respond to theé -initial weak
partofa Uolepoor-e wave before it approaches”
“1ts peall, so that the:r ﬂlay E, will be operated 75~
‘before any impox tmt lﬂa,rt of the tolephone
wave 1s cut off - '
The auxiliary Volumo 1"oo*ul.:mtor VRg is .
-provided {o take care of: the residual varia-
_--tlons of the transmission loss of the line TL
-between the switching terminal and the cable
This may be used to correct the
cech waves to +5 db. before'
reach the input termmals of the am-
-Since the voice volume is regu-:

- -_'ﬁ-;loted at_the terminal office, VR, need not
abling the transmitting line TL. The con-

105

four-wire circuit throu igh the unbalance of
the h}"DI‘LCl coil e-_t the qutGl‘llllg termmal 18

however, as pomtod out above, so that if

u nL alo.,n oos exist

it will bet;.‘-
-necessary fc for relay A, to be oorresponolnf?lyf_ o
It no mtermod ate. unbalances 125
oceur, it T‘”l be sufficient to make A, sensitive -
-enough so that it will respond to waves.the
-.eohoos of which will operate relay E, since
l],-, and H wﬂl not 01"“61 ato untll B, h_a,s.-.oP—:_ o

1p . L
_W&Te“, P UVlde _tho tl"al’lSll’FSS10n logs lron"- ,
‘the receiving to the tmpsmlttmg side of the

. -great enough to prevent the operation of the ¥z
relay I, l)y the echoes of waves that are too =~ -
weak to oporate the rol‘ty A, and that the
“transmission loos through any intermediate
-_'unbolanoes 13 great: enouﬁ*b to: ]Jrevent the
the relays K, and -H; by such 1

Rolov T, will be very sensitive,
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The relay A, is completely protected from

Jand line and terminal noise when speech 1s

not being received over the cable. The line
amplifier M, prevents noise coming back
trom the receiving line RI. to operate the
relay A,, while at the distant end of the

able the anﬂ—smmnw relay correspending
to I, pr i:* nis any noise irom en*'ermﬂ* the
cable at that terminal when speech 1S not
and consequently the only noise

lay A, is subjected is that arising 1n the sub-

‘marine cable jtself and in the apparatus such

as the amplifier G, equal‘”ev ¥, ete. This
ncise will be due pr*'nc;qhu v to thermal agi-
tation, and, after passing t through the ﬂqual-.

17¢er K

The A -

and should be quite msensitive to the higher
volce 111(?(11{{31101@.53? thus reducing the habthw

of the relay A, being ope orated by thermai

agitation to a COHSldGI'&b]B extent.

In order to ensure full operatmn of relav-

A,y 1t 18 desirable for the speech waves. in
the receiving side RI, of the four-wire cir-

cuit to be of the order of 30 db. stronger than
the noise which exists when no sneech 1S

being received. 'This noise, of course,

cludes thermal agitation in the network and
office apparatus ¢ and in the cable, as well as
interference pmhed up by the cable itself.
However, the interference picked up by the
cable should be very small, as there are no
power lines or other sources of interference

1in the ocean, and this type of interference
would thelefor
the ends of the cable.

he himated LG ‘DOHlt% near

The line amplifiers L. and M, are ordi-
nary one-way repeaters which serve as ter-
minal repeaters for connecting the four-wire
circuit to the voice apparatus. The repeater
L., 1n the transmitting side serves to raise
the level of the tmnsmlssmn from whatever
the Iine delivers to +5 db. (or other desired
ievel) which is suitable for operating the
apparatts assoclated with the Ll‘&llSHlIJb)ClI]W
Sldf-‘ of the system. The amplifier M. per-

forms a similar function :Cor the receiving
5;1(“1“ changing the level from whatever level

1S fm‘n %hed bV the receiving amplifier G,

to 45 db or such other level ag 1t is de sired

to impress upon the receiving side of t‘1e
four-wire circuit. Since the amvplifier 7,
should be normally adjusted to promde this
level at its output, the function of the re-

B, from operation by echoes or noise coming

hack over the Iine R, from ‘tne direction. of

th? switching termmfﬂ This 1s particular

ly 1portwt 11 there are no other one- WW
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1‘epef1terq in the receiving side oi the four-

wire mrcmt between the nearest hybrld coil

and

will be much st: ‘enger at high fre-
-_quwcle% than at low frequencies.
-plnﬁez detector B, should therefore be most

sensitive to the 1mpoitant voice frequencies

transm'tting cu‘cmt where
156 db. at high frequencies.
i.'ff the circuit from the output of the amplifier

D, to the hybrid coil L, 1s not perfectly bal-
- anced lozwitudinall}r an unbalanced or lon-

and drop windings of the hybrid coil.
similar shield, connected to the office ground,

ot the output transformer

the unphﬁer D,. The effect of these shields

of the windings.

%f*en‘rmllv to provide a one-
way device to prevent the amplifier-detector

amplifier G..

1,837,316

the voice operated apparatus B.. In
such a case, voice waves trom the switching
terminal could reach the mput terminals
of the amplifier-detector B, if the amplifier

M., were nof used.
Owing to the large +1"ansm1ﬁ¢;1on loss of the

submarine cable, which may be assumed to

be in the ne_lghborhoou of 150 db. at the
upper end of the voice range (about 3000
cycles), certain procautmns Tmust be tqken
that ordinarily are not necessary. As has
been previously pointed out, the amplifier
D, will supply, 1n 1its 011tput circult, speech
waves 2t about 33 db. above reference \"ohm’lg
of which 30 db. is impressed upon the cable
while 3 db. 1s lost 1n the hybrid coil due to
the fact that half of the energy flows into
the balancing network J,. On the other
hand, the Incoming waves from the sub-
marine cable will reach the amp hﬁel G, at
about 123 db. below reference volume —120
ctb. being received from the cable and 3 db.
lost 1n the hybrid coil due to the fact that
half of the energy 1s transmitted into the
1t 1s wasted. The
botal difference of level is therefore about
Consequently,

gitudinal voltage will act through the sys-
tem and transfer noise to the cable even when
the circuit is short-circuited by the relay I8..

This will take place regardless of the los;s to

nermal transmission caused by the relay L.,

the longitudinal current flowing in effect
throuch the capacity between the windings
ot the hybrid coil. This longitudinal effect
can be ereatly reduced by placmo' a shield

orounded to the cable sheath hetween the line
A

should also be provided between the windings
(not shown) of

is to shunt to ground the displacement cur-
rent which tends to pass through the capacity
Also, it is “desirable that
the secondary winding of the output trans-
former of the amplifier D, and the drop
winding of the hybrid coil be made in two
cloqelv balanced and cloqely coupled parts

vith G‘rmmdq at the midpoints. The series
1ﬂ51<:tmces of the conductors connecting the
, amplifier AD. to the hybrid coil should also
e accurately balanced

~In order that the relay H, may disable the
receiving circuit as qmo]{hr as possible, 1t 1s
m'r'anﬂ*ed to open the receiving circuit as soon
as its armature leaves i its bﬂck contact. In
order to prevent transmission through the
capacity between its armature and b ack con-
tact, it is provided with a front contact so
connected as to short-circuit the input of the
It 1s undesirable to open both

l“rﬂ
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- sides of the recewmg olrcmt a,t the contaets

-  of the relay

simultaneously, and +this. might" produce

enough- dlsturbanee to cause false operation
of the relay A., thereby clipping speech out-

- going from the transmission line TL: to the

---:_oable X. In order to make pessible the use
~ of this unsymmetrical arrangement of the
10

~ transformer also serving to insulate the ca;ble -
conductor from the mput circuit of the am--

- tion of f*epemtmfr the oufgomng signals from |
. “energy is reflected back due to. irregularities

: ',',':29

relay H,, the transformer N, is provided, the

plifier G. and to shield said amplifier from

- The hybrld coil 1, per_Lorms its usual funec-

the 1 Incoming Slg’l‘llS In the case of the sub-

- marine. eable, however, it performs an-even
- more important funetlon in that it assists in measured at the input at any frequency may.
‘reducing the relaxing current from the cable.

The - 1oeded eubmmrme cable has a- oh%r-__-.

