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4 Clauns

ThlS mventmn relates to systems for the tra,ns-

mission of energy, such astelephone systems over
which are transmitted the electrical waves repre-‘

senting speech More particularly, the invention

& relates to‘four-wire teléphone circuits connected:
to a two-wire line, in which transmission is con~

trolled “by sw1tch1ng dev1ces responswe to the
voice waves. - 4. :

In the usual termmal arrangement of

10 wire circuit connected to an extending tw
line, the “transm1tt1ng” path is-adapted for: trans-
mission from the twa-wire liné, and:the: “receiv-
ing” path is adapted for transmission to'that lme

These two paths of the four-wire circuit are: con-;
15 - nected to the two-w1re line through a hybrld coil,

and:the impedatce of' the two-w1re Hine'¢an be
only - imperfectly balanced by an art1ﬁcf net-
work.: :
‘ . 'The transmlttmg path of the four-W1re cir-

20 cuit is ustally mamta,med in ‘a- Hormal; or-non-

R

operating, ‘condition -of dlsablllty, inorder-that
“singing” may be avoided; arrangementsare then

provided whereby.voice energy 4n the transmit-
ting path causes the.removal of thrs‘ normal dis=

25 ability-and -the s1multaneous dlsablmg of thev

receiving path.

- Sinee -the balance: between the two-w1re line

and: the artificial ‘network is“not perfect; when

energy -travels to the two-wire line over the re-

30" ceiving path of the four-wire circuit, a part of this
energy is usually reflected over the transm1tt1ng
path, and if this “echo” energy is of sufficiently

high value to cause operation of the transm1s-j
sion control apparatus: respons1ve to energyin the

55 transmitting path; aserious condition of false
operatlon and - interference W1th speech trans-
m1ss1on is‘encountered.

The principal object: of the presént invention
is the prevention or substantial reductlon of- ‘such

40'. falsé operation by echo’ energy due to poor or
‘varying two-wire balance.

In accomplishing the above-stated obJect the
applicant utilizes ‘a volume regulator. in the re-
ceiving path and provides for the reduction of the

45" received - volume when ‘the margin between the
energy in the receiving path and the reﬂected en-
- ergy in the transm1tt1ng path reaches a prede-
termined amount. = *-

~The invention ‘will be clearly understood ‘Wwhen

~.50 the following descriptionis read-with’ referénce

to'the ‘accompanying drawing, which shows dia-

grammatwally one suitable form of the apphcant S
termmal arra,ngement -

“With reference to the deta1ls of ‘the" drawmg,

85 there is ‘shown one terminal of & four-w1re ¢ir=

" his: voice travels over.the path L.

T (CL 179—170)

cuit: comprising ‘a one-way path L adapted for
transm1ss1on from left to right, and a 'second one-
way path Is adapted for transmission from right
to left. -At- its left end; the four-wire circuit is
connected to a two-wire line I through the usual 5
arrangement of hybrid coil H and an art1ﬁ<:1a1

,network “which lmperfectly balances the imped-

ance of ‘the line L. It W111 be understood that .

‘ ‘ the four-ere c1rcu1t may “he extended to the

1ght by a “mutable link, such as a radio. link, ... 10
The ohe-way" paths Lt and Lo are’ equlpped .
with “the usual one-way’ amphﬁers and delay
c1rcu1ts, and‘there is schematlcally indicated ap- -
paratus for controlhng the volume in"these two
paths ‘ 15
‘IThe" path L1 “of “the four-w1re circuit,: Whmh
maypbe termed the transmlttmg path, is nor-
mally disabled at the point @ for the purpose. of
suppressing singing." An amplifier-detector AD:
is’ connected across the path I: at the point b: 20
The output circuit of this amplifier-detector in- -
cludes the winding: of a master transmitting relay
MS' and the Wmdmg ‘Wi of a marginal relay S:
to be d1scussed heremafter “When the relay MS
operates 2. c1rcu.1t is closed through battery B’
and the’ Wmdmgs of relays SS and ES. . The relay.
ss controls the smglng suppressing d1sab1hty at
pomt o in“the path Li, .Whlle the relay ES is de-
s1gned to disable the receiving path Lz at.point c.
A second amphﬁer detector AD: is connected
across path I at'point d and includss in its out-
put circuit the windings of relays S 'and.S’ and
the’ W1nd1ng W2 of the above mentioned margmal
relay Si. )
- 'The apparatus described . .above. 1s, with the
exceptlon of the marginal relay Si and the. relay
, the ‘apparatus usually. provided in a four-
W1re c1rcu1t for the suppression of singing and
echoes. _When g subscriber ‘connected . to the
two-wrre line 1. talks, the energy representing
At the point
b, a. port1on of th1s energy. is diverted to operate
the amphﬁer—detector AD;. . Unless control of
the c1rcu1t has been taken by the subscriber at
the right end of the system, the operation -of
amplifier-detector AD: results in: the operation
of relay ‘MS, which operation in turn resulfs in
the operation of relays .SS:and ES.. The opera-
tion of relay SS reioves the  disability at
point ¢ and clears the path Ly for the transmis-
sion of the outgoing voice energy, a suitable de-