' acteristic impedance ‘which is not a pure re-
~ sistance but involves a very considerable re-

- active. component

~cable from the line TL at a very high volume

. level, and the voice- potentials thus store up -
. 1n the reactance of the cable a very large

. volume of energy, with the result that, when

{}

~ of the cable.

it
&

20 the apphed voice potential ceases, the energy:
~stored up in the reactance causes a greduahy[
decaying uni-directional current to flow:out
Thi s. current, at the moment

of cessation of volce waves; 18 SO 1ercre 1in

“magnitude that it might produf“e very serious.
(hsturbmg effects in the-receiving circuit.

Unless some means were provided fo reduce R
however, i1s not affected by reﬂeoted currents R

. its’effect, the relaxmw current from the cable

might reql,ure a, 1onﬂ'e1 hang-over time for
.5 the relay H, than W’OH] d be 1'eq111red by the
‘echoes from irregularities in the cable..

_prov:tdmg a bfalanomo network J, having a
--___elmulate the termmal 1mpedenoe of the cable

~ characteristic 1mpedapce similar to that of
. the cable, a relemm current will ﬂow out, of

i the network at the same time that . ‘the re-
~ laxing current flows out of the cable, and both .
~ relaxing currents will decay at subsmntlally.
- the same rate, so that they tend to annul each

' | other with' respect to any effect in the receiv-"
ing circuit RL. /—ieeummo‘ that the balance

~between the ca ble and the network 1s 40 db..

~ the cable to at least ﬂns degree
R unbalanced relaxing current would be 80 em all

¢y that excess beng -over. above that. NECESSATY |

Heno

~ to take care of echoes many not be required.
~In fact, the 1edueuon of relaxing current

" should be even greater than:
balance between the network and the chemc-z:_
._erlstlc 1111pedm1o-"~ of the lme upon whleh trle?'?

| 'CJ

this bﬂoauee th

.'__.1;837,513': -

H., as a momentary unbalance
would oceur if the two contacts did not open

‘or: not

_ “As has been previously
; stated, the voice currents are applied to the

, the

- ‘:-;9 .'

relexmg current depende would be Ureater,-_ |

__then 40 db.

In order to undefstand thls let us. refer to
the curves ‘of Fig. 5.

Aseume we have a
‘cable, the remsﬁence component of whose char- /
acteristic impedance varies with frequency-as =

shown by the heavy unbroken curve. A net-

work might-be designed whose characteristic |

- impedance: would.fairly closely simulate that
of .the.cable, the resistance component of the

'charactenstm impedance of the network be- =

gignalsis not the same as its characteristic im-

1ng shown by the dotted curve of Fig. 5. .
_N ow, the actual input impedance of a ClI‘CLllt

, ".'_:the lonmtudmal voltages on the conductors. Z?-from the. standpomt of the transmission. of

iU 80

pedance, because some “of  the transmitted

in. the cable, with-the 1"esult that the current -

-be greater or less than-should be -expected
from the characteristic impedance, depending
‘upon whether the reﬂeeted current isin phase

‘The result is that ‘the sending end
‘impedance, while in a general way following =~
the. ohereetemstlo impedance, will have humpe

gars
(W14

0
~or undulations. The resistance componentof-

the sending end 1mpeda,nce would be asshown

by the thm Iine of Fig.'5

Such unbalances include the: effect of echoes
reflected from 1rre0uler1t1es inthe cable.

and it depends upon the reactance. oomponent,_ B
of the characteristic 1mpedanoe. |

By tical reasons, it is difficult, if not impossible,

. The degree of
“balance between the cable and the network: |
at any frequency is determined by the dif-
ference at that frequency between the dotted
curve of Fig. 5 and-the fine line curve of
said figure and the corresponding differences -
between the reactance curves. .(not shown).

The
‘balance, *mth resPeot to relaxing currents, =

For prac- 1

fd ' .
D s T
S

-
SEYy .
-

to" design a network which would closely -

‘as indicated by the fine line of. Fig. 5, and,
“for that reason, the network is deelgned to :
simulate the ehera,otel istic impedance, since
“the irregularities in the te1 minal 1mpedance.;* o
deviate about equally in  both directions.
above and below the characteristic impedance. S
Consequently, due to the closer simulation PR
‘between the 1mpeda,noe of the network and "~ = .

- ble, than
* that is, that the unbalance current is 40 db. » the characteristic impedance of the cable, than

_woakol than the current entering the networh,-
. not counting losses due to the d1ms1on of en--
~ergy by the hybrid coil, the relaxing current-
from the network should balance t"l at from

.....

25

that which exists between the- 1mpedfmee of
~the. network and the terminal. 1mpedanoe of
the oeble the balance will be eonsmlereblyg-
“better . from the etandpomt of the
-current than in the case of echo currents.

The use of the hybrid coil T, (Flo' 4y of

_oourse involves certain penaltles

One | 'of':--
- these 1s that the transmitting ampllﬁer D,
_ must raise the power level by 3 db., that is, -~
" it must supply twice the power whleh would__j SR
e be required if the amplifier were connected -
,"dlreetly with a submarine cable.:
-the reason. that one-—half the swnahng energv;- R ER

Thisis for - I

eh*{mﬂ‘?‘ R
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is wasted in the balancing network. Another
penalty is that the margin between the voice
waves coming from the cable and the noise
due to thermal agitation in the cable, in the
network, and in the associated apparatus at
the mput terminals of the amplifier G,, is
reduced by 3 db. With respect to any ther

mal noise arising in the receiving circuit
beyond the bndfre connection to the hybrid
coil, it 1s evident that this reduction in mar-

~gIn occurs since such thermal noise is not
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“high level parts of the circuit.

affected by the hybrid coil, while half of the
signal energy coming from the cable is wasted

by being transmitted into the transmitting

channel. While at first thought it would
seem that the hybrid coil should produce no

chancre so far as the merfrm between the elg-r

nal and the thermal noise 1n the cable 1s con-
cerned, actually the margin is effectively re-
duced in this case, also.
be apparent when 1t is remembered that while
the presence of the hybrid coil reduces the

thermal noise of the cable by one-half, the

network J,, which would not be present 11
the hybrid coil were omitted, adds an equiva-
lent amount of thermal 11015e so that in effect

the total amount of noise due to thermal agi-

tation remains unchanged as a result of the
introduction of the hy brid 0011 but the re-
ceived signal is reduced by 3 deelbels Since
the ther mal noise, after passing the equalizer
K., 1s strongest at high frequencies, this mar-
oin could be restored to some extent by -re-
ducing the upper limit of the frequeney band
which is received and utilized.

As has been previously stated, the matter

of shielding is of considerable 1mp0rtanee,
since the hybrld coll and associated apparatus
sometimes work at a high volume level and
sometimes at a low volume level. Owing to
the very low level at the input of the receiv-

g amplifier G, this amplifier and its as-

sociated wiring should be shielded from the
Accordingly,
this amplifier, together with the equalizer

K, and the input wiring of the amplifier, are
enclosed Wlthm 2) ﬁrounded shield indicated

schematically in dotted lines in Flﬂ' 4, Sllnl-
larly, the hwh Jevel parts of the c1rcu1t 1n-

cluding the wiring leading from the output.
of the tr ansmlttmo %mellﬁel D, to the hybrid
coil, the hybrid coil itself, and the network

J., are included within another ogrounded
shield schematically represented in dotted
lIines 1n the figure.
fier G’, need not be shielded if it is not located
too close to the output of the transmﬁtmtr
amplifier D,.

There WIH O*enerally be an apprecmble dlf-
ference in potential between ground at the

cable terminal station and the armor of the
submarine cable which is in effect. orounded.
Tt is therefore desir- |

through the sea water.
able thet shields between the windings of

the hybrld coil I, and the transmltter Ng be

That this i1s so, will

1S necessary

The high power ampli-

1,837,316

connected to the armor of the submarine cable
1 order that the potential difference betwecen
the shield and the windings connected to the
cable conductors be as small as possible. On

the other hand, there should be no connection -+

between the office ground and the cable armor,
as this would disturb the potential of the
armor with respect to the cable conductors
and tend to increase the cable noise. One

end of the secondary winding of the trans- ¢

former N, must necessarily be connected to
the filament of the first vacuum tube of the
amplifier G,. It 1s also essential that the
shield associated with the transtormer N, be
connected to this point because any potential
difference between the shield and filament
would cause noise in the input cireuit of the
receiving amplifier (.. Therefore, at least
the first stage of this amplifier, and prefer-
ably all stages of the amplifier, should be pro-
Vided with isolated and shielded batteries for
the vacuum tubes ot these stages, so that they
need not be connected to the office ground.
This will reduce the potential difierence be-
tween the low level circuits of the amplifier
(3, and the cable conductors to the lowest pos-
sible value and so reduce the possibility or
trouble due to stray c‘lpamty around the

'shleld

“Due to the extremely low level of the signal
currents received from the cable, pr eﬂautmns
must be taken to keep thermal noise in the
system to @ minimum. Mention has already
been made of the effect of the hybrid coil and
network in reducing the margin between 1n-
coming speech waves and the noise due to
thermal agitation in the cable, the network
and mput “circuits of the ‘ll’ﬂphﬁel (.. The
thermal noise in the cable 1tself is determined
by the design of the cable, and, so far as the
present pr oblem is concerned, must be treated
as unavoidable. Certain pr ccattions may be

taken in laying out the input arrangements
and early stages of the receiving amphﬁel
G to avoid unnecessary thermal noise.

In ordinary telephone repeater circuits, 1t
that the circuit provide a fauly
oood termination for the line with which it
works, 1n order to avoid reflected waves, and

censequentlv the bridged terminals of the !

hybrid coil, 1n the case “of a 22- -type repeater,
ATe connected to a resistance which gives the
desired termination, and the drop across this
resistance is apphed through the transformer
to the grid of the first stage vacuum tube.
For example 1n a 22-type 1epeater systemn,
the input transformer corresponding to N,
of Fig. 4 would have a resistance budged
Across its primary winding. If this resist-

ance 1s eliminated as it 1s 1n tllu arrangement

cdisclosed in Fig. 4, the voltage due ’ro the
voice wave 1mpressed upon the orid of the
first vacuum tube would be doubled. Re-

ferring to the chart previously given, it will

g0
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be seen that this doubhng of the applied volt- = .



| asersie

age, and r*mwseqvently of the outptt current

ot the amphﬁel (1., has the effect of increas-

- ing the cutput level of the amplifier G, by 6

o a*fld heﬂw the ‘mehﬁed thum al noise in. thef
only be n-

19

S

the othel ha nd would o‘ﬂy 1ncrease by .

W2,

output of the amplmer {}q Wﬂ
creased 3 db. R

In order to anh.,rstqnﬂ th1

5 Ry the eqmmleﬂt resistance component: of the

Cimpedance of the network J,, hybrid coil

R
oy

' v*uyma mhﬁoe whose e%ewwe valte is the
. same for all frequencies and is-a function of
*.the temperature and resmtance
'u;plesseh by formula |

f_? '.r“ .

as.m

ancd: K-a conshn't

1, and cable X. Inaccordance Wlth the prac-
© tice

Now, the ther mal noise. voltan*e isa 1"&ndom

KTR

wl ere T 1S the Uemper ature, R the 1e51wtfmce'
At absolute ZeTo tem-..__._

pe ature, there 1s no thel mal noise.

“equal to Rx but having /ero temperature

- (a'ld henceno noise ml‘taoe) isbridged across’
the circuit at Ry, the voltage dwp at vV due-
- io 1&131}& ce noise Arom R«.L Wlll bﬂ o

[l L]
[

m
-1
i,

ture is substituted. for Rw; the voltage dmp"
: d} V due to the resys anc_e_ 11013ﬂ_fr0m, Ry

o
el

. Hence since the voltage is ¢ with Rw 1emoved 3
it fmlows dmt the curie‘*ﬂ, Wul acrease by’

tle 1at10 ‘

When ihe leamuance R\{ is removed whn:h'

5 bine, but
- ages they do no

e |

Lﬂ ewise, 1E RN 1S at or chnary tempﬂmtme
and a LquSbﬂnC@ equal to Rx at zero tempera-

| 'w_mf

~Now, if both Ry and Ry are in circuit and
“are at normal temperature, the Voltages com-
varving volt-
‘combine uddlthCl}T but as
. ﬂm squ.;,ub root of‘the sum oi their squares.

' T-Ienr*e tne terminal vol mne at Y W"‘ﬂ be

s the*f, are 1‘::111(:10,111

ER OO

Jz

ag aly e%d'f 5tawd cowespond .,0 a oa,m of

3 db.

I, on the .on,her hand we con31der a SOlITld.;]_"-l{}&Chng thea amphﬁer G

--pressed by the value e.
'-db - The voltage due to thermal : aﬂltai:mn 011' |

- Lhe termm

let s refer to
- the diagram of Fig. 6, in which Ry may be .
-~ taken to be the resistance. bridged across the'.

- primary winding of the tre nsfmmer'N and

I repeater- deswn RN-Wmﬂd be made-f'
_- '"equal to RK ' e TR

I‘t mﬂy be |

SL’IPPOS@ that with Ry mscannecbed the  course,
voltage due to the. 1e51£-‘si mce noise’ of Ry

easured at V is e.” Now, 1f a resistance.

it beyond the amph
- the incoming voice waves will be raised to R
a relatively hlﬂh level before passing through

the equalizer, and the thermal noise due to

‘the eqmllzer wﬂl therefore be l‘el‘LthGIY in- ki
_gmmﬁcant | -

The Wmdmws of the thI‘ld. (:011 L a,nd of-
‘the input tmnsformer N, should be so de-

suppressor. |
operate before any echoes arising in the four-
Its hang-
. over shoul d be long enough to catch the slow— i

. est echo.. mew to the use of equlpme'ﬂt-_

S Bi—A,

N &l&.@S care of any echoes from connectmcr cir-
~cuits, it should not be necessary for relay A,
‘to hang over longer than the round trip tlme o
to the SW1tch1nc- termmal office and back. -

Wave voltasoe pmduced m- Ry the termmal C

VOlt‘we at V Wlﬂl RN l‘BIllOT.Ted may be ox. .

When the

- a4 -

¢ resist-
ance Ry1is b1 idged across the circuit, however,
Voltaﬂe at V Wlll be reduced to

Hence IEIHOVlIlO‘ the I'eSlSLance RN Wlu 111-'_'
~crease the telephone current by a ratlo of

5
which correspondsto a gain of 6 db. o

In the case of a very 1011g submarme cabli.,

~1t'1s not necessary that the receiving tex minal

apparatus 5110111d provide a good termina-

tion for the cable.  In the first place the large
transmission loss in the: cable insures that
any 1*eﬂe(,t10n from the terminal will have

. the time it reaches the
 other end that it is necrlwlble |

been so ¢ ttenu&ted by
I‘urthermore

-:I-_thﬂ pmmsmn of the voice operated apparatus ¥

at the terminal ; imsures that the wave reflect-

Consequently, the resistance across the

101se by 3 db. . - -
* The autenuatlon equa,llzer K Wlll

er (3.. By

gwned as to. introduce as little resistance as
R poss:tble in order to keep their contribution :
ot merm 18 1101se Wlthll‘l the smallest p()SSlb]P;';

Limits.

The amphﬁer detector B—-—Q a,nd the relay
A, constitute one-half of an. Ol‘dll’lELI‘V

wire circuit reach its contacts.

ab the swﬁchmﬂ* terminal, which

“The relay H must operate as fast as pos—.

echo
Tt is sufficient that the relay A,

(F
Py}

ed from the receiving apparatus would have
-:no appreciable eﬁect upon the transmission.
| pli-
o &ry winding of the transformer N, should :
_-_be omitted, ﬂlereby increasing the differen- -
tial between voice - currents and resﬂsta,nce

Of
_ include resistance elements whmh}
would add some thermal noise to the circuit.
It 1s necessary to provide this equalizer to
compeﬂSﬂ?e for the attenuation frequem,yaf
curve of the cable, but the effect of its ther-
‘mal noise may be decreased by connecting it
doing this,

:..-fr:}

115
20

125
"'ﬁ'81ble and’ shghtly before any waves passing
the contacts of the relay E, can reach those =
of the relay H,. This will prevent the hich -
. power wave - from the am*}lmer Dy ifrom -

It may not be '13:07 o
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necessary for the relay H, to complete its
travel and short circuit the input of the
ftmphﬁez (1 befom the relay K., operates.