-~

0

45

-lay heing: introduced by the delay circuit to in-.

sure the timely removal- of ‘this disability. The

operation of relay ES places a disability on the 55
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receiving path Iz at point ¢, thus preventing
echoes and the interrupting of the transmission
control by later arriving energy in path L.
Furthermore, as will be discussed more fully here-
inafter, the operation of amplifier-detector AD;
causes the energization of winding Wi of the
marginal relay Si. This relay S:, with respect
to the winding Wi, should be made shghtly more
sensitive than relay MS.

When the subscriber at the right end of. the
system talks, the energy representing his voice
passes  from right to left over the path I.. If

control has been taken by the subscriber at the :

left end of the system, the incoming waves are
cut off at point ¢ in the path Ts.” If such con-

‘trol has not been taken, however, the voice energy’

basses on toward the line L, and a small portion
of this energy is diverted at point.d to operate
the amplifier-detector ADz. The operation of this
amplifier-detector tends to energize the windings
of relays S and S’. and also the winding. Wz of
the marginal relay Si, which winding, as indicated
on the drawing, is smaller than the winding Wi.
The relay S’ should be made considerably more
sensitive than the relay S, and when so adJusted

~ will operate on substantially any Incoming
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energy. . If the incoming energy is of suﬂimently
high volume, it will result not .only in.the opera-
tion of relay S’ but also in the operation. of relay
S and the appreciable energization of winding
W2 of relay Si. ‘When relay S operates, the out-

put circuit of amplifier-detector AD; is broken;
.this results in. the Dbrevention of the operation .
of relays MS, SS -and ES in response to la,ter'

arriving energy in the path L.
A three-electrode vacuum. tube T is- connected

‘across the receiving path L2 to form a Varlahle

bridged impedance. A suitable negative voltage
is impresesd on the grid of tube T from battery B.
The. function of the applicant’s arrangement of.
relays and associated apparatus is to reduce the

bridged impedance of the tube T and thus in-.
. crease the loss introduced in the path Le, but to

do this only whén the energy in path ILa is re-
flected back over path Li, because of inadequate
balance between the line L and the artificial net-
work, to an extent which threatens. false opera-
tion of the relay MS and the relays SS and ES

" controlled thereby. To assist in the accomplish-

ment of this function, the applicant utilizes a
condenser C potentially -in circuit with a, res1st-
ance Ri1 and the battery B’.

"~ Let it be assumed that the energy comlng in
over path Lz is too weak to operate relay S.out-is
reflected back over path Iy at a value sufﬁmently
high to operate reldy S: through the energization
of winding Wi . The energy in path L2, though
too weak to operate relay S, will operate relay S’
and partially prepare a charging circuit for the
condenser C. When the echo energy.in path I!
operates relay Si, this charging circuit is com-
pleted and the condenser C renders the voltage
impressed on the grid of tube T less negative,
and the bridged impedance is lowered." The re=

sult-is- an increase of the loss mtroduced in

pa,th L.

It will be noted that a resistance Ra, which is
quite large, is connected across the condenser C
on the far side of the contact of relay §’. This
resistance provides for the slow leakage of the
charge on condenser C when the contact of relay
S1 is-opened. It will be noted that the charging
of ‘condenser C. and the resultant reduction of
the negative voltage on the grid- of tube. T is
controlled by relay S’ and the margmal relay Si1.