The relay K, should operate as fast as pos-

sible in order to aveid 1nitial elipping with i

little or no artificial delay in the dela C1r-
cuit C,, but its operation should not be so fast

that the relay H, cannot stop all waves pass-
e the contacts of It,. The relay K, should
also hang over long enough to aw:ud terminal
chppnmm The 1e1.;13f H., on the other hand,
must hang over long e*]ounn so that echoes
coming' back from the 1b1'3:, due to outgoing
speech and noise from the transmitéing line
TL, will have ceased, and for the 1@1;:1\111(}
current from the cable to fall fo a low enough
value to prevent false operation of the re-
l.aw A.. -

It will be obvious that the general prin-
ciples herein disclosed may be {1;111)0::_:}{3*' 150
many other organizations widely different
from those _lﬂt strated without departing
from the spirit of the invention as defined in
the following claims. '

What is claimed is:

1. In a telephone system, a pair of termlf
nal switching stations, a four-wire civeuit
COMPTISING 4 tmmﬂnﬂtulﬂ line and a receiv-
ing line estendmg between cach terminal sta-
tion and an auxiliary station, a transmission
medium between saiwd auxiliary stations.
means at said terminal switching stations to
establish connections between the system and

ng lines, means at said terminal
switching stations to prevent the transmis-

connect:

sion of noise from connecting lines over

the transmitting lines to sald o 13111111y sta-
tions at all times when said transmitting
lines are not being used for voice tmmmlq-
sion, means associated with said transmtting
lines at each fumlnw etatn}n to cisable ihe

mqqoemted iecelw;m line wl
ting line 15 transmau tmﬂ voice currents to ssid

transmisston medium, “and means associated
with the receiving line at each auxiliary sta-

tion to disable the associated tz.:m%zm:,twg
line when telephone currents are being re-
ceived from said transmissicn Imﬂmm

2. In a telephone system, a pair of termi-
nal cmﬂtchmn stations, a four-wire circuit
anc a re-

celving line extending bLbWBGD each termi-

nal station and an ﬂuwllﬂrv station, a tr m]f-*--_

C:s

b b [

mission medium between said auxiliary
tions, when at said ‘[elmmal switching sia-
t10nS +0 establish connections between | the SYS-
tem and connecting lines, means at sald top-
minal switching stations to o prevent the trans-

mission of noise from connecting lines over
Y the transmitfing lines to said 2l 1ary. st -

tions at all times when sa1d transmitting lines
are not being used ior voice transmission,

- means : asgocmﬂled with said transmitting lines

at each amﬂlary station to disable the asan-
ciated receiving line when the % .mqmlhmn

1used for voice tr

en the transmit-

1,837,310

hine 1s transmitting voice currents to said
transmission medium, sald last-mentioned

‘means being sensitive to the weak initial por-

tiop” of a voice wave before 1t approaches
ts peak value, and means associated with the

recelving hne at each auxiliary station to
disable the acsocmted transmitting line when

telephone currents are heing received from
said transmission medium. _ -

3. In a telephone system, a pair of termi-
nal switching stations, a four-wire circuit
comprising & transmitting line and a re-
crlwmfr hine euendmf} between each termi-

21 station and 2 1 guxiliary station, the lines
01 said fo ”"-Wire 0.11*(3111(,5 being laid in eable
so asg to be relatively free from noise due
to external sources, a transmission medium
between said auxiliary stations, means at
said terminal switching stations to establish

‘connections between the system and connect-

ing lines, means at said uermmal ‘SWltChlI]C"
‘it‘LﬁlOl‘S to prevent the transmission of noise
from connecting lines over the transmitting
lines to said ﬂumlmry stations at all times
when said 1*11131’1’1113131110 lines are not being
ANISMISSION, Means q‘ssocmted

with said transmitting lines at each auxiliary

station to disable the Jgsomuted receiving

Iine Wheﬂ the transmitting line 1s tranemlt-

ting voice currents to said tr ansmitting me-

dium, said last-mentioned means being '::enc:l-

tive to the weak initial portions of a voice

wave before it approaches its peak value, and
means asscciated with the receiving line at
each auxiliary station to disable the associated

transmitting Iime when telephone currents

are being received from said transmission
mecdium.

4. In a telephone system, a pair of ter-
minal switching stations, a four-wire circmt
COMPrising a tmnﬂmwtmcr Iine and a receiv-
ing line e*{tendm# between each terminal sta-
tion and an ‘mmhary station, a transmaission
medium between said aumhmy stations,
means at said terminal switching stations to
establish connections between the system and
connecting lines, means at said terminal
S‘ﬁ?ltchlllﬁ' stations to normally disable said
tmnsmlttmn lines, thereby preventnw the
tmmnv%mn of noise thereover from con-
necting lines, voice-operated means associat-
ed Wl‘Lh said transmﬁtuw lines for rendering
them operative, means associated with said
transmitting lines at each auxihary station to
disable the associated recelving line when
the transmitting line 1s transnnttmg volice
currents to qald transmission medium, and
means associated with the recelving line at
each auxihary station to disable the associat-
ed transmittine line when telephone cur-
rents are being recelved from said transmis-
sion medium. _

5. In a telephone system, a pair of ter-
minal switching stations, a four-wide circuit
comprising a transmitting line and a recelv-
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] ing line extendmg between eech termmel sta-—

~tion and an auxiliary station, a transmission
“medium between said aumhary ‘stations,
“means at said terminal switching stations to.

establish connections between the system and
eonneetmfr 11nes ‘means at’ sald terminal

_-'-;_SW1tehmg emtlene to normally disable said

“transmitting lines, thereby preventmg the

. -'transmmsmn of nmse thereover from connect-
w1th said transmitting lines for rendering
- them operative, means associated with sald

ing lines, voice-operated means assoclated

- transmitting lines at each auxiliary station

to disable the aeseclated receiving line when
the transmitting line is tI‘&IlSIlllttlIlﬂ‘ volce
currents; to said transmission medmm said -
last-mentioned means ‘bemmg sensﬂswe to the
weak initial portlons of a voice wave before
it approaches its peak value, and means as-
“sociated with the receiving line at each auxil-
iary station to disable the. associated trans-
mitting line when telephone currents are be-

-_ '_;;1119 reeeNed from said transmission medium.

6. In a telephone system, a pair of terminal
% _=~SW1tch1ng stations, a four -wire circuit com-

 Prising. a transmlttmg line and a recelving
- line extending between each terminal station

“and an a,umhary station, the lines of said

four-wire circuits being 1&1(1 in cable so as to
';'be relatwely free frem noise from external

sources, a trensmlssmn medmm between said

- auxiliary stations, means at said terminal

© switching stetlone t0. establish ‘connections |

between the system and eonneetmg lmes,

~ thereover from connecting lines, voice- oper--

- ated means associated w1th said transmitting

lines for rendering them .operative, means

associated -with sald tI‘aHSIlllttlIlﬂ' Jines at

~each auxiliary station to disable the associat-

18 transmlttmcr voice currents to said. trane-g
MISS101. medmm said last-mentioned means
 being sensitive ‘to the weak initial portmne of -
~.a volce.wave before it approaches its peak
- value, and means associated with the receiv-
. 1ng lme at each auxiliary station to disable the
assoctated transmitting line when telephone |

eurrents are bemcr recelved frem sald trane-—

' Imission medium. SR
7. In a telephone S}rstem a p‘ur of termi-
..":.na,l swzltchmg stations, a four wire circuit
3. comprising a transmlttmg line and :a recelv-
~Ing line eztendmo' between each terminal sta-
;thIl and an zmmlmry station, -a transmission

e B
Y )

- medium between said aumhery stations
means at said terminal SW1tch111g stations to

- €0 establish connections between the system and
. connecting lmes, means -
S _ewuchm{r stations to normally disable said
__ftrensmlttme lmes, thereby preventmg the
"-ftrensm*aselon of noise thereover from -con- -

s; voice-operatéd means associat-

medlum.

at said- terminal

13

ed Wlth S&ld transmlttmg lines for render-

Ing them operative, means associated with the
recelving line at each terminal switching sta-

rents to sald transmission medlum and means
assocliated. Wleh the receiving 1111e at each

~auxiliary station to disable “the associated
transmitting line when telephone  currents -

are being - recewed from sald transmlssmn
8. In a telephone syetem a pENI' ef tel"

(,eml’)r1 smo* a tra,nemlttuw line and a receiv-

1ng line e*{tendmo bebween each termmal

station and an aumhary sta,tmn, a transmis-

sion medium between said auxiliary stations,
“means at said terminal switching stations to
‘establish connections between the system and
connecting lines,
":W’ltChlIlO‘ stet*fens to normally disable said
_tren81mtt1n0' lines, thereby preventing. the

means -at s21d terminal

tion to disable. the cerrespondmg transmit-
“ting line when voice currents are being re- ';
~ceived, means associated with said transmlt- -
ting lmes at each aumhary station o dlS—._..--
-';eele the asseemted receiving lme- when the
“transmitting line is transmlttlng voice cur-

5

80

“minal SWItChlIlG stations, a Tour- wn"e circuit

l'l

1{}-_'

transmission of 1101se thereever fmm 1011- -

-'necuna lines, voice-operated: nieans associ-
_ated with said transmitting lines for render-
1ng them- epel‘etlve means- associated. with ¢
Lhe receiving line at each terminal switch- -

'Eie. -

1ng station to disable the cerreseondmg trans- -

1‘11"'1:‘tmfr hne When volce currents -are

mitting 1111es at each au: 1hmy station to dis-
able the associated receiving line ‘when the

‘being
__ reeelverl means associated with said trans.
means at ‘said terminal: ‘switching stations
to normally disable said trensmlttmg lines,
thereby preventing the transmission of noise

00

| Lmnsmlttmﬂ' hne 18- tr ensmlttmo* ‘volce ‘cur-

rents to seld transmlssmn medmm said laet- -

‘mentioned means being sensitive: te the weak
initial portions of a voice wave before 1t ap-
proaches its peak value, and means asso- -
_ ‘ciated with the reeewmﬁ' line at each aux-
“.ed receiving line when the transmlttmﬂ* Jine -

103

iliary station to disable the associated. trans-—-. o

nitting line when telephone currents are be-

,[mﬂ 1'ef*e1ved from said transmi SﬂOn meditm.

9. In a telephone system, a pair of ter-

'm.mal swuchmﬂ' stations. . .a feur -wire eir-
euit COMPrsing a transmlttmg
recelving line extendme' between each termi-
nal station end am. aumlmry et‘ztmn the lines
of said four-wire circuits being laid in cable
~ 80 as to be rel‘itlvely free frem noise from
external sources, a transmission medium be-
tween said amea*ry stations, means at saxd
,termm‘ﬂ switching stations te establish eon-
“nections between- the system and connecting -
1lines, means at said terminal switching sta-
, - tions ‘to normally disable said trans:mzttmﬂ
lines, thereby preventing the trwnsmlssmn ef
-_-";nelee thereover from connecting lines, voice-
“operated means-associated w1th said trans-
“mitting lines for rendering: them eperatwe )
‘means asseciated with the receiving line at
each terminal switching station te disable :
'.}"the emrespend‘-ne trenelmttmn lme When

line and =
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voice currents are belng received, means as-
sociated with said Lranﬂ:mlttmg lmes at each
auxiliary .s‘tat-ion to disable the associated
receiving line when the transmitting line is
ay ansmitting veice currents to said transniis-
5‘1011 mefhhm said ls st-mentlonel means be-

mg sensitive to the weak initial portiens m

2 volce wave before it approaches its peak
value, and means associated with the receiv-
ng lme at each suxihiary station to disable
the associated transmitting line when tele-

phone currents are being recerved from said
- trans:

nission medium. | |
10. In a telephone system, a pm

oi ter-
stations, a four-wire cireuit
(,Oml"‘l‘lwlﬂﬂ‘ a trs nsmitting line and a re-

celving line extending between each ter 111111*11_.
| t“at?on and an auulmry station, a transmis-

s:on medium between said aumhary stations,
means at said terminal switching stations £o
establish connections between the system and
cennecting lines, means at said terminal
switching stations to prevent the transmis-
sion of 1101se from connecting lines over
ing lines to said au‘:ﬂhfu}f sta-
tions at all tlmﬂs when said LI‘&"LSIH‘ tting lines
are not being used for volce tmnsmlss on,
means aasocmtbd with said transmitting 11110&
at each auxiliary station to disable the as-
%0(31.-4,te£1 recelving line wnen the transmait-
ting line 1s ttansmlttuw volce currents to
ud tmnf:lmssmn medlum sa1d last-men-
uoned means peing sensitive to the weak
nitial pertions of a voice wave before it ap-

: proaches its peak value, means at each ter-

11‘1111111 f-ﬂwtchmn‘* station tO transtorm the
rgice current volume received from a con-
necting line to a substantially constant pre-

deter: mned velume so that the voice currents
- will arrive over the tmmzmtuum lines ot the

auxihary stations with substanhqlly censtant
vo‘umt,, and means associated with the re-
cerving line at each auxiliary station to dis-
able the associated Lmnslnutmu line when
are being Ieceweﬂ from
%‘md transmission medium.
11. In a telephone system, a pair of ter-
minal switching stations, a four-wire cir emt
comprising a ‘trmlsmlttmg line and a receiv-

- 1ing lhine extending between each terminal
station and an auxiliary station, a transmis-
sion medium between said auxﬂmry statlons,

means at said terminal switching stations
to establish connections between the system

- and connecting lines, means at said ter fnmal

switching SL&thHS £0 normally disable said

transm 1ttmﬂ lines, thereby preventing the

tl‘ﬂllSlIllE;SlO”l of noise thereover from connect-

ing lines, volce-operated means associabed
with said transmitting lines for rendering

them operative, means assomated with said

transmitiing lines at each aws Lumg station
to dasable tnn associated receiving line when
the transmitting line is transmlttmfr volce
»ocurrents to sald transmission n

..(1111111, satd

-{lb]e the

11,837,316

last-mentioned means being sensitive to the
wealk 1nitial portions of a voice wave before 1t
approaches 1ts peak value, means at each ter-

_m'nal' switching station to transform the

voice current volume received from a con-
necting line to a subﬂt.al,htmlly_ constant pre-
determined volume so that the voice currents
will arrive over the transmitting lines at the
auxiliary stations with subs:tantlally constant
volume, and means associated with the re-
ceiving line at each auxiliary station to dis-

able the associated transmitting line when

telephone currents are being received from

said transmission medium.

12. In a telephone system a palr ot fer-
minal bw:ttchuw stations, 2 four-wire circuit
comprising a £ ansl:nttmg line and a receiv-
ing line extending between each terminal sta-
tion and an auxiliary station, a transmission

medium between said auxiliary stations,

means at said terminal switching stations to

establish connections between the system and

connecting itines, means at said terminal
switching stations to normally disable said
tlullSllllttlll“ lines, thereby preventing the
transmission. 01 noise thereover from connect-
ing lines, volce-operated means associated
with said transmitting lines for rendering
them operative, means associated with the re-
cetving line at each terminal switching sta-
tion to disable the corresponding tr ansmit-
ting lime when voice currents are being re-
celfed means associated with sald trans-
mlttmw lines at each auxiliary station to dis-
able the associated receiving line when the

transmitting line is trans: mttum volce cur-

rents to said transmission medlum sald last-

‘mentioned means being sensitive to the weak

initial portions of a voice wave before it ap-
proaches i1ts peak value, means at each ter-
minal switching station to transform the
volce current volume received from a con-
necting line to a substantially constant prede-
termined volume so that the volce currents

will arrive over the transmitting lines at the

auxiliary stations with substantiall y constant
volume, and means associated with the re-
celving Tine at each auxiliar y station to dis-
associtated transmitting line when
ephone currents are being t,(,ewcd from
.eud transmission mediumn.
13. In a telephone system, a pair of ter-

minal switching stat tions, a four-wire circuit

COMPprIsing a tmnsmltmnﬂ line and a receiv-
ing line extending between each terminal sta-
tion and an auxiliary station, a two-way sub-
marine telep‘mne cable ehtendmﬂ between

said auxiliary stations, means to connect sald
submarine mble to receive volce currents from
the transmitting line of the four-wire circuit
at each auuhm v station, means to connect

said submarine calﬁe to t1 ansmit voice ¢ur-
rents: to the receiving line of the four-wire

circuit at each aumhaly station, means at
said terminal sw:[tchmg stations to establish
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'-"connectlons between the syetem and connect-