1,986,515

Since relay 8’ is made very sensitive, it will
operate in response to any appreciable energy
passing the point ¢ in the path Le; in other
words, the relay S’ will operate unless the path
Iz has been blocked at point ¢ in response to
voice energy in path Li. The operation of relay
S1 depends, of course, on the relation of the
currents in the windings Wi and Wa. This rela-
tion’'in turn is dependent upon the relation be-
tween the energy in path I. at point d and
the reflected energy in path L: at point b, If

the value of the energy in path Ia is sufficiently
“high with respect to the value of the energy in

path L, relay S: will aperate and the loss intro-
duced in “the path I. by the tube T will be
mcreased - Thus the applicant’s arrangement
serves to reduce the volume in path Is and thus,
indirectly, to reduce or eliminate the chance of
false operation of the transmitting relays, but
avoids this reduction of volume in the receiving
path when such reduction- is not necessary be-
cause -of the bala,nce between line L and the
network..: -

Whlle the mventlon has been chsclosed in ‘one
spemﬁc embodlment for the purpose of illustra-
tion, it will be understood that such disclosure
is ‘not. necessarily limiting but  that the scope
of the invention is determmed by the appended
claims,: - .

What 1s clalmed is:

- 1..In a-.system for the transmlssmn of energy,
a two-wrre line, a four-wire _circuit connected
thereto .and: including a recelv_mg path for trans-
mission to:said line and a transmitting path for
transmrssmn therefrom means in said receiving
path for mtroducmg a-variable loss therein, con-
tral means for adjusting- said loss introducing
means to vary the loss introduced thereby, means
for limiting the operation of said control means
to a predetermined relation between the energy
in.said -receiving path and the energy in said
transmjttmg path which is- an echo of said first-
mentioned energy, and means for further limit-
ing the operation: of said.control means to a
predeterrmned ‘or lower level of energy in:said
receiving path.

2. In a four-wire circuit for the two- -way trans-
mission of energy, a first path adapted for trans-
mission in one direction, a second path adapted
for transmission in the opposite direction, means
for connecting said paths and for extending the
transmission of energy such that energy trans-
mitted over said second path will be partially
reflected over said first path as echo, means in
said second path for introducing a variable loss
therein, and means for adjusting said loss intro-
ducing means to vary the loss introduced thereby
in response to a predetermined margin of value
between the. energy in said second path and the
echo thereof in said first path and only when
the “energy in said second path is of a prede-
termined or lower level.

. 3. In a four-wire circuit for the two-way
transmission -of energy, a first path adapted for
transmission in one direction, a second - path
adapted for transmission in the opposite direc-
tion, means for connecting. said paths and for
extending the transmission of energy such that
energy transmitted over said second path will
be pa,rtrally reflected over said first path, means
in ‘said second. path for introducing a variable
loss therein, means for normally disabling said
first path, means responsive to non-reflected en-
ergy.in said first path for removing the normal
dlsab111ty therefrom and for disabling said second
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path, and means for adjusting said loss intro-

ducing means to vary the loss introduced thereby
in response to a predetermined margin of value

between the energy-in said second path and the
reflected energy in said first path and only when

the ehergy in said second path is of a predeter-
mined or lower level.
4, In a system for-the transmission of energy,

" including a two-wire line, ‘a four-wire circuit
comprising a transmitting path  adapted - for

transmission from- the two-wire line and a re-
ceiving path adapted for transmission to:said
line, means for interconnecting said paths.and
said line such that energy transmitted over said
recelvmg path is partially reﬁected over said

3

transmitting path, and means responsive to en-
ergy in said transmitting path for controlling
the transmission over the system; the method of
preventing false operation of said transmission
control means which consists .in introducing a

loss in said path in accordance with the margin

‘between the energy. transmitted over said path

and the energy reflected over said transmitting
path as echo of said first-mentioned energy, and
limiting such variation to a condition in which
the energy in said receiving path does not exceed
a predetermined level.

DOREN MITCHELL.

“variable loss in said receiving path, varying the .
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