C iss7816

| '1110 lines, means at said terminal sw1tcl111

~ stations to prevent the transmission of 1101ee‘_
from connecting lines over the tr ansmitting
lines to said aumhary stations at all times -
when said transmitting lines are not being

- used for voice tmnsnueelon means: aseoemterl

- with said transmitting lines at each auxiliary
station to disable the eesoemted receiving line
transmitting line is trensmitm 0’-_-“

10

When the

~voice currents to said eeble, and means asso-
clated with the receiving line at each aux-

“iliary station to disable the associated trans-

| 15

20

mg recelved from said cable.

mitting line when telephone currents are be--

14. In a telephone system, a 'pmr of ter-

~ minal SW1teh1n0* stations, a four -wire circuit
~ comprising a tra,nsmlttmo* line and a receiv-

1ng line ez{tendmﬂ' between eech terminal
station and an aumhary station, a two- W&Y'

- submarine telephone cable extendmﬁ be-

nect said submarine cable to receive voice.
currents from the transmitting line of the
four-wire circuit at each muhary suatmn,'
© means to connect said submarme cable to
~transmit voice cmrente to the receiving line

tween sald auxiliary stations, means to con-

at the four-wire circuit at each auxiliary

~station, means at said terminal ewrttehme_
--jstatlone to establish connections between the
system and connecting

1111es meene at. seld

terminal switching euatlons to pr event the

‘transmission of noise from connecting lines
over the transmitting lines to said aux 111a‘fy .__'
stations at all times when sald tmnemlttmg
" Iines are not ‘being used for voice tmnemze--_’
'sion, means assecleted with said transmit-
ting lines at each aumlmry station to. dis-:
.eble the eeeeeletei receiving line When the
-- 'Lransmlttmg line is trensmlutmn volce cur-

~ rents to said cable, emd 1ast-me11t10ned means
~ being sensuwe to the weak initial portions

B0

o I
] |

- ternal sources,
-_ "”pﬂeﬂe cable extenchncr between said auxil-
lary stations, means. to connect said subma-
‘rine cable to reeﬂwe volce Ct rrente frem the

0 transmitting line of the four-wire circuit at

‘ol a voice wave before it appreechee its peak

Value and means essocmted with the receiv-

ng. hne at each aumhery station to disable
.'the associated transmitting line when tele-
~ phone currents are bema recelved from sald
 cable. R R
~15.Ina telephone System a palr of ter-__
_ rmmal switching stations, a- fevr-w1re circult
~ ‘comprising a tranemlttmo line and a receiv-
 ing line extending between each terminal sta-
 tion and an aumhaw station, the lines of
~ said four-wire circuits being 1a1d in cable so
“as to be rela,twely free from noise due to ex-
' ‘submarine tele-

a two-way

. each auxiliary station, means to connect said

~-submarine ceble to transmit voice currents
 to the receiving line of the four-wire circuit -
. at each auxiliary station, means at said ter-
e mmal 5W1tch11:10' statlons to eetebhsh eonnec-l__,_

ciated with the receiving line at |
~iliary station to disable the associated trans-
mitting line when telephone eurrente are be---”_‘
. 1hg 1"ecelvel from said cable.
1’” In a telephone system, a pair of ter—"-_
“miinal switching stations, a four-wire elrcult :
COmMprising a trensmlttmﬁ' line and a receiv-
ing line extending bﬂtween each terminal sta-
'tlen and an %umlmry station, a two~wey sub- -
melme telephone cable exter'_ ing between
viliary stations, means to conneet said. -
voice - currents.
from the tr nemhtmﬂ line of the four- wire -
at each eumhm y station, means:to
‘connect said” submarine cable’ te transmibt
“volce currents to the receiving line of the
';5}.j_1_0ur-W1rﬂ cireuit at each auxiliary station,
‘means at said terminal switchi
'-'fesbebhsh connections between the s ystem endzg_.; e
‘means " at said ferminal

etmns te nownelly dlseble said. *o

sald a

‘eireuit o

'ewnehm o

tions between the system end connectme"
| :rlmes means at said terminal switching sta- -
tlone to prevént the transmission of noise .
from connecting lines over the transmitting
lines to said aumherv stations at all tlmee-ﬁ:

1 5

when eald transmitting 1111ee are not. bemf:ﬁ'.ﬂ |

station to disable: thn aeeoclated

Ing recewed from said cable.

| ‘16 1In a telephone system; ‘a pair of tel-'
._'_111111‘11 switching stations, a feur—-wwe cireult

COMPrising a uransn‘nttmg line and a receiv-

_said aumlmry statlons, means to eonneet said 9
‘submarine cable to receive voice emrente

used for volce transmission, means eeseele‘md; |
‘with said transmitting lines at each auxiliary
recelving
dine when the transmitting line is tr eneml‘ta
ting voice currents to said cable, said last-
mentlened means being sensitive to the wealkk
initial portiors of a voice wave before it ap- -~
proaches "its- peelr value, and means asso-
' clated ‘with the receiving line at each aux- &
'111ery station to disable the associated trans- =
mitting line when telephone currents are be* |

85

ng line extending between each terminal sta-
tlen and an auxiliary station, a two-way sub-

--merme telephone cable extencm:w between -
o .- .

from the transmitting line of the four-wire

‘voice ‘currents to *“he receiving line of Lhe_

- circuit at each auxﬂmry station, means to

-eenpect eeld ‘submarine ceele to transmit . -

four-wire circilit at each auxiliary station,

means at said terminal sw1tchme etetmne to
'_'esteblleh COIlIleutIOIlS betw en the system and

connecting lines, means a3t said terminal

neetmﬂ Tin ee

When the trenemlttme hne 18 tra IlSHllttl"lG

swzltehmn etetlone to nozmaﬂ‘sf dlseble gajd 00
‘:tmnsrﬂlttmg lines, Lhe?f;'ebwg;r preventing the

'é-ftr‘ulemlsswn of" *mise thereover Arom con-
~voice-operated means asso-

ciated Wlth emd transmitting lines for ren-
~ dering them’ operative, means eesocmted with 195
“sald transmitting lines at each auxiliary sta-

‘tion to disable the essocmted receiving line

voice currents to said eablﬂ and means as S0-

submerme cable to receﬂm'

connect 111@ hne

egch aux- .

ek

I_"

o stations to

110

o
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transmitting lines, thereby preventing the
transmission of noise thereover from connect-
e lines, volce-operated means associated
with said transmitting lines for rendering
them operative, means
transmitiing lines at each auxiliary station

to disable LhL assoclated receiving line when
the tr anslmwmm ime 1s transnntmw voice

currents to said cable e, caid last-mentioned
means b
portions of a voice wave before it approaches
1ts peak value, and means associated with the
receiving line at each auxiliary station to
disable the associated tra nsmitting line when
telephone currents ave being recewed_ from
said cable. . - -

18. in a telephbone system, a pair of termi-
nal switching stations, a four-wire circuit
COMPTISING at msmltmw line and a rece1v-
ing line extending between each terminal
station and an auxiliary station, the lines of
said four-wire circuits being hld 1m cable so
as to be relatively free from noise from ex-
t(,r‘* al cources, a two-way submarine tele-
p one cable e tendmﬂ between sald auxiliary
statlons, means to connect said submarine
cable to receive voice currents from the trans-
nitting line of the four-wire circuit at each
u&*l‘al} station, means to connect said sub-
marine cable to ‘transmit voice currents to

""

‘the receiving line of the four-wire circuit at

each auxil:ary station, means at said terminal
switching stations to establish connections
petwaeen the system and connecting lines,
means at said terminal switching stations to
wormally ~dizable said {ransmiiting lines,
ii.hereby pre eventing the transmission of noise
thereover from connecting lines, voice-oper-
ated means associated w ith said transmitt Ing
i1nteg for rendering them operative, means as-
sociated with said transmitting lines at each
auxuiary station to disable the associated re-
ceiving line when the transmitting line is
tr ansiitting voice currents to said subma-
rine C‘Lb..hej sald last mentioned means being
rensitive to the weak 1nitial portions of a
velee wave before it approaches its peak

- valuee, and means associated with the veceliv-

S

qb
ded

ﬁ.L
el

ing line ach auxiliary station to disable
Lh@ assoclated tran
phone currents are being received from said
submarine cable. o

16. In a telephone gystem, a palr ot termi-
nal switching stations, a four-wire circuit

COMPrising a “tray nsmitéing line and a receiv-

. mf_, line e*{tenrhrw between each terminal sta-

tion and an auuhary station, a two-way sub-
marine telepu_one cable e: tenflmn between
sald auxiliary stations, means to connect said
SUbMAarine cwle to receive voice currents from

he transmitiing line of the four-wire circuit
at each '
caid submarine cable to transmit voice cur-

rents to the receiving line of the four-wire
circuit at each auxibary station, means at

asscelated with smrl.

cing sensitive to the wealk initial

smitting line when tele-

anxiliary station., means to connect

1,837,316

said Leimmal switching stations to establish
mnnnchoas between Lhe system and connect-
ing iines, means at said termma] switching
stations to norm ally disable said transmit-
ting lines, thereby preventing the transmis-

sion of moise thereover from com secting
lines, voice-operated means associated with

said transmitting lines for rendering them
operative, means associa.ted witiy the receiv-
1ng lmﬂ at each terminal swi tchm# statioi
to disable the corresponding transmitting
iine when voice currents.are being Lecewed
means associated with said tr flmmlttmn lines
at each auxiliary station to disable the as-

sociated receiving line when the transmitting
11119 18 tr:w%nuttmx volce currents to said
mble.,, and means clssouatetl with the receiv-
ing 1me at each aus siliary station to disable
th assoclated transmitting line when tele-
phone currents are being u,celved from said
cable., | |

20. In a telephone system, a pair of ter-
minal switching stations, a four-wire cirmﬁ*f*
“01111,;1"151111 2 t1 ml%mjttm“ line and a re cerv

ing line eztendmﬂ be*wahn each terminal

station and =z ..Lumhary station, a two-way
submarine L”le phone cable euendm*r be-
cween <oid au:‘uhary stations, means to COL-
nect sald submarine cable to receive voice
urrents from the transmits g hne of the
tour-wire circuit at each auxiliar y station,

means to connect said submarine cabie to
transnut voleg currents to the r%uvmrr Line
ot the four-wire circuit at each ﬂuuhm v sta-
tion, means at said terminal switch: ng sta-
tions to establish connections betwegn the
system and connecting lines, means at said

termiinal switching stations to normally dis-

_able said tr E’tl’l‘%l’ﬂlttlll” lines theuby reve 1nt-

ing the tr 111&1*11&510;1 of noise thereover fromn
f*onnectuw lines, volce-operated means asso-
ciated with said imn‘::mlttmn line for render-
g them operative, means_associated with
the recelving line at cach terminal switch-
me station “to cisable the corresponding
tr Jn@mluliw !1me when volce cury (,nts 171G Le-—
ng l'ocewed means associated with said
ulansmlttmo lines at each au: ciliary station
to disable the aﬂsomaied recelving line when
the tmnsmlttm-‘r line 1s tldnamlttll]“‘ ’i(}l(‘f‘
currents to md cable, said last- memmxm.
means being se: 151t1ve to the weak initial
portions of a voice wave before it appr mclw
its peak value, and means associated with
the receiving line at each auxiliary mam}n to
disable the 2 ussocmted transmitting line when
telephone currents are being received 1Trom
ca1d cable. |

21. In a telephme c*y stem, a pair ot tei-
minal switching stations, a four-wire cirenit
COmprising a 2 tr ansmitting line and a receiv-
mg line extem‘lmw between mch terminal
station and an aumhm‘y sbatwn the lines of
said four-wire circuits bemcr lfud in ecable <o
as to be relatively {ree from ‘hoise from ex-

1%

for |
|

124



o ternal sources, a twe~wey submerme tele-
‘phone cable extendm ‘between said-auxil-
1ary stations, means te connect said subma-
rine cable to receive voice currents from the
“transmitting line of the four-wire circuit at"
~ each auxiliary station, means to connect said
~ submarine cable to transmit volce -currents to
the receiving line of the four-wire circuit at
- each auxiliary station, means-at said terminal
19 switching stations to esta,bhsh connections be-
tween the system and connect ting lines, means
- atsaid terminal switching stationsto normal-
lydisablesaid transmitting lines, thereby pre=
“venting the transmission of noise thereover
from connecting lines, voice- operated means
- associated. with said tra: nsmitting -lines -for
rendering them operative, means associated
~with the receiving: line at- each terminal
~switching station to disable the eorres*pendmo '.
- transmitting line when  voice  currents are
' means associated with said

' "'{10

‘15

‘being reeewed

' 1 ;_a--3-7,',-3-1'e" -

: -_‘;tranemlttmfr lmee at each eumllary station

 to disable the agsociated receiving line when
“the transmitting- line- is trensmlttmg voice
. currents to. said submarine cable, said-last-
- mentioned means bemﬁ' sensitive to the weak
- initial portions of a voice wave before it ap-
' -.-proa,ches its peak volume, and means asso-
‘ciated with the receiving line at each -auxil-
“jary station to disable. the dssociated trans-
'-mlttmg line when telephorie currents are be-
ng received from said submarine ceble. o
22, In a-telephone system, a pair of ter-
" minal switching stations, a four-wire cir-
cuit-comprising a transmitting line and a-re- -
celving line extending between each terminal
‘station and an auxiliary station, a‘two-way
‘submarine telephone cable extending between

said auxiliary stations, means to connect'said

submarine ¢able . to . receive ~voice currents
from the transmitting line of the four-w1re‘-"
circuit at each- &uxﬂlery station, means to.
connect said submarine cable to transmit
‘voice currents: to the receiving line of the
four-wire circuit at each auxiliary station.
means at said terminal switching stations to
“establish connections between the system and
| '_conneetmcr Jines,
. _'-SW1tchmg etetlons to prevent the transmis-
“sion of -noise from connecting lines over the

‘means “at.’

o -tr‘msmlttmg lines to said auxiliary stations

- at all times when SEle transmitting lines are
~ not- bemg used for voice transmission, means
 associated with- said transmitting lines- at

each auxiliary station to .disable the associ-

 ated receiving line- When the - tra,nemlttmg

line is.transmitting voice currents to said

~ able, said last-mentioned means being ‘sensi-

680

~ means at each terminal switching station-to
~ transform the voice current volume received

-85

wave before it approaches ‘its peak Velue,

from a connecting line to a substantially ‘con-

_ stant predetermined volume so that the voice a
currents will arrwe ever the trensrmttmg

sa,ld terminal

" ing line extending between each terminal sta-
tion and an eumlmry station, a two- -way sub--
marine- telephone cable extending between
sald auxiliary stations, means to connect said
submarine cable to receive voice curremts .
Arom the trenemlttmg line of the four- ereflzo o

circuit at each auxiliary station, means to
- connect said ‘submarine cable to transmit
“voice currents to the receiving line of -the

: tive 'to the. weak initial portmns of a voice -

minal” SW1teh1ng statlons to normally
able said transmitting lines, thereby prevent—-'

17

Imes et the a,uxﬂlary statlons wﬂ;h Substen- ,' I

tially - constant volume, and means associ-
ated with the receiving line at each auxiliary
station to disable the associated transmitting

line when telephone currents - are bemg re-—-' o
celved from said cable. =~ - L

23, In a telephone syste]:ﬁ e pelr of ter--". '
.mma,l sw1tch111g stations, a feur-w1re circuit

comprising a trensmlttmg line and a receiv- ;’?-' L
o
‘tion and an auxiliary station, a two-way sub-
marine telephone cable extendmg between =

_said auxiliary stations, means to connect

- sa1d - submarine cable to. receive voice .cur-
-rents from the transmitting line of the four- 8
wire circuit at each auxiliary station, means

g line ertendmg between each terminal sta-

80

“to connect said submarine cable to transmit

voice currents to the receiving line of the

four-wire circuit at each - auxiliary statlon,
‘means at said terminal switching stations to

establish connections between the system and

.. connectmg lines, means  at said terminal
switching Sta,tlons to normally. disable said =
trensmlttmg Tines, thereby preventing the =
transmission of nelse thereover from een-'_- 80
necting lines, voice- eperated means. associ-

ated with said transmlttmg lines for render-

~will arrive over the transmitting lines at the 1

ing them: operetwe, means -associated with -
said transmitting lines at each aumlla,ry sta-
tion to disable the eesocmted recelving line
.when the transmitting line is transm1tt1ng_ .
voice currents to eeld ceble, sald last-men~
tioned means being sensitive to the weak
1mitial pOI‘thIlS of a voice wave before it a,p-' |
proaches its peak velue, means at each ter-
minal switching station to transform the
‘voice current volume received. from a . con-
necting line to a substantially constant pre- -

- determined volume so that the voice currents =~
205

100

auxiliary stations with substantially constant

“volume, and means associated with the re-'"_:"_',":
celving Ime at each’ aumhary station to dis- =

able the associated transmitting line when

._.,,telephone currents are bemg recewed 'from

said cable.

10

24 In a telephone system, Ia- pelr of ter- o

four-w1re cireuit at each auxiliary station,

‘means at said terminal sw:Ltcthg Stetlons |

to establish connections between the sys-

i_zmmel sw1teh1ng stations, a four-wire 01reu1t o

COmprising a. tra,nsmlttnw line and a receiv- =~
| f1'15_ o

tem and eonnectmn' lmes meens ‘at seld ter-

mg the trensmlssmn of noise thereover from

dis-

1!30 :
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connecting lines, voice-operated means asso-

ciated Wlth said transmitting lines for ren-
dering them operative, means Cassociated with
the receiving line at each terminal switching

station to disable the corresponding trans-
mitting line when voice currents are being
recelved means associated with said trans-.
mitting lines at each auxiliary station to dis-
able the assocmted receiving line when the
transmitting line 1s tI“lIlSll’lletlIlﬂ VOlCe Cur-
rents to said cable, said last-mentioned means
being sensitive to the wealk initial p01t1en~3
of a voice wave before it approaches its
peak-value, means at each terminal switching

station to t1 ansform the voice current volume

received from a connecting line to a sub-

stantially constant predmemmmed velume so

that the voice currents will arrive over tne
transmitting lines at the auxiliary etatlonc;
with substantlally constant volume, and
means associated with the receiving hne at

each auxiliary station to disable the asso-

clated transmitting line when telephone cur-
rents are being received from sa,ld cable.

25. In a telephone system, a pair of ter-
mlna,l switching stations, a four-wire cireuit
comprising a tI‘&IlSll’llthI]O‘ line and a re-
celving line extending between each terminal
station and an auxﬂlary station, a two-way
submarine telephone cable extendi ng between
said auxiliary stations, said cable hevm a1
impedance which includes a eubstantlally re-
actance component so that a relaxing current
will be discharged by the cable upon the ces

sation of apphed signaling energy, said cable

also being of such d1menslons that 1ts atten-
uation Wlll be so great that received signaling
currents transmltted over the cable wﬂl be
small as compared with said relaxing cur-
rent, means at each auxiliary station to con-
nect the terminals of said cable to said four-
wire circuit so as to receive signaling cur-

rents from the transmitting lme ‘LIl(l tmne—--

mit swnahnw currents to the 1*ece1vmrr Iine,

and means assoelated with said submau ne

cable to reduce the effect of the relaxing cur-

rent in the recewmg 1111e of each four-wwe _

circuit.

26. In a telephone system, a mur of ter-
minal switching stations, a four-wire elremt
comprising a trenemlttum Jine and a receiv-
ing line extendmn* between each terminal sta-
tion and an auxﬂlary station, a two-way sub-
marine telephone cable e:&tendnw between
said auxiliary stations, said cable hwmg an

impedance which includes a substantial re-

actance component so that a relaxing current

will be discharged by the cable upon the ces-

sation of applied signaling energy, said cable

also being of such dimensions that 1ts attenua-
tion wﬂl be so great that recewed signaling
currents tmnemltted over the cable wﬂl be

small as compared with said relaxing current,
a hybrid coil at each auxiliary statlon to con-

1,837,318

nect the terminals of said cable to said four-
wire circult so as to receive signaling currents
from the transmitting line and transmit 310
naling currents to the receiving line, and =
balancing network so associated with sal:i

submarine cable and the hybrid coil as to re-

duce the effect of the relaxing current from
the submarine cable 1 n the 1ece1v1110* line fﬁ
each four-wire circuit. .

27. In a telephone system, a pair of ter-
minal switching stations, a four-wire circuit
comprising a transmitting line and a receiv-
ing line extendmﬂ' between ecach termina!
station and an au:ﬂllary station, a two-way
submarine telephone cable extendlng be-

tween sald auxiliary stations, said cable hav-

mg an impedance which mcludes a, substan-
tial reactance component so that a relaxing
current will be discharged by the cable upon
the cessation of applied Slgnalmg energy,
said cable also being of such dimensions that
1ts attenuation will “be so oreat that received
signaling currents transmitted over the cable

-_Wlﬂ be small as compared with said relaxing

current, a hybrid coil at each auxiliary sta-
tion to conneet the terminals of said cable

to said four-wire circuit so as to receive Sig-
naling currents from the transmitting line
and transmit signaling currents to the receiv-
ing line, and a balfmcmfr network assoclated
with said hybrld coil and said submarine
cable at each auxiliary station, said balancing
network having such 1mpedfmee as to pro-
duce a relaxing current of substantially the
same initial value and having the same decre-
ment as the relaxing current of the Suh-
marine cable Whereby the effective relaxing
current in the receiving line of each four-—
W1re cireuit will be small.

28. In a transmission system meludmrr an

_ mtermedlate section connected at each end
with connecting sections, means at each end

of said mtermechate section to block the
transmlssmn of waves in either direction
while waves are passing in the opposite direc-
tion, and means at points of the connectino
sections away from the end of said inter medi-
ate section to block the transmission of waves
toward the intermediate section while waves
are passing in the opposite direction, said
connecting sections being so almnged as to
permit at “all times the passage of waves past
the points where said last mentioned means

‘are located in a dlreetlen away from the in-
termedlate section.

29. In a telephone system, a palr of ter-

'mmal swﬁehmw stations, a four wire circuit

COMPprising a transmlttmcr line and a receiv-
ing line extending between each terminal
statlon and an aumhary station, a transmis-
sion medium between said auxiliary stations,
means at said terminal switching stations to
establish connections between the system and

‘connecting lines, means at said terminal

swmchmo* stations to prevent the transmis-
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- sion of noise from comlectmg lines. over - the -
o ftransmlttmg lines to said aumlmry stations
“at all times when sald transmitting lines are
 not being used for voice transmlssmn, means
.5 .--normally blocking the transmitting lines at
~ the auxiliary stations, means associated with
. each transmitting line at each auxiliary sta-
~ tion to clear the transmitting line for trans-
- mission and to disable the associated receiv- -
10 ing line when the transmitting line is trans- -
o m1ttmg voice currents to S&ld transmlsswn_
- medlum and means assocmted with the re-
~ celving Tine at each auxiliary station to disa-
~ ble the associated transmitting line when
16 telephone currents are bemg recewed from -
_'_sald transmission medium. S
 30. In a telephone system, a pair of ter— :
 minal switching stations, a- four-wire cir-
_cuit comprising a transmitting line and a re-
20 ceiving line extending between each terminal
. ‘station and an aumlmry station, a two-way
~ submarine telephone cable extending between -
‘said auxiliary stations, means to connect said
~ submarine cable to receive voice currents
25 from the transmitting line of the four-wire .
- circuit at each a,ux:lhary station, means to
| ;cotnnect said submarine cable to transmit
- voice currents to the receiving line of the
- four-wire circuit at each auxiliary statlon, N
30 means at said terminal switching stations to .~
- establish connections between the system and
~ connecting lines, means at said terminal
SW1tch1110' statlons to prevent the transmis-
~ __ s1on of noise from connecting lines over the
° transmitting lines to said auxiliary stations
~at all times when said transmitting lines are -
" not being used for voice transmission, means
o _norma,lhr blocking the transmitting lines at
~ the auxiliary stations, means assocmted with
each transmitting line at each auxiliary sta-
- tion to clear the transmitting line for trans- .
~ mission and to disable the associated receiv-
ing line when the transmitting line is trans-
N mlttmg voice currents to said transmission
45 medium, and means associated with the re-
- celving llne at each auxiliary station to dis-
~ able the associated transmitting line when
- telephone currents are being recewed from_' -
said transmission medium. o
%01 testimony whereof, we have 31gned our
- names to this spemﬁcatwn this 3rd da,y of_ ;
E;eptember 1929 o
. - GEORGE CRISSON
SUMNER B WVRIGHT
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